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Until now, no equilibrium with incomplete revelation of information was known in this model. Our 
second main result is that, at this new equilibrium, information revelation is worse when frictions are 
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Introduction

In the general equilibrium approach of competitive markets, trade is cen-
tralized: all sellers and buyers of a particular commodity meet in the same
location, and all trade takes place simultaneously at the same price. A cen-
tral mechanism, often presented as an auctioneer, is needed to choose the
price which equates demand with supply. Moreover, no trade takes place
until the price has been made public. Frictions are completely absent of
the model since nothing creates an obstacle to trade. By modifying this
setup, one can introduce asymmetric information about the value of the
good being traded, i.e. there is uncertainty about common values. Ana-
lyzing information revelation in this context leads to the conclusion that
unfettered market prices aggregate and reveal all relevant information that
is dispersed asymmetrically among agents - so that prices allow the final
allocation of ressources to be efficient.1

Some assumptions as well as certain conclusions, are difficult to accept
as obvious. Indeed, it is quite natural to be reluctant to endorse the extreme
centralization or the conclusion of full information revelation which seems to
be battered by facts at least in numerous situations if not all. So, we can be
interested by the literature begun by Wolinsky (1990). In that approach, the
main goal is to study the information revelation and efficiency properties of
a decentralized market, where there is no auctioneer and transactions take
place via pairwise meetings of agents.

In his seminal paper, Wolinsky (1990) addresed the following qualitative
question to what extent is the information revealed to uninformed agents
through the trading process, when the market is in some sense frictionless?
More precisely, does the decentralized process give rise to full revelation re-
sults as derived by the literature on rational expectations for centralized and
competitive environments? The main message was rather pessimistic since
it turned out that the information is not fully revealed to uninformed agents,
even when the market is in some sense approximately frictionless.

Wolinsky (1990) does not imply anything concerning the impact of possi-
ble frictions on the efficiency of the market. In its current state, the literature
is silent on the issue of the second best : When frictions are unavoidable;

1The rational expectations equilibrium (REE) is an equilibrium concept used in the
GE framework. In a centralized analogue of the case we study, it exhibits full information
revelation and is an interim incentive efficient mechanism, a sort of First Welfare Theorem.
This efficiency concept is presented in Holmstrom and Myerson (1983). A definition of
REE and a discussion of its information-revelation properties can be found in Radner
(1982).
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will the lowest frictions imply the most complete information revelation ?
In order to address this question, we consider an equilibrium with incom-

plete revelation of information in the model of Serrano and Yosha (1993).
Their model is very close to the one of Wolinsky (1990) but slightly less
complicated. Both models are built on a market with sellers on one side and
buyers on the other one. Wolinsky (1990) analyses a situation where unin-
formed agents belong to both sides of the market while only some buyers
are uninformed in the case studied by Serrano and Yosha (1993).

Our main result is that frictions favour information revelation. One
could however object that what matters is not information revelation but
the welfare and we hence analyze the issue from a welfarist point of view.
Actually, the result is rather reinforced than weakened by the modification
of perspective. Not only does a rise of the frictions increase the total welfare,
but it is even a Pareto improvement.

Readers familiar with the literature could be surprised by the fact that
we speak about an equilibrium with incomplete information revelation in the
one-sided case. The construction of this equilibrium is also a substantial part
of our contribution. On one hand, it is not so surprising since the existence of
this kind of equilibrium was not completely excluded by Serrano and Yosha
(1993). On the other hand, until now it was considered as certain that, for
the parameters values that we use, no equilibrium could imply incomplete
revelation of information.

In order to generalize our result, we prove that an equivalent equilibrium
exists in the two-sided case. So, the idea that frictions favour information
revelation extends at least to some equilibria of the more general case that
Wolinsky (1990) considers.

While the message of Wolinsky (1990) is pessimistic: no equilibrium im-
plies complete information revelation when the frictions disappear; the one-
sided case, even with our contribution, brings a conclusion more optimistic
since there exist equilibria characterized by complete information revela-
tion when the market becomes approximately frictionless. This difference
in term of results between Serrano and Yosha (1993) and Wolinsky (1990)
is usually explained by a noise force created by the presence of uninformed
agents on both sides of the market in Wolinsky (1990). Our results do not
challenge completely this view but modify nevertheless the mechanism and
the necessity of noise force to prevent complete information revelation. So,
our results contribute also to improving our understanding of the differences
between the one- and two-sided cases.

In the first section, we present the model. The second section provides
some characterizations of the equilibria that are useful in the following sec-
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tions. The third section introduces the new equilibrium. The properties of
this equilibrium are analyzed in section four. The fifth section presents the
equivalent equilibrium in the two-sided case. The noise force is discussed in
section six. In the last section, we conclude.

1 The Model

We consider the model of Serrano and Yosha (1993) and study it without
assuming an a priori stationarity of the equilibrium.

Times runs discretely from 1 to ∞. Each period is identical. On one
side, there are sellers who have one unit of an indivisible good to sell. On the
other side, there are buyers who want to buy one unit of this good. In each
period, a continuum of measure M of new sellers and the same quantity of
buyers enter the market. The agents quit the market when they have traded.
Hence, the number of sellers is always equal to the number of buyers.

There exist two possible states of the world, which influence the payoff
of the agents. If the state is low (L), the cost of production (cL) for the
sellers but also the utility (uL) of the buyers are low. If the state is high
(H), the corresponding parameters (cH and uH) are high. The state remains
identical during all the periods.

All sellers know the state of the world, whereas not all of the buyers
are perfectly informed. Among the newcomers, there is a fraction xB of
buyers who are perfectly informed. The remaining buyers are uninformed
and possess a common prior belief αH ∈ [0, 1] that the state is H and
(1− αH) that the state is L.

At each period, all the agents are randomly matched with an agent of
the other type.2 At each meeting, the agents can announce one of two prices
: pH and pL. If both agents announce the same price, trade occurs at this
price. If a seller announces a lower price, trade occurs at an intermediate
price pM . If a seller announces a higher price, trade does not occur. The
different parameters are assumed to be ordered such that :

cL < pL < uL < pM < cH < pH < uH (1)

Remaining on the market implies a zero payoff. The instantaneous payoff
when a transaction occurs is the price minus the cost for a seller and the
utility minus the price for a buyer. All agents discount the future by a
constant factor δ.

2See Duffie and Sun (2007) for a rigorous proof of the existence of independent random
matching between two continua.
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In state H, we call pH the good price because trade at other prices
implies a loss for the sellers. Similarly, the price pL is the good price in state
L because trade at other prices involves loss for the buyers.

After each meeting with a seller who announces pH , a buyer will update
his belief αH according to Bayes’ rule. If an uninformed buyer meets a seller
who announces pL, he will know that the state of the world is L, but it does
not really matter any more, since this buyer will trade and leave the market.

It is convenient to say that a seller (resp. a buyer) plays soft when he
announces pL (resp. pH) and tough when he announces pH (resp. pL). When
an agent plays soft, he is ensured to trade and to quit the market. Hence,
to describe completely the strategy of an agent, it is sufficient to give the
number of periods in which he plays tough. The strategy of an agent might
depend on the period of entry on the market. We note nSH(t) the number
of periods during which a seller plays tough when he enters at time t on a
market which is in state H. Similarly, we define nSL(t), nBH(t), nBL(t).
Finally, we define nB(t) as the strategy of an uninformed buyer, which is
independent of the state of the world.

An equilibrium is a profile of strategies where each agent is maximizing
his expected payoff, given the strategies of the other agents. All parameters
(pH , pM , pL, cH , cL, uH , uL, xB, δ, αH) are common knowledge.

We define now the proportions of agents who play tough when state is L.
The proportion of the total number of buyers in the market who at period
t announce pL is called Bl

L. Similarly, ShL is the proportion of sellers who at
period t announce pH . These values are known to all agents. Naturally, Bl

H

and ShH are the equivalent proportions when the world is in state H. Let
KH and KL be the total number of sellers (and therefore for buyers) in the
market in state H and in state L. We are at a steady state when KH , KL

and the four proportions - Bl
L, Bl

H , ShL and ShH - are constant.

2 Characterization of the Equilibria

In the following claim, we characterize the equilibrium strategies of informed
buyers and of sellers in state H.

Claim 1 In any equilibrium nSH =∞, nBL =∞ and nBH = 0.

Proof An informed seller in state H knows that his payoff will be nega-
tive if he trades at an other price than pH . Since the payoff of perpetual
disagreement is 0, he will always prefer to play tough even if it implies a
long delay before trading. The reasoning is identical for an informed buyer
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in state L. An informed buyer in state H will understand that nSH = ∞
and thus he will never trade while he plays tough. Playing tough only de-
lays the payoff. So, it is better for this kind of buyer to play immediately soft.

Concerning notations, VSL(n;Bl
L) indicates the expected payoff for a

seller in state L when he plays tough during n periods. By definition, the
optimal strategy for an agent maximizes its expected payoff. So, an equilib-
rium has to satisfy

nSL ∈ arg max
n

VSL(n;Bl
L) (2)

Similarly, we denote VB(n;αH ;ShL;ShH) the expected payoff for an unin-
formed buyer and the following condition has to be satisfied at any equilib-
rium :

nB ∈ arg max
n

VB(n;αH ;ShL;ShH) (3)

The focus on steady-state imposes the following restrictions:

M = KH(1− ShHBl
H) (4)

M = KL(1− ShLBl
L) (5)

KL(1−Bl
L) = M [xB(ShL)nBL + (1− xB)(ShL)nB ] (6)

KH(1− ShH) = M(Bl
H)nSH (7)

KH(1− ShL) = M(Bl
L)nSL (8)

Bl
H =

(1− xB)nB
(1− xB)(nB + 1) + xB

(9)

The two first equations are the steady state conditions for the market
size in the two states of the world. M is the number of entering buyers
(resp. sellers). This number has to be equal to the number of exiting
buyers (resp. sellers). This last number is equal to the total amount of
buyers (resp. sellers) in the market (KH or KL according to the state of
the world) multiplied by the probability of reaching an agreement. The
unique possibility for a match to end on a disagreement is when the meeting
happens between two tough agents. So, the probability of disagreement in
state H (resp. in state L) is given by ShHB

l
H (resp. ShLB

l
L). The probability

to reach an agreement is then given by 1− ShHBl
H (resp. 1− ShLBl

L).
Equations (6), (7) and (8) are the conditions which ensure the stationar-

ity for the proportions of tough buyers in state L, and of tough sellers in the
two states. The left-hand side is the number of agents who play soft. The
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right-hand side is the number of buyers who have switched during this pe-
riod to playing soft. This is also the total number of buyers who are playing
soft because any buyer who plays soft in the previous period has for sure
transacted and has left the market.

We do not write the stationarity condition for the proportion of tough
buyers in state H. Actually, this condition is identical to (4). The expla-
nation is the following one. Since sellers are all tough, trade - and therefore
exit - occurs whenever a buyer switches to soft. Thus, the number of buyers
who play soft in a given period is also the number of buyers who trade and
exit the market in this period.

We need an additional equation to complete the system which is equation
(9). In state H, since all the sellers are playing tough, a buyer who plays
tough does not trade. Therefore, all the uninformed buyers who entered the
market nB − 1 periods ago or later are still in the market and are playing
tough. Their number is M(1− xB)nB. The uninformed buyers who entered
the market nB periods ago are also in the market but are playing soft.
Their number is M(1 − xB). Uninformed buyers who entered previously
have already left the market. Thus, there is no more uninformed buyers in
the market. Informed buyers remain in the market for exactly one period.
Therefore the total number of buyers in the market is M(1− xB) +M(1−
xB)nB +MxB, and the fraction of tough buyers is as described in (9).

3 The Elusive Equilibrium

In a first step, we assume that nB = 0 and ShL < 1. Hence, the characteriza-
tion, established in the previous section, takes a particular form given these
assumptions (nB = 0 and ShL < 1).

The second step is devoted to the determination of nSL, the best strategy
of a seller in state L.

Then we have to check in a third step that nB = 0 is indeed the best
response for an uninformed buyer.

First Step

Let us write the particular form of the characterization when nB = 0 and
ShL < 1.
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M = KH (10)
M = KL(1− ShLBl

L) (11)

ShL =
(Bl

L − xB)
(1− xB)Bl

L

(12)

ShH = 1 (13)
ShL = 1− (Bl

L)nSL (14)
Bl
H = 0 (15)

nSL ∈ arg max
n

VSL(n;Bl
L) (16)

nB = 0 (17)
nSH = +∞ (18)
nBL = +∞ (19)
nBH = 0 (20)

Second Step

This step is devoted to determining nSL, the best strategy of a seller in
state L. In that order, we define ∆VSL(Bl

L) which is the difference in term
of gains between playing soft tomorrow and playing soft today for a seller
in state L.

∆VSL(Bl
L)

= (1−Bl
L)(pH − cL)

+ Bl
Lδ[((1−Bl

L)(pM − cL) +Bl
L(pL − cL)]

− [((1−Bl
L)(pM − cL) +Bl

L(pL − cL)]

= Bl
L

[
(−pH + pM − pL + cL) + δ(pM − cL)

+ δBl
L(pL − pM )

]
+ (pH − pM )

≡ Bl
L[X −Bl

LY ] + Z (21)

In the first equality, the two first lines correspond to playing tough today
and soft tomorrow while the third one corresponds to playing soft today.
If a seller plays soft today, he has a probability (1 − Bl

L) to meet a soft
buyer and consequently to obtain a payoff (pM − cL), otherwise (i.e. with
probability Bl

L) he will get (pL − cL) due to a meeting with a tough buyer.
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If a seller announces pH , he will reach an agreement only if he is matched
with a soft buyer. It occurs with a probability (1 − Bl

L) and the payoff is
then (pH − cL). Otherwise, with a probability Bl

L, he will remain in the
market. In the next period, if he plays soft, he has an expected payoff equal
to the expression between brackets which must be multiplied by the discount
factor δ because trade occurs one period later.

For further use, we denote Bl
L(δ) the root of ∆VSL(Bl

L). Using (12), we

can also define ShL(δ) = (Bl
L(δ)−xB)

(1−xB)Bl
L(δ)

. It will be later useful to know that

limδ→1B
l
L(δ) = 1. It follows from continuity of Bl

L(δ) and the fact that
B(1) = 1. It will also be useful to compute limδ→1 S

h
L(δ) = 1.

When ∆VSL(Bl
L) > 0, it means that a seller who thinks of playing soft

today would get a better expected payoff by playing tough at least one period
more. Since it is true for all the sellers at any point of time, it implies that
all the sellers will play tough. On the contrary, if ∆VSL(Bl

L) < 0 then all
the sellers will play soft. Finally, ∆VSL(Bl

L) = 0 leads the sellers to be
indifferent between all the strategies, and the proportion of tough sellers
may a priori take any value. So, optimal strategies are such that

∆VSL(Bl
L) > 0 =⇒ ShL = 1 (22)

∆VSL(Bl
L) < 0 =⇒ ShL = 0 (23)

∆VSL(Bl
L) = 0 =⇒ ShL ∈ [0, 1] (24)

We have previously assumed ShL < 1, so we do not consider ShL = 1. If ShL = 0
then nB = 0 cannot be the best response when the frictions disappear.
Indeed, nB = 0 implies an instantaneous loss if the state of the world is
L while nB = 1 ensures a trade with a positive instantaneous payoff, the
unique negative term comes from the cost of delay which disappears at the
same time than the frictions. One can check more formally that nB = 0 is
not a best response when ShL = 0 by observing that ∆VB introduced later
is positive if the proportion of tough sellers is nil in state L. So, if it exists,
our equilibrium is such that ∆VSL(Bl

L) = 0. In other words : Bl
L = Bl

L(δ)
and ShL = ShL(δ) at the equilibrium.

We are interested by the strategy nSL. Individually, the sellers are indif-
ferent between all the strategies but equation (14) has to be satisfied with
Bl
L = Bl

L(δ) and ShL = ShL(δ). If this equation gives us an integer for nSL,
there is no additional complication. Otherwise, one can say without loss
of generality that a proportion rS chooses nSL = +∞ while the remaining
part 1 − rS adopts nSL = 0. The amount of soft sellers in the market is
given by KH(1−ShL). M(1− rS) is the number of sellers who have switched
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during this period to playing soft. This is also the total number of sell-
ers who are playing soft because any seller who plays soft in the previous
period has for sure transacted and has left the market. Hence, we have
KH(1 − ShL) = M(1 − rS) to replace equation (14). We simplify easily this
expression as ShL = rS .

Third Step

We started this section by assuming nB = 0 and ShL < 1. In the second step,
we determined nSL according to the initial assumption. The strategy nSL
that we found ensures ShL < 1. It remains to be proven that nB = 0 is indeed
the best strategy for an uninformed buyer. In that order and similarly to
the previous step, we define ∆VB(ShL) as the difference of expected payoff
between nB = 1 and nB = 0.

∆VB(ShL)
= αH(uH − pH)δ
+ (1− αH)(1− ShL)(uL − pL)
+ (1− αH)δShL[(uL − pM ) + ShL(pM − pH)]
− αH(uH − pH)− (1− αH)[(uL − pM ) + ShL(pM − pH)]

The last line corresponds to the payoff obtained when playing soft today.
The payoff in state H which is equal to (uH − pH) is multiplied by the
probability that the state is H. The term in brackets, which is multiplied
by the probability that the state is L, is evidently the payoff in state L. This
payoff can be written as (1−ShL)(uL−pM ) (i.e. the probability to meet a soft
seller times the payoff involved by this meeting) plus ShL(uL − pH) (i.e. the
probability to meet a tough seller times the payoff involved). The three first
lines correspond to playing tough today and soft tomorrow. The meaning of
the first line is obvious. It is just important not to forget the discount factor
δ. Indeed, if the state is H, a buyer who announces pL does not trade. In
the case where the state is L, there is a probability (1 − ShL) that a buyer
meets a soft seller and obtains today (uL−pL). If a buyer does not have this
luck, which happens with probability ShL, he will have tomorrow an expected
payoff equal to the expression in brackets. Once again, we must not forget
the discount factor.

Obviously, ∆VB ≤ 0 means that nB = 0 is better strategy than nB = 1.
What about the other possible strategies? All the differences in expected
payoff between nB = k + 1 and nB = k are smaller than ∆VB(ShL). Indeed,
they will take the same form than ∆VB(ShL) but with αH replaced by its
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updated value. Note that the expression is decreasing in αH while due to the
Bayes’ rule used, the updating process of αH is increasing. Finally, we get
that ∆VB ≤ 0 implies that nB = 0 is the best response for an uninformed
buyer.

Hence, we will check that we have effectively ∆VB ≤ 0 at the equilibrium
proposed. First, it is easy to check that limδ→1 ∆VB(ShL(δ)) = 0. Then, one
can compute its derivative with respect to δ. If this derivative is positive at
δ = 1, it means that ∃δ̄ such that ∆VB(ShL(δ)) < 0 for all δ ∈ [δ̄, 1[.

d∆VB(ShL(δ))
dδ

= αH(uH − pH)− (1− αH)(pM − uL)ShL(δ)

− (1− αH)(pH − pM )(ShL(δ))2

+ (1− αH)[pH − pM + pL − uL − δ(pM − uL)]
dShL(δ)
dδ

− 2(1− αH)(pH − pM )δShL(δ)
dShL(δ)
dδ

(25)

The derivative of S is given by

dShL(δ)
dδ

=
dBl

L(δ)
dδ

xB

(1− xB)(Bl
L(δ))2

(26)

while the derivative of Bl
L(δ) evaluated at δ = 1 is equal to

(pH − pL)(pM − cL)− (pH − pM )(pL − cL) + (pH − cL)(pM − pL)
2(pM − pL)(pH − pL)

− 1 (27)

Finally, we obtain the condition that ensures the positivity of d∆VB(Sh
L(δ)

dδ at
δ = 1 :

αH >
(1− xB)(pH − uL) + xB(pL − cL)
(1− xB)(uH − uL) + xB(pL − cL)

= ᾱH (28)
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The Equilibrium

Proposition 1 If αH > ᾱH and δ > δ̃, the following profile of strategies
constitutes an equilibrium:

nSH = ∞
nBL = ∞
nBH = 0
nB = 0

A proportion SlL(δ) of sellers adopts nSL = +∞
The remaining part chooses nSL = 0

4 Information Revelation and Welfare

Until now, we said nothing about the properties of the equilibrium presented
in Proposition 1. Those properties are the object of this section. In the first
subsection, we discuss information revelation. Since our result contradicts
some assertions presented in Serrano and Yosha (2003), it is important to
develop and neatly present our arguments. The second part is devoted to
the welfare analysis.

Information Revelation

In the rational expectations literature the concept of information revelation
is quite clear: prices reveal all available information about the state of the
world. Even ignorant at the beginning, any agent is able to say what is the
state of the world by observing the prices. The natural translation of that
concept in our setup is that no trade takes place at a wrong price, i.e. at a
price distinct from pi at state i = L,H.

In our model, it is not possible that trade occurs at a wrong price when
the state of the world is H. Indeed, at that state, sellers reject all prices
which differ from pH . We denote fB the proportion of uninformed buyers
who trade at a wrong price in state L. In case of complete information reve-
lation, fB = 0. Otherwise, fB can be used to see if revelation of information
is more or less complete.

Now, let us note that the proportion fB is exactly equal to ShL, the
proportion of sellers who play tough. This proportion tends to 1 when δ
tends to 1. So, one can write
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lim
δ→1

fB = 1 (29)

It means that all uninformed buyers trade at a wrong price when the
market becomes frictionless. One cannot imagine a worst situation in term
of information revelation. Another important property is that the derivative
of ShL with respect to δ is positive (at least for high value of δ). This
property is naturally shared by fB. Hence, increased frictions lead to a
better information revelation.

The limit of fB that we get is in contradiction with a remark in Serrano
and Yosha (1993) which says that Curiously, if trade in the limit does occur
at the wrong price, the limiting fraction of wrong price trades is a precise
number determined by [...]

(1− xB) αH
1−αH

(uH − pH)− (pL − cL)

(1− xB)[(pH − uL)− (pL − cL)]

The number given by this expression is typically different from 1.
Actually, the validity of this assertion is limited to equilibria where nB

is not a corner solution of the uninformed buyers’ problem. Indeed, for an
intermediary step in Serrano and Yosha (1993)3, the equality ∂

∂xVB = 0 is
used to characterize the optimal nB. This equality is a first-order condition
which is relevant only for interior solutions. Clearly in our case, the strategy
for uninformed buyers is a corner strategy.4

Note that our condition (32) is exactly the condition that implies that
the number given by Serrano and Yosha (2003) is larger than 1. Actually, it
is not so surprising. It is indeed in that area that we would have suspected
the existence of a corner solution for uninformed buyers. Intuitively, a lower
number for nB implies a larger number of trade occuring at the wrong
price. When the number given in Serrano and Yosha (1993) tends (from
below) to 1, it is right to think that nB tends to zero. Once the zero is
reached, nB cannot decrease further and we expect indeed that, if it exists,
the equilibrium with a corner strategy for uninformed buyers appears at
that place.

Finally, Serrano and Yosha (1993) acknowledged the possibility of exis-
tence of some interior equilibria with incomplete revelation of information.
However, our equilibrium is a corner one, and hence has not been stricto

3The step 3 of the proof of proposition 2, see at p. 493
4It is maybe useful to underline that our new equilibrium does not invalidate Propo-

sitions 1 and 2 in Serrano and Yosha (1993). Only corollary following proposition 2 and
some parts of proposition 3 have to be reevaluated.
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sensu considered as possible by Serrano and Yosha (1993). Nevertheless,
at the frontier, when the fraction here above is equal to 1, our equilibrium
becomes interior. So, it is reasonable to believe that the equilibria which
are not excluded by Serrano and Yosha (1993) really exist. However, it does
not seem easy to get an explicit description of those equilibria. Moreover,
we have no idea about the evolution of information revelation with respect
to δ for those equilibria.

Welfare Analysis

A welfare analysis for this kind of model is not a novelty in the literature.
Serrano and Yosha (1996) perform such an analysis for the one- and two-
sided cases. Their main message is that information revelation and welfare
go in the same direction. But their interest was limited to what happens
when δ tends to 1. So, with them, we know that when δ tends to 1 we
do not reach the ideal in term of welfare. But we do not know how to
approach this ideal since Serrano and Yosha (1996) use a central planner
to define this ideal but are silent on ways to implement this ideal. In what
follows, we will study the evolution of expected utility, at the equilibrium
established here above, for the different agents when δ varies. We discover
that ex-ante, a decrease in δ profits to all the agents. Hence, we learn that
the disappearance of frictions is not a desirable goal in all the equilibria.

Let us consider the forces affecting the welfare when the frictions vary.
First, there is a direct effect. All the agents who do not trade immediately
incur a cost of delay. This cost is larger when δ is lower. Then, there are
the second-order effects. The level of friction affects the strategy of the
agents. In our case, the only agents who vary their strategy are the sellers
in state L. When δ decreases, sellers reduce their misrepresentation. The
proportion of tough sellers goes in the same direction than δ. As we will see,
this channel will create a positive impact of increasing frictions (decreasing
δ) which overcomes the direct effect for all the agents. For the buyers, it is
due to the fact that their opponents are readier to reach an agreement. For
the sellers, it is due to a kind of externality.

State H In this state, our equilibrium implies immediate trading for all the
agents. So, a modification of δ has neither a direct nor an indirect influence.
So, to determine the benefit implied by a change in the level of frictions, one
has to consider only what happens in state L. An appealing consequence
is that a benevolent planner in charge of determining the optimal level of δ
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will choose exactly the same value, irrespective from his knowledge or belief
about the state of the world.

State L The results are less straightforward for this stage.
The least surprising result concerns the uninformed buyers. Those agents

are not affected by the cost of delay since they trade instantaneously (indeed,
they play always soft). The proportion of tough sellers evolves in the same
direction than δ. When this proportion is lower, the probability to trade
at the good price increases and thus also the expected payoff. Hence, an
increase in the level of frictions (a lower δ) is a good thing for uninformed
buyers since the incentives for the sellers to misrepresent is less important.

At first glance, the analysis for the sellers may seem quite complex. Ac-
tually it is not, at least if we remember that, at the equilibrium considered,
the sellers are indifferent between all the strategies (∆VSL = 0). As a con-
sequence, we can study what happens for a seller who plays immediately
soft and we will learn what happens for all the sellers. Thus, the expected
payoff is given by

VSL = Bl
L(pL − cL) + (1−Bl

L)(pM − cL) = (pM − cL)−Bl
L(pM − pL) (30)

A seller who plays always soft is not affected by the cost of delay since he
reaches immediately an agreement. Unsurprisingly, this payoff is negatively
affected by the proportion of tough buyers who do not accept a price as
profitable for sellers as the one accepted by soft buyers. The proportion of
tough buyers evolves in the same direction than δ. Hence, an increase in the
level of frictions (a lower δ) is a good thing for sellers since it increases the
proportion of soft buyers on the market.

It may be interesting to underline that if the proportion of tough buyers
evolves with δ, it is due to the modification of the strategy of the sellers.
When there are more soft sellers, the tough buyers reach more quickly an
agreement and are thus faster to quit the market. Automatically, it increases
the proportion of soft buyers which is a good thing for the sellers. So, there
exists an externality between the sellers.

For informed buyers, there are two forces which go in opposite direc-
tions. The cost of delay increases with the frictions but the probability of
disagreement (which is equal to (ShL)) decreases at the same time. It is not
obvious which is the strongest force. The expected payoff is given by

VBL =
∞∑
i=0

(ShLδ)
i(1− ShL)(uL − pL) =

1− ShL
1− ShLδ

(uL − pL) (31)
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We are interested by dVBL
dδ . It is sufficient to analyze the derivative of

1−Sh
L

1−Sh
Lδ

. We have

d
1−Sh

L

1−Sh
Lδ

dδ
=
ShL(1− ShL)− dSh

L(δ)
dδ (1− δ)

(1− ShLδ)2
(32)

This expression leads to an indeterminacy of the type 0
0 when we are inter-

ested by its value at δ = 1. We apply then l’Hospital’s rule.

d
1−Sh

L

1−Sh
Lδ

dδ

∣∣∣∣
δ=1

=
limδ→1(1− ShL)dS

h
L(δ)
dδ − ShL

dSh
L(δ)
dδ − Sh′′

L (1− δ) + dSh
L(δ)
dδ

limδ→1 2(1− ShLδ)(
dSh

L(δ)
dδ δ + ShL)

(33)

Once again, we get an indeterminacy of the type 0
0 so we apply a second

time l’Hospital’s rule. After some simplifications, we get

d
1−Sh

L

1−Sh
Lδ

dδ

∣∣∣∣
δ=1

=
limδ→1

d2Sh
L(δ)

dδ2
− 2(dS

h
L(δ)
dδ )2

limδ→1 2(dS
h
L(δ)
dδ + 1)2

(34)

So, to have a negative derivative for VBL, it is sufficient for d2Sh
L(δ)

dδ2
to be

negative. It is actually the case since

d2ShL(δ)
dδ2

= −2xB(pH − cL)(pL − cL)(pM − pL)
(1− xB)(pH − pL)3

< 0 (35)

5 Equivalent Equilibrium in the Two-Sided Case

The results exposed so far already constitute an interesting contribution to
the literature. Nevertheless, we would be happier if we had some evidence
that the results are not limited to this model. In this section, we establish
in the two-sided case as considered by Wolinsky (1990) the existence of
an equilibrium which strongly resembles the equilibrium proposed in the
previous sections.

This exercise is thus interesting, first by extending the validity of the
intuition that frictions may improve the situation in term of information
revelation and even in the sense of Pareto. This equilibrium then also leads
us to reconsider the way noise force operates, thus improving our compre-
hension of the role played by the different forces at work in this kind of
framework.

We will proceed in two steps. First we characterize (partially) the equi-
librium. Then we prove that such an equilibrium indeed exists.
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5.1 Partial Characterization

As in the one-sided case, an equilibrium is characterized by conditions which
ensure that all the agents play a best response to the other actions and by
conditions which ensure the stationarity. We will consider the second ones
only at the end of this section. For the first conditions, we need to introduce
the equivalent ∆’s which are :

∆VB = αH(1− ShH)(pM − pL) + (1− αH)(1− ShL)(pM − pL)
− αH(ShH)2(pH − pM )δ − (1− αH)(ShL)2(pH − pM )δ
+ αHS

h
H [δ(uH − pM )− (uH − pH)]

+ (1− αH)ShL[δ(uL − pM )− (uL − pH)]
∆VS = (1− αH)(1−Bl

L)(pH − pM ) + αH(1−Bl
H)(pH − pM )

− (1− αH)(Bl
L)2(pM − pL)δ − αH(Bl

H)2(pM − pL)δ
+ (1− αH)Bl

L[δ(pM − cL)− (pL − cL)]
+ αHB

l
H [δ(pM − cH)− (pL − cH)]

∆VBH = ShH [(−uH + pH − pM + pL) + δ(uH − pM )
− δShH(pH − pM )] + (pM − pL)

∆VSL = Bl
L[(−pH + pM − pL + cL) + δ(pM − cL)

− δBl
L(pM − pL)] + (pH − pM )

Those expressions are more complex than the ones used in the one-sided
case. Nevertheless, the logic of those expressions is completely similar.

We do not write ∆VSH and ∆VBL because claim 1 is also valid in the
two-sided case for informed sellers in state H and for informed buyers in
state L. It is not the case for informed buyers in state H because we cannot
exclude a priori the possibility to meet a soft seller in state H. Indeed, now
there are some uninformed sellers.

What we call an equivalent equilibrium is an equilibrium where the
agents present in the two models adopt qualitatively the same strategies.
We would like that uninformed buyers play always soft. So, we will impose
∆VB ≤ 0. Similarly for informed buyers in state H, we impose ∆VBH ≤ 0.
As in the one-sided case, we expect that informed sellers in state L are in-
different between all the strategies. Hence, we would like ∆VSL = 0. Since
there was no uninformed sellers in the one-sided case, we do not know a
priori the sign ∆VS has to take. Nevertheless, if some sellers play soft in
state L, it would create for informed buyers an incentive to play tough, at
least for high δ. To avoid this case, we force ∆VS to be equal or larger than
0.
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To sum up, the wished equivalent equilibrium would be such that5

∆VB ≤ 0 (36)
∆VS ≥ 0 (37)

∆VBH ≤ 0 (38)
∆VSL = 0 (39)

5.2 Existence

In this section, we will prove that conditions (36) to (39) can be simultane-
ously satisfied and we will give a profile of strategies which constitutes such
an equilibrium.

The values of the ∆VB and ∆VBH imply that no buyer plays tough in
state H. So, Bl

H = 0. As ∆VS ≥ 0, nS > 0 but since there is no tough
buyers in state H, the uninformed sellers do not have the time to switch to
a soft announcement. Indeed, they reach immediately an agreement with a
soft buyer. Hence, ShH = 1. With this last value, we check easily that ∆VBH
is effectively lower than 0 for all δ < 16. Then, nBH = 0 is compatible with
an equilibrium.

Now, remark that ∆VB is the same that the one-sided case when ShH = 1
and ∆VSL = 0 is identical in any case. So, ShL such that ∆VSL = 0 will imply
the same Bl

L and the same value for ∆VB.
For what follows, we need to be more precise in our notations. For un-

informed sellers, we denote ∆VS(x) the difference in expected gain between
nS = x + 1 and nS = x. So, what we designated previously as ∆VS is now
designated as ∆VS(0)

Given Bl
H = 0, the update of the beliefs of uninformed sellers is perfect,

i.e. in the second period on the market, they know that the state is L
(αH = 0), since in state H there is no tough buyer. So, after one meeting
with a tough buyer, ∆VS(x) ∀x ≥ 1 is given by

Bl
L[(−pH + pM − pL + cL) + δ(pM − cL)− δBl

L(pM − pL)]
+(pH − pM )

= ∆VSL (40)
5A very close equilibrium would be such that ∆VB ≥ 0, ∆VS ≤ 0, ∆VBH = 0 and

∆VSL ≤ 0.
6∆VBH = 0 when δ = 1.
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So, it remains to check that ∆VS(0) ≥ 0 for a newcomer and that will
be sufficient to ensure the existence of this kind of equilibrium. For the
newcomers, taking into account Bl

H = 0, one can write

∆VS(0) = (1− αH)∆VSL + αH(pH − pM )
= αH(pH − pM ) > 0 (41)

The second equality is due to the fact that by construction of this equilibrium
∆VSL = 0. So, this equilibrium exists under the same conditions than his
equivalent in the one-sided case.

Proposition 2 If αH > ᾱH and δ > δ̃, the following profile of strategies
constitutes an equilibrium:

nSH = ∞
nBL = ∞
nBH = 0
nB = 0

nS in state H = ∞

nS in state L and nSL 7 are such that Bl
L = Bl

L(δ).

It may be surprising that nS depends on the state of the world but it is
due to the fact that the learning is perfect for uninformed sellers.

5.3 Stationarity

We did not explicitly check that the equilibrium indeed satisfies the steady
state conditions. In the previous subsection, we showed that

Bl
L = Bl

L(δ) (42)
Bl
H = 0 (43)
ShL = ShL(δ) (44)
ShH = 1 (45)

Hence, even if we do not write the conditions equivalent to (6), (7), (8) and
(9), we know that the stationarity of these proportions are guaranteed. The
conditions (4) and (5) are exactly the same for the two-sided case. It is easy
to check that those conditions are satisfied without difficulties if ShHB

l
H and

ShLB
l
L are different from 0. It is indeed the case for all δ < 1.

7The proposition is presented as if nS in state L and nSL which ensure Bl
L = Bl

L(δ)
are integers. If it is not the case, we can say as in subsection 3 that a part of agents plays
tough during +∞ periods while the remaining agents choose to immediately play soft.
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6 Reconsidering the Noise Force

Gale (1987) was the first to suspect that the presence of uninformed agents
on both sides of the market in Wolinsky (1990) was the source of the so
negative result in terms of information revelation. Serrano and Yosha (1993)
seemed to confirm the intuition of Gale (1987). The equilibrium that we
discover proves that noise is actually not needed to get imperfect information
revelation. This is not a real surprise since it was already proved by Blouin
and Serrano (2001) in a model relatively similar.

What is more interesting for our understanding of the noise force is the
equivalent equilibrium that we build for the two-sided case. Serrano and
Yosha (1993) explained as follows the noise force : As δ → 1 the informative
content of the pairwise meetings decreases because there are more uninformed
agents on both sides of the market trying to learn. Actually, this vision of
the noise force is not compatible with our equilibrium.

Indeed, in our equilibrium the unique agents who are uninformed are the
uninformed newcomers. Among them, buyers will spend only one period on
the market since they play always soft. Concerning the uninformed sellers,
they remain uninformed only during their first period since one meeting
is sufficient for them to learn with certainty the state of the world. The
proportion of uninformed agents on the market in state L and H are respec-
tively M

KL
and M

KH
. The second proportion is constant in our equilibrium

while M
KL

is decreasing with δ. Indeed, the cost of misrepresenting decreases
and implies an increase of misrepresentations by the sellers. In other words,
more sellers are playing tough which induces more disagreements and finally
more agents remain on the market, i.e. KH increases with δ.

Hence, the noise force is not created by the fact that the proportion of
informed agents decreases on the market when δ tends to 1. Indeed, this
proportion evolves in the opposite direction. Nevertheless, the presence of
uninformed agents on both sides of the market indeed creates a noise force.
This noise is due to the fact that nS = +∞ and nB = +∞ are clearly not
mutually compatible at a stationary equilibrium. If one or both strategies
are different from +∞ then the probability of trading at a wrong price is
not nil. Remark that this argument is valid irrespective of the value of δ.

7 Conclusion

The main message of this work is : Frictions are positive. The result is very
strong since, surprisingly, nobody is injured by an increase in the level of
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frictions. Our result is established for the one-sided case but we show that
an equivalent equilibrium exists in the two-sided case. So, the message is
not specific to the one-sided case.

Nevertheless, we have to keep in mind the limits of the result; limits
which, at the same time, indicate directions for further research.

First, our work is restricted to some equilibria. In the one-sided case
for instance, if you consider an equilibrium with complete information rev-
elation, frictions are harmful in terms of welfare. The properties are less
obvious for the other equilibria in the two-sided case. It is really not impos-
sible for a rise in the level of frictions to be a bad thing for everybody in
some equilibria.

Second, we consider a particular model at least in two respects. The
first particular feature is the assumption about the entry of new agents in
the market. It would be interesting to treat the same issue in a model
à la Blouin and Serrano (2001) which departs from Wolinsky (1990) and
Serrano and Yosha (2003) concerning the entry of agents in the market.
The kind of information ignored by the uninformed agents constitutes the
second particular feature. In our context, the shadow information is a value
common to all agents. A natural extension would be to consider adverse
selection à la Akerlof. Results for δ → 1 are already provided by Blouin
(2003).

Finally, what does a change in the level of frictions mean ? The best way
of thinking is to consider that δ derives from an interest rate that we modify.
There exists another interpretation but which is somewhat problematic. One
could interpret a modification in the level of frictions as a change in the
physical time between two matchings. The problem of this conception is
that, actually, we modify at the same time the density per period of time of
the flow of new agents in the market. Nevertheless, it must be possible to
deal with this problem by defining M , the number of new entrants in the
market, as a function of δ. It is quite difficult to guess what would change
once this kind of modeling is adopted.

In addition to our main result, we get some very valuable byproducts.
The proof of the existence of an equilibrium with incomplete revelation
of information in the one-sided case is completely new. As discussed in
section three, some other equilibria with incomplete revelation might exist.
We produce also a reinterpretation of the noise which prevents complete
information revelation in the two-sided case.

In a certain sense, we confirm an intuition present in the literature :
the pairwise meetings market is a procedure with bad revelation properties
(only in some equilibria of the steady-state version of the one-sided model
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do some good equilibria show up). Gottardi and Serrano (2005) provide a
general discussion of this and related issues.

Nevertheless, as shown by Isaac (2010), the existence of an equilibrium
with complete information revelation is a robust result in the one-sided case
even when we execute a dynamic analysis, i.e. without assuming a priori
that the market is at a steady state. The result is actually stronger in Isaac
(2010): under some conditions, there exists a unique equilibrium. Due to
this uniqueness result, one could worry about the survival of our equilibrium
in a dynamic analysis. First, the condition for the uniqueness in Isaac (2010)
and the condition for the existence of our equilibrium are mutually exclusive.
Moreover, the existence of our equilibrium in a dynamic analysis is almost
proved in Isaac (2006). Only the last step is missing in Isaac (2006): the
proof that the equilibrium exists when δ tends to 1. This step is a variation
of our proof.

Moreover, in Gottardi and Serrano (2005) the intuition to explain the
bad property of the matching procedure is that the matching process creates
a kind of monopoly power. This monopoly power would be larger when the
impatience of the agent increases. Hence, we expect that the situation is
better when δ is higher. Actually, it is just the opposite in our result. So,
in that perspective, our work tends to indicate that the link is quite more
complex than expected between the modeling used in Gottardi and Serrano
(2005) and the one used in the literature following Wolinsky (1990).

References

Blouin M.R., 2003. Equilibrium in a decentralized market with adverse
selection. Economic Theory 22 (2), 245-262.

Blouin M.R., Serrano R., 2001. A decentralized market with common
value uncertainty: non-steady states. Review of Economic Studies 68
(2), 323-346.

Duffie D. and Sun Y. 2007. Existence of independent random matching.
Annals of Applied Probability 17 (1), 386-419.

Gale D., 1989. Informational efficiency of search equilibrium. Mimeo,
University of Pittsburg.

Gottardi P., Serrano R., 2005. Market power and information revelation
in dynamic trading. Journal of the European Economic Association 3
(6), 1279-1317.

21



Holmstrom B., Myerson R., 1983 Efficient and durable decision rules
with incomplete information. Econometrica 51 (6), 1799-1819.

Isaac T., 2006 Information revelation in markets with pairwise meetings:
dynamic case with constant entry flow. Core DP 2006/48.

Isaac T., 2010 Information revelation in markets with pairwise meetings:
Complete Revelation in Dynamic Analysis. The B.E. Journal of Theo-
retical Economics 10 (1, Topics), Article 2.

Radner R., 1982 Equilibrium under uncertainty in Arrow K., Intrilligator
M. (eds.), Hand- book of Mathematical Economics, vol. II, Amsterdam:
North-Holland.

Serrano R., Yosha O., 1993. Information revelation on a market with
pairwise meetings: the one sided case. Economic Theory 3 (3), 481-499.

Serrano R., Yosha O., 1996. Welfare analysis of a market with pairwise
meetings and asymmetric information. Economic Theory 8 (1), 167-175.

Wolinsky A., 1990. Information revelation in a market with pairwise
meetings. Econometrica 58 (1), 1-23.

22



Recent titles 
CORE Discussion Papers 

 
2009/65. David DE LA CROIX and Clara DELAVALLADE. Why corrupt governments may receive 

more foreign aid. 
2009/66. Gilles GRANDJEAN, Ana MAULEON and Vincent VANNETELBOSCH. Strongly rational 

sets for normal-form games. 
2009/67. Kristian BEHRENS, Susana PERALTA and Pierre M. PICARD. Transfer pricing rules, OECD 

guidelines, and market distortions. 
2009/68. Marco MARINUCCI and Wouter VERGOTE. Endogenous network formation in patent 

contests and its role as a barrier to entry. 
2009/69. Andréas HEINEN and Alfonso VALDESOGO. Asymmetric CAPM dependence for large 

dimensions: the Canonical Vine Autoregressive Model. 
2009/70. Skerdilajda ZANAJ. Product differentiation and vertical integration in presence of double 

marginalization. 
2009/71. Marie-Louise LEROUX and Grégory PONTHIERE. Wives, husbands and wheelchairs: 

Optimal tax policy under gender-specific health. 
2009/72. Yu. NESTEROV and Levent TUNCEL. Local quadratic convergence of polynomial-time 

interior-point methods for conic optimization problems. 
2009/73. Grégory VANDENBULCKE, Claire DUJARDIN, Isabelle THOMAS, Bas DE GEUS, Bart 

DEGRAEUWE, Romain MEEUSEN and Luc INT PANIS. Cycle commuting in Belgium: 
Spatial determinants and 're-cycling' strategies. 

2009/74. Noël BONNEUIL and Raouf BOUCEKKINE. Sustainability, optimality, and viability in the 
Ramsey model. 

2009/75. Eric TOULEMONDE. The principle of mutual recognition – A source of divergence? 
2009/76. David DE LA CROIX, Pierre PESTIEAU and Grégory PONTHIÈRE. How powerful is 

demography? The Serendipity Theorem revisited. 
2009/77. Nicola ACOCELLA, Giovanni DI BARTOLOMEO, Andrew HUGUES HALLETT and Paolo 

G. PIACQUADIO. Announcement wars as an equilibrium selection device. 
2009/78. Julio DÁVILA. The taxation of savings in overlapping generations economies with unbacked 

risky assets. 
2009/79. Elena DEL REY and Miguel Angel LOPEZ-GARCIA. Optimal education and pensions in an 

endogenous growth model. 
2009/80. Hiroshi UNO. Strategic complementarities and nested potential games. 
2009/81. Xavier WAUTHY. Market coverage and the nature of product differentiation: a note. 
2009/82. Filippo L.  CALCIANO. Nash equilibria of games with increasing best replies. 
2009/83. Jacques H. DRÈZE, Oussama LACHIRI and Enrico MINELLI. Stock prices, anticipations and 

investment in general equilibrium. 
2009/84. Claire DUJARDIN and Florence GOFFETTE-NAGOT. Neighborhood effect on 

unemployment? A test à la Altonji. 
2009/85. Erwin OOGHE and Erik SCHOKKAERT. School accountability: (how) can we reward schools 

and avoid cream-skimming. 
2009/86. Ilke VAN BEVEREN and Hylke VANDENBUSSCHE. Product and process innovation and the 

decision to export: firm-level evidence for Belgium. 
2010/1. Giorgia OGGIONI and Yves SMEERS. Degree of coordination in market-coupling and 

counter-trading. 
2010/2. Yu. NESTEROV. Efficiency of coordinate descent methods on huge-scale optimization 

problems. 
2010/3. Geert DHAENE an Koen JOCHMANS. Split-panel jackknife estimation of fixed-effect models. 
2010/4. Parkash CHANDER. Cores of games with positive externalities. 
2010/5. Gauthier DE MAERE D'AERTRYCKE and Yves SMEERS. Liquidity risks on power 

exchanges. 
2010/6. Marc FLEURBAEY, Stéphane LUCHINI, Christophe MULLER and Erik SCHOKKAERT. 

Equivalent income and the economic evaluation of health care. 



Recent titles 
CORE Discussion Papers - continued 

 
2010/7. Elena IÑARRA, Conchi LARREA and Elena MOLIS. The stability of the roommate problem 

revisited. 
2010/8. Philippe CHEVALIER, Isabelle THOMAS and David GERAETS, Els GOETGHEBEUR, 

Olivier JANSSENS, Dominique PEETERS and Frank PLASTRIA. Locating fire-stations: an 
integrated approach for Belgium. 

2010/9. Jean-Charles LANGE and Pierre SEMAL. Design of a network of reusable logistic containers. 
2010/10. Hiroshi UNO. Nested potentials and robust equilibria. 
2010/11. Elena MOLIS and Róbert F. VESZTEG. Experimental results on the roommate problem. 
2010/12. Koen DECANCQ. Copula-based orderings of multivariate dependence. 
2010/13. Tom TRUYTS. Signaling and indirect taxation. 
2010/14. Asel ISAKOVA. Currency substitution in the economies of Central Asia: How much does it 

cost? 
2010/15. Emanuele FORLANI. Irish firms' productivity and imported inputs. 
2010/16. Thierry BRECHET, Carmen CAMACHO and Vladimir M. VELIOV. Model predictive control, 

the economy, and the issue of global warming. 
2010/17. Thierry BRECHET, Tsvetomir TSACHEV and Vladimir M. VELIOV. Markets for emission 

permits with free endowment: a vintage capital analysis. 
2010/18. Pierre M. PICARD and Patrice PIERETTI. Bank secrecy, illicit money and offshore financial 

centers. 
2010/19. Tanguy ISAAC. When frictions favour information revelation. 
 

Books 
 
J. GABSZEWICZ (ed.) (2006), La différenciation des produits. Paris, La découverte. 
L. BAUWENS, W. POHLMEIER and D. VEREDAS (eds.) (2008), High frequency financial econometrics: 

recent developments. Heidelberg, Physica-Verlag. 
P. VAN HENTENRYCKE and L. WOLSEY (eds.) (2007), Integration of AI and OR techniques in constraint 

programming for combinatorial optimization problems. Berlin, Springer. 
P-P. COMBES, Th. MAYER and J-F. THISSE (eds.) (2008), Economic geography: the integration of 

regions and nations. Princeton, Princeton University Press. 
J. HINDRIKS (ed.) (2008), Au-delà de Copernic: de la confusion au consensus ? Brussels, Academic and 

Scientific Publishers. 
J-M. HURIOT and J-F. THISSE (eds) (2009), Economics of cities. Cambridge, Cambridge University Press. 
P. BELLEFLAMME and M. PEITZ (eds) (2010), Industrial organization: markets and strategies. Cambridge 

University Press. 
M. JUNGER, Th. LIEBLING, D. NADDEF, G. NEMHAUSER, W. PULLEYBLANK, G. REINELT, G. 

RINALDI and L. WOLSEY (eds) (2010), 50 years of integer programming, 1958-2008: from 
the early years to the state-of-the-art. Berlin Springer. 

 
CORE Lecture Series 

 
C. GOURIÉROUX and A. MONFORT (1995), Simulation Based Econometric Methods. 
A. RUBINSTEIN (1996), Lectures on Modeling Bounded Rationality. 
J. RENEGAR (1999), A Mathematical View of Interior-Point Methods in Convex Optimization. 
B.D. BERNHEIM and M.D. WHINSTON (1999), Anticompetitive Exclusion and Foreclosure Through 

Vertical Agreements. 
D. BIENSTOCK (2001), Potential function methods for approximately solving linear programming 

problems: theory and practice. 
R. AMIR (2002), Supermodularity and complementarity in economics. 
R. WEISMANTEL (2006), Lectures on mixed nonlinear programming. 




