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Information aggregation in a large multi-stage market
game”

Tai-Wei Hufand Neil Wallacet

Nov 3rd, 2015

Abstract

A three-stage market-game mechanism is devised that is simple (actions are
quantities and outcomes are determined by arithmetic operations that do not de-
pend on details of the economy) and achieves efficiency in a two-divisible-good,
pure-exchange setting with potential information-aggregation. After an entry stage,
agents make offers which are provisional for all but a small, randomly selected group.
Then, those offers are announced, and everyone else makes new offers with payoffs
determined by a Shapley-Shubik market game. For a finite and large number of
players, there exists an almost ex post efficient equilibrium. Conditions for unique-
ness are also provided. (98 words)

Key words: mechanism-design, information-aggregation, market-game, efficiency.

JEL classification numbers: D82, D43

1 Introduction

There is a large literature-some of it theoretical (see below) and some of it experimental
(see Axelrod et al. [1])—that deals with settings in which there is dispersed and private
information that is valuable in the sense that better outcomes could be achieved if the
private information is revealed. In such settings, the problem is to induce people to
reveal what they know. This paper deals with a pure-exchange setting in which the
challenge is to achieve ex post efficient allocations using a mechanism that is simple in two
senses. The first is detail-freeness: the mechanism does not rely on specific information
about the economy such as the functional form of agents’ utilities or the way that private
signals relate to the unobservable state (see Hurwicz et al. [7]). The second is that
the participants’ actions are low-dimensional and that there is a simple algorithm that

*We are indebted to Jim Jordan for very helpful conversations at the inception of this work. We are
also grateful for comments from two anonymous referees and the associate editor.
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computes the outcome for each profile of participants’ actions. The mechanism we devise
and analyze is a three-stage market-game (trading-post) mechanism. It is simple in those
two senses and, as we show, achieves almost ex post efficiency when the finite number of
agents is sufficiently large.

Some of the literature has focused solely on efficiency. Gul and Postlewaite [6] and
McLean and Postlewaite [8] construct direct mechanisms that achieve almost ex post
efficiency in environments that include ours as a special case. However, as is widely rec-
ognized, their direct mechanisms are not detail-free. Presumably, that is why McLean
and Postlewaite [8] (pages 2,439 and 2,441) do not regard their mechanism as suitable
for actual use. Some of the literature has focused on both efficiency and simplicity under
particular mechanisms. Reny and Perry [13] and Vives [17] study double-auction mecha-
nisms and show that those mechanisms achieve ex post efficiency in special settings: Reny
and Perry [13] assumes unit demands, while Vives [17] assumes quadratic utilities and
normally distributed signals. However, except in such special cases, double auctions are
not simple in terms of actions or the way the mechanism uses those actions. In order to
achieve ex post efficiency in our setting, a general two-divisible-good setting, actions in a
double auction would have to be general demand functions, which are not simple objects.
Moreover, there is no simple algorithm that computes a market-clearing price in the dou-
ble auction from arbitrary demand functions. Our mechanism, in contrast, has agents
choosing one-dimensional actions and has outcomes produced using simple arithmetical
operations (see, also, the remarks in Dubey et. al. [5], page 108).!

The environment we study is a (static) two-divisible-good, finite number-of-agents,
pure-exchange setting in which there is a role for information aggregation. The information-
preference structure is borrowed from Gul and Postlewaite [6] and is closely to related to
those in Reny and Perry [13] and Vives [17]. There is an unobserved state-of-the-world,
which in our case is drawn from a finite set, and there are private signals, also drawn from
a finite set, that are informative about the state. The realized utility of an agent depends
both on the state and on the private signal received. The state can be interpreted as
a common taste (or quality) shock and the signal as an idiosyncratic taste (or quality)
shock. In the language of auction theory, the model is a mixed common-private value
setting. From a more general point of view, the presence of private signals makes it an
adverse-selection model in the sense that after receiving a private signal, each agent knows
something that others do not know. Finally, the setting has agents with endowments that
are not under the direct control of the mechanism.

At stage-1, before learning their types, agents choose whether or not to participate
when faced with a suitably small entry fee. Then the participating agents learn their
types and enter stage-2. At stage-2, each agent names an offer as in most market-game
mechanisms, but faces an exogenous price chosen by the mechanism. Then, in a random
fashion, the mechanism divides the agents into two groups: a small inactive group and
a large active group. Those in the inactive group participate no further; their stage-2

Peck [12] also obtains information aggregation and efficiency in a two-stage market game, but one
with a finite set of large agents and a continuum of small agents. Ritzberger [14] studies a market game
with limit orders and obtains competitive outcomes in a setting with “private values,” but shows that his
mechanism fails in settings with general aggregate uncertainty.



offers are executed at the exogenous price. Next, the histogram of the stage-2 offers of the
active agents is announced. Finally, at stage-3, the active group participate in a market
game in which the price is determined by their stage-3 offers as in the usual two-sided
Cournot or market-game model.?

Participating agents face a tradeoff at stage-2. Contingent on becoming inactive, an
agent’s stage-2 offer determines his final payoff so that it is in the agent’s interest to reveal
his private information. Contingent on becoming active, the stage-2 offer affects his final
payoff only by way of its influence on the actions of other active agents at stage-3. And
that influence depends on how beliefs are formulated, both on and off the equilibrium
path.

We have results about existence of a Bayesian Nash equilibrium, about almost ex post
efficiency of the equilibrium, and about uniqueness of the equilibrium. All are related to
the ex post competitive equilibria (CE) of a corresponding limit (continuum-of-agents)
economy—an economy in which the state is known and in which the fraction of agents
with each realization of the private signal is the known probability of receiving that signal
conditional on the state.® If some mild genericity conditions hold and if the finite number
of agents is sufficiently large, then there exists a fully-revealing equilibrium, one in which
everyone participates and in which stage-2 offers reveal the active agents’ types. Moreover,
for any CE of the ex post limit economy, there is a fully-revealing equilibrium in which
the stage-3 behavior converges almost surely to that CE. A crucial aspect of the argument
is the formulation of beliefs so that the stage-2 tradeoff is resolved entirely in favor of the
payoff contingent on being inactive.

Our formulation of beliefs is simple and plausible: it associates any stage-2 offer,
whether in equilibrium or not, with an agent type and then employs Bayes rule to derive
the updated beliefs over the state-of-the-world. In particular, given our formulation of
beliefs, in order to misrepresent one’s type, the stage-2 offer has to be sufficiently far away
from the offer that would be best contingent on being inactive. Then, because the stage-3
effect of the misrepresentation vanishes as the number of agents gets large, the stage-2
tradeoff is resolved in favor of the payoff contingent on being inactive. The assumption
that there is a finite number of states and types is crucial for our construction.

Our notion of almost ex post efficiency is the same as that in Gul and Postlewaite
[6]. The qualification almost arises from two sources: efficiency gains and the randomness
of realizations of the profile of types. Because our mechanism, although feasible, is not
budget-balanced, we need a notion of efficiency that allows for an arbitrarily small Pareto

2As shown in previous work, one-stage market games do not, in general, aggregate information in
a way that leads to efficiency because agents commit to quantities before the relevant information is
revealed. Palfrey [11] uses a Cournot mechanism and obtains ex post optimality, but, as Vives [16] points
out, only because marginal cost is common and constant so that it does not matter how production is
allocated among the firms in the model. Dubey et al. [5] study a dynamic market game with trades in
multiple periods, and show that information may be aggregated, but only after trades and consumption
at the first-period are observed. As they emphasize, this precludes ex post efficiency.

3From the ex ante perspective, it is standard to label any such CE a rational-expectations CE (see,
for example, Reny and Perry [13]). From that perspective, our results establish a strategic foundation
for rational-expectations CE in a new setting—one with divisible goods, general preferences, a general
information structure, and a finite number of agents.



improvement. And, we only get a characterization of equilibrium with high probability
because the type-profile is random. We show that the outcome of our fully-revealing
equilibrium achieves the same efficiency result as the direct mechanisms constructed in
Gul and Postlewaite [6] and McLean and Postlewaite [8].

We also have a uniqueness result. For this result, we assume that the ex post limit
economy has monotone competitive demand for each state-of-the-world—which, of course,
implies a unique CE for each state—and we make some mild additional assumptions,
including a restriction on off-equilibrium beliefs that is similar to the “no-signaling-what-
you-don’t-know” restriction in Fudenberg and Tirole [4]. Given these assumptions, we
show that any equilibrium in our mechanism is fully revealing.

Several difficulties have to be overcome in order to produce the above results. First,
because types are distributed 7.7.d. conditional on the state, we do not have deterministic
replication of a given profile of types. Therefore, in order to show almost-sure convergence
of stage-3 behavior to any given CE of the limit economy, we use a lower hemi-continuity
argument that treats the type-configuration as one of the parameters. Second, at both
stage-2 and stage-3, our mechanism uses resources. At stage-2, the trades of the (small)
inactive group do not necessarily clear at the exogenous price. At stage-3, in order to
avoid the no-trade equilibrium of the market game and for other reasons, the mechanism
makes small exogenous trades using a formulation borrowed from Dubey and Shubik
[2]. To finance those two uses of resources, we impose an entry fee at stage-1, one that
implies feasibility of the mechanism for any actions and one consistent with existence of
an equilibrium in which everyone participates.

Finally, a few remarks are in order about seeming limitations of our environment and
mechanism. As regards the environment, there are two critical assumptions. One is finite
supports for the state and for types and the other is the two-good assumption. While a
finite number of states may seem more restrictive than the continuum specifications in
Reny and Perry [13] and Vives [17], they make strong distributional assumptions that
we do not need. Also, our two-good model may seem limited relative to some multiple-
good trading-post models. In particular, Forges and Minelli [3] have a general finite
number of goods and use a two-stage mechanism that is somewhat similar to ours: agents
send messages about their private information to the mechanism at their first stage,
and, after seeing others’ messages, all agents engage in a market game at their second
stage. However, in order to avoid the well-known difficulty that the proceeds from sales
at some trading posts cannot be used to make purchases on other posts in a multi-
good static trading-post model, they assume a monetary structure of trading posts and
need strong assumptions about the endowments of money and the preferences for it (see
Forges and Minelli [3], Assumption 2 on page 397 and footnote 11 on the same page).
Such assumptions are not so distant from assuming quasi-linear preferences (transferable
utility) and under quasi-linear preferences, our model and results can easily be adapted
to a general finite number of goods. Moreover, Forges and Minelli [3] use a continuum-of-
agents setting which eliminates all the strategic considerations that are central to what
we do.

Our three-stage mechanism may not be the only simple mechanism that achieves ex
post efficiency. One alternative mechanism, which more closely resembles pari-mutuel
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betting, works as follows. The stage-2 offers of the inactive agents are part of the offers
that determine the “price” at stage-3, and their payoffs are determined in the same way
as those for active agents. However, in such a version, even if agents make stage-2 offers
based on the presumption that they will be inactive, they would want to predict the
stage-3 price which, itself, is affected by their offers—both directly and by the information
revealed by stage-2 offers. Thus, to get an equilibrium for such a mechanism, a mapping
that takes both stages into account would have to be studied. Our approach decouples
stage-2 payoffs from what happens at stage-3 and, therefore, is simpler. Given that it has
good welfare properties, its simplicity is a virtue—both for us in analyzing the properties
of the mechanism and for those who play the game.

2 The environment

Our economy is a two-good endowment economy with N ex ante identical agents. Each
agent is endowed with the per capita endowment of each good, denoted (g,7) € R% 4
First, nature draws a state-of-the-world z € Z with probability 79(z), a state which no
one observes. Then each agent gets a type realization, € X, with probability pu.(z),
where x is private to the agent and is 7.7.d. across people conditional on z. An agent of
type z € X maximizes expected utility with ex post utility function, u(q,r;x, z), where
(¢,7) € R2 is the vector of quantities of the two goods consumed. The function u(-,-; z, z)
is strictly increasing, strictly concave, continuously twice differentiable, and satisfies Inada
conditions.

Both Z and X are finite sets. We assume that 75(z) > 0 for each z € Z and that
p-(z) >0 for each x € X and 2z € Z.* We also assume that x is informative in the sense
that z # 2’ implies p,(x) # p.(z) for some = € X. (This informativeness assumption is
without loss of generality: If u,(x) = p(z) for all x € X, then we treat z and 2’ as a
single state z” with utility u(q,r;z,2") = 10(2)u(q, r; x, 2)+ 70(z )u(q,m; 2, 2").) As noted
above, our interpretation is that z is an idiosyncratic taste shock and z is a common taste
shock. The realized type, x, plays two roles: it serves as private information about z and
it is private information about preferences.

We make two additional assumptions about preferences and the underlying uncer-
tainty. These assumptions ensure that there are ex post gains-from-trade among the
agents. Although these are numbered so that we can refer to their roles in the discussion,
they are maintained throughout. The first is about the way the unique outcome of a
static price-taking choice at a particular price depends on types.

Al. For p = 7/q, there exists (small) & = (R,, %,) > 0 such that for all kK <7, if

(q(z, k), r(x,K)) = argmaXZTw(z)u(q,r;x,z) (1)

4This assumption appears in most other related papers. Without this full support assumption, a
realization x could perfectly reveal the state even without any information aggregation. If it did, then the
information structure would violate the “informational smallness” assumption in McLean and Postlewaite

[8].



subject to pq + r < p(§ — 2k,) + (7 — 2k,), then = # 2’ implies (q(z, k), 7(z,K)) #
(q(«', k), 7(2,K)). Here, 7,(z) denotes the probability that the state is z conditional on
.

Since w is strictly concave, by the Theorem of Maximum, A7 is satisfied if x # 2
implies (g(x,0),7(z,0)) # (g(«’,0),7(2’,0)). Thus, AI is violated only for knife-edge
cases for two distinct aspects of the environment: the probabilities, 7,(-) and 7,(-),
and the utilities, u(q(x,0),7(x,0);x,-) and u(g(z’,0),7(2',0);2’,-). Moreover, under A1,
Yover To(2)u(q(z,0),7(2,0);2,2) > >, ., 7.(2)u(q,T; x, 2) for some x, and hence, by con-
tinuity, > ., 7o (2)u(q(z, k), 7(z,K); 2, 2) > Do) T2(2)u(q, T 2, 2) for small .

The second assumption is about an ex post limiting version in which there is a con-
tinuum of agents and no uncertainty.

A2. For each z € Z, let L* be the corresponding continuum-of-agents economy with
known aggregate state z and with fraction of type-x agents equal to p.(x). For each
z € Z, L7 has a finite number of regular competitive equilibria (CE) (see Mas-Colell et
al. [10], Definition 17.D.1) in which every type trades.

As explained further below, A2, which is generic, is also used to get differentiability
of best responses in our stage-3 market game.

This is a convenient time to introduce a perturbation of the £* economy. Let £7(k) =
L?(kq, ky) be a continuum-of-agents economy defined by three properties: (i) it has a
known aggregate state z and has fraction of type-x agents equal to p,(x); (ii) the en-
dowment for each agent is equal to (¢ — 2Ky, 7 — 2k,); (ili) there are (small) exogenous
per capita supplies k = (kq, k). The following lemma is a well known consequence of
reqularity of CE in L*.

Lemma 0. Fix a regular CE allocation for £*, denoted (¢Z,r%),ex. There exists & > 0
such that for any « € [0,&], £*(k) has a regular CE allocation, denoted (¢*",r**) =
(g2, r2") e x, that is continuous in k.

T T

By A2, if k is small, (¢*",r**) is such that every type trades, and, by continuity,
satisfies u(¢2", r2"; x, z) > u(q, 7; x, z) for all x.

3 The mechanism

Before realizations of z and x occur, the N agents face a participation fee that consists of
small amounts of both goods, 2k = (2k,, 2k,) € (0, ) % (0,7). They simultaneously decide
whether or not to participate, which we label stage-1. Those who decide to participate
pay the entry fee and participate in the next stage, labelled stage-2. Those who decide
not to participate consume their endowments. We assume that the profile of participation
decisions is observed by the mechanism, but is otherwise private. The set of participants
is denoted N and N’ = |N’|.

After the participation decisions and after the state and types are realized, each agent



n € N’ chooses an offer a,, = (a, 4, an,) € O, where
O ={(04,0,) € 0,7 — 2Ky] x [0,7 — 2K,] : 040, = 0}. (2)

This is stage-2. Then the participants are randomly divided into two groups in the
following way. Let n € (0,1) and let [(1 —n)N'] = M denote the smallest integer that is
no less than (1—7)N’. An assignment, which assigns a number n’ to each agent n in a one-
to-one fashion, is drawn from the uniform distribution over the set of all such assignments,
and agent n is called active if n" < M and is called inactive if n’ > M. (Notice that the
identities of the inactive/active are random, but that M is a deterministic function of
N’.) The payoff for an inactive agent n who made offer a,, = (a4, a, ) is given by trade
at the fixed price, p = 7/q, and his consumption bundle is given by

(§— 2Ky — @pg + Qny /D, T — 2K, — Ay + DPany) for n € N\ M, (3)

where M is the set of active agents. Notice that if a type-x agent makes a stage-2 offer
to maximize expected utility contingent on being inactive and if the agent is selected to
be inactive, then that offer gives rise to the payoff (¢(x, k), 7(z,k)) in (1).

Next, the mechanism announces the histogram of the stage-2 offers of the active agents,
denoted v : O — {0,1,2,...,M}.> For each a € O, v(a) is the number of active agents
whose stage-2 offers are a. Then, given that information, each active agent participates
in a market game, which is stage-3.

In stage-3, each active agent n makes an offer b, = (b, 4, bn,) € O and gets the
consumption bundle

(§—2Kq — bpg + by, /(R/Q), T — 2K, — by + (R/Q)by ) for n € M, (4)
where
(Q.R) =) bu+ Mr. (5)
n'eM

Here, k = (K, k,) are exogenous (small) quantities or offers, a formulation borrowed from
Dubey and Shubik [2]. The exogenous supplies in the stage-3 trade play three roles for
us: there is no need to define payoffs when there are zero-offers on one side of the market;
no-trade is eliminated as an equilibrium; and, most important, there are implied bounds
on the “price,” R/Q, that help us prove existence of the implied stage-2 game.® Notice

5We could let the mechanism announce two histograms, one for active agents and one for inactive
agents. However, that would complicate the notation and would not change the results.

In a comment on an earlier draft, George Mailath pointed out that if only the histogram for inactive
agents were announced, then the ex ante tradeoff facing agents would not be present. However, as
explained further below, that would make stage-3 a game of incomplete information and would prevent
information aggregation from being achieved. In our specification, it is a game with complete information
on the equilibrium path. Our specification also has the virtue that the designer is not hiding information
that agents would like to have—mnamely, the types of the other active agents.

60ur market game is a version of what is known as the “buy-sell” game, which respects individual
rationality, as opposed to the “sell-all” version (see Shapley-Shubik [15]), which does not. Forges and
Minelli [3] use the sell-all version of the market game, which eliminates the first two roles of k.
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that this “price” depends both on the offers of other active agents and on agent n’s offer.
Moreover, because we require offers to be in the set O, this “price” is not differentiable in
agent n’s offer at the offer (0,0). That is one reason for assuming that every type trades
in at least one regular CE for the ex post limit economy, £7(0).

Notice that the stage-3 exogenous offers are exactly half of the entry fees in per capita
terms. That allows us to prove the following.”

Lemma 1. If (2k,,2k,) € (0,q) x (0,7) and if n < min{k,/2q, ,/27}, then entry fees of
the participants cover the stage-2 and stage-3 costs of operating the mechanism.

As this indicates, the fraction of inactive agents, 7, must be small relative to the entry
fees because the market does not clear for the inactive agents and additional resources
may be necessary to cover trades there.

The restriction in O that agents can only make offers on one side of the market plays
a significant role in our analysis. It is used to obtain uniqueness of best responses. The
following lemma shows that the restriction is not binding on the agent when there is no
private information, which is the case for the stage-3 game in the candidate equilibrium
we construct.

Lemma 2. Fix stage-3 offers of all other agents. Given those offers, for any offer ' €
0,7 — 2rK,] x [0,7 — 2k,], there exists 0" € O that has the same payoff as .

Obviously, the restriction is also not binding in the same sense on payoffs for inactive
agents.

In what follows, we assume that the mechanism has selected a pair (k,7n) > 0 such that
r is small in the sense that it is less than the thresholds given by A1 and Lemma 0, and such
that n < min{k,/2q, k,/27} so that Lemma 1 holds. We also let (¢',7') = (§—2k,, T—2kK,).

4 Existence of fully-revealing equilibrium

We begin with definitions of strategy and equilibrium. We use Perfect Bayesian Equi-
librium (PBE) as our solution concept and limit consideration to symmetric equilibria
in pure strategies, where symmetry holds for both strategies and beliefs.® A symmetric
strategy profile is a triple (s1, s, 83) = s defined as follows: (i) s; € {yes, no} is the par-
ticipation decision, where yes denotes willingness to participate and pay the entry fee,
while no denotes unwillingness; (ii) so(x) € O is the stage-2 strategy (if the agent has
decided to participate); (iii) s3(z,a,v~*) € O is the stage-3 strategy, where (z, a) denotes
the agent’s type and stage-2 action and v~ denotes the announced histogram of offers of
active agents net of the agent’s own action. (For any o' € O, v™%d’) = v(d) if a # o
and v~ %(a) = v(a) — 1.)

Definition 1. A symmetric strategy profile s is a PBFE if there exists a symmetric belief

7All proofs appear in the Appendix.
80f course, this is without loss of generality regarding existence, but our uniqueness result is only
relative to this class.



profile ¢ such that (a) (s1,s2) is optimal given s, (b) s3 is optimal against s and ¢, and
(c) ¢ is consistent with s in the sense that it satisfies Bayes rule whenever possible. Here,
o(x,a,v™%) € A(Z x O), where O is the set of all configurations 6 of type/stage-2-action
of the other active agents; i.e., 0 : X x O — {0,1,2, ..., M — 1} with M being the number
of active agents.

In our mechanism, agents only partially observe others’ participation decisions through
the number of active agents from the public announcement v, which may range from 1
to [(1 —n)N]. The stage-3 strategy, s3, has to specify an offer for any such possible
announcement. Agents also have to form beliefs about others at that stage. Because
we restrict our attention to symmetric equilibrium, an agent’s expected payoff at stage-3
depends only on his private history (x,a) and the configuration of other active agents’
private histories . This allows us to formulate the belief as a distribution over Z x ©.
Moreover, even though all agents use the symmetric function ¢ to form their beliefs,
different agents can have different beliefs after seeing the same announcement v because
they have different private histories and different interpretations of v~%.

We are interested in PBE that have full participation and full information-aggregation.
Such an equilibrium is formally defined as follows.

Definition 2. A fully-revealing equilibrium is a PBE in which s; = yes and =z # 2
implies sy(z) # sa(2’).

The definition of a fully-revealing equilibrium restricts equilibrium behavior at stages
1 and 2, but not at stage-3, where most agents’ payoffs are determined. Proposition 1
establishes existence of fully revealing equilibria whose stage-3 behavior is arbitrarily close
to a given profile of ex post CE’s. To set the stage for that proposition, we first define
the sense in which consumption is random in our model.

Definition 3. An allocation is a mapping ¢ : X xQ% xZ — (R2)" that maps the profile
of agents’ types, denoted ¢V = ((1,...,(u, -.Cy) € X, the profile of agents’ activeness
statuses, denoted WV = (wi,...,wy) € QF, where Q¥ = {WN € {0,1}¥ : 27w, =
[(1 —=n)N1}, and w, = 0 means inactive and w,, = 1 means active, and the state of the
world, z € Z, to a profile of consumption-bundles for each agent.

For any symmetric strategy profile, s, with full participation—i.e., with s; = yes—
there is a corresponding allocation, denoted ¢®*. While there are three sources of such
uncertainty in our model, whose realizations are ¢V, w”, and z, ¢* does not depend on
z directly because no agent ever observes z. However, the distribution of ¢* depends on
2 because the distribution of ¢V depends on z. Also, because the strategy profile s is
symmetric, for any given ¢V all active agents of the same type have the same stage-3
consumption. Because of this symmetry, we also use ¢, to denote the consumption
bundle of any active agent of type x.

Proposition 1. Fix an ex post regular CE profile {(¢*",7*")}.cz in which every type
trades. Then there exists a number N and a sequence of fully-revealing equilibria {s" =
(s, 55, si)}_ 5 such that

lim ¢}, = (¢2*,72"%) forall z € X (6)

T
N—o0



almost surely conditional on z for each z € Z.

We prove Proposition 1 by first specifying a candidate equilibrium strategy profile,
denoted s* = (s7, 53, s3), and a corresponding belief profile, ¢*, where all but s} are given
explicitly. The specification of sj has to be defined for all possible announcements v;
has to satisfy the limiting property (6); and has to be optimal with respect to a belief.
We meet these conditions by a belief formulation that reduces optimality to finding an
equilibrium in a suitably defined complete-information static game. We give a general
existence result for that game that allows us to specify sj for an arbitrary v and we
provide a lower hemi-continuity result for that equilibrium correspondence that allows
us to establish the limiting properties required by (6). After specifying s, we prove the
optimality of the following s} and s3: s} = yes (full participation) and s3(x) is the stage-2
offer that is optimal for a type-z agent contingent on being inactive so that the implied
payoff if inactive is (¢(z, k), 7(z, k)) as given in (1). It follows from A1 that = # 2’ implies
ss(x) # s5(2’). Therefore, s* is fully revealing.

When the observed announcement after stage-2 is consistent with (s}, s5), Bayes rule
requires the agent to have a degenerate belief that concentrates on the configuration
implied by the announcement. For other announcements, our candidate belief also has a
degenerate belief formulated as follows.

First, we order the elements of X so that q(x;, k) < q(x;41, k) fori € {1,2,...,|X|—1},
where | X'| denotes the cardinality of X and where g(z, k) is given in (1). Next, we partition
the interval [0, 2] into | X| subintervals indexed by that ordering as follows:

/ . .
(x 7"{)-"_ (:L‘ 7’@) y
[07 %> fori—1

2 ) 2

I(z;) = [qA(mi,qu(m_l,n) 5(mi+1,n)+§(wi,n)> fori=2,3,..,|X|—1 . (7)

[Testfionsed og] for s =[x

\

For | X| =2, I(z1) and I(z3) are depicted as follows:

0 a(xlaﬁ) ZI\(ZE%K) 2q—

Our candidate for equilibrium beliefs is that each agent forms a degenerate distribu-
tion over the type/stage-2-action configuration of the other active agents by treating an
observed stage-2 action in I(z;) as coming from an agent of type z;. Formally, for any
a € O, let

a(a) =7 —a, +% € [0,2q). (8)

If M is the number of active agents in the observed histogram v, the belief of an agent
with private history (z,a), denoted ¢*(z,a, %), puts probability 1 on the configuration

10



6,-. defined by
N y*“(a/) if ql(al) S I(y)
O,-a(y,a') = { 0 otherwise ‘ )

An associated marginal distribution over Z is given by the posterior derived from Bayes
rule using the type-configuration of all active agents o : X — {0,1,..., M} defined by

= { s T L (10

weoOv-a(z,d)+1ify=2a

Notice that the belief ¢* is consistent with (s, s3).

We call a type-z agent a nondefector if the agent’s stage-2 action is in I(z); otherwise,
the agent is called a defector. (A defector uses the first line of (10), while a nondefector
uses the second line.) That is, under our candidate belief, each agent believes that all
others are nondefectors, and he believes that all others believe that all are nondefectors,
even though he may be a defector himself. When all agents are nondefectors, the type-
configuration o given by (10) coincides with the true configuration and is commonly
known among active agents. Moreover, there is also a common belief about z derived
from o via Bayes rule. Therefore, the stage-3 continuation game can be regarded as a
complete-information game in which the common posterior distribution over z appears
as a preference parameter. Once we prove a general existence result for that game under
arbitrary o, we can use it to define sj for nondefectors under any arbitrary v. We can
also easily describe the best response of any defector because the defector believes that
all other agents are nondefectors who believe that they are in a game with nondefectors
only.

However, in order to establish the limiting behavior of stage-3 strategies as given in
(6), we need to show existence of equilibrium behavior that converges to the given CE
allocations. To do that, it is convenient to treat the above stage-3 continuation game as a
game that depends on three parameters (1/M, u, ¢) € [0, 1] x A(X) x A(Z), all determined
by o, a game denoted E(1/M, u,®). In this game, there are M players; the action set
for each player is O; the known number of players of type-x as a fraction of M is pu(z);
each agent has endowment (¢',7); there are per capita exogenous offers k = (ky, k,); and
the payoff for type-x players is the expected value of u w.r.t. the common ¢ € A(Z)
evaluated at the consumption implied by the stage-3 market game (see (4)).

We can now translate limiting property (6) into a characterization of the equilibrium
correspondence of E(1/M, i, ¢) for limiting parameters. The parameter values for the
limit economy L?(k) is given by (1/M,pu,¢) = (0, u,,0,) (and, hence, M = o0), where
0, is the dirac measure concentrated at z, and the competitive allocation of interest in
L3(k) is (¢*",r*") given by Lemma 0. In terms of offers in O, that CE allocation is

p=r = (B (@), 87" ())zex, where
B (x) = max{q — ¢>",0} and 82" (x) = max{7 — r2",0}. (11)
Our next lemma gives both the general existence result and the characterization result

for parameters close to (0, p,d,).
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Lemma 3. (i) The set of symmetric equilibria for the game £(1/M, o /M, ¢) is not empty.
(i) Fix z € Z and a regular CE allocation (¢*",r**) for £?(k) in which every type trades.
Let A =[0,1] x A(X) x A(Z) and let A = (0, u1.,9.). There exists an open neighborhood
of A2, denoted A, with A, C A, and a continuous function f, : A, — OX such that
f-(A§) = 57" (see (11)) and such that (1/M,0/M, ¢%) € A, implies that f,(1/M,o/M, ¢7)
is a symmetric equilibrium in E(M, o /M, ¢7).

The proof of (i) is a routine application of Brouwer’s fixed point theorem.? The proof
of (ii) is an application of the implicit function theorem.!® This is applicable because
positive trade implies differentiability of best responses in the stage-3 game.'!

Now, let

any Lemma 3 (i) equilibrium otherwise (12)

o = { f-(0/M,o/M,¢°) if (1/M,0/M,¢%) € A, for some z € Z
Notice that this mapping is well-defined iff A, N A, = ) for all z # 2. Because \; # \Z
for all z # 2/ and Z is finite, we can choose the A,’s to be disjoint. We describe the
strategies sj in terms of the 3 mapping.

For a type-r nondefector—i.e., a type-z agent with a € I(x)—his stage-3 action,
si(z,a,v™%), is 9, where o is derived from v according to (10). For a defector, the
strategy is a bit more complicated. A defector is an agent with private history (x,a, %)
and q;(a) € I(2') for © # 2. Let o* be this agent’s belief about the type-configuration
of all active agents under ¢* and let ¢’ be the type-configuration that he believes other
agents believe (see (10)). (That is, o'(z) = o*(x)—1, ¢’(2') = o*(2')+1, and o/ (y) = o*(y)
for all y ¢ {z,2'}.) Then, si(x,a,v™%), our candidate stage-2 strategy, is

bQ_ —bR. , bR —bQ

13
T e e (19

* —a\ __ o* —/
s3(x,a,v )—argrlgleag;¢ (2)u(q +

where ¢° (z) is derived from o* using Bayes rule and where

(Q-,R-)=Mr+Y 0" )" (y) + (0" (x) — 1)B7 ().

(The candidate sj(z, a, v~*) for a nondefector is a special case of (13) with ¢’ = ¢*.) This
construction implies that s} is optimal against s% and ¢*. Moreover, (6) follows directly
from part (ii) of Lemma 3 and (12).

9Tt does, however, depend on the constraint b,b, = 0. With it, the best response, which is the mapping
studied in order to get a fixed point, is a function; without that constraint, the mapping is not necessarily
a convex correspondence. Dubey-Shubik [2] obtain a similar result.

10Tf we drop the every-type-trades assumption, then this result may go through if we allow agents to
use any offer (o4, 0,) € [0,4] x [0,7]. While this would avoid issues with differentiability, it would require
us to use a version of the implicit function theorem that applies to correspondences.

"The only other lower hemicontinuity result for market games seems to be that in Mas-Colell [9], but
he uses a very different model. As he says, his version is not a game because each agent’s offers are
constrained by ex post budget balance, a constraint which depends on the actions of others.

12



What remains is to show that both s} and s are optimal given that other agents
follow the candidate equilibrium. First we consider the optimality of s3, assuming that all
agents participate. An agent at the stage-2 faces a tradeoff. Conditional on being inactive,
playing s; is optimal for any N. Conditional on being active, a type-z agent could gain
by playing something not in /(z). By doing that, the agent influences the beliefs and,
thereby, the stage-3 actions of other active agents. To demonstrate that the trade-off
is resolved in favor of the inactive case, we first show that an agent’s expected stage-3
payoff conditional on each state z converges to the payoff according to the CE allocation,
(¢*",r*") independent of his offer made at stage-2. In this argument only those type
configurations, o’s, that are close to the limit configurations are relevant as they occur
with probability close to one as the population gets large. Hence, the arbitrariness of
the selection in the second line of (12) does not matter. As a result, the gain from
manipulating stage-3 beliefs is smaller than the loss implied by playing something that is
not in /(z)—a play which, by construction, is bounded away from s3(x).

Finally, we need to show that s] = yes is optimal. In order to show this, we use both
Al and A2. Conditional on being inactive, any agent’s stage-2 payoff is no less than that
implied by no-trade, and, by A1, is strictly better for some types than consuming the
initial endowment for small k. Conditional on being active, the agent’s stage-3 payoff is
close to the CE allocation in £*(k) conditional on any z. Because every type trades in
that CE, that payoff is also strictly better than no-trade, and, by Lemma 0, strictly better
than consuming the initial endowment for small k. As a result, participation is strictly
better than no-trade in both contingencies, and the result follows.

5 Almost ex post efficiency

According to Proposition 1, associated with any regular CE allocation (in which every type
trades) in £7(k) is a sequence of fully-revealing equilibria whose stage-3 behavior converges
almost surely to that CE allocation. This suggests that such equilibria are in some
approximate sense ex post efficient. However, because the convergence is probabilistic, the
standard definition of Pareto efficiency does not apply. Therefore, we adapt the definition
of almost ex post efficiency in McLean and Postlewaite [8] and Gul and Postlewaite [6]
who have settings like ours. Using that definition, we show that our mechanism achieves
the same kind of efficiency as the direct mechanisms constructed in those papers.

We define almost ex post efficiency in terms of a notion of ex post pareto-superiority.
Definition 4. Let ¢ : X x QN x Z — (R2)" be an allocation (see Definition 3).

(i) We say that c is feasible if

S eV 0N, 2) < N(@.7) (14)

for all (¢V,w?,2) € XV x QN x Z.

(i) Let {Y (z,w™)} be a collection of subsets of X*, one subset for each (z,w"™) € Z x QV.
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We say that ¢ is ex post e-pareto-superior to ¢ w.r.t. the collection {Y (z,w™)} if
for some (z,w") and some ¢V € Y(z,w").

(iii) We say that a feasible ¢ is ez post e-efficient if there exists a collection {Y (z,w")}
with P[Y (z,w?™)|z,w"] > 1 —¢ for each (z,w") and such that no other feasible allocation
¢ is ex post e-pareto-superior to ¢ w.r.t. {Y(z,w™)}.

When ¢ = 0, the above definition coincides with the usual definition of ex post effi-
ciency.'? And, except for the presence of w", this definition coincides with the definitions
in McLean and Postlewaite [8] and in Gul and Postlewaite [6].

Here, then, is our efficiency result.

Proposition 2. Let e > 0 be given. There exists & and N (x,n) such that if (k,n) satisfies
K>k >4n(q,7) >0 (16)

and N > N(k,n), then there exists a fully-revealing equilibrium whose outcome is ex post
e-efficient.

The proof shows that the fully-revealing equilibrium constructed in Proposition 1 is
ex post e-efficient, provided that the parameters of the mechanism satisfy (16). We be-
gin with a regular CE allocation in £7(0) in which every type trades, denoted (¢*°, r*°).
Proposition 1 shows that there is a sequence of fully-revealing equilibria whose outcome
conditional on state z approaches the CE allocation (¢**,r*"), which, by Lemma 0, is
close to (¢*°,r*9) for small x. The main challenge is to construct the events {Y (z,w™)}.
The construction uses the type configurations that are close to the limit distribution con-
ditional on z and for which the equilibrium stage-3 offers are close to (¢*",r**). By
Proposition 1, that event has arbitrarily high probability. After providing that construc-
tion, we complete the argument by using the first fundamental welfare theorem in the
following way.

Consider a type-configuration realization, o, belonging to the event Y (z,w?), and
consider the allocation ¢*" derived from the equilibrium outcome of the constructed fully-
revealing equilibrium sV = (s, ), s)'). Given the realization (oV,w", z), ¢¢" gives rise
to a deterministic allocation. (Notice that because " is symmetric, o is sufficient to
determine the consumption bundle for active agents of each type.) For that same type-
configuration and for the state z, consider an alternative N-agent economy in which each
agent has the utility function u(q,r,;z,z), but the endowment for each active agent is
(@ + Kq, T + K,), while the endowment for each inactive agent is (0,0). Let ¢’ be the
competitive allocation for this alternative economy that is close to (¢*", ") for x small.
(By (16), n is small and existence is guaranteed by regularity.) By contradiction, let ¢’ be

feasible and be an allocation that is ex post e-pareto superior to ¢*" under the realization

12Notice that when ¢ = 0, (15) requires the allocation ¢, (¢V,w®,z) to be strictly better than
cn(CNV,w¥, 2) for all n. This is without loss of generality: any allocation that is weakly better for
all n and strictly better for some n can be modified to be strictly better off for all n because goods are
divisible and utilities are continuous.
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N N N . .
(o, Wl 2). Also, let ' = (¢, d]) and ¢* = (¢ , ¢} ), where in each case the subscript

0 is the part of the allocation that pertains to inactive agents and the subscript 1 is the
part that pertains to active agents. By definition, ¢j = (0, 0) because inactive agents have

zero endowments in the alternative economy.

By our construction of Y (z,w™), both ¢/ and ¢¢" (under realizations (o, w", z) with
oV € Y(z,w")) approach the same limit, (¢°,7%), as (k, N) — (0,00). Therefore, by
(15) and the fact that ¢’ is ex post e-pareto-superior to CSN, for N sufficiently large and &
sufficiently small, ¢ is pareto superior to ¢’. (This uses ¢ = (0,0).) However, for small
enough 7, ¢’ uses more resources than ¢’. This contradicts the first welfare theorem; an
economy with fewer resources and the same strictly increasing utility functions cannot
have a feasible allocation that is pareto superior to ¢”, which is the competitive allocation

in the alternative economy.

6 Uniqueness of equilibrium

If there are multiple regular competitive equilibria in the ex post limit economy, £*, then
there are also multiple fully-revealing equilibria in our mechanism. Here we show that if
the competitive demand for good-¢g is monotone in £* for each z € Z, and if some mild
additional conditions hold, then any equilibrium is fully revealing and can be characterized
asymptotically by the unique CE.!® We split the argument into two parts. We first give
sufficient conditions for uniqueness within the class of full-participation equilibria. Then,
we give additional conditions under which full participation also obtains.

6.1 Uniqueness of full-participation equilibria

There are three such conditions. The first is a stronger assumption about the informa-
tiveness of the type realizations.

Ul. Let Y = {Y1,Ys2} be any bipartition of X and let p.(Y;) = >° ). p(y). For any
2 # 2, p(V1) # pr (Y1)

This implies that for any partition ) = {Y7, ..., Yx} of X with K > 2 and for any z # 2/,
there exists some k such that p,(Yy) # p.(Yy). Although this assumption is stronger

than our original informativeness assumption, parameters for which it does not hold are
nongeneric.

The second is a modification of the mechanism.
U2. 1f all agents make the same stage-2 offer, then the game ends at stage-2.

This says that the market shuts down after stage-2 if all agents announce the same offer at
stage-2. Under A1, this modification rules out any full-participation equilibrium in which

13This monotonicity assumption helps simplify our notation and the statement of results, but is not
essential for our uniqueness result. As noted below, uniqueness of CE in £# would suffice.
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all agents make the same stage-2 offer, but does not change any other symmetric equilib-
rium with full participation. In particular, this modification does not affect the existence
of a fully-revealing equilibrium. Finally, because all agents have the same endowments,
in the rare event that every agent receives the same type realization in a fully-revealing
equilibrium, such shutting down is costless in terms of realized welfare because in that
rare event there is no role for trade.

The third is a restriction on off-equilibrium beliefs.

U3. If a single defecting offer is observed at stage-2, then it is believed to come from
some set, of types A C X. Moreover, that belief and the equilibrium play of other agents
are used via Bayes rule to form a belief over Z and the type configuration of other active
agents.

Along the equilibrium path of a symmetric equilibrium in pure strategies, the equilibrium
belief associates each equilibrium stage-2 offer a with a set of types and then applies
Bayes rule to derive a belief about the type configuration and the state. U3 requires
off-equilibrium beliefs to be derived using the same procedure, but allows there to be
an arbitrary set of types, A, to be associated with an arbitrary deviating offer. The
assumption that A is common to all nondefectors is convenient, but not crucial. The
crucial part of U3 is that a set of types is assumed for the defector and that Bayes
rule is used based on that set. As a result, U3 excludes off-equilibrium beliefs that
allow the defector to signal something about other agents’ types or about the state in
a way that is not warranted by the defector’s private information. This requirement is
essentially the requirement for “reasonable” belief systems in Fudenberg and Tirole [4].
Their requirement says that inferences drawn from a defecting action should be limited
to the defector’s type (that is, no signaling about what you don’t know). We need to
augment their requirement with the use of Bayes rule because of the presence in our
model of a payoff-relevant state-of-the-world. Doing so is reasonable because an agent is
trying to update his belief about the type profile and the state-of-the-world, which are
exogenous. !4

Proposition 3. Assume UI-US3. Suppose that the competitive demand for good-g is
monotone in L£* for each z € Z. Then, there exists N such that for all N > N, any

symmetric PBE in pure strategies s™ = (s{', s)Y, si¥) with s)¥ = yes (full participation) is
fully revealing.

We show by contradiction that any equilibrium with full participation is fully revealing
for sufficiently large N. First, we use U2 to eliminate a complete pooling equilibrium—one
in which ss(z) = s2(y) for all x,y € X. Next, we consider a semi-pooling equilibrium—
one in which there is a partition Y = {Y1,...,Yx} of X with |X| > K > 2 such that
so(y) = so(y) if v,y € Yy and s9(y) # so(y) if y € Yy and ¢ € Y with k # K. The
main body of the proof shows that, even under a semi-pooling equilibrium, the stage-3
outcome converges to the unique competitive allocation. Of course, this convergence will

14 A less restrictive extension would allow the off-equilibrium belief to associate a deviating offer with
a distribution of types and would then employ Bayes rule to pin down the belief about the state and the
type configuration of other agents. However, it is rather complicated to formulate the use of Bayes rule
under this assumption and doing so does not seem to affect our main results.
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fail without uniqueness of the CE. We also make use of Ul and US3: Ul is used to deal
with the asymmetric information that exists in a semi-pooling equilibrium, while U3 is
used to restrict off-equilibrium beliefs. Then we eliminate any semi-pooling equilibrium
by an argument that resembles the main idea in the proof of Proposition 1: because a
defection by one agent has a vanishing effect on the beliefs of other agents, an agent is
induced to defect from a semi-pooling equilibrium and play the stage-2 strategy that is
best contingent on becoming inactive.

6.2 Uniqueness of full participation

We show that if we amend the participation stage and if we impose a further refinement,
then under U1-U3 all equilibria have full participation. Here is the modification of the
participation stage.

Uj. After the mechanism receives all the participation decisions, it shuts down and
refunds all the entry fees if some agents refuse to participate; otherwise; it proceeds to
the next stage.

As with modification U2, U4 does not affect any fully-revealing equilibrium or any of our
earlier results.

Now we turn to the refinement. In the modified mechanism under U4, a symmetric
pure strategy may still be rewritten as s = (s1, o, S3), but now (ss, s3) only specifies what
happens in the two-stage market-game mechanism when all agents participate (and when
full participation becomes common knowledge among them). Thus, for any candidate
equilibrium (s1, $2, s3), we may regard stage-1 as an N-agent simultaneous game where
the action set for each agent n is {yes, no} and the payoff under a profile in which some
agent says no is (¢,7) for everyone and can be computed from (ss, s3) otherwise.!® We
call this game the stage-1 game induced by s. Our refinement is the following.

US. The equilibrium s has the property that s; does not use a weakly dominated action
in the stage-1 game induced by s.

Proposition 4. Assume UI-U5 and suppose that the competitive demand for good-q
is monotone in L* for each z € Z. Then, there exists N such that for all N > N, any
symmetric PBE in pure strategies is fully revealing.

The logic of the proof is simple. An agent at stage-1 thinks about two alternatives.
Either everyone else participates or not. If not, then the agent is indifferent between
{yes,no} because both leave the agent with the endowment (g,7). If everyone else par-
ticipates, then, according to the refinement, the agent computes an expected payoff from
participating from the unique continuation equilibrium of the previous subsection, a pay-
off that exceeds that of the endowment, the payoff from playing no. Therefore, playing
no is a weakly dominated action in the sense of Ub5.

5Here we assume that after observing that the mechanism continues after stage-1 (which implies
that all agents participate), agents do not update their beliefs about the fundamentals (the state and
other agents’ types). Because agents observe nothing when making their participation decisions, this
assumption is consistent with U3.
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Finally, under U1-U5, we can also show that all equilibria are ex post e-efficient for
large N. This result does not directly follow from the statement of Proposition 2 because
it requires that the allocations for all equilibria converge to the corresponding limiting CE
uniformly. However, the proof of Proposition 2 does establish such uniform convergence.
Therefore, the result follows.

7 Concluding remarks

Given the finite population, the threat of being inactive plays a crucial role. Without
it, there would be no penalty attached to stage-2 actions that are devoted entirely to
manipulating the beliefs of others and such manipulation could be desirable for any finite
N. Therefore, we strongly suspect that a fully revealing equilibrium does not exist if
n = 0. In this respect, there is a significant distinction between the model with a finite
number of agents and the same model with a continuum of agents. In the continuum
version as usually formulated, one agent cannot manipulate the beliefs of others and a
fully revealing equilibrium exists even if n = 0.

We have assumed that agents make their participation decisions before their types
are realized. Alternatively, we could assume that agents make that decision after they
know their types. All our results would go through without any significant change. In
particular, A2 implies that, for small «’s, all types have positive gains from trade in the
CE allocation in £*(k) for all z and the expected payoffs from stage-3 trade converges to
that allocation conditional on z. Thus, the arguments for willingness to participate go
through without any essential changes.

One special assumption that we have not commented on is the assumption that all
agents have the same endowment. If not, then we would need a way of describing endow-
ment patterns as we vary the number of agents. One way would be to have a finite number
of possible endowment types and to have deterministic replication over that finite-type
profile with preference types drawn randomly as we do. Provided that endowments are
positive, we could preserve the Lemma-1 feasibility result. We could also handle known
preference heterogeneity in the same way. The one place where known heterogeneity would
play a role is in our uniqueness argument. If agents’ endowments are heterogeneous (or
there is another source of known heterogeneity), then assumption U2 would need to be
modified. We would require that stage-3 be shut down whenever all agents with the same
endowment make the same offer at stage-2. That would weaken our detail-freeness claim.

Finally, two special cases of the information structure deserve comment. All our results
hold for the pure-private value case in which the state z does not affect preferences. In that
case, the state remains a source of aggregate risk because it determines the proportions
of agents’ types. Therefore, stage-2 remains useful because information aggregation is
important for ex post efficiency. In contrast, the pure common-value case in which types
are purely signals and do not affect preferences makes the model irrelevant for two reasons
related to the no-trade theorem. First, our existence result requires that every type trades
at the limit economy with x = 0, an assumption that depends on the appearance of types
in preferences. Second, if types do not appear in preferences, then trade disappears at
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stage-3 as Kk — 0 and agents will not want to enter in the presence of an entry fee.

8 Appendix: Proofs

The proofs are set out by section of the paper.

8.1 The mechanism

Lemma 1. If (2k,,2k,) € (0,q) x (0,7) and if n < min{k,/2q, ,/27}, then entry fees of
the participants cover the stage-1 and stage-2 costs of operating the mechanism.

Proof. The mechanism has to supply at most N'(k,, x,) units of the two goods for the
stage-2 trades. For stage-2 trades, there are two extreme cases: first, all agents offer all
of their endowed r good at the first stage, in which case the mechanism has to supply at
most n/N'g units of the ¢ good; second, all agents offer all of their endowed ¢ goods in the
first stage, in which case the mechanism has to supply at most n/N7 units of the r good.
Thus, the total supply from the mechanism for the g good is less than (remember that
we have < k,/27)
N'k, +nN'G < 1.5N'k, < 2N'k,.

A symmetric argument shows that the the total supply from the mechanism for the r
good is less than 2N'k,. This guarantees feasibility.ll

Lemma 2. Fix stage-3 offers of all other agents. Given those offers, for any offer ' €
0,7 — 2Ky| x [0,7 — 2k,], there exists b € O that has the same payoff as b'.

Proof. Let (Q_,R_) € R%, be total offers of other agents (including the exogenous

offers). For any b € [0,G — 2k,] % [0,7 — 2k,], (4) implies that the corresponding payoffs

are

bQ- —b,R_
R_+0b,

byR_ — b,Q_

by, by) = q— 2
q( q ) q ’%q—i_ Q—+bq

and r(by, b,) =7 — 2K, + (17)

Case (i): 0,Q- — b, R_ > 0. In this case, let b = 0 and let b, be the unique solution
vQ. Q- — R

r e = . 18

R_+b R_+b (18)

It follows that v € (0,Q-) and that the solution is b/ = R_v/(Q_ — 7). Therefore, by
(18), q(b, b)) = q(b,b.). Also,

to

q Yr q-r
P, b7) =7 =W = Ry /(Q- =) = (b, b) =7,

where the last equality follows from the definition of ~.
Case (ii): b,Q- — b, R < 0. This is completely analogous, but with b/ = 0.
Case (iii): Q- — b R_ = 0. Here, of course, we let b = b = 0.0
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8.2 Existence of fully-revealing equilibrium

Lemma 3. (i) The set of symmetric equilibria for the game £(1/M, o /M, ¢) is not empty.
(ii) Fix z € Z and a regular CE allocation (¢**, r**) for £*(x) in which every type trades.
Let A =[0,1] x A(X) x A(Z) and let \j = (0, 1, 6.). There exists an open neighborhood
of A2, denoted A, with A, C A, and a continuous function f, : A, — OX such that
f-(A§) = B*" (see (11)) and such that (1/M, o /M, ¢”) € A, implies that f.(1/M,o/M,¢")
is a symmetric equilibrium in E(M, o /M, ¢7).

Proof. (i) We apply Brouwer’s fixed point theorem. Let ¢ = §— 2k, and let 7 = 7 — 2k,
and let S = {[0,q] x [0,7]}", which is compact and convex. We let s = {s¥},cx with
s¥ = (s¥, s¥) denote a generic element of S. For s € S and x € X, let F': S — S be given

q’-r

by

Fo(s) = argmax H, (b; Q—, R-), (19)
where
L, bQ_—b,R_ , b,R_—00Q_

+(; R_) q + g ! a : 20
Q-, ;qﬁ T L s N S ,2) (20)

and

(Q-,R_) M/<a+z x) —1]s*

y#x
Here ¢ is the common posterior on z. By the definition of the game £(M,o/M, ¢, k), a
fixed point of F' is an equilibrium. (Although the domain of the mapping, S, does not
satisfy b,b, = 0, the range does. Therefore, any fixed point satisfies b,b, = 0.)

It remains to show that F,(s) is unique and is continuous in s. We start with unique-
ness. Notice that (Q_, R_) € R%, for any s € S.

Because of the b,b, = 0 constraint in (19), it is helpful to consider H,(b,, 0;Q_, R_)
and H,(0,b,;Q_, R_) separately, where

Hy(bg,0;Q_,R_) = Z d(2)u(q — by, T +

2€Z

and

_ bQ-
H.(0,b;Q_,R_) =) o(2)u(d + 7 — by, 2) = h(b,).
2 o,

For any (Q_,R_) € R2_, the functions f,(b,) = 7 + qu o and f.(b,) = ¢ + er‘
are strictly concave. Then, because u is strictly concave and because a strictly i 1ncreasmg
concave function of a concave function is strictly concave, both g and h are strictly
concave. It follows that g has a unique maximum and that h has a unique maximum,
denoted b, and b,, respectively. Moreover, by the Inada conditions on u, these maxima

are characterized by

s 0if ¢’(0) <0
by = { satisfies ¢'(by) = 0 if ¢/(0) >0 ° (21)
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and

" 0if A'(0) <0
br = { satisfies 1/(b,) = 0 if K/(0) >0 (22)
Therefore, a sufficient condition for uniqueness is min{g’(0), »’(0)} < 0, where
Z¢ { ug (7', 2) + u, (7 xz)R_},
2€Z Qf
and
-y [ Q- " ]
d(2) |ug (752, 2) — —u, (F;2,2)| .
R_
z€Z
Note that R
sign[h'(0)] = sign[Q—_h’(O)] = sign[—¢'(0)] = —sign[g'(0)], (23)

which implies min{¢’(0), »’(0)} < 0.

Now we turn to continuity in s, which follows if (l;q, b,) is continuous in (Q_, R_). By
(23), ¢'(0) = 0 iff R'(0) = 0. That and (21) and (22) imply that max{b,, b.} satisfies a
first-order condition with equality. Then, the implicit-function theorem applied to that
first-order condition gives the required continuity.

(ii) First, we give a claim that is used to evaluate a determinant that appears when we
verify a full-rank condition.

Claim 1. Let a, = (ay,...,a,) € R", k, = (ky,...,k,) € R", and P,, = a_ k,, — I,, (where
I, is the n x n identity matrix). Then P, = (—1)" (>0, aki — 1).

Proof. The proof is by induction on n. The claim holds for n = 1. Now, suppose it holds
for n. By definition, P,, = [k1a,, kqal,, ..., kpal] — I,. If ki1 = 0, then [P, 1| = —1|P,,]|.
Thus, we can assume that IT/H'k; # 0. Then,
(e 2
1
¢ Thn

1 1
A=[a, .. a]— diag(k—, s k:_)’b/ = (1/k1,0,...,0), and ¢ = (ani1, e, Gny1)-

)

_ / / n+1
‘Pn+1| - HklanJrlv k2an+17 . k an+17 kn+1an+1 ”‘ - H k)

where

1 n
Then,
P = (I E) [ (1/ kn 1) [A] + (=1)"(1/k1]|BJ],
where
(25)) &2—1/]€2 asg
B — : : .. :
an Qn, cee oy — 1/k,
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and

a9 —1/k’2 e 0
: : .. : e n 1
1Bl = a‘ O —1./k = (=1)" " an (IG5 (= 1/k:)) = a”H_anglki.
Ap 41 0 e 0

By the induction hypothesis,

|A| = (-1 n“n Zkal—l
Hzl

i=1
Therefore,

n+1

|Pn+1‘ = n+2 Z kia; — 1 ) Apt1kns1 = 1)%2(2 kia; — 1),

as required.0

Now we prove (ii). Let (¢**,7*") be the given regular CE where every type trades
in £?(k) and let p** be the correspondmg price, and let 3% be the corresponding offers
given by (11). Hence, **(z) # (0,0) for all z € X. Let X; = {z € X : 37"(x) > 0} and
let Xy = {ZL’ € X: Bf’ﬁ(l‘) > 0} Then, XiNX; = Q) and X = X; U Xs.

The first step is to define the function to which we apply the Implicit Function Theo-
rem. Let ¢ = ¢— 2k, and let 7 = 7 —2k,. We use [ to denote ((5,(x))zex,, (Br(2))zexs)s
the offers, and let A = (e, u, @) € D x A(Z) be the parameter vector, where

D={(e,p) € [-1,1] x A(X) : u(x) > € for all z € X}.

(In what follows, M ~'/2 is one possible magnitude of €.) Let

Hy(by, bri B,0) = Y d(2)u(q i, 2) (24)
zZ€Z
where ; ; ; ;
5 rd— — 9q7"— 1 q"— — Org—
- i T and r = et A el
1=aq+ r_ + €2b, and =1+ q- + €2,
and

<Zx’€X1 M(I/)B(I(I/) =+ ’fq - Ezﬁq(l’), Zx’eXQ M(I/)Br(x/) + fi,«) lf T € X1
(Zx’eXl IU“(:UI)BQ(SBI) + Kg, Zx/eXz M(x/)ﬁr(aj/) + Ky — 626r($)) ifz e X2 .

When €2 = M~ H, is the stage-2 objective function of an agent expressed in terms of
average offers of others, (¢_,r_). Also, because (e,u) € D, (¢_,r_) > 0.

(g—,7-) =

Now, let
arg maxy, >0 Hy(bg, 0; 5, a) if v € X4

G.(B,a) = .
arg maxp, >0 H,(0,b,; 5, a) if v € X5
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Because each branch of H, is strictly concave and, hence, has a unique maximum, G, is
a well-defined function. Moreover, by the Theorem of the Maximum, G, is continuous
in all its arguments. Letting G = (G)zex, the function to which we apply the implicit
function theorem is G(3,a) — 3, whose range is in R¥.

Before doing that, there are several facts about G that we will use. First, let \y =
(0, p, 6,) and let
> yex, H=(¥)Br(y) + £y

) = s i @) T 1y )
Then, for all z € X4,
Ga(B; Ao) = max{q - ¢;(p()), 0}, (26)
and for all y € Xo,
Gy(B, Xo) = max{p(B)[g;(p(8)) — 7.0}, (27)

where ¢Z(p) is the demand function of good ¢ for type-z under known state z. Because "
is a CE in L£*(k), it follows that G(8%", A\g) = 5**. Notice that the first two components
of Ag lie in the interior of D because p,(z) > 0 for all x € X and for all z € Z. Second,
there is an open neighborhood of (5%, A\g) such that G is continuously differentiable in
that neighborhood and has a positive offer of ¢ for all x € X; and has a positive offer
of r for x € X5. The proof of this claim follows from the fact that each branch of H,
is strictly concave and continuously differentiable near (%" \y), so that the Implicit
Function Theorem can be applied to the first-order conditions that characterize G in
that neighborhood. This is where the assumption that all types trade in L£* is used.
Third, if o : X — {0,..., M} is a type-configuration of M agents and if 8 € OX satisfies
G(B,1/VM,o/M,$) = B with B,(z) > 0 for all z € X; and B.(x) > 0 for all z € Xy,
then (3 is a symmetric equilibrium in (M, 0/M, ¢°, k). This follows because H, defined
by (24) is the same as that defined by (20) in the proof of Lemma 2 if ¢€2 = 1/M and
i = o/M and because the strict concavity of each branch of H, implies that the sign
restriction in each branch in (24) is not binding if the maximum is attained at positive
offers.

The last preliminary step is to set out the partial derivatives of G w.r.t. to g evaluated
at (8,\) = (B*", \o). Notice that, by (11), p(5**) = p**. Using equations (25)-(26), we
compute the derivatives according to the chain rule and obtain

06 (5 Jo) _ P8 g (07" for (2,2') € X x X

OPq() aﬁq (BZ ) [ ”d‘f,,qj (") + (¢ (p™") — (j/)} for (z,2") € X1 x Xo
and
oG (32 | BP0 PG (07 + (a5 () = @) for (z,2) € Xa x X
B.(z)

B,Bq(:p p(B* H)dpqx (p™") for (z,2") € Xa x Xi
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Now, let | X| = L. Then [%(:)”\O)LGX = a} k; with
8 = () acxsr (g2 (57) + (62 (07) — 7))
dp dp
and
ke = (= 20— p(5))exns (= (Bl
9B, () 56,

BG(B5* o) 1l
|2 Lex IL‘

B Ip(B**) ., dg;(p™") Ip(B>") [ Lud .o .x oy A
C = T D By g @) 0] 1

1)EH1C, where

Z,K

= SR T Py uz(x)dqxg’ﬁ) Y uz<(pyz>;);”<y) T h %;2 mW) =g
sy Erp DI R

D uz(g;;)ﬁ%”(y) + £y x;“z@)%ljﬁ)] i [Zi:i: zé)(g)é)(i) ke 1]

T Ten T gwdﬁg’“ * (p_z,’i’;Ql -

The last expression differs from zero because the CE corresponding to %" is regular.

Therefore, by the implicit function theorem, there is a neighborhood ¥, C D x A(Z)
around )\ and a continuously differentiable function g, : ¥, — ([0, 7']** x [0,7]*2) such
that g.(A\o) = B*", and G(g.(A),A) = g.()) for all A € ¥.. Because 37"(x) > 0 for
all z € Xy and B2"(y) > 0 for all y € X, and because g, is continuous, there exists
an open neighborhood A, C V¥, containing Ay such that for all A\ € A,, ¢.(\) is strictly
positive in all its coordinates. Thus, if (1/v/M, /M, ¢°) € A, for a type-configuration o :
{0,..., M} = O, then g.(1/v/M,o/M,¢") is a symmetric equilibrium for £(M, o /M, ¢7).
Finally, let f.(e, 11, ¢) = g.(v/e, i1, ¢).

Proposition 1. Fix an ex post regular CE profile {(¢*",7*")}.cz in which every type
trades. Then there exists a number N and a sequence of fully-revealing equilibria {s™
(s, 85, si)}_ such that

lim c‘;x = (2", r2") for all x € X (28)
N—o00

almost surely conditional on z for each z € Z.

Proof. We show that for large N’s, ((sg,si,s3),¢*) is a PBE, where s is given by
(12)-(13), and ¢* is given by (9)-(10). Notice that both sj and ¢* depend on N but not
on sj. By construction and Lemma 3, s3 is a best response against s; w.r.t. ¢* and ¢*
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is consistent with Bayes’ rule. It remains to show that s} and sj is a best response to
(s3,s5,s3) for sufficiently large N.

We begin with optimality of s;. Let ¢ = ¢ — 2k, and let ¥ = 7 — 2k,. Given
st, MY = [(1 —n)N] is the number of active agents and consider an agent of type z.
Because the assignment into active/inactive categories is drawn independently from the
types, conditional on being active, the agent’s belief about other agents’ types is such that
those types are 7.7.d. with marginal probabilities (u.(z))zex conditional on each state z.
Let 7N be the 4.i.d. distribution over X™" =1 generated by (u.())sex. Given s%, the
stage-2 problem for the agent of type x is max,co GY (a), where

Gy (a) = 1Ga(a) + (1 =) F; (a). (29)

Here, F¥(a) is the expected payoff contingent on being active and playing offer a at
stage-2, and G (a) is the stage-2 payoff of playing a contingent on being inactive; namely,

ZTx q _aq+ar/p> — Qr +ﬁaq;xaz)7 (30)

z2€Z
where p = T7/7.

Claim 1. Let ¢;(a;z) be the consumption of ¢ of a type-z agent who plays a and becomes
inactive. There exists € > 0 such that if ¢;(a;z) ¢ I(x), then G,(a) < G.(s}(x)) — €.

Proof. It is easy to verify that max,co Gy(a) is equivalent to maxyejo 24 Lz (q), where

= 7(2)ul(q. 57 + 7 — pq; , 2).

z2€Z
Let 26, = mingex, yzq |¢(z, k) — q(y, x)|. Then, ¢ ¢ I(z) implies |¢ — ¢(x, k)| > 0,. Be-
cause L,(q) is strictly concave in ¢ and has a maximum at ¢(z, k), it follows that A,
min{—L (¢(z, k) + %), L, (q(z, k) — %)} > 0. Then, for any ¢ such that |¢—q(z, x)| >
L,(q) < Ly(q(z,K)) — & A,. Take €, = (6,/4)A,. Then, ¢(a;z) ¢ I(x) implies G,(a)
L.(q1(a;2)) < Ly(q(z, k) — 2¢, < Gy(s7(x)) — €,. Finally, let € = min{e, },ex.0

Claim 2. For all a € O,

lim FN(a ZTI u(@2", rit x, 2), (31)

N—o0
z€Z

_z
2

uniformly over O. (Recall that (¢Z*,72"),cx is the regular CE allocation of £?(k) that
was used to construct the strategy profiles 57 in (12)).

Proof. First we give an explicit expression for £V (a). For each a € I(Z),

=Y ) | Y. AN [ulgV (a2, (a2, 0)52,2)] |, (32)

2€Z cexMN -1

where £ = (&1, ...,&yn_1) € XMY=1 s the vector of types of the other active agents. Here,
s (@, a,57)QY — 55 (x,a, 5" *)RY

s5,(z,a,v57¢) + RY ’

q"(a;2,6) =7 +
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and
s (T, a, v RY — s5.(z, a, v5 QN

S;,q(ma a, V£7_a) + QJX

r¥(a;2,6) =7 + :
where 57 is the announced histogram given that other active agents’ types are ¢ and
that other agents follow s3. Also, QY and RY are the implied stage-3 offers of other active
agents according to the candidate equilibrium. That is, letting 1,(y) =1 and 1,(z) =0

if © #y,

MN -1

5 (s5(y)) = Z 1,(&) for each y € X and v5(d’) = 0 otherwise, (33)

and
QY RY) = 3" o5 (y)(87 () + ) — 57 (), (34)

yeX

where ¢ is the type-configuration believed by other active agents. Recall that for a €

1(z)),

MN_-1 MN -1

o*(y) = Z 1,(&) for each y # 7 and 0%(z) = Z 1;(&) + 1. (35)

=1 =1

We prove the claim by showing that, for any infinite sequence of X-valued random
variables that is 7.7.d. w.r.t. the marginal distribution (u.(x))zex, & = (&1,..,6n, -..), in

which €M1 = (&, ..., €yn_q) describes the types of the other active agents when there
are M of them, we have

M(a;2,6M" ) = 13" (36)

x )

. N _ .
lim ¢"(a;2,6"° 1) = ¢2", lim r
N—oo N—oo

almost surely conditional on the state z. Because u is continuous, the claim follows
immediately from (32) and (36).

By our construction of off-equilibrium beliefs, (9) and (10), F¥(a) depends only on
the interval I(Z) for which a € I(7). Because the number of intervals is finite, uniformity
follows from convergence; namely, (31).

By definition, {MN*l = (&1, ..., Eynv_q) is distributed according to WN For each N, let

oV = g¢"" ™" as defined in (35) (recall that a € I(%)) and let v~ = 1&" MY @ as defined in
(33). That is, 0¥ is the type-configuration believed by all other agents. Then, the sequence
{oN} is such that 35 _\ o™ (y) = MY and for each y € X, limy o0 (o™ (y)/MY) = p1.(y)
almost surely. Consider a realization of £ for which limy_, (o™ (y)/M”) = p.(y). Then,
for N sufficiently large, (1/MN,oN/MN ¢°") € A, and hence, for such N’s, " =
F(1/MN N /MY ¢°™). Notice that limy_,o ¢°" = 6,. Thus, by Lemma 3 (ii), we
have limy_o 3" = %% (the offers corresponding to the CE (p**, (¢2*,7%"),cx)). This
implies that

QYN RN RN

A (375 57w 2;;Au(y)u3(y)-%f0 and lim = = p™", (37)
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where QY and RY are defined in (34) with & = ¢M" 1,

Finally, we show that limy . s3(z,a,v) = B*%(z), where s} is defined in (13).
Letting ¢" = marg,p*(z,a, V"), where * is defined in (9) and (10), we have

lim ¢™[2] = 1.

N—o0

Notice that ¢ is derived from the type-configuration believed by the agent, which is
different from o? if z # 7. For each N, s%(z,a, ") solves

b QY — b, RN byRY —b,QN
max HY (b) = max Z oV [ u (q' + Q- bR 7+ o ©- T, z') . (38)

T N N
beO beo L=~ RY + b, QY + b,
Now, let
Jz<b;p7017027 Z¢ Q7r x Z)
z'eZ
with ¢ = ¢ + p(l—l—cgbr) 1+bc""2br and r =7 — 1+12r1bq + lfi’qu, and where the domain for J, is
O x [H L] X [0, A] x [0, A] x A(Z). Tt follows that J,(b; o, 1/Q, 1/RY,¢V) =

HXY(b). Therefore, by the argument used in the proof of Lemma 3 (i), J.(+;p,c1, 2, @)
has a unique maximum, j,(p, ¢y, ¢, ¢). And because J, is continuous on its domain, the
Maximum Theorem implies that j.(p, c1, c2, @) is continuous.

Now, for each N, s(x,a,v") = (QN, 1/QN,1/RYN ¢N). By (37) and the continuity
of 7., it follows that

N—)oo

b* = lim si(z,a,0") = hm jx <QN,1/QN 1/RN,<;SN> = j.(p*",0,0,4,).

By the definition of J,, it follows that b* maximizes u <q — by —i— N z)

Therefore, b* is the offer for type-z agents corresponding to the CE, (P*", (g2, 12" ) pex);
that is, b* = $**(x). This shows that

lim qN(a; Z’gMN—l) 6 ( ) Bz n( )7 lim TN(a;Z,fMN_l) _ f/_{_ﬁg,n(x)pz,n_ﬁj,m(x)’
N—oo p N—o0

almost surely for all @ € O. This proves (36). O

In order to have any effect on FN(a), the agent must choose an offer sufficiently far
from s}, the offer that maximizes G,(a). Claim 1 shows that the implied loss in terms of
G.(a) is bounded away from zero (and does not depend on N). By Claim 2, any effect
on FY(a) goes to zero as N — oco. Together, they imply that s} is a best response to
(s7, s5,s3) for sufficiently large N.

Finally, we need to show that s} is a best response to (s, s5, s%); that is, that each
agent is willing to participate given that all agents participate and their behavior follows
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(s3,s3) in stages two and three. By Lemma 0 (and small k), the CE (¢*",r**) for each
z € Z is such that for all z € X and z € Z, u(¢2",r2"%;x,z) > u(q,T; x, z). Therefore,

Ag = Z 7o(2)pe () [ulgy ™, v, x, 2) — u(q, 7, z, 2)] > 0.

zeZxeX

For each z, let E,[u(¢Y,rY, z,2)] be the expected payoff for an agent of type z, con-
ditional on state z and being active, given that all agents participate and their behavior
follows (s3, s3) in stages two and three. Now, by (36), there exists N such that if N > N,
then

Y @ p@{Ealula) r e, 2)] = ul(@p™ vy, 2)}| < Ao/2. (39)

zeZxeX

By following the equilibrium strategy, an agent’s ex ante expected payoff (before type
is realized) is given by
> () (@) {nu(@, £), 7z, 5); 2, 2) + (1= E[u(g), r); 2, 2)]},
z€Z,xeX
and his payoff by not participating is given by > To(2) . (2)u(q, 7z, 2) = A. Thus,
the agent is willing to participate if

z€Z, xGX

Z To(2) o (2)u(q(z, k), T(x, K); 2, 2) > A (40)
and |
> () (@)Eafulg) s, 2)] > Al (41)

Now, by A1 (and small x), > ., T.(2)u(q(z, k), (@, K); 2, 2) > >, To(2)u(q, T; 2, 2) for
some x. Hence,

Z ZTO(Z')MZ/(x) ZTx(z)u(q(x,n);r(x,n),x,z)
> 2;( IZTO(Z,),U,Z/(I) 2;7'$(z)u(q,?;x,z).

Because 7,(z) = 7o(2)p=(x)/ [X, ez To(2')pr ()], this implies (40).

Moreover, N > N implies

Y @ @)Elu(g) e = Y m()us(e)u(@, e, 2)

z€Z,xeX z€Z,x€X
= Z TO(Z)/JJZ(‘T){E [ (qgc 5,&},2)] - (q;K,T;H,QE,Z)}
z€Z,xeX
+ Z 7_O ,uz (C]§H, ;R7x Z) —U(q777.1"72)]
zeZ,xeX

> AO — A() / 2>0,
where the inequality, which implies (41), follows from (39).H
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8.3 Almost ex post efficiency

Proposition 2. Let € > 0 be given. There exists & and N (x,n) such that if (k,n) satisfies
R>k>4n(q,7) >0 (42)

and N > N(k,n), then there exists a fully revealing equilibrium whose outcome is ex post
e-efficient.

Proof. Let (¢*",r7*") be a competitive allocation in the economy £*(x) which is regular
and in which every type trades. Consider another economy [J*(p, k), where p € A(X) is
the proportion of agents according to type, and each agent has endowment (g+ kg, 7+ Ky ).
Let (¢g#7" r*r*) denote the competitive allocation for J*(p, ) under known state-of-
the-world z. We omit the proof of the following claim, which only asserts continuity
of competitive allocations w.r.t. endowment parameters and the proportion of different

types.

Claim 1. Let (¢*,7%) be a regular competitive allocation in £*, and, let (¢*",r*") be the
competitive allocation in £*(k) that is close to (¢%,7*). Then, for any € > 0, there exists
d1(e) > 0 such that if [p(z) — p.(z)| < 6*(e) for each z € X and if max{x,, k,} < *(e),
then there is a competitive allocation (¢*”", %) in J*(p; k) for which

gz, 2" @, 2) = ulgy™™, ryP™w, 2)| < e

forall z € X.

The next claim constructs the high probability event E, v (€) that we need to establish
€ ex post optimality of a Proposition-1 equilibrium. The event E, ,~ will be the inter-
section of two events, E1 v and E v, Where the first involves only exogenous random
variables and the second depends on a selected equilibrium.

Fix some (k,7n) > 0 (recall that 7 is the probability of being inactive) such that £?(k),
for each z € Z, has a regular competitive equilibrium allocation, denoted (¢*",r*"), in
which every type trades that is close to the regular competitive allocation in £, (¢%,r?).
For any realization ¢V and w”, there is a unique corresponding type-configuration for
active agents, denoted o(¢V,w?) = (a(¢V,wN)(2) : © € X). For each (z,w") € Z x &V
and for any € > 0, define the event E} v (e) as

Bl () = {C = (92) [o(¢Y, ™) (@) /MY = pafa)] < 64(0)} (43)

where §'(€) is defined in Claim 1 above (uniformly across all z’s). By Proposition 1,
for x small and for n satisfies (42), there exists N(k,n) such that if N > N(k,7), then
there exists a fully revealing equilibrium (s, s)Y, s&¥) (corresponding to the competitive
allocations {(¢**,r*") : z € Z}). As above, we use 7 to denote the stage-3 offers along
the corresponding equilibrium path for a realization of type-configuration o for active
agents; we also use (¢7(z),77(z)) to denote the corresponding payoffs as determined in

(4) from offers 7. Then, let

B2 () = {¢ s () [u(q”

(@), 77 N (@) 2, 2) — w(gP*, rEs; , 2)

< e}. (44)
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Claim 2. Let E, n~(¢) = E! (e) N E? y(€). There exists N*(k,n,¢€) such that if
N > N?(k,n,€), then for any (z,w™) € Z x QV, P [E, ,n(e) [wV, 2] >1—e

Proof. Let £ be an infinite sequence of i.7.d. X-valued random variables with marginal
distribution given by p,. Because w" is independent of the realization of types and the
state-of-the-world, for any N the sequence {¢, : 1 <n < N, w, = 1} and the sequence
{&, :m =1,..., MV} have the same distribution conditional on z and w”. For each N
and €M™ = (€, ..., &y ), let 477 describe the equilibrium stage-3 offers under (sV, s}, s&)
along the equilibrium path with o™ (x) = #{1 <m < MY : ¢, = z} and let (g o "N)
describe the corresponding equilibrium payoffs for active agents. By the law of large
numbers, for any z and x € X,

lim o™ (z) /MY = p.(z)

N—oo

almost surely conditional on z. Thus, by Proposition 1, it follows that limy_, B"N = f*
almost surely conditional on z. Hence, by continuity of u, for any z,

N

lim <q”N(x),r" (x); x, z) =u(qg>", r2"; x, z) for all z,

N—o0

almost surely conditional on z.[]

Now we can complete the proof. Given ¢, let kK = 51(3) and consider our mechanism
with max{k,, k. } < k and with n < mln{4 i Let (¢,7) = (@ — 2Kq, T — 2K,.).

Given the fully revealing equilibrium (s, s)Y, s&) constructed above for N > N(x,n)
agents, and given a type realization, ¢V = ((y,...,¢{x) € X, and an activeness-status
realization, w™ = (wy, ..., wy), the corresponding allocation is as follows: if w, = 0, then

s’ (N, WM, 2) = G, k), Fla, k) ;

if w, =1, then

SN g NWN g N(JJN
cn (M WM 2) = (@7 (Guy 1), 77 (G 1)),

Let N(k,1) = N*(x,1,5). Now we show that if max{x,, x,} < Fandn < min{ 72, 5},
and if N > N(x,n), then the allocation {¢¢" : n € N} is ex post e-efficient. For any
realization ¢V = ((1,...,¢y) € XV and WV = (wy,...,wy), let MV, W) = {m € N :

Wy, = 1}. By Lemma 1 and 7 < min{ Z—;, =}, we know that the allocation ¢ is feasible.

For each z and for each w™, by Claim 2, N > N?(k,7, §) implies P[E, v (¢/3)|z,w"] >
1 —e. Thus, to show that ¢ is ex post e-efficient, suppose, by way of contradiction, that

d is feasible and (15) holds for some z,w” and for some ¢V € E, ~(¢/3). Fix such a
(z,w™,¢N) and let ¢, = (¢, r") for each n € N.

Let p(z) = o(¢N,w™)(x)/MYN. Then, let (¢***,r>*) be the competitive allocation
for a finite economy which has o(¢V, w™)(z) agents of type-z for each x and in which each
agent has endowment (g + kg, 7 + K,). Now, consider the following allocation {(g/, ") :
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n € N}, using (¢#7", r>*) as constructed in Claim 1, defined as (¢!, ) = (¢Z", r2r")

if w, = 1 and ¢, = x; and (q,7,) = (0,0) if w, = 0. Because (¥ € E] y(¢/3) and

n

max{ry, £, } < 0'(e/3), it follows from Claim 1 that

lu(qy", ry" 5w, 2) — u(qy ", r" w, 2)| < e/3.

Moreover, because ¢V € E? . (e/3), we have
u(q”(cN’wN)(x), r”(CN""N)(x); x,z) —u(@", rix, 2)| < /3.

Thus, N N [
g, 1%, 2) < g (@), ), 2) 4225

Now, for each n such that w, =1 and (,, = =,
u(gh,rr, z) < u(cZN(CN,wN, 2);m,2) 4+ 2e/3 < ulq,rl;x, 2) —e/3; (45)

while for each n such that w, =0 and ¢, = z,
w(g! 7z, 2) = u(0,0;2,2) < ulc (N, wN,2):im,2) <ul(d,,r iz, z)—e,  (46)

where the second inequality in each of (45) and (46) follows from (15), the contradicting
assumption. Therefore, {(¢,, 7)) : n € N'} Pareto dominates {(¢/,r!) : n € N'}.

n

Now, notice that

> (dh ) = (1= n)N(@+ kg, + £r) = NG, 7)

neN
since < min{7Z, 4z }. Thus, {(g,77) : n € N'} is a competitive allocation (with inactive
agents having zero endowments) for an economy with total resources no less than that for
the allocation {(¢/,,7,,) : n € N'}. By the first fundamental theorem of welfare economics,
it follows that {(¢”,7”) : n € N'} cannot be Pareto dominated by {(¢,,r,) :n € N}. B

n

8.4 Uniqueness of equilibrium

Proposition 3. Assume UI-U3. Suppose that the competitive demand for good-g
is monotone in L* for each z € Z. Then for some & > 0, if k € (0,F] and n <
min{rx,/2q, k,/27}, then there exists NV such that for all N > N, any symmetric PBE

in pure strategies s = (s, s)Y, sl¥) with s = yes is fully revealing.

Proof. First, by A2 and Lemma 0, we have uniqueness of CE in £*(k). Let ¢ = ¢ — 2k,
and let 7’ = 7 — 2k,. (Excess demand for good-q in £?(k) is f(p; k) = D, cx 1=(7)q(p) +
tir/D—q — kq. Therefore, Of (p; £)/0p =, c x 1=(2) [0¢.(p) /Op] — K /p?. Monotonicity of
demand functions implies that the first term is negative. Hence, 0f(p; k)/0p < 0, which
rules out multiple CE’s.) Now, fix some x > 0. For each z € Z, let f*" be the offer
corresponding to the unique CE in £*(k).
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First we exclude complete pooling; i.e., an equilibrium s with full participation such
that for some a € O, s;(z) = a for all z € X. We use a(x, k) to denote the stage-1 offer
that corresponds to stage-1 consumption g(z, ) for all x.

Claim 0. For any equilibrium s with s; = yes, there exist + # y € X such that
sa(x) # s2(y).-

Proof. By way of contradiction, suppose that s is an equilibrium with s; = yes and with
so(x) = a for all z € X. By U2, this implies that the realized payoff of all active agents
is (¢, 7), no-trade. However, by A1, there exists some x such that G,(a) < G,(a(zx, k)).
(See (30) for the definition of G,(a).) Therefore, this agent has a profitable deviation to
a(z, k) because no-trade is feasible at stage-3 contingent on being active. O

Claim 0 implies that any candidate equilibrium with full participation that is not
fully revealing is associated with a partition Y = (Yi,...,Yk) of X with 1 < K < |X]|.
We denote such a candidate equilibrium for N agents by sV. We prove, by way of
contradiction, that sV cannot be an equilibrium for sufficiently large N. The contradiction
is that one agent, called the potential defector, has a profitable deviation (to the stage-2
action described by «).

For a potential defector of type-x, the stage-2 objective function is
Gy (a) = 1Gx(a) + (1 = n)F; (a),

where FV(a) is the expected payoff implied by offer a at stage-2 conditional on being
active. We show that for any € > 0, F~(a) does not vary with a by more than e for
sufficiently large N. By assumption U3, FN(a) depends on the associated set of types,
A C X, that is believed by other active agents when a is offered at stage-2. Indeed, this
holds for equilibrium beliefs as well: if a is an equilibrium offer with a = s (y), then
a is associated with A = Y}, with y € Y;. Therefore, we may rewrite FN(a) as FN(A)
with A C X being the set of types associated with a. To calculate FN(A), we need to
characterize the stage-3 offers following a public announcement vy such that vy(a) = 1
for some @ that is associated with A and vx(a) =0ifa & {sY (V) : k=1,..., K} U {a}.

We divide the rest of the proof into four claims and a final argument. Each of the
first three claims has two similar parts—one part for the potential defector and the other
for agents following equilibrium behavior. Claim 1 is concerned with beliefs along the
equilibrium path and has nothing to do with behavior. Claim 2 provides bounds on offers
that assure that consumption of each good is bounded away from zero—bounds that hold
in any equilibrium. Those bounds imply bounds on the derivatives that appear in the first-
order conditions that hold at all best responses. Claim 3 establishes uniform convergence
of equilibrium offers, BV, to “price-taking” offers with a known state-of-the-world and
with a price that is given by the equilibrium offers of others, where the uniformity is over
all possible sequences of equilibria. Claim 4 is closely related to Claim 2 in the proof of
Theorem 1 because it says that F¥(a) does not vary much with a for sufficiently large
N. The final argument follows the logic of the proof of Proposition 1. In what follows,
let MY = [(1 —n)N] be the number of active agents.

Claim 1. Let vy be the public announcement which includes the offer @ (made by the
potential defector), and let A\ be the corresponding signal configuration for agents other
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than the potential defector.
(a) Denote the stage-3 belief of the potential defector of type z, following AV, by

(pN(x’ a’? V&d)[z7 517 R SK:I = &i‘v[z];?iv[517 527 "‘75K]7

where &N 2] is the posterior over states, ¥ is that over the types of other active agents
conditional on z, and &% = (¢F ... &F AN () ) € YkAN(Y’C) describes the types for those agents
who made the offer associated with Yk Then for any € > 0, there exist N} (e) and
61(€) < e such that if N > N!(e) and if — o (Yk)’ < 6}(e) for all k, then for each
y e X,

)
M= (Yk)

N

B[] > 1— e and 5 [p

y) — <e}>1—e,

where
My =#E & =y i =1, 3 (V) A (Ya),
the fraction of agents other than the potential defector with types in Y, who are of type-y.

(b) Consider an agent of type z other than the potential defector. For such an agent
the relevant signal configuration is the offer @™ (made by the potential defector) and A\Y
defined as follows: If z € Y}, then AN (Y}) = AN (Y}) for each k # k and AN (Y;) = AV (Y;)—
1. We denote such an agent’s stage-3 belief, after observing the signal configuration A
and a”, by

N (Y, 51(9), vy D)2, €1, €56 = VAN, ., €56,

where gzgiv is the posterior distribution over states, 4% is that over types of the other active
agents conditional on z. Then for any € > 0, there exist N}!(€) and §; (¢) < € such that if

N > N} (e) and if 00 (Yk)‘ < 6 (e) for all k, then for each y € X,

qgiv[z*] >1— ¢ and 'AV,?*Z { ﬁN( ) B /ii*(gz/{:)

<e} > 1 —c¢,

where

the fraction of other active (non-defecting) agents with types in Y3 who are of type-y.

Proof. By Bayes’ rule, we can derive ¢, 4~ ¢V, and 5V as follows:

SN[ = 7 (2) s () = (A) [T, [z (Vi) P2 O9)
' S ey () (@) 1 (A) T [ (Vi) PO
(recall that A is associated with the offer @) and
5 K [AY(%)
AN el K 7 _ 1= (§) uz(gf)
28 =TT | 11 Goilt



where ¢8 = (&F, “‘7€§N(Yk)) € Yk/\N(Y'“) describes the types for those who make the offer
associated with Y, and & describes the type of the agent who offered V.

Similarly,

K AN (V)

W5 = m(2)p ()Hfﬂﬂz( )}/\N(Yk) ~N K Hz
S S AT MRS H Il

where &% = (¢F, ..., f’;N(Yk)) € Yk’\N(Yk) describes the types for those agents other than the

potential defector who make the offer associated with Y; (AY(Y}) is the number of such
agents).

The convergence result for Qgiv and QEiV follows immediately from the above expressions.
We prove only Claim 1(b) for p%. (The proof for 1(a) is similar.) For each z € Z, consider
K infinite sequences of random variables (¢!, (2, ..., (%) such that ¥ is Yj-valued for all
i € N, the K sequences are independent of each other, and (¥ is an i.i.d. sequence with
marginal distribution (- Z((Y))>y€Yk Let 7. denote the joint distribution of (¢!, ¢?, ..., ¢%).
Then, given a sequence of signal-configurations A and a realization (!, (2, ..., (%), for
each k =1,..., K, each y € Y}, and each N, define

Notice that for each y € X, p"(y) and p™ (y) have the same distribution. By the law of
large numbers, for each y € Yy, p™ (y) converges to p.(y)/p.(Y:) in probability under -,
for any k as AY(Y}) converges to infinity. This implies the result.0

Now we turn to equilibrium behavior, where, again, we distinguish between the poten-
tial defector and the other agents. We use 3V4(z) to denote the equilibrium offer from
the type-z potential defector and use BN “A(z) to denote the equilibrium offer from any
other type-x agent. Again, for notational ease, let ¢ = ¢ — 2k, and let ¥ = 7 — 2k,.

Claim 2. There exist b = (b, b,) < (7,7) such that N4 (z) < b and fN4(z) < b,

Proof. As might be expected, this follows from the Inada conditions and the bounds
on prices implied by x > 0. First notice that 3V4(z) and Y4 (x) solve the following
problems.

Following a signal configuration AV for agents other than the potential defector, the
type-z potential defector has the stage-3 objective function,

b,QN — b, RN b, RN — b,ON
H)\N bq’b Z¢ (/+ %thz _’f/jL qC?_N—FbQ_;z’Z)]’ (47)
z2EZ — r _ q

where

(@Y, RY) = > > AM)p" )8V (y) + MYk,

k= 1 K erk
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Following a signal configuration AV of other (non-defecting) agents, a type-z nondefector
has the stage-3 objective function,

b AN_b DN b AN—br AN
o ( by br) E N wl|q + TQA_ qR_,F'+ qu Q_;x,z , (48)
z2€Z 7 Ry'i_br Q]_V—f'bq

where

(@Y, RY) = Z D AN ) BN () + BVAE) + MV,

K erk
and where £ denotes the potential defector’s type.

We prove the claim for BN 4 the other case is exactly the same. Obviously, we are only
concerned with positive offers. We spell out the details for Bév A(z) > 0. To abbreviate

notation, denote BéV’A(x) by b}.
Being positive, b} satisfies the first-order condition (u, and u, denote the first-order
derivatives of u),
oo

quiv[z] {E’YN CAUE
(alby), (b)) = (q’—bq,f’+ Daft ) (50)

uala(b) v @, 2) + wr(aB), rB); 2, 2) i s

where

z€Z
QN + b,

For any b, € [0,7], QN € [MNr,, (MN —1)§ + MVk,)], and RN € [MVk,, (MY —
D + MVk,.)],

NNRN 1 = .
ur(q(bq),r(bq);:v,z)NQ_—_ < max u,(q 7T, 2) @'+ Kq)gr + #ir) = A.
(QY +1,)? ~ gcloglzez Ky
For each b, € [0,7), let
J(by) = min ug (7 — by, 152, 2).

= =y Ad(F+rr)
re[r, 7+ " 2 ),zeZ

Because [, T —|—‘1(T—qu)] is compact and X and Z are both finite, .J is well-defined, positive,
strictly increasing, limy, gz J(bg) = 00, and, of course, J(by) < uq(q(by),7(by); 7, 2).

Let v > 1 be such that there is a solution for b, to J(b,) = yA. Denote the solution,
which is unique, b,(z). We next show that BéV’A(x) = b, < b,(z) < ¢. The second
inequality follows from vA < oco. Suppose the first inequality does not hold. Then, by
(49), for some (z,QN, RY), we must have

QY RN

ug(q(b%), ()i, 2) — w(q(%)x(@)ww)m <0
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with (q(bg),7(bg)) as in (50). Because b} > by(z),

QNRN
b b)- Aand u,(q(b;),7(by); x,2) = < VA,
uq(q( q)>77”( q),ﬁ,Z) >~vA and u (q( q) 7“( q) x Z) (Q],V%—bq)Q <7

a contradiction. The argument for BT{V A(z) > 0 is exactly analogous.

Finally, take b, = max{b,(z),b,(z) : € X} and b, = max{b,(z),b,(z) : z € X},
where b,(z) and b, () are the analogous bounds for fN4(z). O

Claim 3. Recall that N4 denotes the equilibrium offer from the type-z potential defector
and V4 denotes the equilibrium offer from other type-z agents. Fix a state z € Z. For
any p > 0 let x(z;p) = (xq(z;p), X+ (x;p)) be the unique solution to

b
H,(b;p) = [ —bg+ —, 7 — T, 2).
max =(b;p) rglezg(u(q by + ) 7 — by + byp; x, 2)

For any € > 0, there exists N3(¢) and 6°(¢) < e such that if N > N3(e) and if % — 1 (Yy)| <
63(€) for all k, then for each x € X

1B () = xg(a; P + BN (@) = xo(z;p™)| < €
and R R
1824 () = Xq(@;p™)| + BN (@) — xo (w5 pV)| < e,

where .
N ZyeX Mz(y)6N7A(y) + Ky

N ZyeX 11=(y) NA(y) + qu

Proof. We first prove the claim for 34, The objective H2" (b), defined in (47), for which
BNA(z) is a best response, differs from H,(b; p"), for which x(z;p") is a best response, in
two respects. In H,(b; pV), offers of others are weighted by limit weights, while in H ;\N(b)
they are weighted by the agent’s posterior over the types of others. And, in H,(b;p"),
the price is unaffected by the agent’s own offer, while in H ;\N (b) it responds to the agent’s
offer as in the market game. The proof of the claim shows that both differences disappear
for sufficiently large V.

Let d = 1 min{q' — b, 7' —b,}, where (by, b,) is given by Claim 2. First we show that, for
any € > 0, there exist N?(¢) and §?(€) such that if N > N?(e) and if ‘)‘ (+) uz(Yk)’
62(¢) for all k, then for all z € X and for all b, € [0,7 — d] and all b, € [0,7 — d],

9
b,

0
_Hx(oa br;pN) -

T 2(0,b,)] <€

(51)

0
H,(bg,0:p )—a—bHAN(b 0)‘ < eand ‘

0b,

Because the arguments are essentially the same, we only prove the first of these.

Fix some z € X and let

Lz(bqaplap2) = ( bqar +bqp17x Z) ( bqar +bqp1a$ Z)p
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Kr Ert7’
T +kq’ kg

2
L. (by, D, p2) is continuous over [0, ¢ — d] x [ } and, hence, is uniformly contin-

uous. Therefore, for any e > 0, there exists some () < e such that
[p1 = pil < 6(e) and |py — ph| < 6(€) = |L2(bg, p1,p2) — Lalby, pph)| < e (52)

Notice that aiqum(bq, 0;pN) = L, (b,, p™,p") and that

o, Q¥R ]
QY + by (QN 4 b,g)?

N pN

~N
Hence, it is sufficient to show that p" is close to both LT and ( 5N PZ 2 a8 N becomes
q

8 )\N
%H (bg, 0) Z:qu 5

large and as AN /MY converges uniformly.

Because

N D S T O L A V) R D D D MN’ N(y)BNA(y) + K,

P ==y~ AN,A ’
QY ZyEX 1=(9)Ba " (y) + kg h 1,.,K Zyeyk MN (y)ﬁév’A(y) + Kq
we have N K
RN 27 + ko) (7' + #5y) AT (Yk)
N _ = q r (Y3) — N
- | < ) S - 0
Moreover,
QYRY  RN| 74, 726 + 5fv) RN  RNI ¥4k
QY +b,)2 QY| ~ Ky  KZMN QN +b, QY Rg g

Hence, for any e > 0 there exist N(e) and d(e) < e such that if N > N(e) and if
) 5(€) and ‘ (V) _ ,uZ(Yk)‘ < 6(e) for all k, then

RN

O 11, < € for all b,. (53)

< € and —pN

QN RN
héﬁ+%ﬁ

Let B = 2max{1l,u,(d,r;z,2"),u,(q,d;z,2") : r € [0,f’+2§”ﬂ:—:’"} ,q € 0,7, € Z}.
Then, for all ' € Z, [La/(by, B, p2)| < 3B for all (by, B, ps) € [0, —d] x [45-, m]? Let
& = 6(=55) (see (52)). Let

10B

0%(e) = min{d' (=), 8 (9(6"))} and N*(e) = max{N" (=), N(6*(¢)) },

1OB 1OB

where N and § are given in (53) and 0" (¢) = min{4}(¢), 5} (¢)} and N'(¢) = max{N!(¢), N}(e)}
with 6} (€), 04 (€), N (€), Nit (e) given in Claim 1.
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Suppose that N > N?(¢) and that ‘M — o (Yk)’ < 6%(e) for all k. By Claim 1la,
because N > N?%(¢) > N'(e/10B) and for all k, —) - ,uZ(Yk)’ < 6%(e) < 4'(e/10B),
we have ¢N[z] > 1 — ¢/10B.

Moreover, because N > N'(§(8')) and because ‘)‘]X/[%’C) — uz(Yk)‘ < 8'(8(¢")) for all k,

it follows from Claim la that

~N || N Hz (y) ! NP €
— 6(6 1-6(0)>1——

2 | - 22 <] > - 500 21— 1
Now, by (53), it follows that if ‘ﬁN(y) — :Z((y) < 0(8), if - Mz(Yk)’ < 6(0), and
if N > N (&), then

HN AN BN X
max { |p" — ~R_ N—~Q_—_ <5’:5(L).
& n @y 105

This and (52) imply

RN ~N‘Z_A%N
[ S s S B
QYN +b, (QN +10b,)?

€
10B°

Therefore, % — ,uZ(Yk)’ < 0(¢") and N > N(&") imply that
RN QY RN €
~N _ ot —Lo(b. N pN € _
b [Lz (bq’ RN e 7 108
Combining these results we have
0 0 ~\~
——H,(bg, 0;p") — —H" (by, 0
‘abq ( Q> ' p ) ab ( )'
RN ON RN ~
< Esn Lz b ) X — ) X —— - L2<b >pN7pN) + (1 - gbcjcv[z])B
b (q QY+, (QY +1b,)? '

[10 + m—B(zB)] +[¢/10B]B < e.

This establishes (51).

Now we complete the proof of Claim 3 for fN4. Let Q(by,by;p) = 7 — by + %. It is
straightforward to check that there exists a D; > 0 such that

' . 5 Ky Ky + 7
by )10, =] < DiIQ(bp) ~ QWsp)] for all (1/,p) € OF x| o B D,
Also, letting
M(q;p) = ug(q,p7 +7 — pg; x, z) — u.(q,pqd + 7 — pg; z, 2)p,
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we have

0 15)
——H, (b, 0;p™) = =M (Q(by, 0;p™); p™) and ——H,(0,b,5p") = M(Q(0,b,;p™); p™) /p".

ob, ob,
Now, let D, satisfies
1/Dy = —max{ugy(q,mx,z2) — 2puy(q,m;,2) + p*un(q, 73 z)

(Q7lr‘7p) € d’q/+wj| X |:d’,,,,/+q<7a +/‘fr):| % |: Ry HT+T:|}’

7/ 9
- Kq q + Kq Kq

where 144, Uqr, and u,, denote second-order derivatives of u. Because u is strictly concave
and continuously twice differentiable, D, is well-defined and Dy > 0. Moreover,

M'(q;p™) = ugg(q, 57, 2) — 2p N uge (g, 752, 2) + (™)t (g, 75 7, 2)

with r = pNg + 7 — pNq. Hence, M'(q;p") < —1/D, for all ¢ = Q(b; p") with (b,p") €
0?2 x [ Ko .%H—F/}

7 +Kq’ kg

Because the offer x(x; p ) is a “price-taking” offer, it satisfies the first-order conditions
at equality, i.e., M (Q(x(x;p"); pN );pY) = 0. Therefore, by the Mean Value Theorem, for
any € > 0, if [M(q — by + Z;p")| < €/D1 Dy with b,b, = 0, then

by — Xq(@; p™)| + b — X (29| < €. (54)

Let D = 2D, Dy™#=. Then, for any p" € [H; , “rﬁj”} pNDyDy < D.
Now, let N3(e) = N?(¢/D) and 53( ) = 6%(¢/D), where N? and §* are given by (51).

Suppose that N > N?(¢) and that ‘ X () uz(Yk)’ < 6%(e) for all k. We consider three
cases.

(a) By (2) > 0
Then, - 2N (BNA(2),0) = 0. By (51), we have %Hx(ﬁév’A(:c),O;pN) < ¢/D and
hence | M (Q (ﬂéVA( z),0;p™); p™)| < ¢/D. This, by (54), implies that

BNA () — xg (s p™)| + xo (5 0™)| < e

(b) BYA(x) > 0.

Then, %H’\N( ,BNA(x)) = 0. By (51), we have o H.(0 ,BNA(z); pN)| < €¢/D and
hence |M(Q (BéVA(x),O;pN))/pN| < €¢/D. This, (54), and D/p" > D;D, for all pV €
[ S| imply

IXg (3 M) + 1B () — X0 (25 0™)] < €.
(c) BYA(z) = 0 = YA (x).
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Then, 57-H" (0,0) < 0 and z-H2" (0,0) < 0. By (51), we have
N N 6 a )\N
—M(Q(0,0;p™); p™) = =—H,(0,0;p") < —H," (0,0) +¢/D < ¢/D
b, ob,
and

M(Q(0,0;p™); p™) /0" = %Hz(O,O;pN) < %HQN(O,O) +e/D <¢/D.

It then follows that |M(Q(0,0; p™); p™)| < ¢/D1 Dy and hence
Xa (5 0™)] + I (2 9™)] < e
This concludes the proof of Claim 3 for BN A,

The argument is identical for BN A except that we need an additional argument to
show that for any € > 0, there exists N?(¢) and §?(e) such that if N > N?(e) and if

)A (%) — 11 (Y3)| < 62(e) for all k, then for all b, € [0,7 — d] and all b, € [0,7 — d],

0
ob,

O H,(0, b p") — - (0,0,)] <

0
ob,

——H, (b, 0;p") — iH’\N(b 0)| < e and
ob,

ob,

(55)
Although (55) is completely analogous to (51), an additional argument is required because
BNA appears in (Q& RN), while p™ only involves N4

Notice that
N RN . ZyeX:uZ( )5NA(

) +
A
QY S yex 1=(1)BL ( ) +
N(Yi) A 5 p
> k=1, KZer,c MW (?/)BNA(ZJ)WLﬁ@{V’A(f)WL“r
YOS D MN” ()5 () + 1 B2 E) + Ky
Therefore,
BV 27 + k) (P + k) | AN (Ys) q 7
N _ q r ; Y o ~N ‘_ - .
e 2 ;u(k) A IR kv
Also,
QYRY  RN| 74k, 726 + 5fx) RY RN 74k 7
QY +b,)2 QY| #y K2MN ON+b, ON| = kg KMN

Thus, for any € > 0 there exist N(e) and d(¢) < e such that if N > N(e) and if

)p y) — 20| < 5(e) and‘ 0% (Y, )\ < §(¢), then

RN
QN + b,

QNRN
(QY +1,)2

RN

=

< €, and —pN

40



for all b,. Given these results, the rest of the argument is exactly the same as for /NAO

Claim 4. For any ¢ > 0, there exists N(e) such that if N > N*(e), then for all z € X,
IFN(A) — (s} ()] < ¢ for amy AC X, (56)

where, recall, FV(A) is the expected payoff from offer a that is associated with the set A
at stage-2 conditional on being active.

Proof. Consider a state z. First we show that for any € > 0, there exist N°(¢) and 6°(e)
such that if N > N®(e) and if [AY(Yy)/M” — p1.(Yx)| < 6°(¢), then for each z € X

| B¥A@) — B5(x) |< c and || f¥A(x) — B(a) ||< e, (57)

where [| b — bV [|= [bg — V)| + [b, — .| for all b, € O, and recall that 3" is the offer

corresponding to the CE in £?(k). We establish (57) for BNA and a fixed state z*. The
other case is exactly the same.

If we set B o
0= (0g,0r) = Y o= — x(z; p™)],

rzeX

then, by construction, (x(z;p™)).ex satisfies

o = S ex Hes (@)X (2 pN) + Ky + 0y
> ex Mo (@)X (2 PN) + g + 04

That is, (x(z;p"))zex is an offer corresponding to the unique CE in the limit economy
with p,« (z) proportion of type-z agents, each with endowment (¢’,7'), and with exogenous
supplies (k, + Sq, Ky + ST) Moreover, the CE is continuous in §. Thus, there exists a
6% (€) < e such that if max{|d,|, |6,|} < 6% (e), then

187 (x) — x(a;p™)|| < e for all x € X. (58)
Now for any € > 0, let &' = §¥(¢/2) and let 6°(e) = 63(¢’). Let N°(e) = N3(§). By Claim
3,if | 2203 — 1 (v;)| < 83(8") for all k and if N > N*(&), then

164 () = x(a:p¥)]| < &' < 5 for all x € X.
This then implies that

[Ogl 1001 < e (@) 1B (1) =xq (3 p™) [+ g () BN () —xo (0] < 6 = 67 (€/2).

rzeX zeX

By (58), this implies that ||5*"(z) — x(z;p)|| < €/2. Thus, for each z,

16Y4(2) — 87 (@)]| < 15%4 (@) — x(a;p™)| + 187 (@) — xl@:p™)Il < e,
which is (57).
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Let 4 be the probability distribution over other active agents’ types conditional on
N
state z; that is, yV[¢y, ..., Eynv ] = Hi\il - (&). For any nonempty A C X

L B@QY = BYA@RY | BYA@RY = BYAw)QY
“\f @ +rY I A A

FN(A) = S ml2)Es

z€Z

where

(Q]ja Rg) = Za(y)B]\LA(y) + MN’% and J(y) = #{gt =1, MY — 17£t = y}

yeX

By the law of large numbers, o(y)/MY converges to p.(y) in probability under 7.
As a result, AV (V) /M™ converges to jui,(Y%) in probability under 4. Therefore, by (57),
for any ¢ > 0 there exists N*(€¢') such that if N > N*(¢’), then

= i BvJ"V’A(x)Q]_V - BN’A(ZL’)RJ_V z,n(w)
f g _ | Ir \TJ _ AQzk ’ .
” ( Biv’A(x)—i—Rf > ( o B, (m)) <l >1-—c¢
and
~N,A RN i ~N,A N
" [ : (%’A(m) f@é 9”)@> = (87" (@)™ = B (@) | < 6/] >1-¢.

With appropriate €’s, this implies that

< €.

FY) = X rlelu (7 + 2 o), g - o))

Claim 4 follows from the fact that there are only finitely many nonempty A C X. O

Now we complete the proof. Recall that we begin with a candidate semi-pooling
equilibrium associated with the partition Y = {Y1,...,Yx} with 1 < K < |X|. Because
such an equilibrium does not exist when | X| = 2, we may assume that for some y!, y? € X,
y' # y? € Y. We use a(x, k) to denote the stage-2 offer that corresponds to stage-2
consumption g(x, k) for all . Recall that G, (a) is the objective function for a type-z agent
at stage-2 conditional on being inactive (see (30)). Because y' # y?, there exists C' > 0
such that for any a € O, either G,1(a) < Gy(a(y', k) —C or G2(a) < Ge(a(yt, k) —C.
Assume without loss of generality that G, (s1' (V1)) < G1(a(y', k) — C so that s (y*) #
a(y', k). Consider then a potential defector of type y;.

Let N = N4(2(71’i7)). Then, by Claim 4, if N > N,

nC
2(1—mn)

|[Fi (s (V1)) = Fji(aly' k)| < and |Fz (sy (V1)) — Fp (a(y®, k)| <

2(1—n)
Then, for N > N,

NGy (st (V1)) + (1 =) Fyi (s (Y1)

< WGl ) =€)+ (L= m(FY (0l 1) + z——)
= 9Gy (el R) + (- mEY (ol m) ~
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Hence, deviating from s (y') to a(y!, k) is profitable, a contradiction. This shows that

sV is a fully-revealing equilibrium.

Proposition 4. Assume UI-U5 and suppose that the competitive demand for good-¢
is monotone in L* for each z € Z. Then, there exists N such that for all N > N, any

symmetric PBE in pure strategies s = (sI¥, s%, s¥') is fully revealing.

Proof. Under U4, (s¥,sY) describes equilibrium behavior conditional on full partic-
ipation, and, by Proposition 3, we have the required uniqueness conditional on full-
participation for N large. It remains to establish that full-participation is the unique
stage-1 equilibrium.

An agent at stage-1 considers two alternatives. Either everyone else participates or
not. If not, then the agent is indifferent between {yes,no} because both leave the agent
with the endowment (g,7). If everyone else participates, then, according to U5, the agent
computes an expected payoff from participating from the unique continuation equilibrium
of Proposition 3. As shown in the final step of the proof of Proposition 1, for N large that
payoff exceeds the utility of the endowment (g, 7), the payoff from playing no. Therefore,
playing no is a weakly dominated action in the sense of U5.H
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