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1 Introduction

Modern monetary theory is based on the notion that one must be explicit about the frictions
that render money essential. Two frictions are considered to be particularly relevant for es-
sentiality: limited commitment and limited record—keeping. In fact, it is commonly agreed
that limited commitment and limited record—keeping are necessary for the essentiality of
money.! A less established view is that as long as the distribution of preferences and tech-
nologies in the economy prevents the recurrence of double—coincidences, the absence of both
commitment and record—keeping suffices to render money essential. In particular, according
to this view, the essentiality of money does not hinge on whether exchange takes place in
decentralized or centralized markets. This belief has granted much flexibility in the recent
effort towards building models where money is essential and yet substantive issues can be
analyzed in a tractable manner. Lagos and Wright (2005) (henceforth LW) is at the center
of this effort. The main contribution of LW is constructing an environment where, unlike
in the search models of money in the tradition of Kiyotaki and Wright (1989), money is
divisible and the distribution of money holdings is degenerate. The key element of LW is
that trade alternates between centralized and decentralized markets.

In this paper we examine whether in fact centralized trading has no implications for the
essentiality of money. We are not the first ones to pose this question. Aliprantis, Camera
and Puzzello (2007) (henceforth ACP) show that money can fail to be essential if individual
actions are observable in a centralized market. Lagos and Wright (2008) point out that in
LW agents only observe prices in the centralized market, and thus ACP’s critique does not
apply. Unlike ACP, we assume that agents only observe prices in the centralized market and
examine whether this indeed renders money essential.

The starting point of our analysis is the framework of LW modified in two ways. First,
while LW assumes a continuum of agents, we consider large but finite populations. In any
model, the assumption of a continuum of agents is made for tractability and is only justifiable

if it has no substantive economic implications. To put it differently: “The rationale for using

IFor the role of limited commitment in the essentiality of money, see Huggett and Krasa (1996) and
Kiyotaki and Moore (2002). For the role of limited record—keeping, see Ostroy (1973), Aiyagari and Wallace
(1991), and Kocherlakota and Wallace (1998).



the continuum-of-agents model is that it is a useful idealization of a situation with a large
finite number of agents, but if equilibria in the continuum model are radically different from
equilibria in the model with a finite number of agents, then this idealization makes little
sense” (Levine and Pesendorfer (1995), p. 1160). We want to ensure that the essentiality of
money is not driven by the continuum population assumption.

The second departure from the LW framework is that we explicitly model the process of
exchange in the centralized market. In LW, the centralized market is a Walrasian market,
where agents do not trade with each other, but trade only against their budget constraints.
This specification is parsimonious and allows for analytical simplicity. However, it does not
describe how exchange in the centralized market actually takes place, a requirement that
is called for if the main objective is to understand the conditions under which money is
essential as a medium of exchange.?

We model the process of exchange in the centralized market as a non—cooperative game,
more precisely, as a strategic market game along the lines of Shapley and Shubik (1977).3
There are two reasons for this. First, strategic market games are a natural departure from
Walrasian markets. In fact, it is well known that in static settings, equilibrium outcomes of
strategic market games converge to Walrasian outcomes as the number of agents increases to
infinity (Mas—Colell (1982)). Second, strategic market games allow for a mapping between
the formation of prices and the trading decisions of agents, while retaining the idea of
centralized markets as large anonymous markets where agents only observe prices.*

The first result of the paper is that if agents are patient enough, there exists a non—
monetary equilibrium that implements the first—best regardless of the population size. The
intuition for this result is simple. When the number of agents is finite, individual actions

in the centralized market have an impact on prices regardless of the population size. Thus,

2More generally, modeling exchange in the centralized market explicitly is in line with the emphasis that
modern monetary theory places on taking seriously the process of exchange.

3The classic reference on strategic market games is Shubik (1973). See also Dubey and Shubik (1978)
and Postlewaite and Schmeidler (1978). Alonso (2001), Green and Zhou (2005), Hayashi and Matsui (1996),
and Howitt (2005) are examples of applications of market games in the context of monetary theory.

4A third reason for the non-cooperative approach is that if one wants to assess the conditions under which
money is essential, one must consider whether agents have the incentive to follow alternative credit-like
arrangements. The standard Walrasian market does not specify how payoffs are defined off the equilibrium
path and thus it is ill-suited to check the feasibility of competing mechanisms of exchange.



prices can convey information about individual deviations and this can be used to sustain
cooperative behavior. This shows that modeling centralized trade as a Walrasian market,
where the market power of agents is exogenously set to zero, misses an important aspect of
dynamic trading environments. Namely, that even if an agent’s action has a small impact on
current aggregate outcomes, it may still have a sizable impact on future aggregate outcomes.®

The fact that prices reflect individual behavior in a precise way plays an important role in
our non—essentiality result. This suggests that this result may not survive the introduction
of noise in the price formation process, especially when the population is large. It turns
out that this need not be the case. It is true that the presence of noise reduces the ability
of prices to convey information about individual behavior when there are many agents.
However, we show that whether agents become informationally negligible or not in large
economies critically depends on the ratio between the number of agents who participate in
trade and the number of goods that are traded in the centralized market, that is, on how
“thick” the centralized market is. Thus, our results highlight a nontrivial tension between the
essentiality of money and centralized trading, and provide conditions under which specifying
the centralized market as a Walrasian market is justified in monetary models.

The paper is organized as follows. We introduce our framework in the next section.
We establish the non—essentiality of money in Section 3 and examine its robustness to the
introduction of noise in the price formation process in Section 4. Section 5 concludes and

the Appendix contains omitted proofs.

2 The Model

We first describe the environment and preferences. Then we describe the economy as an

infinitely repeated game.

5Green (1980) makes a similar point in the context of repeated Cournot competition.



2.1 Environment and Preferences

Time is discrete and indexed by ¢ > 1. There are two stages at each date and preferences
are additively separable across dates and stages. The population consists of a finite number
N of infinitely lived agents. Agents do not discount payoffs between stages in a period and
have a common discount factor § € (0, 1) across periods. The two stages of a period differ
in terms of the matching process, preferences, and technology. In the first stage, agents are
randomly and anonymously matched in pairs. In the second stage, trade takes place in a
centralized market.

Agents trade a divisible special good in the decentralized market and a divisible general
good in the centralized market. Both the special good and the general good are perishable
across stages and dates. There are S > 3 types of the special good and G > 2 types of the
general good. Each agent is characterized by a pair (s,g) € {1,...,5} x {1,...,G}. An
agent of type (s, g) can only produce a special good of type s and a general good of type g,
and only likes to consume a special good of type s + 1(mod S) and a general good of type
g+ 1(mod G). There is an equal number of agents of each type. In particular, N > SG and
the probability that an agent is a consumer in a meeting in the decentralized market, which
is also the probability that he is a producer, is N/S(N — 1).

An agent who consumes ¢ > 0 units of the special good he likes enjoys utility u(q), whereas
an agent who produces ¢ units of the special good incurs disutility ¢(g). The functions v and
¢ are strictly increasing and differentiable, with u strictly concave and ¢ convex. Moreover,
u(0) = ¢(0) = 0, ¥ (0) > ¢(0), and there exists § > 0 such that u(q) = ¢(g). Let ¢* > 0
be the unique solution to u'(q) = /(¢). Welfare is maximized in a single—coincidence match
when the producer transfers ¢* units of the special good to the consumer.

The centralized market has one trading post for each type of general good. We describe
how the trading posts operate in the next subsection. Production is as follows. For each
agent, one unit of effort generates one unit of the general good. There exists an upper bound
T > 0 on the amount of effort an agent can exert in a period. An agent who consumes x > 0
units of the general good he likes obtains utility U(x), while an agent who produces x units

of the general good incurs disutility . The function U is differentiable, strictly increasing



and strictly concave, with U(0) = 0, U'(0) > 1, and lim,_., U'(x) = 0. Let z* > 0 be the
unique solution to U’(z*) = 1. Since the production cost is linear, ex—ante welfare in the
centralized market is maximized when all agents consume x* units of the general good they

like. This requires that total production of each type of good is (N/G)z*.

2.2 The Game

We now describe the economy as an infinitely repeated game. We begin with the description

of the stage game.

Stage Game

The stage game consists of one round of trade in the decentralized market followed by
one round of trade in the centralized market. Trade in the decentralized market takes
place as follows. First, in every single—coincidence meeting the agents simultaneously and
independently choose from {yesno} after learning whether they are consumers or producers.®
If either agent in a match says no, the match is dissolved with no trade occurring. If both
agents in a match say yes, that is, if both agents agree to trade, the producer transfers g¢*
units of the good to the consumer, after which the match is dissolved.”

Trade in the centralized market takes place as follows. There are GG trading posts, one
for each (type of) general good. In every period ¢ each agent j € {1,..., N} simultaneously
and independently chooses: (i) the quantity yg of the good he contributes to the post that
trades the good he can produce; (i) the vector b = (b7'*, ..., b7%) of bids he submits to the
trading posts. We assume that Zngl b{’g < yf , that is, the sum of an agent’s bids cannot
exceed the total amount of effort he contributes to the trading post. This assumption, which
is similar to the assumption in Shapley—Shubik (1977) that agents cannot bid more than

their endowments, does not matter for our results and is made for expositional simplicity.®

SFor simplicity, we assume that agents cannot take actions in the decentralized market if they are in a
no—coincidence meeting. We obtain the same results without this assumption.

"The same results obtain if the producer can choose the quantity ¢ he transfers to the consumer. The
approach we follow simplifies the description of strategies considerably.

8Drawing a parallel with Shapley and Shubik (1977), one could think that effort has a tangible and
perishable counterpart that can be used to make bids. It is possible to show that the results in our paper
are unchanged if we assume that there exists an exogenous upper bound on how much an agent can bid in
every period.



Let N,(g) be the set of agents who can produce the general good g. The price of the

general good ¢ in period ¢ is
N 4,
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where we adopt the convention that 0/0 = 0. The quantity of the general good g that agent
j obtains in period ¢ is then given by x9 = b7 /p?. Note that
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for all g € {1,..., G}, so that aggregate supply is always equal to aggregate demand in each
trading post.

Observe that in our environment there are gains from trade in the centralized market.
This is in contrast to LW, where all agents produce and consume the same good in the
centralized market, and so only the exchange of goods for money is beneficial. Since our
focus is on non monetary equilibria, it is natural to assume that there are gains from trade
in the centralized market. Lagos and Wright (2003a) point out that the assumption of no
gains from trade in the centralized market is only meant to simplify the analysis, and that
one can naturally modify the LW environment to introduce gains from trade.’

It is easy to see that the stage game admits multiple Nash equilibria in which no trade

takes place in the decentralized market.

The Repeated Game
The game consists of infinite repetitions of the stage game. We describe strategies in the
repeated game by means of automata.!® For this, let A; = {yes,no} be the action set of an

agent in a single—coincidence meeting in the decentralized market and

G
AQ:{QQ: (y,(bl,...,bG)) sy <7 and Zbggy}

g=1
be the action set of an agent in the centralized market. An automaton for an agent is a list

{W,w° (f1, f2), (11, 2)} where: (i) W is the set of states; (i) w® € W is the initial state; (ii7)

9Indeed, in Lagos and Wright (2003b) the general good comes in many varieties and is subject to a
double—coincidence of wants problem.

10Gee Section 2.3 in Mailath and Samuelson (2006) for a discussion of the use of automata to describe
behavior in repeated games.



fi:Wx{1,...,9x{1,...,G} — Ay and fy : W — A, are decision rules in the decentralized
and centralized markets, respectively; (iv) 71 : W x {1,...,S} x {1,...,G} x A} — W and
Tyt W x Ay x RY. — W are transition rules in the decentralized and centralized markets,
respectively. If the decision rules for an agent are given by the pair (fi, f2), the agent
behaves as follows when his state is w: (i) he chooses fi(w,s,¢') in a single—coincidence
meeting in the decentralized market if his partner’s type is (s, ¢'); (i7) he chooses fo(w) in
the centralized market. If the transition rules for an agent are given by the pair (7, 7),
then: (i) m(w,s’,q’,a1,a}) is the agent’s new state when he enters the decentralized market
in state w if he chooses a;, and his partner is of type (s',¢') and chooses a; (ii) T2(w, as, p)
is the agent’s new state when he enters the centralized market in state w, chooses as, and
observes the vector of prices p.!'! We restrict attention to strategy profiles where the set of
states is the same for all agents.

Given a strategy profile o, a profile of states for an agent is a map 7 : W x {1,...,S} x
{1,...,G} = {1,..., N —1} such that 7(w, s, g) is the number of agents of type (s, g) in the
rest of the population who are in state w. Denote the set of all state profiles by II. A belief
for an agent is a map p : IT — [0, 1] such that > __;p(7w) = 1, where p(7) is the probability
the agent assigns to the event that the profile of states is w. Let A be the set of all possible
beliefs. A belief system for an agent is a map p: W — A. In an abuse of notation, we use
1 to denote the profile of belief systems where all agents have the same belief system p. We
can simplify the description of Il when ¢ is symmetric, that is, when o is such that any two
agents in the same state behave in the same way. In this case, a profile of states for an agent
is simply a map 7 : W — {1,..., N — 1} such that 7(w) is the number of agents in the rest
of the population who are in state w.

We consider sequential equilibria of the repeated game. The first—best in the repeated
game is achieved when in each period trade takes place in all single—coincidence meetings in
the decentralized market and all agents consume z* units of the general good they like in

the centralized market.

HFor simplicity, we only define transition rules for agents in the decentralized market if they participate
in a single—coincidence meeting. In what follows, we always assume that an agent’s state does not change if
he participates in a non—coincidence meeting.



3 The Non—Essentiality of Money

In this section we construct an equilibrium that sustains the first—best if agents are patient
enough. For this, let: (i) e,, with g € {1,...,G}, be the vector with all entries equal to
zero except the gth entry, which is equal to one; (i7) e be the vector with all entries equal
to one. For convenience, we use g + 1 as a shorthand for g + 1(mod G) in the remainder of
the paper. This implies that g+ 1=1if g = G.

Define o* to be the strategy profile where an agent of type g, that is, an agent of type
(s,g) for some s € {1,...,S}, behaves according to the following automaton. The set of

states is W = {C, D, A} and the initial state is C'. The decision rules are given by

(x*, x%egrq) if w=0C
L yes if we {C,D}
fl(w787.g): and fQ(w): (E,O) lf U)ID
no if w=A4
(0,0) if w=A
For instance, an agent in state C' behaves as follows. In the decentralized market, he agrees

to trade regardless of his partner’s type. In the centralized market he contributes z* to the

trading post ¢ and bids z* at the trading post g + 1. The transition rules are given by

C if w=C and (a1,d]) = (yes, yes)
n(w, s, ¢ a1,a1) = ¢ D if w=C and (a1,d}) # (yes, yes)
w if we{D,A}
and
C if we{C,D}andpe{e}UP
T2(w, az, p) = 5
A if we{C,D}andp¢ {eJUPorw=2A
where P is the set of possible price vectors in the centralized market when N — 2 agents are
in state C' and the two remaining agents are in state D. For instance, an agent in state C' in
a single—coincidence meeting in the decentralized market remains in C' only if there is trade
in his match, otherwise he moves to state D. Likewise, an agent in state C' in the centralized
market stays in C' if the price he observes belongs to {e} U P, otherwise he moves to state
A. Observe that ¢* implements the first—best.
To finish, consider the belief system p* where: (i) an agent in state C' believes that all

other agents are in state C'; (ii) an agent in state A believes that all other agents are in

9



state A; (i17) an agent in state D believes that there is one other agent in state D and the
remaining agents are in state C. Clearly, (o, 1*) is a consistent assessment. We have the

following result.

Proposition 1. Suppose that T > c(q*). There exists 6’ € (0,1) independent of N and G

such that (o*, p*) is a sequential equilibrium for all 6 > 0'.

Proof: Let VPM and VM be the (discounted) lifetime payoffs to an agent in state C' before

he enters the decentralized and centralized markets, respectively. Then,

VEM = !

_1_5{ : )[u<q*>—c<q*>]+v<x*>—x*} and Vo™ = U(a) =" + V™,

S(N -1

Now let V4 be the lifetime payoff to an agent in state A. It is easy to see that V4 = 0.
Finally, let Vp be the lifetime payoff to an agent in state D before he enters the centralized
market. Since an agent in state D in the centralized market believes that there are N — 2
agents in state C' and one other agent in state D, he believes that the price vector in the

centralized market will lie in the set P. Thus,
Vp = -+ oVHM.

We start with incentives in state C'. An agent in state C' in the decentralized market has

no profitable one—shot deviation if
—c(qg) + VM = —c(¢*) + U(z*) — 2" + VM > Vp = -3 + sVIM,

which is satisfied since T > ¢(¢*). Consider then an agent in state C' in the centralized
market. Without loss of generality, we can assume that the agent’s type is ¢ = 1. Let
az = (y, (b, ...,b%)) # (2%, z"e2) be the agent’s action in the centralized market and denote
the corresponding vector of prices by p = (pl, e ,pG). We first show that there is no
profitable one—shot deviation by the agent when a, is such that p = e. It is immediate to see
that p? = 1 for ¢ > 1 if, and only if, b*> = * and b9 = 0 for ¢ > 2. Moreover, p! = 1 if, and
only if, b' =y — x*. Thus, if ay # (z*,2%ey) and p = e, the agent’s flow payoff is U(z*) —y
with y > z*, which is smaller than U(z*) — x*. The desired result follows from the fact V2™

is the highest continuation payoff possible for the agent.

10



Now, we show that there is no profitable one-shot deviation by the agent when as is such

that p # e. First note that the agent’s flow payoff from ay is U(b?/p?) — y, where

ﬂ_l *+Z)2
pZZ(G ﬂ);: .
G

It is easy to see that b*/p? is maximized when > = y — b'. Thus, the highest flow payoff

gain possible for the agent given the choice of y in as is

N
Aly)=U (y(% _Cl;) x*+y> —y—[U(@") —2"].
Since U is strictly concave and U’(x*) = 1, we have that
g G " . Ty z*
Aly) SU(z){y(%_l)x*+y—x }—(y—ﬂs )—y(%_l)x*+y <5

where we use the fact that N > SG and S > 3. Consequently, the highest flow payoff
gain from a one-shot deviation is bounded above by a constant that is independent of the
population size and the number of types of the general good.

The next step is to show that any one-shot deviation by the agent necessarily leads to a
price vector p ¢ P. Recall that P is the set of all price vectors consistent with 2 agents in
state D and the remaining agents in state C'. By construction, a necessary condition for a
price vector to be an element of P is that the total production by the agents exceeds the sum
of their bids by 2z. However, the total production by the other agents in the population is
equal to the sum of their bids. Thus, since the agent can at most produce Z, there is no choice
of ay such that p € P. Therefore, any one-shot deviation by the agent with p # e leads to
state A, which implies a loss of continuation payoffs equal to VPM. Since A(y) < x*/2 for
all y > 0, it is easy to see that there exists 6' € (0,1) independent of N and G for which no
such one-shot deviation is profitable if § > §'.

Consider incentives in state D. No agent is ever in state D in the decentralized market.
Consider then an agent in state D in the centralized market. Once again, we can assume
without loss of generality that the agent’s type is g = 1. Let ay = (y, (bl, e ,bG)) # (7,0)
be the agent’s action in the centralized market and denote the corresponding vector of prices

by p = (pl, e pG). In order to find an upper bound for the agent’s flow payoff gain, suppose

11



the agent can place a bid b = T in the post ¢ = 2 without having to produce for the post
g = 1. Since total production of the good g = 2 is at most (N/G — 1)z* + T (when the other
agent in state D is of type g = 2), total bids for this good by the other agents are at least
(N/G —2)z*, and N/G > S > 3, an upper bound for the flow payoff the agent can obtain is

() ) o

Now observe that any one-shot deviation by the agent necessarily leads to a price vector

p ¢ {e} UP. In fact, since there is one other agent in state D and N — 2 agents in state
C and an agent cannot bid more than what he produces, any one-shot deviation by the
agent implies that total production differs from the sum of bids by an amount 7 € [z, 27).
Therefore, any one-shot deviation by the agent leads to state A, which implies a loss of
continuation payoffs equal to VPM. Tt is easy to see that this implies that there exists
4% € (0,1) independent of N and G such that no one-shot deviation is profitable if § > §%.
To finish note that since state A is absorbing and involves no trade in both markets, it is
immediate to see that no one-shot deviation is profitable in this state. We can then conclude

that (o*, 1*) is an equilibrium as long as § > max{d', 6%}. O

Our strategy of proof is quite different from the strategy of proof in ACP. Their envi-
ronment is very much like a repeated prisoner’s dilemma in the sense that communicating
a defection to the population in the centralized market involves taking an action that is
myopically optimal. In our setting, communicating a defection is costly in terms of flow
payoffs. What sustains the threat of punishment is that if an agent deviates off the path of
play, this leads to an even greater punishment.

Note that Proposition 1 is true without the restriction that ¢(¢*) < Z. In our candidate
equilibrium, since cooperation is restored after agents observe a price in P, the only punish-
ment for an agent who defects in the decentralized market is his payoff loss in the subsequent
round of trading in the centralized market. In order for such a punishment to be effective,
it must be that c¢(q*), the cost of cooperating in the decentralized market, is small enough.
The condition ¢(¢*) < T can be dropped if a defection in the decentralized market were to
lead to a greater punishment, as it would be the case if a price in P led to a number of

periods of no trade in both markets.

12



Our non-essentiality result highlights the fact that in dynamic trading environments,
lack of market power means that an agent’s action not only has a small impact on current
aggregate outcomes, but also a small impact on future aggregate outcomes. The presence
of a centralized market implies that agents retain their market power as the population size
increases, despite the fact that their ability to affect current aggregate outcomes disappears
in this process. The reason for this is that centralized trading implies that no matter the
population size, agents are informationally relevant in the sense that their actions have a

noticeable impact on prices, which can then be used to coordinate future behavior.

4 Noisy Prices

The equilibrium construction in the proof of Proposition 1 uses the fact that the mapping
between actions in the centralized market and prices is deterministic. This raises the question
of whether our non—essentiality result remains valid in large populations when there is noise
in the price formation process. Indeed, if prices are a noisy function of actions in the
centralized market, using prices to coordinate behavior becomes more difficult when there
are many agents.'? In this section we show that whether agents are informationally irrelevant
in large economies, and thus whether money is essential in large economies, depends on the
structure of the centralized market.

There are many different ways in which one could introduce noise in the price formation
process. The channel we choose, aggregate production shocks, is natural. In addition, as we
shall see, it has the desirable property that regardless of the realized shocks, aggregate supply
is always equal to aggregate demand in each trading post. This ensures that lack of market
clearing (rationing) is not an additional channel through which agents can communicate
deviations in the decentralized market to the entire population.

The environment is the same as in Sections 2 and 3 except that now in every period

t and in each trading post g, the total effort V7 = >° JEN(9) y;f directed to production for

12More generally, when prices in the centralized market are a random function of individual behavior, our
framework becomes a repeated game with noisy observations. Results from Green (1980), Sabourian (1990),
and Al-Najjar and Smorodinsky (2001) would then suggest that our non—essentiality result does not hold in
large populations.

13



exchange in the post g yields #7Y;? units of the general good g, where 67 is a stochastic shock
to production in the post g. Recall that N,(g) is the set of agents who can produce the
general good g. The price p{ in the trading post g in period ¢ is now given by

2jen 0’

R

Pl =
97‘? ZjeNp(g) yi

where once again we adopt the convention that 0/0 = 0. Since

A 1 . b9

07 Y =gy =)

jeNg(e)  Pljen jen Pt
we still have that aggregate supply is always equal to aggregate demand in each trading post.
We assume that the shocks 6f are independently and identically distributed over time
and across posts according to a cdf Q with E[Q2] = 1 and support in some interval [fin, Omax]
where 0 < Opin < Omax < 00. The assumption that 0, > 0 and 0.« < oo is natural. If
either O, = 0 or O = 00, it can be the case that for a given realization (6!, ... ,QG) of
the shocks to production, the output in a trading post where only one agent exerts effort
is greater than the output in another trading post where all agents exert maximum effort,
no matter the population size. We also assume that €2 is differentiable and that there exists
A > 0 such that Q'(8) > A for all 0 € [Oin, Omax]- This last condition, which is satisfied if
Q) is the uniform distribution, is not necessary for the results that follow. However, it does
simplify the analysis to some extent.

Let Ug : Ry — R, be given by

Un(z) = / U (02)d92(0).

It is immediate to see that Ug is strictly concave. Thus, the problem max,>o Uq(z) — = has
a unique solution, that we denote by x**. Note that U, (0) = U’(0)E[2] > 1, and so z** > 0.
We assume that 2** < 7.13 Ex-ante welfare in the centralized market is maximized when for
each realization (0. ..,0%) of the shocks to production, the agents of type g consume §9z**
units of the general good they like. This requires that total effort for the production of each
type of general good is (N/G)x**. The first—best in the repeated game is achieved if in each

I3Note that it need not be the case that z** < x*. A sufficient condition for z** < z* is that U’ is convex.
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period trade takes place in all single-coincidence meetings in the decentralized market and
ex—ante welfare is maximized in the centralized market.

In the presence of noisy prices, the map between an agent’s actions in the centralized
market and prices is no longer deterministic. Hence, if in each trading post total effort and
bids by the other agents are large, the chance that an agent’s decisions can affect prices in
a noticeable way is small. Then, a natural conjecture is that an agent is informationally
relevant, and thus the first-best can be sustained, if total activity in each trading post is
not too large. A sufficient condition for this is that the number of trading posts is not small
relative to the population size, i.e., the centralized market is not thick. In what follows we
show that market thickness, as measured by the ratio N/G, is indeed a key determinant of
the agents’ informational relevance.

Our first result is that if G is fixed, so that market thickness increases with N, then the
first—best is not an equilibrium outcome when the population is large enough no matter how

patient agents are.

Proposition 2. Fiz G > 1. For every strategy profile o that implements the first-best and
for all § € (0,1), there exists N' > 1 such that o is not a Nash equilibrium if N > N’.

The proof of Proposition 2 is in Appendix A. The idea of the proof is as follows. Consider
a strategy profile ¢ that implements the first—best. First observe that ¢ must be such that
in every period total effort in each trading post is (N/G)x**. It turns out that in order for o
to be a Nash equilibrium in large populations, all agents must always bid x** for the general
good they like. However, when total effort and bids in each trading post are (N/G)z**, an
agent’s impact on the distribution of prices disappears as N increases. This implies that
deviations in the decentralized market from the behavior prescribed by o go undetected
when the population is large. To put it differently, in large populations efficiency in the
centralized market is incompatible with efficiency in the decentralized market.

A natural question to ask is whether some trade in the decentralized market can be
sustained as an equilibrium outcome in large populations when the number of trading posts
is fixed. As the discussion in the previous paragraph suggests, this may be possible if

one sacrifices efficiency in the centralized market by keeping the volume of trade in some
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trading posts small enough to make agents informationally relevant. In fact, it is possible to
show that there exists ¢’ € (0,1) such that efficient trade in the decentralized market is an
equilibrium outcome for all § > ¢’ regardless of the population size.

A key element in the proof of Proposition 2 is that when all agents exert effort 2** and bid
x** for the good they like, the set of possible price vectors one can observe in the centralized
market has a nonempty interior. This is the case if in each period the shocks to production
are independent across posts, as we have assumed. However, this is also the case if the shocks
to production in each trading post are the sum of a common component and an idiosyncratic
component. Thus, Proposition 2 is valid under a more general specification of the shocks to
production than we assumed.

The preceding discussion suggests that if N/G is bounded above, so that the centralized
market does not become infinitely thick as /V increases, then as long as agents are patient
enough, the first—best is an equilibrium outcome regardless of the population size. It turns

out that this is indeed the case.

Proposition 3. Suppose that limy_... N/G < co. There exists §' € (0,1) independent of N

such that the first-best is an equilibrium outcome for all 6 > §" .

5 Concluding Remarks

In this paper we show that there is a nontrivial tension between the essentiality of money
and centralized trading. Our non—essentiality result stands in contrast to Araujo (2004),
who shows that in the Kiyotaki-Wright environment (Kiyotaki and Wright (1993)), autarky
is the only non-monetary equilibrium outcome when the population is large enough, no
matter how patient agents are. This fundamental difference between environments where
trade is fully decentralized and environments where trade occurs both in centralized and
decentralized markets follows from the fact that centralized trading can substitute memory
as a monitoring device.

A key feature of our analysis is that we explicitly model the process of exchange in the
centralized market. Doing so means that one has to introduce a map between individual

actions in the centralized market and prices. Even though we restrict attention to a par-
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ticular map, the one derived from a strategic market game, our message is quite general.'*
Namely, that the non—essentiality of money is tied to the informational relevance of agents,
which depends on the market structure. In particular, modeling the centralized market as a
Walrasian market, where agents are informationally irrelevant by assumption, is not always
justified in the context of monetary models. Our model provides conditions under which

centralized trading is consistent with the essentiality of money.

Appendix A: Proof of Proposition 2

A necessary condition for the ex—ante welfare to be maximized in the centralized market
is that for each g € {1,...,G}, all agents of type g — 1 submit the same bid b > 0 and
total effort for the production of good ¢ is (N/G)x**. Consider a strategy profile o that
implements the first—best and let b > 0 be the (on the path of play) bid that the agents
of type g — 1 submit to the trading post ¢ in period t. Since agents cannot bid more than
their effort, by > z** implies that total effort for the production of good g — 1 in period ¢ is
greater than (N/G)z**, a contradiction. Hence, b} < 2** for allt > 1 and g € {1,...,G}.
We claim that if b < 2** for some t > 1 and g € {1,...,G}, then for each § € (0,1), there
exists N’ > 1 such that o is not a Nash equilibrium if N > N'.

Suppose that b < z**. Since total effort for the production of good ¢ in period ¢ is
(N/G)x**, at least one agent of type g — 1 exerts effort ** or more in period t. Consider
one such agent and suppose he deviates by increasing his bid from b to z**. The agent’s
flow payoff gain from this deviation is

_ - oy el G =) @ =0 -
A =Ugq (az (g—lg)bf—l—x**> — Uq(z™) = Uq (:v {H— CENI TS }) — Uq(z™)
> 0 (U e ) Ol

since N/G > S. In particular, A is positive regardless of the population size (but it does
depend on b7).

Now observe that if the realized value of the period—t shock to production in the post g
is 69, then the (on the path of play) price of good g is b{ /09x**. Hence, the deviation under
consideration leads to a punishment only if

N q *% Kk
(¥ —1)p += by ™ —bf
G t t t
> S0 <Opin | 1+———].
99%%’** eminm** ( " %bg >

Given that the greatest punishment possible for an agent is permanent autarky, that is, no
trade in both markets in all subsequent periods, an upper bound for the agent’s payoff loss

14 Another trading mechanism would be a double auction. Large double auctions have also been used to
provide non—cooperative foundations for competitive markets. See Rustichini et al. (1994) and Cripps and
Swinkels (2006).
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after his deviation is

2 (@) — el + Ul o | )

)\:PI{QQEIQmin;QmiH <1+ Npg )]}
a Ot

Since limy_,o A = 0, we can then conclude that there exists N’ > 1 such that A is greater
than (1) for all N > N’. This establishes the desired result.

Let now o be a strategy profile implementing the first-best such that b = 2** for all
t>1and g € {1,...,G}. Note that in order for o to implement the first—best, it must be
that on the path of play all agents always exert effort z** in the centralized market. We
claim that for each § € (0,1), there exists N’ > 1 such that ¢ is not a Nash equilibrium if
N > N’. We divide the argument in two parts.

where

Part I

Suppose that M < N/G agents in the centralized market deviate from the behavior
that o prescribes on the path of play, i.e., they either do not exert effort ** or submit a
bid for the good they like that is different from x**. By relabeling the agents if necessary,
we can assume that the agents under consideration are the agents 1 to M. Let b9 be
the bid of agent 7 € {1,..., M} in the post g and y9 be the effort that j exerts for the
production of good g. Note that y9 = 0 if j is not of type g. Moreover, let m, be the
number of agents in {1,..., M} who are of type g. Given a realization 6 = (91, . ,HG)
of the shocks to production, the vector of prices in the centralized market is then given by

p(@) = ((1/61)p1, ..., (1/0c)pc), where

(N/G —mg_y)a™ + 300 prot
(N/G = mg)z= + 300 yis

ﬁg:

Since |(my — mg,_1)z** + Z]Ail bt — Z]Ai1 Y9 < M(z* 4+ ), it is easy to see that

M(z** + )

By~ 1 < (M) = e )

for all g € {1,...,G}. Note that ky(M) is increasing in M and limy o £y (M) = 0. In
particular, for each M > 1, p, converges uniformly to 1 as N increases to infinity.

By construction, p(6) does not belong to the set Ppan of price vectors one can observe
on the path of play if, and only if, there exists g € {1,..., G} such that

(1/09>ﬁg §é [1/9maX7 1/8min]‘ (3>

If p, < 1, the probability that (3) does not happen is the probability that 69 < p96,,.x, which
is Q(PyOmax). If p, > 1, the probability that (3) does not happen is the probability that
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09 > Dybmin, which is 1 — Q(p,Omin). Hence, the probability that p(#) does not belong to the
set Ppath 18

1 —
g

a
[2(Dgbma) {Pg < 1} + [1 = QPybhmin)| {Dg > 1}]
-1
e,
< 1- Hmin {QL = Rn(M)]Omax), 1 — QL 4+ £xy(M)])0min) } = 7 (M), (4)
g=1
where I is the indicator function and the inequality follows from (2). Notice that 7 (M) is
increasing M and such that limy_,. (M) = 0.
To finish, observe that
U sk Hk NN x**(l - ﬁg) / sk f N
(@) = [ UOz*™)dQ0) < [ U(0z™ /p,)dQ(0) + ————= [ U (0z*"/p,)d2(0)

g

N *k 1 = N
< Uq(z™ /py) + w/QU/(Qx**/pg)dQ(e),
g

where the first inequality follows from the strict concavity of U. From (2) and the fact that
[ OU" (92**)d2(0) = 1, it is easy to see that for each M > 1, there exists N; > 1 such that

2/£N<M)

Uq(z*™) < Uqg(a™ /7,) + T= i (M)

(5)
for all N > N;. Note that Uq(z*™*/p,) — «** is the payoff in the centralized market to an
agent of type g — 1 who exerts effort ** and bids ** for the good he likes when M other
agents deviate from the behavior that o prescribes on the path of play.

Part II:

Consider the following deviation: (i) in the decentralized market, never agree to trade if
a producer and always agree to trade if a consumer; (i) in the centralized market, always
exert effort ** and always bid x** for the good one likes. In what follows we show that there
exists N’ > 1 such that this deviation is profitable if N > N’, which establishes the desired
result.

First, let T" be such that

5T {%C(q*) + Uo(a™) — x} < e(q).

It is easy to see that there exist € > 0 and Ny > 1 such that if e <2 and N > Ny, then

1—-35 {(1—8)mU(Q)+UQ($ )—8—1’ }

> 5 o ) — e+ Uaa) -7}

Consider now an agent who follows the deviation described above and let O, be the event
that up to (but not including) period t the price vectors in the centralized market are all in
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Ppatn, in which case no more than 2' — 1 agents in ¢t deviate from the behavior prescribed
by o on the path of play. Then, conditional on O, we have that: (i) the probability that
the agent’s partner in a single—coincidence meeting in period t does not agree to trade is
bounded above by (2! — 1)/N; (i) the probability that the price vector in the centralized
market in period ¢ does not belong to Ppag, is bounded above by 7y (2" — 1). Note that in
(ii) we used the fact that my (M) is increasing in M. Therefore, since the right side of (5) is
also increasing in M, a lower bound for the agent’s payoff is

s e =0 g (1) o

Kk Qx**ﬁN(zT — 1) Hk
+Uq(z™) — [~ rn (2T — 1) -

as long as N > N;. Given that limy_o kx(27 — 1) = limy o 7x (27 — 1) = 0, it is easy to
see that there exists N’ > max{Ny, N2} such that the deviation is profitable if N > N’.

Appendix B: Proof of Proposition 3

As in the proof of Proposition 1, for simplicity we consider a strategy profile in which the
only punishment for an agent who defects in the decentralized market is his payoff loss in
the subsequent round of trading in the centralized market. As before, in order for such a
punishment to be effective, it must be that ¢(¢*) is small enough. More precisely, in what
follows, we assume that there exists 0 < k < min{z**, T — 2**} such that

—c(q") + Ug(z™) — 2™ > max{Uq(z™ + k) — (2™ + k), Ug(z™ — k) — (2™ — k) }.

This assumption can be dropped if a defection in the decentralized market were to lead to a
greater expected punishment.

Define o** to be the strategy profile where an agent of type g behaves according to the
following automaton. The set of states is W9 = {C, DY, D§, { D7, } 44, A} and the initial
state is C'. The decision rules are

(x**, z* eg+1) if w= Cg
. (x* — Rk, (2™ — K)egt1) if w=D%,
f A g :
filw,s',¢") = { iflf)s ;f ZiA and fo(w) = (a** + K, (z** + )egH) if w=Dj ,
(2, eeg1 + (2 — €)egya) if w= D,
(0,0) if w=A

where € > 0 is small enough that Ug(g) — 2** < 0. The transition rules are

C if w=C and (a1,d]) € {(yes,yes), (no,no)}
DS, i w=C,(ar,a) € {(yes, o), (no, yes)} , and ¢’ # g

g

m(w,s', ¢ a1,a)) =< DY, if w=C,(ay,a}) = (no,yes), and ¢ =g
Df it w=C,(a1,d)) = (yes,no), and ¢’ = ¢
w it w#C
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and ~
C if w#AandpeP

TQ(w’a2’p):{ Aif w£AandpgPorw=A"

where P = {p € RS : p = ((1/8"),...,(1/69)) with (6,...,6%) € [Bumin,Omax)}.** By
construction, the profile 6** implements the first—best.

Now let p** be the belief system where: (i) an agent in state C' believes that all other
agents are in state C'; (ii) an agent in state A believes that all other agents are in state A;
(731) an agent of type g in state DY, believes that there is one agent of type g in state Dj
and the remaining agents are in state C; (i) an agent of type g in state D believes that
there is one agent of type ¢ in state DY, and the remaining agents are in state C'; (v) an
agent of type ¢ in state Dg,, with ¢’ # g, believes that there is one agent of type ¢’ in state
Dgl and the remaining agents are in state C. Clearly, (o™, u**) is a consistent assessment.
In what follows we show that there exists ¢’ € (0,1) independent of N such that (o**, u**)
is a sequential equilibrium when § > ¢'.

Let VPM and VSM be the lifetime payoffs to an agent in state C' before he enters the
decentralized market and the centralized market, respectively. Then,

v = e ) — (o) Uala™) o

and
VM = Uq(z**) — 2** 4 VM,
Now let Vj be the lifetime payoff to an agent of type g in state D € {D?, D, { D5 }y24}

before he enters the centralized market. Since such an agent believes that the vector of prices
will lie in the set P, we have that

Ua(z* — k) — (2™ — k) + VM if D= DY,
V=1 Ug(x™ + k) — (2" + k) +0VEM if D=Dj
Uale) — o™ + 6VDM it D=DY

Note that Ug(e) — 2™ < Ug(z™ — k) — (2™ — k) by construction. Finally, observe that the
lifetime payoff to an agent in state A is V4 = 0.

It is immediate to see that no one—shot deviation is profitable in state A. Let us start
with incentives in state C' then. An agent in the decentralized market has no profitable
one-shot deviation if

—c(q") + Ug(a™) — o™ + sVIM
> max{Uq (2™ + k) — (2™ + k), Ug(z™ — k) — (2™ — k) } + oVEM,

15The definition of automata presented in Section 2 assumes that the set of states is the same regardless
of the agent’s type in the centralized market. We can extend the definition of ¢** to accommodate this

requirement as follows. The set of states is W = {A,C}Ugeqa,.. oy {D?1, DY, {DZ,}g/¢g}. The decision rules
f1 and f for an agent of type g are such that fi(w,s’,¢") = yes and fo(w) = (2™, 2" egq1) if w ¢ W9,
The transition rules 73 and 72 for an agent of type g are such that 7 (w,s’,¢’,a1,a]) = m2(w,a2,p) = w

if w¢ W9. Since an agent of type g is never on a state w ¢ W9 there is no need to check for one-shot
deviations in such states.
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which is satisfied by construction. Consider now an agent in the centralized market and
assume, without loss of generality, that his type is ¢ = 1. Let ay = (y, (b%,...,b%)) #
(x**,x**ey) be the agent’s action. There are two possible types of one—shot deviations. One
that leads to a price vector in P with probability one and one that does not. The first type
of one-shot deviation involves b? = 2**, b' = y — 2™, and y > 2**. It is easy to see that
this reduces the agent’s flow payoff, and so is not optimal (given that VPM is the highest
continuation payoff possible for the agent).

Consider then a one-shot deviation that leads to state A with positive probability. Since
setting b9 > 0 for some g > 3 reduces flow payoffs and does not increase continuation payoffs,

we can assume that 9 = 0 for ¢ > 3. Now observe that the agent’s flow payoff from ay is
Ua(b?/p?) — y, where

N .
el

= -
x

It is easy to see that b*/p? is maximized when > = y — b'. Thus, the highest flow payoff
gain possible for the agent given the choice of y in as is

) —y — [Ua(z™) —2™].

Since Ug, is strictly concave and Uf,(z**) = 1, we have that

x**_y

Aly) <y :
(G- +y
Note that A(y) > 0 only if y < 2**. Suppose then that y < z**. This implies that the

one-shot deviation leads to state A if the realized value 6? of the shock to production in the
post g = 2 is such that

~2 1 **_b2
P~ @92>9max<1—x]v—>.

92 emax 6$**

Since b* < y and '(6) is bounded below by A > 0, a lower bound on the expected continu-
ation payoff loss from the one—shot deviation is

a;,**_y

Mimax SVEM.
- gx** C
Given that N
N et i 3
—LU**A < .CL’** - G < Z IE** - 7
oAl =y y) E ety A y)
we can then conclude that the one—shot deviation is not profitable if
DM 0 1 * * ok *k 3 Kk
Aemaxévc > Aema}cm § [U(q ) - C(q )] + UQ(ZU ) — X > El’ .
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It is easy to see from the last condition that there exists §* € (0, 1) independent of N such
that no one-shot deviation in state C' in the centralized market is profitable if § > §*.

To finish, consider incentives in states D € {Dg_ D8, {Dg/}g/#g}. No agent can be in such
state in the decentralized market. Consider then an agent in state D € {D?,, Df, {Dg,}g/#g}
in the centralized market. Once again, we assume, without loss of generality, that the agent’s
type is ¢ = 1. We only consider the case in which D = D;, for some ¢’ # 1. The analysis
in the other cases is very similar. Let ay = (y, (b',...,b%)) # (2, cea + (z** — €)eyy1) be
the agent’s action. Note that b9 > 0 for g ¢ {2,¢' + 1} is never optimal for it reduces the
agent’s flow payoff. Also note that we can restrict attention to one-shot deviations where
y = b>+ b9t In fact, if y > 2 and y > b*> + b9+, the agent can increase his flow payoff
and (weakly) reduce the probability that the state changes to A by reducing y while keeping
b? and b9t! the same. If y < z** and y > b> + b9, the agent can reduce the probability
that the state changes to A by either increasing b9 +! or increasing b>. Now observe that the
agent’s flow payoff from ay is Uq(b?/p?) — y, where

o mrT—e+b?
p= N wr

EI
Thus, the flow payoff gain for the agent given a choice of y and b? in ay is

N xx

Ay, b*) = Ugq (bzﬂ ) —y—[Uq (e) —2™].

.’13**—8—|—b2

There are two types of one-shot deviations that we need to consider: (i) the choice of y
in ag is y > ™ (i) the choice of y in as is y < z**. Consider case (i) first. In this case,
only an increase in b? is profitable. Suppose then that * > ¢. This implies that a one-shot
deviation leads to state A if the realized value 2 of the shock to production in the trading
post g = 2 is such that

~2 1 b2 _
p—2 > 0% <O |1+ °).
0 emin GZE o

The expected continuation payoff loss from the deviation is then at least

b? —
Aemin N—€5ng
am**

Now note that

QIZ

A Hok b2 — U < U/ b2 . 7

( ( o Hbg) () < V(5 —<)

and that for any b* > e, A(y, b?) < A(a**,b?) for all y > x**. Thus, the one-shot deviation
is not profitable if

1
gemme SVEM > U (e). (6)
G
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Since limy_,o N/G < o0, there exists I" such that N/G < T for all N. Hence, there exists

62 € (0,1) independent of N and G (but dependent on T') such that (6) holds for all § > §°.
Consider now case (7). In this case, since the agent increases his flow payoff by reducing

his disutility of production, a one-shot deviation can involve either an increase or a decrease

in b> —e. If b> — £ > 0, the one shot deviation leads to state A when the realized values 0

and 62 of the shocks to production in the trading posts ¢ = 1 and g = 2 are such that

Lt — e+ b 1 o L 1

92%37** ~ gmin 61 [(% — 1) T+ y] ” Qmin'

A lower bound for the probability of this event is

b2 I'**—y 2b2—8 ZL‘**—y
>\6m1n + )\emm - (Aemm)
reran (& -1 +y gr (g -1z +y

> )\Qmle max{b —e, ™ y}.
T

If b — ¢ < 0, the one-shot deviation leads to state A when the realized values ' and 62 of
the shocks to production in the trading posts ¢ = 1 and g = 2 are such that
GrT e+ 1 N+ o1
N ox or N - :
025%' emax 91 [(5 - 1) T + yj| emin

The probability of this event is bounded below by

€_b2 ‘ -T**—y _)\200 b2—€ $**_y
E T 7l o A P

> Aﬁmm% max {b2 —e, " — y} )
Ex**

Hence, the expected continuation payoff loss from the deviation is at least

AQmle max { |b* —e| , 2™ — y} VI
reRd

To finish, observe that
A(ya b2) =z - Y+ A(:Z'**, b2) < []' + Ué(g)] max {b2 -5 " — y} )

and so the one-shot deviation is not profitable if

Miin 57— ! - max { |b”
[eRd

—y} VM > [1 4+ U (e)| max {b* — e, 2™ —y}.  (7)

Since there exists I' > 0 such that N/G < T for all N, it is straightforward to see that there
exists 6% € (0, 1) independent of N and G such that (7) holds for all § > ¢%. This establishes
the desired result.

24



References

1]

2]

Aiyagari, S. and N. Wallace, 1991, “Existence of Steady States with Positive Consump-
tion in the Kiyotaki-Wright Model,” Review of Economic Studies, 58, 901-16.

Aliprantis, C.D., Camera, G., and D. Puzzello, 2007, “Contagion Equilibria in a Mon-
etary Model,” Econometrica, 75, 277-282.

Al-Najjar, N. and R. Smorodinsky, 2001, “Large Nonanonymous Repeated Games,”
Games and Economic Behavior, 37, 26-39.

Alonso, 1., 2001, “Patterns of Exchange, Fiat Money, and Coordination,” Advances in
Macroeconomics Vol.1, Iss. 2, Article 2.

7

Araujo, L., 2004, “Social Norms and Money,
241-156.

Journal of Monetary Economics, 51,

Cripps, M. and J. Swinkels, 2006, “Efficiency of Large Double Auctions,” Econometrica,
74, 47-92.

Dubey, P. and M. Shubik, 1978, “A Theory of Money and Financial Institutions. The
Non—cooperative Equilibria of a Closed Economy with Market Supply and Bidding
Strategies,” Journal of Economic Theory 17, 1-20.

Green, E., 1980, “Noncooperative Price Taking in Large Dynamic Markets,” Journal of
Economic Theory, 22, 155-181.

Green, E. and R. Zhou, 2005, “Money as a Mechanism in a Bewley Economy,” Inter-
national Economic Review, 46, 351-371.

Hayashi, F. and A. Matsui, 1996, “A Model of Fiat Money and Barter,” Journal of
Economic Theory, 68, 111-132.

Howitt, P., 2005, “Beyond Search: Fiat Money in Organized Exchange,” International
Economic Review, 46, 405-29.

Huggett, M. and S. Krasa, 1996, “Money and Storage in a Differential Information
Economy,” Economic Theory, 8, 191-210.

Kiyotaki, N. and R. Wright, 1993, “A Search—Theoretic Approach to Monetary Eco-
nomics,” American Economic Review, 83, 63-77.

Kiyotaki, N. and J. Moore, 2002, “Evil is the Root of All Money,” American Economic
Review, 92, 62-66.

Kocherlakota, N. and N. Wallace, 1998, “Incomplete Record—Keeping and Optimal
Payment Arrangements,” Journal of Economic Theory, 81, 272-289.

Lagos, R. and R. Wright, 2003a, “A Unified Framework for Monetary Theory and Policy
Analysis,” working paper.

25



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Lagos, R. and R. Wright, 2003b, “Dynamics, Cycles, and Sunspot Equilibria in ‘Gen-
uinely Dynamic, Fundamentally Disaggregative’ Models of Money,” Journal of Eco-
nomic Theory, 109, 156—-171.

Lagos, R. and R. Wright, 2005, “A Unified Framework for Monetary Theory and Policy
Analysis,” Journal of Political Economy, 113, 463-484.

Lagos, R. and R. Wright, 2008, “When is Money Essential? A Comment on Aliprantis,
Camera and Puzzello,” mimeo.

Levine, D., and W. Pesendorfer, 1995, “When Are Agents Negligible?” American Eco-
nomic Review, 85, 1160-1170.

Mailath, G. and L. Samuelson, 2006, Repeated Games and Reputation: Long—Run Re-
lationships, Oxford University Press.

Mas—Colell, A., 1982, “The Cournotian Foundations of Walrasian Equilibrium: an Ex-
position of Recent Theory,” Chapter 7 in Advances in Economic Theory, edited by W.
Hildebrand. New York: Cambridge University Press.

Ostroy, J., 1973, “The Informational Efficiency of Monetary Exchange,” American Eco-
nomic Review, 63, 597-610.

Postlewaite, A. and D. Schmeidler, 1978, “Approximate Efficiency of Non—Walrasian
Nash Equilibria,” Econometrica, 46, 127-135.

Rustichini, A., Satterthwaite, M., and S. Williams, 1994, “Convergence to Efficiency in
a Simple Market with Incomplete Information,” Econometrica, 62, 1041-1063.

Sabourian, H., 1990, “Anonymous Repeated Games with a Large Number of Players
and Random Outcomes,” Journal Economic Theory, 51, 92-110.

Shapley, L. and M. Shubik, 1977, “Trade Using One Commodity as Means of Payment,”
Journal of Political Economy, 85, 937-968.

Shubik, M., 1973, “Commodity Money, Oligopoly, Credit and Bankruptcy in a General
Equilibrium Model,” Western Economic Journal, 10, 24-38.

26



