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Abstract
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“The prediction that sellers will offer auctions is not so implausible. [..] However, [..]

sellers do not publish commitments to reserve prices.” Peters (1997b, pp. 118-119)

“However, a potential disadvantage of these models - indeed, of any model that
assumes posting - is that it is a strong assumption to say that agents commit to the
posted terms of trade.” Rogerson, Shimer and Wright (2005, p. 976)

1 Introduction

A key ingredient in the functioning of decentralized markets is the way trading partners choose
each other. Pre-match communication via public messages (advertising) plays a crucial role in
this regard. It directly affects the efficiency of the market if it allows those with higher gains
from trade to achieve higher trading probabilities. Committing to better offers is one channel
to achieve this, since it directly improves the terms of trade for the other side and, therefore,
attracts more counter-parties. For example, in auction settings a seller might want to attract
more buyers by offering a lower reserve price. This channel is the main object of study in the
large literature on competing auctions and competitive search.! As the beginning quotes show,
however, even the pioneers of the literature criticize the realism of the commitment assumption,
thereby challenging the insights in their own work and in the large subsequent literature that
builds on it.?2 Following upon this criticism, we decouple price commitment from pre-match
communication and consider a setting in which public announcements are purely cheap talk. We
examine whether cheap talk can serve as a device to induce efficient competition in decentralized
markets, and identify the settings in which the insights from the previous literature remain valid.

We consider a frictional two-sided matching market where agents of one side use cheap-talk
announcements so as to attract agents of the other side. The market proceeds in three stages:

communication stage, search stage, and trading stage. First, each agent of one side (seller, firm,

Foundational work on competing auctions and competitive search goes back to Peters (1984, 1991, 1997a,b,
2000), McAfee (1993), Peters and Severinov (1997), and Burdett, Shi and Wright (2001). Several recent papers
have provided further micro-foundations (e.g., Virdg, 2010) as well as extended the foundational work in various
dimensions, including multi-unit auctions (Geromichalos, 2012), incentive provision upon matching (Guerrieri,
2008), and coexistence of random and directed search (Lester, 2011). The insights and frameworks from the litera-
ture have been applied to study, for example, long-run unemployment outcomes (e.g., Moen, 1997; Mortensen and
Wright, 2002; Delacroix and Shi, 2006; Shi, 2009; Ferndndez-Blanco, 2013), labor market dynamics (e.g., Rudanko,
2009, 2011; Menzio and Shi, 2010, 2011), investment and unemployment insurance models (e.g., Acemoglu and
Shimer, 1999a,b), and wage inequality (e.g., Shi, 2002; Shimer, 2005; Basov, King and Uren, 2011). In monetary
economics the methodology has been popularized by Rocheteau and Wright (2005), and in finance by Guerrieri,
Shimer and Wright (2010) and Guerrieri and Shimer (2013).

2Indeed, empirical papers highlight that commitment is often absent: In many auction markets reserve prices
are not publicly revealed (see, e.g., Ashenfelter, 1989; Li and Perrigne, 2003; Bajari and Hortagsu, 2004). In real
estate and used goods markets asking prices seem to lack commitment because they typically differ from actual
transaction prices (see, e.g., Horowitz, 1992; Farmer and Stango, 2004; Merlo and Ortalo-Magné, 2004). Finally,
job announcements often contain important information, yet explicit wage commitments are rare.



procurer) publicly announces a cheap-talk message to attract a counter-party. Then, each agent
of the other side (buyer, worker, contractor) independently decides which one of the senders to
approach. Finally, trade takes place according to a pre-determined protocol. Announcements are
cheap talk as long as they do not directly affect the subsequent trading protocol. In turn, with
cheap-talk communication, unlike models in which the trading rule is set by announcements,
it is necessary to separately specify the trading protocol. In this context, questions about the
interaction between cheap talk and the trading protocol become central: Does there exist a
trading protocol that allows agents to differentiate themselves in the preceding communication
stage in a way that achieves efficient market outcomes? What are the necessary properties of
such a trading protocol? This paper addresses these questions. It helps to understand in which
environments one might expect efficient competition through cheap talk and in which ones not,
and which trading protocol a market designer might want to adopt if he had the choice.

Our first main result concerns the existence of an optimal trading protocol. We show that such
a protocol exists by focussing on the following trading protocol, which seems particularly well
suited and realistic in procurement markets and is given in that context.> Once procurers make
their announcements (communication), each contractor decides which project to compete for
(search) and quotes a price to the procurer of that project without observing other competitors
(trading protocol). Then, each procurer decides whether to accept the best offer or not. From
an individual procurer’s viewpoint, this is equivalent to her running a first-price procurement
auction with a stochastic arrival of contractors and a private reserve price. From now on, we
refer to this trading protocol simply as the first-price auction. We show that if this trading
protocol is adopted at the last trading stage, then there exists a fully revealing equilibrium and
the equilibrium outcome is efficient - constrained only by search frictions. In a large market it
generates the same expected payoffs and market outcomes as models with full commitment.

The intuitions behind the first result are as follows. For efficiency, recall that if each procurer
runs the second-price auction, then each contractor receives exactly as much as his ex post
marginal social contribution and, therefore, fully internalizes search externalities. The first-
price auction does not yield the same ex post outcome as the second-price auction, but, via
revenue equivalence, does provide the same interim expected payoffs, which is sufficient for

search efficiency. For existence, notice that a deviating procurer faces the following trade-off: If

3First-price auctions are indeed prevalent in procurement markets. European Union Directive 2004/18/EC
specifies that a contract has to be given based either on the lowest price or on the economically most advantageous
tender. In a study of 540,000 procurement cases, with value of 1.4 trillion Euro over the 2006-2010 period, PwC,
London Economics, and Ecorys (2011) find that 82% of cases and 75% of transaction value were contracted
through sealed-bid procurement auctions. 73% of contracts and 52% of transaction value were awarded through
open sealed-bid auctions (open for any qualified bidder - bids occur prior to knowing who else bids). Similarly,
the US Federal Acquisition Regulation lists sealed bids as the first of three possible ways for awarding federal
contracts, with winning bid either the lowest “fixed-price” or “fixed-price with economic price adjustment.” The
latter will be important in our model when quality heterogeneity is present.



she overstates her gains from trade, then she would attract relatively more contractors, but each
contractor would quote a relatively higher price. We show that, coupled with procurers’ option
to reject all the prices, this trade-off is exactly balanced in the case of the first-price auction.

Our second main result concerns a necessary property of other optimal trading protocols in
the cheap-talk environment. We show that the performance of an alternative trading protocol
ultimately depends on the level of price dispersion generated by the protocol, and our baseline
protocol, the first-price auction, provides a tight benchmark for the level of price dispersion.
Formally, consider an alternative trading protocol that is revenue-equivalent to the first-price
auction. If the distribution of prices resulting from the protocol is a strict mean-preserving con-
traction (spread) of that from the first-price auction, then an efficient fully revealing equilibrium
always (never) exists.? This allows us to identify a class of optimal trading protocols as well as
evaluate the effects of adopting an alternative trading protocol in the cheap-talk environment,
without repeating the characterization of the model. For example, the second-price auction
spreads the distribution of prices more than the first-price auction. Therefore, an efficient fully
revealing equilibrium never exists with the second-price auction. If a trading protocol yields no
price dispersion, then a fully revealing equilibrium always exists.

To understand this second result, recall the trade-off facing a deviating procurer presented
above. The literature on competing auctions demonstrated that if each procurer must commit
to her announcement of posted reserve price, then the positive effect of an upward deviation, at-
tracting relatively more contractors, is dominated by the negative effect, each contractor quoting
a relatively higher price (see, in particular, Peters, 1997b). In our cheap-talk environment, each
procurer has an option to reject all the prices, which weakens the negative effect and, therefore,
makes the (un)profitability of the deviation ambiguous. Now notice that the option is more valu-
able, the more frequently do contractors quote prices above the procurer’s value. This implies
that the more spread the distribution of prices is, the more valuable is the option and, therefore,
the more profitable is the deviation. The result follows once this insight is combined with the
fact that the procurer’s trade-off is exactly balanced in the case of the first-price auction.

One caveat regarding our second result is that it concerns only trading protocols which are
revenue-equivalent to the first-price auction. We focus on them because the revenue equivalence
is a necessary requirement to obtain efficiency after truthful type revelation, and thus they
constitute the only class of trading protocols with hope for efficient outcomes. Yet, other trading
protocols could also be considered in our environment. Whereas those mechanisms would not be
ideal to study the full potential of cheap-talk communication, they might represent other stylized

features of trading protocols common to some markets. Menzio (2007) is particularly relevant in

4We introduce a notion of strict mean-preserving spreads (contractions) in Section 3.2. Roughly, they mean
that a distribution is more or less dispersed than the other globally.
5We provide a bargaining example in Section 3.2.



this regard.® He considers a bilateral alternating offer bargaining protocol in essentially the same
environment as ours, and shows that cheap talk can transmit some information and improves
on random search, but does not achieve efficiency. Our results and his results complement each
other. Our results imply that both imperfect communication and constrained inefficiency in his
model are driven by the specific trading protocol, not by the non-binding nature of cheap talk
per se. Conversely, his results imply that our second result applies only to trading protocols that
would induce efficiency if truthful communication were attainable: his (inefficient) bargaining
protocol generates no price dispersion, yet a fully revealing equilibrium does not exist.

One important implication of our results is that ex-ante commitment to the terms of trade
is not essential to the insights from previous work on competing auctions. In large markets,
constrained efficiency can be achieved whether pre-match communication entails reserve price
commitment or not. Furthermore, the expected payoffs of all agents in our cheap-talk environ-
ment are exactly identical to those when procurers can commit to reserve prices (e.g., McAfee,
1993; Peters, 1997b; Julien, Kennes and King, 2000). Therefore, one can apply all lessons from
commitment models unaltered even when ex-ante commitment to the terms of trade is not
present - for trading protocols that appear natural in the context of competing auctions. To
the extent that the first-price auction (or any trading protocol with a mean-preserving contrac-
tion of trading prices) also appears plausible in other buyer-seller or labor market settings, the
equivalence in expected market outcomes carries over to such settings. Models of directed search
usually consider homogeneous buyers (or workers) and competition through price (wage) com-
mitments (e.g., Peters, 1984, 1991, 1997a, 2000; Montgomery, 1991; Burdett, Shi and Wright,
2001). Our setting again delivers identical expected payoffs to all agents in those settings. This
holds even for more complicated wage contracts for workers with heterogeneous productivity
(e.g., subclasses of Shi, 2002; Shimer, 2005).

Although we consider an abstract two-sided matching environment, our results have impli-
cations for real-world market design. In several markets, whether initial calls (advertisements)
should be cheap talk (hidden reserve prices) or contain binding reserve prices remains an active
market design issue. For example, institutions within the EU Public Procurement Learning Lab
debate whether to adopt hidden or public reserve prices in their respective markets (see Piga
and Zanza, 2004), with eight siding with the former relative to six for the latter. Similarly, while
most private freelance sites (e.g., MyHammer.co.uk) allow only signals of the “desired budget”,
which are not binding, some online applications such as Qluso experiment with binding reserve

prices. Our result that competition via cheap talk can be as efficient as competition with (re-

6Menzio (2007) relates mainly to competitive search rather than to competing auctions, partly because bar-
gaining with two-sided incomplete information raises various conceptual problems, and focuses exclusively on the
case of homogeneous workers (contractors). We first consider the same case, for expositional clarity, but later
expand towards additional heterogeneity. Another related contribution is a model of directed search with limited
commitment by Albrecht, Gautier and Vroman (2013). In their setup, a seller is committed to her asking price,
because she must accept any price above, but not fully committed, because she is free to accept any price below.

4



serve) prices in large markets might explain their co-existence. In the later part of the paper, we
also analyze finite markets and show settings in which cheap talk can lead to a strict equilibrium
with full type revelation and efficient market outcomes, with convergence to our limit economy.
Interestingly, in finite markets (reserve) price commitment is strictly less efficient due to market
power.” These explain why cheap talk might retain a real edge in some markets.

In relation to the extensive cheap-talk literature pioneered by Crawford and Sobel (1982),
our work focusses particularly on the extent to which cheap-talk communication can facilitate
trade and competition in large market settings. In this regard, our work is related to Farrell and
Gibbons (1989) and Matthews and Postlewaite (1989), both of which study whether cheap-talk
communication can influence trading outcomes in double auctions environments. Our analysis
is qualitative different from the ones in those two as well as other existing cheap-talk models,
mainly because of the nature of the subsequent competition. Nevertheless, as shown in Section
4.1, equilibrium selection criteria developed in the literature naturally apply to our environment
and provide a formal justification for our focus on the fully revealing equilibrium.

The remainder of the paper is organized as follows. Section 2 introduces the model. Section
3 presents and proves our two main results. Section 4 provides further characterizations for the
baseline model with the first-price auction: We characterize a class of equilibria in large markets,
study the corresponding finite markets where incentives against deviations turn out to be strict,

and explain how to accommodate contractor heterogeneity. We conclude in Section 5.

2 The Model

We use the language of procurement markets to lay out our model, as our baseline trading proto-
col captures procurement markets particularly well, although various other scenarios, including

sellers” advertising their goods and firms’ posting vacancies, can also be accommodated.

Agents and preferences. There is a continuum of procurers in the market, whose measure
is normalized to 1. Each procurer has one project to complete. Once completed, the project
yields the procurer utility v. The value of the project v is private information to each procurer,
but it is commonly known that the values are distributed over a set V C R according to the
distribution function F: F(v) denotes the measure of the procurers whose value of the project
is not greater than v. The set V has a finite minimal element v and a maximal element ¥, where
O0<ov <.

"This result is new by itself. Inefficiencies in finite markets with price posting (no bidding) are shown in
Galenianos, Kircher and Virdg (2011). For reserve price posting (with subsequent bidding), Julien, Kennes and
King (2002) find constrained efficiency in the case of two procurers. In our Online Appendix, we prove that the
efficiency result does not extend beyond the two-procurer case: whenever there are more than two procurers,
commitment always leads to inefficiencies.



Each procurer must hire a contractor to run the project. There is a continuum of contractors
available in the market, whose measure is given by 3. Each contractor has the capacity to run
one project, at an opportunity cost ¢ of forgoing other work. For simplicity we start here with
the case of homogeneous contractors with common ¢ < v.%

All agents are risk neutral. If a procurer with project value v hires a contractor at price p,
then the procurer receives utility v — p, while the contractor obtains utility p —c. All agents who

fail to match receive (normalized) utility 0.

Market interaction. Agents match according to the following sequence. Communication:
each procurer first publicly announces a cheap-talk message. Assume, without loss of generality,
that the set of feasible messages, denoted by M € R, coincides with the set V. Search: after
observing all announced messages, each contractor selects a procurer.” Trading: each contractor
then submits a quote specifying his asking price to the selected procurer, not knowing who else
is competing for the job. Subsequently, each procurer decides which contractor, if any, to hire
at the quoted price.

The overall market interaction closely resembles those of existing models of competitive
search and competing auctions. The main difference is that announcements in existing models
are binding obligations that change the nature of the subsequent trading protocol. A posted price
leaves no room for price adjustment, while a binding reserve price changes the types of bids that
are allowed in the subsequent interaction. In our model, messages do not affect the subsequent
trading game, even though they might change players’ strategies within that game. Notice that
messages can take various forms: a message may represent the asking price commonly observed in
housing markets and on-line marketplaces, an intended budget sometimes announced in private
procurements, the wage range often announced in labor markets, or verbal descriptions of the
value of the job.!®

In principle, any trading protocol can be employed at the trading stage. Messages are cheap
talk as long as the trading game does not depend on them. However, the trading protocol affects
players’ incentives and, therefore, the functioning of the market. We focus on the above trading

protocol for three reasons. First, it is the protocol that is widely adopted in real markets,

8Contractor heterogeneity is important in procurement markets and arguably the reason why auctions are
commonly adopted. We allow for contractor heterogeneity in Section 4.3. Whereas the analysis becomes signifi-
cantly more complicated, the main logic goes through unchanged.

9Contractors are not allowed to contact multiple procurers. Not only is this a standard assumption in the
literature, but also does it reflect capacity constraints facing contractors in reality. Small contractors may lack
the capability to commit to more than one project or to prepare more than one bid, as acknowledged, e.g., in the
survey on EU public procurements by Piga and Zanza (2004). Theoretically, multiple contacts (applications) are
considered in Albrecht, Gautier and Vroman (2006), Galenianos and Kircher (2009), and Kircher (2009). While
we expect our key insights to carry over, it goes beyond the scope of this paper.

10Tn the model, there is a one-to-one mapping between the support of the distribution of wages facing a given
procurer and his type. Therefore, announcing this wage range reveals the type.



in particular, in procurement markets. Second, it delivers our main result regarding the full
potential of cheap-talk communication (Theorem 1) in a particularly simple way. Finally, as
shown in Theorem 2, it serves as a benchmark that allows us to classify other trading protocols.
In other words, it enables us to evaluate the performance of other trading protocols without

repeating the analysis for each trading protocol.

Strategies and equilibrium. We impose anonymity on agents’ strategies. This is in line
with the spirit of the literature on competitive search and competing auctions and allows us

to model trading frictions inherent in many markets.!!

Precisely, we restrict attention to the
equilibria in which agents of each type play an identical strategy. Procurers’ communication
strategies are represented by a function m : V — M, where m(v) denotes the message sent
by type v procurers. All contractors use an identical search and bidding strategy: A search
strategy is a function P : M — [0,1], where P(m) is the probability that each contractor
selects a procurer who announced a message weakly below m. A bidding strategy is a function
H(;-) : Ry x M — [0,1], where H(b;m) is the probability that a contractor who selected a
procurer with message m quotes a price weakly below b. Each procurer’s optimal hiring strategy
is straightforward, so its formal description is omitted: each procurer hires a contractor who
offers the lowest price, provided that the price is not greater than her own value of the project.

In the current large market setting, it is necessary to specify the matching function. We
adopt the canonical “urn-ball” matching technology: Given procurers’ communication strategies
m(-) and contractors’ search strategies P(-), the ratio of contractors to procurers at message m,

usually called the queue length, is given by

BP(m)
dF(v)

Am) (1)

Jwevin@)=my
Given a message, there is no further information transmission, and contractors approach pro-
curers randomly. In a large market, this generates the familiar urn-ball matching process: the
probability that exactly n € N contractors select a procurer is given by A(m)"e~*™ /n!. Condi-
tional on the event that a contractor selects a procurer, the probability that n other contractors
select the same procurer is also given by A(m)"e™™ /n!. While, as in the literature, these
matching probabilities are directly imposed on the model, they can be formally derived by con-
sidering finite markets and letting the size of the market go to infinity. See Burdett, Shi and
Wright (2001) for an excellent discussion, and Section 4.2 for a formal derivation within our

framework.

11See Burdett, Shi and Wright (2001) for an excellent discussion on the issue. In procurement markets, collusion
and anti-trust concerns are important, but they are beyond the scope of this paper. The assumption here is that
antitrust is imposed and agents must decide in isolation, which is intended to be captured through the anonymity
assumption.



An equilibrium is then a set of strategies (m(-), P(-), H(-;-)), together with contractors’ beliefs
about the distribution of types associated with each message, such that given (m(-), P(-), H(+;+))
and the resulting A(-) according to (1), it is optimal for procurers to communicate according to
m(-) and for contractors to search and bid according to m(-) and H(-;-), respectively, and
contractors’ beliefs are derived by Bayes’ rule whenever possible.'? For most parts of the paper,
we focus on fully revealing equilibria, in which contractors’ beliefs about the distribution of types
for each message are trivial and, therefore, can be suppressed. A fully revealing equilibrium is
an equilibrium in which m(-) is injective. Without loss of generality, we restrict attention to the
fully revealing equilibrium in which each procurer truthfully announces her own value, that is,
m(v) = v for all v € V.

3 Main Results

In this section, we present our two main results and prove them.

3.1 Fully Revealing Equilibrium in the Baseline Model

Our first result concerns the existence and efficiency of the fully revealing equilibrium in the
baseline model where the first-price auction serves as the trading protocol. We compare the
equilibrium outcome to the optimal solution of a planner who wishes to maximize gross surplus,
knowing procurers’ types (or dictating truthful revelation m(v) = v) but being constrained to
assign a common search strategy P(-) to all contractors. In other words, we consider the planner
who faces the same anonymity restrictions as in the decentralized equilibrium and can achieve
trading probabilities only as explained in connection with (1). We say that an equilibrium is

constrained efficient if it yields the same outcome as the planner’s solution.

Theorem 1 In the baseline model, the fully revealing equilibrium always exists and is constrained
efficient.

The theorem consists of two parts, the existence of the fully revealing equilibrium and the
constrained efficiency of the equilibrium. We first characterize contractors’ equilibrium bidding

strategies and use the characterization to prove each claim of the theorem.

3.1.1 Preliminary: Contractors’ Equilibrium Bidding Strategies

Suppose contractors believe that a procurer’s true value of the project is equal to v and the

associated queue length for the procurer is given by A. Denote by H (b; v, \) the probability that

12As is typically the case in cheap-talk models, additional restrictions on beliefs and queue lengths outside of
the support of equilibrium strategies are not necessary at this point.



a contractor quotes a price weakly below b to the procurer. In addition, denote by U(v, A) the
expected payoff of a contractor who selects the procurer and by V(v',v, A) the expected payoff
of a procurer whose true value is v' but is believed to be v by contractors. The following lemma

provides closed-form solutions for all three functions for the fully-revealing equilibrium.

Lemma 1 (1) Contractor’s expected payoff: U(v,\) = e (v —¢).
(2) Equilibrium bidding strategies: For each b € [c 4+ U(v, \), ], H(b;v, \) is given by the value
that satisfies

e MGEN) (h — ) = U(v, \). (2)

(8) Procurers’ expected payoffs: For each v' € V,

min{v’,v} _
V(v v, \) = / (v' —b)d (1 — e_’\H(b;””\)> )

+U (v,\)
In particular, V(v,v,A) = (1 — e = Xe™) (v —¢).

Proof. A key observation is that H (+;v,A) has no atom in its support: Suppose b is in the
support. A contractor can secure payoff e=*(v — ¢) > 0 by quoting v, because he faces no
competition (no other contractor selects the same procurer) with probability e=*. This implies
that b — ¢ > e (v — ¢) > 0, that is, b must be bounded away from c. If there is an atom at b,
then a contractor can obtain a strictly higher expected payoff by quoting a price slightly below
b, because his price would decrease slightly, while his winning probability would jump. This
contradicts the fact that b is an optimal price for the contractor.

Given this observation, (1) follows from the fact that the contractor who quotes the highest
price wins the project if and only if there is no competitor (which occurs with probability
e™), and thus his price must be optimal conditional on him being the only quote provider to
the procurer (and, therefore, be equal to v). (2) follows from the fact that in equilibrium a
contractor must be indifferent over all prices in the support of his mixed bidding strategy and

—AH(GwA) - Fipally, (3) follows from

a contractor who bids b wins the project with probability e
the fact that a procurer accepts the lowest price if and only if it is below her true value of the
project v' (thus, min{v’,v}) and the probability that the lowest quote to the procurer is not

1 — e~ MObwN) g

greater than b is equal to

One can intuitively understand the payoffs through the revenue equivalence between first- and
second-price auctions.!® Suppose a procurer with project value v runs a second-price procurement
auction with reserve price equal to v. Then, a contractor would get the entire surplus if and only

if there is no other competitor, while the procurer would get the entire surplus if and only if there

I3Revenue equivalence continues to hold with a stochastic number of bidders, provided that bidders are risk
neutral. See McAfee and McMillan (1987).



are at least two contractors. Therefore, a contractor’s expected payoff is equal to e *(v — ¢),
while the procurer’s expected payoff is equal to (1 —e™ — e ™) (v — ¢).

3.1.2 Constrained Efficiency of the Fully Revealing Equilibrium

We now solve for contractors’ equilibrium search strategies in the fully revealing equilibrium.
The result is then used to establish the constrained efficiency of the fully revealing equilibrium.

Suppose contractors believe that all procurers announced their true values. Given other con-
tractors’ search strategies P(+), or equivalently, via Equation (1), queue lengths A(-), an optimal
search strategy for an individual contractor is to select a procurer from whom he can obtain
the highest expected payoff. Formally, let u = max,cy U(v, A(v)) = e ¥ (v — ¢). Following the
literature, we refer to this utility u as market utility. Then, a contractor’s optimal strategy is
to select a procurer with message (value) v only if e ) (v — ¢) > u. In other words, the queue
length A(v) for a procurer can be positive only if e ) (v — ¢) = u.

It follows that the equilibrium queue lengths A(-) (equivalently, contractors’ equilibrium

search strategies) are characterized by the following two conditions:
e 2y —¢) <u,=wuif \(v) >0, and / Av)dF(v) = .
v

The latter condition states that the total number of quotes made in this market (left-hand side)
must coincide with the total number of contractors (: A(v) is the average number of quotes a

type v procurer receives, while dF'(v) is the measure of type v procurers. Combining the two

/v Av)dF(v) = / + log (” - C) dF (v) = B. (3)

Since the left-hand side is strictly decreasing in u, there exists a unique value of u that satisfies

conditions,

this equation. Given the uniqueness of u, A(v) is also uniquely determined for all v € V. The

equilibrium is then fully determined by m(v) = v (and contractors’ associated beliefs), P(-)

obtained from A(-) via (1), and H(b;v) = H(b;v, A(v)) as in Lemma 1.

To evaluate the extent of efficiency of this fully revealing equilibrium, consider the social
planner’s problem, described at the beginning of this section. His objective is to design a
common search strategy P(-) for contractors so as to maximize gross surplus. Again, via (1),
this is equivalent to finding the optimal queue lengths A(-). Given the queue length A(v), the
probability that a type v procurer is selected by at least one contractor and completes her project

is equal to 1—e~*(®) . Therefore, the problem facing the social planner can be expressed as follows:

max/v(l — e ) (v — ¢), subject to / A(w)dF (v) <.

AC) V
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Letting p be the Lagrangian multiplier for the constraint, (A(v), u) is the solution if and only
if14
ey ¢) < = pif A(v) > 0, and / AW)dF(v) = .
v

Notice that the conditions are identical to those for contractors’ equilibrium search strategies.
By the same argument as above, there is a unique pair (u, A(:)) that satisfy the conditions.
Therefore, the fully revealing equilibrium outcome coincides with the social planner’s optimal
solution.

To see the underlying reason behind this efficiency result, recall that in a two-sided market
environment as ours, contractors behave socially efficiently if they receive exactly their marginal
contribution to the value of the local interaction among the single procurer and the contractors
that selected her. In our model, this means that contractors’ equilibrium search strategies
would be efficient if each contractor receives the entire surplus when he is the only contractor
in a meeting, while receives 0 payoff when there are other contractors. This arises precisely
when payoffs are determined at the contractor-optimal point in the (ex-post) core of the local
interaction, which can be implemented with the second-price auction with reserve price equal to
the procurer’s true value.!> Agents’ ex-post payoffs in our game are not identical to those from
the second-price auction. However, by revenue equivalence, their interim payoffs are identical,

which is sufficient for efficient search by contractors.

3.1.3 Existence of the Fully Revealing Equilibrium

We now consider procurers’ incentives at the communication stage and prove that the fully
revealing equilibrium always exists.

Suppose a type v’ procurer unilaterally deviates and announces v. The procurer’s basic trade-
off is between queue length (the number of contractors she can attract) and price (how much
each contractor quotes): If v > v, then relatively more contractors would select the procurer,
while each of them would quote a relatively higher price. The opposite happens for v < v'. The
crux of our proof is to show that this trade-off is exactly balanced when the price is determined
according to the first-price auction.

Consider the probability that the procurer hires a contractor at a price below b < min{v’, v}.
Since the queue length for a firm with message m is A\(m) and each contractor offers a price below
b with probability H(b;m) = H(b;m, A(m)), the probability is equal to 1 — e A@VHEY) if the

A(v)H (byv

procurer announces v’ and 1 — e~ ) if the procurer announces v. These two probabilities

4The objective function is strictly concave, while the constraint is linear. Therefore, the first-order condition
is both necessary and sufficient.

15Gautier and Holzner (2013) recently generalize this insight into the case of multiple applications. With
multiple applications, one side’s optimal points in the ex-post core depend on the network structure associated
with each meeting and, therefore, are much harder to determine. In addition, a more general allocation mechanism
than the second-price auction is necessary to implement the efficient outcome.
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are identical even though the queue lengths and bidding strategies differ: By the equilibrium
conditions for contractors’ search strategies, as long as the queue lengths are strictly positive, a
contractor must be indifferent between selecting a type v’ procurer and a type v procurer. In
addition, conditional on selecting a particular procurer, a contractor must be indifferent over
all prices in the support of their bidding strategies. Therefore, for any price below min{v’, v},
a contractor must have the same winning probability whether he selects a type v’ procurer or
a type v procurer. A contractor who quotes b wins if and only if no other contractor quotes
less than b to the same procurer. Therefore, his winning probability is equal to e~ (™H &™) Tt
follows that in equilibrium the products of the queue length and the probability of bidding a
price below b are identical, i.e., A\(v')H (b;v") = \(v)H (b;v).'6

The above result implies that a procurer’s deviation affects her expected payoff only through
the changes in the probabilities that she hires a contractor at a price between v and v. If v < v/,
then the deviating procurer loses the opportunity to hire a contractor at a price between v and
v'. Therefore, the downward deviation is strictly unprofitable. If v > ¢’, then the deviating
procurer now receives price quotes between v’ and v with a positive probability. However, the
procurer has no incentive to accept such a price, and thus those price quotes are irrelevant to the
procurer’s expected payoff. Consequently, the upward deviation would not change the procurer’s
expected payoff.!” To sum up, each procurer strictly prefers truth-telling to downward deviations

and weakly to upward deviations.

3.2 Alternative Trading Protocols

Our second result concerns the effects of adopting an alternative trading protocol. We consider
the same market game as described in Section 2, except that now we replace the first-price auction
with some other trading protocol. We examine what trading protocols can induce efficient market
outcomes as in our baseline model.

For efficiency, two necessary properties of the market interaction are immediate. The equi-

librium must induce full revelation of types: otherwise different types would obtain the same

16This can be derived directly from (2) in Lemma 1 and the fact that contractors’ expected payoffs at both
messages (the right-hand side in (2)) must be equalized in order for contractors to select both messages.
"Formally, combining Lemma 1 with the fact that A(m)H (b;m) is independent of m,

(v — b)d (1 - e—A<v>H<b;v>) _ /

—+u ct+u

min{v’,v} min{v’,v}

V(o) = [ (o — 0y (1 - X)),

Therefore, the difference between the equilibrium payoff and deviation payoff is equal to

’

VO A = VO e d@) = [ = (1- e XY
min{v’,v}

Obviously, this expression is strictly positive if v < v’, while equal to 0 if v > v'.
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queue length, which cannot be efficient. In addition, contractors’ expected payoffs in the fully
revealing equilibrium must be constantly proportional to those in our baseline model. They must
be exactly identical if one would allow endogenous entry.'® Note that this property concerns
only agents’ interim expected payoffs, not their ex post expected payoffs. The latter may depend
on other variables, such as the realized number of contractors for each procurer, and need not
coincide with those from the first-price auction. The only binding restriction is that contractors’
expected payoffs conditional on v and the planner’s queue length A(v) are identical to those from
the first-price auction. From procurers’ perspective, this means that the equilibrium outcome
must be revenue-equivalent to that of the first-price auction.

Given these necessary restrictions, the central question is under what conditions a fully
revealing equilibrium exists. In a fully revealing equilibrium, contractors’ beliefs about each
procurer’s type are degenerate: if a procurer sends message v, then contractors assign probability
1 to the event that his type is v. Revenue equivalence implies that the same queue length as
in our baseline model, A(v), is assigned to each type v procurer. Each trading protocol then
generates a unique mapping from v to a distribution of prices. Denote by L(b;v) the probability
that the best price quote to a type v procurer is less than or equal to b. For example, in our
baseline model L(b;v) =1 — e M (bwA®) - Gince the procurer obviously cannot hire if she is not
selected by any contractor, lim_., L(b;v) < 1 —e™*.

For procurers’ truth-telling incentives, consider a type v’ procurer’s deviation to v (by sending
message v). While in principle the trading prices for the deviant type could vary in many ways
from those of the true type, many insights can be gained under the following restriction on the
trading protocol: assume that deviant type v’ faces the same distribution of prices, L(-;v), as a
(truth-telling) type v procurer. This means that the distribution of prices for a procurer depends
only on contractors’ (degenerate) beliefs about the procurer’s type, not on the procurer’s true
type. The procurer still retains the option to reject a price, but cannot influence the distribution
of prices. This restriction clearly holds in our baseline model. It also seems reasonable in many
other settings, because we only impose it when contractors have degenerate beliefs: even though
a deviant might want to convince the contractors that she has a different type, that is not possible
under degenerate beliefs. Below we provide some trading protocols that satisfy this assumption.

Obviously, a type v' procurer would accept only a price below v'. This implies that the
problem reduces to whether a type v" procurer would prefer L(-;v") to L(-;v) over the interval
(—o0,v’), that is, ff;o(v’ —b)dL(b;v") > fio(v’ —b)dL(b;v). The following theorem establishes
that the existence of the fully revealing equilibrium boils down to the level of price dispersion
resulting from each trading protocol (at full type revelation and optimal queue lengths), and

the first-price auction in the baseline model provides a tight benchmark for the level of price

8Entry can be on either side: procurers might enter at some fixed cost, or contractors could have a search
cost. In either case it is easy to show that efficient entry arises if and only if the expected payoffs are as in the
baseline model.
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dispersion. Since efficiency requires revenue equivalence, we measure price dispersion in terms
of mean-preserving spreads and say that a mean-preserving spread is strict if the distribution

puts strictly more weight above (below) any particular cutoff to the right (left) of the mean.

Theorem 2 Consider an alternative trading protocol. If the distribution of prices for each
procurer resulting from this protocol is a mean-preserving contraction (strict mean-preserving
spread) of that from the first-price auction, then the fully revealing equilibrium always (never)
exists. In the case of a strict mean-preserving contraction, all procurers’ truth-telling incentives

are strict in the fully revealing equilibrium.

Proof. Denote by W (v',v) the expected payoff of a type v/ procurer when contractors believe

A (v A(v)) Jenote

that his value is v. In addition, for notational simplicity, let L*(b;v) =1 —e
the distribution of prices from our baseline setting.

Suppose for each v € V, L(-;v) is a strict mean-preserving spread of L*(-;v). If v > v/, then

W' v) = / (v = b)dL(b;v) > / (V' = b)dL*(b;v) = V(v,v", A\(v)) =V (', 0", A\(v')) = W (', 0).
The first inequality is due to the property of mean-preserving spreads: Since L(-;v) is a strict
mean-preserving spread of L*(-;v),

! ,U/

/ (v — B)(dL(b; v) — dL* (b v)) :/ (L(b:v) — L* (b v)) db > 0.
Notice that a strict mean-preserving spread is necessary to ensure the strict inequality. If the
inequality holds weakly, then the result depends on the locations of the points at which the
inequality holds strictly. The second-last equality uses the procurer’s indifference over upward
deviations in the baseline model, while the last equality utilizes the revenue equivalence.

The same argument can be used to establish that if L(-;v) is a mean-preserving contraction
of L*(+;v), then W (v',v) < W (v',v"), with strict inequality in the case of strict mean-preserving
contractions. It remains to show that downward deviations are also unprofitable in the case
of mean-preserving contractions. Mean-preserving contractions imply that if v < ¢’, then a
procurer never faces a price above v(< v’) even with the alternative trading protocol. It then
follows that

W' v) =V, v, v) < V(@0 A0)) =W, v, ).

9Formally, a distribution function F4 is a mean-preserving spread of another distribution function Fp if they
have the same mean and [*_ (Fa(t) — Fp(t))dt > 0 for all z, with strict inequality for some z. We say that Fs
is a strict mean-preserving spread of Fg if the latter property holds with strict inequality for any = in the union
of the supports of F4 and Fp, except at the minimum of the union. We also define a strict mean-preserving
contraction in an analogous manner. The strict notion requires that F4 is more dispersed than Fp through the
support. In other words, it excludes the case where Fs differs from Fp only locally (in particular, only around
the mean).
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To intuitively understand the result, recall that a procurer faces the following trade-off at
the communication stage. On the one hand, if she overstates her value, then she can attract
relatively more contractors.?® On the other hand, each contractor quotes a relatively higher
price. If a procurer must hire a contractor after the deviation, then, as shown in the literature
on competing auctions and competitive search, the latter negative effect outweighs the former
positive effect, and thus the procurer would strictly prefer truth-telling. If communication is
cheap talk, then a procurer can refuse to hire any contractor. This reduces the latter negative
effect, which makes the overall effect ambiguous. Since a procurer rejects only a price above
his own value, the decrease in the latter effect is larger, the more frequently does the deviating
procurer face prices above his value. This implies that the more dispersed the distribution of
prices is, the more likely is it that an upward deviation is profitable. As shown in Section 3.1.3,
if the first-price auction is employed as the trading protocol, then the two effects become exactly
balanced. It follows that the profitability of an upward deviation with an alternative trading
protocol (and, therefore, the existence of the fully revealing equilibrium) ultimately depends on
whether the distribution of prices induced by the protocol is more or less dispersed than the one
by the first-price auction.

As a concrete example, consider the case where procurers still run first-price auctions, but
contractors observe the number of other contractors for the same procurer before they place
bids. In this case, in the fully revealing equilibrium a contractor offers v to a type v procurer
if he is the only quote provider, while the price is driven down to c¢ if there are at least two
contractors. Notice that these are the same ex post outcomes as when procurers run second-
price auctions with reserve price equal to their values. For simplicity we call this outcome “the
second-price auction.” As is well-known in auction theory (see, e.g., Proposition 2.4 in Krishna,
2009), the second-price auction spreads prices more than the first-price auction. Theorem 2 then
implies that the fully revealing equilibrium does not exist with this trading protocol. Intuitively,
when a type v’ procurer deviates to v(> v'), she clearly benefits from attracting relatively more
contractors, as it would increase her chance of hiring a contractor at ¢. However, she does not
face any real deviation cost. When there is only one contractor, he would offer v, instead of
v'. The increase in the price, however, does not affect the procurer’s expected payoff, because
she would simply reject the price.?! In fact, the same unraveling applies to any informative
equilibrium. It can be shown that there does not exist any informative equilibrium with the

20 A procurer never faces a price above his value after a downward deviation. Therefore, the problem described
in this paragraph is irrelevant to downward deviations. For the existence of the fully revealing equilibrium, as
shown in the proof of Theorem 2, it suffices to check the (un)profitability of upward deviations.

2lFormally, when the queue length for a procurer is A, the probability that at least two contractors select the
procurer is given by 1 —e™* — Ae™*. Since A(v) > A(v'),

Lic;v) =1 — e — X\(0)e @) > L(c;0') =1 — e M) = \o!)e M),
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second-price auction.

As for an opposite example yielding a contraction of prices, consider a bilateral random-
proposer bargaining protocol, as in Grossman and Perry (1986) and Gul and Sonnenschein
(1988), and recently adopted within a similar search context by Menzio (2007). Precisely,
consider the following trading protocol. Once contractors choose procurers, one contractor is
randomly selected among those who chose the same procurer, and the other contractors are dis-
carded. Then, the contractor and the procurer engage in an infinite-horizon bilateral bargaining
game in which the procurer (contractor) is selected as a proposer with probability § (probability
1—0) in each period and they apply common discount factor §. Under the refinements in beliefs
proposed in these aforementioned papers, in the limit as 0 tends to 1, the contractor obtains
exactly a share 1 — 6 of the value of the lowest procurer type in the support of his beliefs. In
the fully revealing equilibrium, his beliefs are degenerate, and thus he obtains (1 — 6)(v — ¢)
from a type v procurer. Note that a deviant procurer who lies about his type can do no more
than either also give this amount to the contractor or reach no agreement at all (i.e., reject the
price). The reason is that his type is outside of the support of beliefs of the contractor, and so
he cannot convince the contractor to lower his demand. While this fits the framework we are
analyzing, it is clear that this bargaining protocol is generically not revenue-equivalent to the
first-price auction and therefore does not induce efficient outcomes.

For the revenue equivalence, a type v procurer must obtain a share # such that his expected
total payoff (1 —e*)0(v — ¢) equals the expected payoff from the first-price auction, (1 —e™* —
fe=*)(v — ¢). Then, it is necessary that his share # depends on the market condition reflected
in the queue length. In particular, he would need to obtain #(\) = (1 —e™* — Xe ) /(1 —e™?),
where 6()) coincides with the probability that at least one more contractor selects the procurer
conditional on the event that she is selected by one contractor. This expression is strictly
increasing in A\, which captures the intuitive idea that a procurer’s bargaining power increases
as more contractors wish to trade with her. The previous trading protocol does not achieve
such outcomes as other contractors have already been discarded and, therefore, their presence
is meaningless at the time of bargaining. When other contractors matter, a trading share 6(\)
can arise for many reasons, and one can construct simple bargaining games that yield exactly

such an outcome.?? With this modification, the trading protocol becomes revenue-equivalent to

Therefore,

W', v) = L(c;v)(v' — ¢) > L(c;0") (v — ¢) + (L(v";0") = L(c;0")) (v —v') = W (',0).

22Various bargaining games might lead to the outcome. One very stylized but easy-to-explain example is the
following: Each procurer initially bargains with one of her contractors. Initially neither of them knows whether
there is any other contractor who also selected the procurer. The procurer starts by making an offer to the
contractor. If the contractor accepts, he gets the proposed transfer and executes the work. If he rejects and
there is no other contractor, he makes a take-it-or-leave it offer to the procurer in return. If there are other
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the first-price auction. Since the price distribution is contracted to a single point, by Theorem
2, the efficient fully revealing equilibrium exists and provides strict incentives for all procurers

to truthfully reveal their types.

4 Discussion

In this section, we provide further characterizations for our baseline model.

4.1 Other Equilibria and Equilibrium Selection

As in other communication games, our game also has other equilibria than the fully revealing
equilibrium. To begin with, there always exists a babbling equilibrium: If all procurers babble
(uniformly randomize over all messages), then contractors would ignore all messages and ran-
domly select a procurer. This, in turn, makes all procurers indifferent over all messages. The
following proposition characterizes the set of all partitional equilibria in which the set of procurer

types that play an identical communication strategy is convex in ).23

Proposition 1 Suppose that (1 — F(v))(v — ¢) is strictly quasi-concave. Then, for any v € V,
there is an equilibrium in which all procurers below v fully reveal their types, while the other
procurers pool all together. There does not exist any other partitional equilibrium that yields a

different outcome from any of these.

Proof. See the appendix. =

This is a consequence of the fact that each procurer has a strict disincentive to deviate
downward, but is indifferent over all upward deviations. A procurer below © has no incentive
to deviate for the same reason as in the fully revealing equilibrium. A procurer above v can
deviate only to below g, but the deviation is not profitable, again, as in the fully revealing
equilibrium. The interval above v cannot be segmented, because if so the highest procurer in

the lower segment would deviate.

contractors available for the procurer, then one of them is randomly selected and makes a take-it-or-leave-it offer
to the procurer. The initial contractor can always reject any offer and make a counter-offer when he is the only
contractor. Since the (conditional) probability that there is no other contractor is given by Ae = /(1—e~*), he can
ensure at least Ae /(1 —e~*)(v — ¢) from this game. It follows that the outcome of this bargaining game is that
the procurer offers payoff \e ™ /(1 —e~*)(v—c¢) (i.e., price c+ e */(1—e~*)(v—c)) to the initial contractor, who
then accepts it. Note that each contractor’s expected payoff is equal to the probability that he is selected as the
initial contractor ((1 —e~*)/A) times his expected payoff when selected as the initial contractor, which coincides
with e=*(v — ¢). In addition, any deviant procurer cannot reduce the price below ¢ + Ae /(1 — e~ *)(v — ¢),
as contractors have degenerate beliefs and expect to get at least this amount. This is clearly an example of
mean-preserving contractions in Theorem 2.

23There may exist non-partitional equilibria, even though we are not aware of any. We are also not aware of a
way to systematically characterize such equilibria.
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Nevertheless, the fully revealing equilibrium is more appealing than the others at least for
two reasons. First, it yields the socially efficient outcome and, therefore, would be a natural
focal point. Second, it is the only equilibrium that satisfies NITS (no incentive to separate)
suggested by Chen, Kartik and Sobel (2008). We show that if the condition is applied to the
highest procurer type (that is, if we require the highest procurer type not to have an incentive
to deviate),?* then the fully revealing equilibrium uniquely satisfies the condition. We further
show that the fully revealing equilibrium can be selected through one of the main motivations

for NITS, without relying on the choice of a type to apply the condition.?

Proposition 2 Among all the partitional equilibria, only the fully revealing equilibrium satisfies
NITS that is applied to the highest procurer type. If procurers face costs of lying, then the fully
revealing equilibrium is the unique equilibrium that satisfies a natural monotonicity condition

(the higher a procurer’s type is, the higher message he sends) or the intuitive criterion.

Proof. See the appendix. =

4.2 Finite Markets

In the literature, there is a long tradition to build up the large economy with a continuum of
agents as the limit of games with finite numbers of agents. This is even more relevant in our
baseline setting as procurers’ incentives for truth-telling are weak. We show that procurers’
incentives are strict in finite markets, and thus the fully revealing equilibrium in the baseline
model has a desirable robustness property. Moreover, most other insights from the large market
setting arise essentially unchanged in the finite market setting, albeit at the cost of a more

restrictive type space and of additional notational complexity.

4.2.1 Setup

Now suppose there are N procurers and M contractors, where M is the smallest integer such
that M > GN. In order to obtain sharp results, assume that the set of possible procurer types
Y is also finite: V = {v!,...,v'}.2% Without loss of generality, assume that v* < v**! for each

i < I—1. For notational simplicity, denote by f? the probability that each procurer draws project

24NITS concerns the incentive of the lowest sender type to separate from other types in the standard cheap-talk
game. In our model where agents’ payoffs through communication are endogenously determined, it is not clear
which type is the appropriate lowest type.

25 A procurer’s indifference over upward deviations prevents us from applying another prominent equilibrium
selection criterion, “neologism-proofness” by Farrell (1993). The upward incentive is strict with an alternative
trading protocol that generates less price dispersion than the first-price auction (see Theorem 2) or in finite
markets (see Section 4.2). In those cases, it is straightforward to show that the fully revealing equilibrium is also
the unique equilibrium that satisfies neologism proofness.

26This restriction on the type space allows us to obtain clear-cut results on the fully revealing equilibrium even
in finite markets. For the reason clarified shortly, if the set V is continuous, we would have to look for partitional
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value v'. We also denote by v,, procurer n’s value of the project, by ¢ a profile of all procurers’
values, and by v_,, a profile of all procurers’ values save procurer n’s. All other specifications of
the model are identical to the ones in Section 2.

As before, we impose anonymity on agents’ strategies and focus on the equilibria in which
agents of the same type play an identical strategy. Procurers’ communication strategies are
represented by a function m : ¥V — V where m(v) denotes the message announced by a procurer
with project value v. Contractors’ search strategies are a function ¢ : V¥ x {1,..., N} — [0,1]
where ¢(¥, n) denotes the probability that each contractor selects procurer n when the announced
value profile is 7. Lastly, contractors’ bidding strategies are a function H : Ry x V¥ x{1,..., N} —
[0, 1] where H (b;v,n) denotes the probability that a contractor who selected procurer n quotes
a price less than or equal to b. For notational simplicity, we simply denote ¢(¥,n) by ¢,(?) and
H(b;v,n) by H,(b; V), respectively. As in the large market setting, we study the fully revealing
(perfect Bayesian) equilibrium in which m(v) = v for all v € V.

The following lemma is a finite-market counterpart to Lemma 1. We denote by U, (¥) the
expected payoff of a contractor who selects procurer n when the announced value profile is .

The proof is essentially identical to that of Lemma 1 and, therefore, omitted.

Lemma 2 (1) Contractors’ expected payoff: U,(¥) = (1 — ¢,(v))M (v, — ¢).
(2) Equilibrium bidding strategies: For each b € [c + U, (V),v,], Hn(b; V) is given by the value
that satisfies

(1 = gu(0) Ha (b5 0) Y71 (b — €) = Un(0).

4.2.2 Efficiency of the Fully Revealing Equilibrium

We now characterize contractors’ equilibrium search strategies for a given value profile 7 € V¥
and prove that the fully revealing equilibrium is constrained efficient even in finite markets.
Following the same reasoning as in Section 3.1.2, the equilibrium conditions for contractors’

search strategies ¢(-,-) are given by

(1= g (@) v — ) < u(0), = u(?) if g, (7) > 0,

—

where u(v) = max,, U, (7). Rewriting the condition yields

1—qn(17):min{(%)ﬁ,l}.

equilibria as in, for example, Crawford and Sobel (1982). It would still be possible to construct a sequence of
partitional equilibria that converges to the fully revealing equilibrium, in the sense that the size of each partition
element shrinks to zero, but the exact characterization is quite involved. Alternatively, using our results, one can
approximate the fully revealing equilibrium with a continuous type space, with a double sequence of finite type
sets that approach the continuous type space and finite markets whose size grows to infinity.
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Summing over n and using the fact that ) ¢,(¢) =1 result in

N—1:;min{<%)ﬁ,1}. (4)

From this equation, it follows that for each ¥ € V¥, contractors’ market utility is uniquely

determined. The uniqueness of ¢, () follows from the uniqueness of u(7)

The finite-market analogue to the constrained social planner’s problem is as follows:
max 1—(1— g, ()" (v, — ¢) subject to g, (V) < 1.
31— (1 6a() ")t — ) sublect t0. 3 (3
Letting M be the multiplier to the constraint, ¢(7, -) is the solution if and only if

(1 - Qn(U»M_l(Un o C) < = if q”(ﬁ) > 07 and ZQn(U) =1

As in large markets, this condition coincides with the one for the fully revealing equilibrium.

Therefore, again, the fully revealing equilibrium is constrained efficient.
Proposition 3 In finite markets, the fully revealing equilibrium is always constrained efficient.

This result implies that in finite markets, our cheap-talk model can outperform the canonical
(reserve) price posting model, unlike in large markets where both models achieve constrained
efficiency. In finite markets with heterogeneity, posting models are typically not constrained
efficient: Galenianos, Kircher and Virdg (2011) provide a general inefficiency result for the price
posting (directed search) model. For the reserve price posting (competing auctions) model,
Julien, Kennes and King (2002) find efficiency for the case of two procurers. However, in our
Online Appendix, we prove that if there are at least three procurers in the market and at least
two of them are heterogeneous (i.e., there is procurer heterogeneity), then the market outcome
fails to achieve constrained efficiency. In other words, the efficiency result by Julien, Kennes and
King (2002) does not extend beyond the case of two procurers. Constrained efficiency of our
model arises because the nature of cheap talk limits the scope for procurers’ deviations, thereby

weakening the market-power forces that drive inefficiencies with competition in finite markets.

4.2.3 Limit Market Outcomes

We now show that the finite market outcomes indeed converge to the large market outcome in
Section 3.1 as the market size (N) grows infinity.
Denote by ¢4 the probability that each contractor selects a type v* procurer and by iy

contractors’ market utility. Both ¢4 and @y depend on the realizations of procurers’ types and,
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therefore, are random variables. In order to characterize the limits of the random variables,
suppose that for each N there are N f* number of type v® procurers in the market.?” Let ¢4 and
uyn be the values that satisfy the equilibrium conditions for contractors’ search strategies, that
is,
i BN-1
(1—q—N.) (v' —¢) < uyn,=uy if ¢y > 0, and quvzl.
i

As shown above, there exists a unique vector (qk, ..., ¢&, ux) that satisfies the conditions. As N

tends to infinity, the deterministic sequence converges to a vector (¢, ..., ¢, u) that satisfies

e—ﬁqi/fi(vi —¢) <u,=uif ¢ >0, and Zqi =1. (5)

In order to show that the random vector (g, ..., G, in) also converges to (q', ..., ¢, u), it suffices
to invoke the central limit theorem: for large N, the distribution of the number of type v
procurers approximates the normal distribution with mean N f* and variance f'(1 — f*)/N.
Since the variance disappears in the limit as N tends to infinity, it follows that (GX, ..., @k, @)
converges to the same limit as (qk, ..., ¢&, un).

To show that the limit market outcome coincides with the large market outcome in Section

3.1, observe that (5) is equivalent to

. vt — ¢ . .
= 1 ! d b =1.
Bq max{og( ” ),O}f, an ;q

Combining the conditions yields

6= Zmax{log <viu—c> ,O} fi= /> X log (U;C> dF(v).

This condition coincides with (3), which is the equilibrium condition for contractors’ market

utility in large markets. In other words, contractors’ market utility in the limit market is
identical to the one in the large market. It is then straightforward that the queue length of
_ Bq

contractors for a type v procurer also converges to A\(v') = - as N tends to infinity.

4.2.4 Existence of the Fully Revealing Equilibrium

We now consider procurers’ incentives and examine whether they would be willing to reveal their
true types.
Suppose procurer n has project value v, but deviated and announced v’ instead. The deviation

affects the procurer’s expected payoff in two ways. First, as in large markets, contractors select

2"We note that N f? needs not be an integer.
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the procurer with a different probability (g, (v’,v_,) instead of ¢,(¥)) and quote different prices
to her (H,(-;v',v_,) instead of H,(-;7)). Second, unlike in large markets, the deviation changes
contractors’ market utility from u(¥) to u(v’,0_,), because each procurer is not negligible in
a finite market. We show that the former has the same effects on the deviating procurer’s
expected payoff as in large markets, while the latter makes downward deviations more profitable
and upward deviations less profitable.

Fix v_, € VY1 and consider the (unconditional) probability that procurer n receives at least
one quote less than or equal to b < min{v,v'}. When procurer n announces 0, the probability
is equal to

1 — (1= gn(0,0-p) Hyn(b; 0, 17—n))M>

because ¢, (0, V_, ) H,(b; U, U_,) is the probability that a contractor selects the procurer and quotes
a price below b, and there are M contractors in the market. Considering only the non-trivial case
where ¢, (0,7_,) > 0, Lemma 2 and the equilibrium conditions for contractors’ search strategies
imply

(1 — qu(D, ) Hyy (b5 0, T_)) M 7Hb — ) = Up(0,7_p) = u(0,7_,,).

It follows that procurer n’s probability of getting the lowest quote below b is equal to

(B, 7)) T
1—-( ——= .
< b—c )

Notice that the probability would not be affected by procurer n’s announcement v if u(v, v_,,)
were independent of ©. This is the first effect mentioned above. When a procurer deviates
upward, relatively more contractors would select the procurer, but each of them would quote a
relatively higher price. As in large markets, these two effects cancel each other out. Combined
with the fact that a procurer’s announcement determines the upper bound of price quotes (i.e.,
0 is the maximal quote made to the procurer), this makes a procurer strictly prefer truth-telling
to downward deviations, while indifferent over upward deviations.

In finite markets, contractors’ market utility u(9,v_,,) does depend on procurer n’s announce-
ment. From (4), it is clear that w(v,v_,) is increasing in ©. This is fairly intuitive, because a
higher v means more surplus available in the market. Procurer n’s probability of getting the
lowest quote below b is strictly decreasing in contractors’ market utility w(o,7_,). This is also
intuitive, because a contractor would quote a higher price when he has a higher reservation value.
Together, these imply that ceteris paribus, a procurer prefers announcing a lower message, so
as to drive down contractors’ market utility. Clearly, this makes downward deviations more
attractable, while upward deviations less attractable.

Combining the two effects, it is clear that a procurer strictly prefers truth-telling to an

upward deviation: The first effect makes a procurer indifferent over upward deviations, but the
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second one makes him strictly prefer truth-telling. The (un)profitability of downward deviations
is ambiguous in general, because the two effects work in the opposite direction. However, when
the market size, measured by the number of procurers in the market NN, is sufficiently large,
the former direct effect strictly dominates the latter market utility effect: The former effect
is essentially independent of the market size, while, as shown above, each procurer’s market
power shrinks as the market size increases and becomes negligible in the limit. In other words,
contractors’ market utility is independent of a procurer’s announcement in the limit as NV tends
to infinity, and thus the market utility effect is arbitrarily small in sufficiently large finite markets.
We conclude that a procurer strictly prefers truth-telling to downward deviations, provided that

the market size is sufficiently large.

Proposition 4 In finite markets, the fully revealing equilibrium exists if the market size (N ) is
sufficiently large. In the equilibrium, a procurer strictly prefers truth-telling to both upward and

downward deviations.

4.3 Contractor Heterogeneity

We now generalize our analysis of the baseline model into the case of two-sided heterogeneity.
The assumption of homogeneous contractors significantly simplified the notation and analysis.
However, not only is it not sufficiently realistic, but also does it not allow us to explore the
full extent to which communication facilitates trade. In price posting models, it is well-known
that price discrimination is crucial for efficiency (see, in particular, Shi, 2002; Shimer, 2005;
Peters, 2010). It allows procurers to prioritize more efficient contractors, thereby reducing the
risk of mismatches. In other words, market outcomes are more efficient with price discrimination
than without it. In our model, this raises a question of whether market communication could
also subsume the role of price discrimination, which can be answered only in a setting where
contractors are heterogeneous.

We consider the two most common specifications where contractors differ either in terms
of their opportunity cost of working (see, e.g., Peters, 1997b; Mortensen and Wright, 2002) or
in terms of observable skills that add the same value across firms (see, e.g., Shi, 2002; Shimer,

2005). We focus on the central ideas, relegating a formal analysis to the appendix.

4.3.1 Heterogeneous Opportunity Costs of Working

Setup. Suppose each contractor independently and identically draws his opportunity cost of
working from the set C = [c,¢] according to the distribution function G with continuous and
everywhere-positive density g at the beginning of the game. This is private information for each
contractor. In addition, to ease the exposition and notation, assume that the set of procurers’

project values V is also convex (i.e., V = [v,7]) and the distribution function F' also admits a
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continuous and everywhere-positive density f. To avoid triviality, also assume that ¢ < v and
¢ < v. All the other configurations of the physical environment are identical to those in Section
2.

It is convenient to define the following queue lengths. Denote by A(v,c) the queue length
of type ¢ contractors for a type v procurer. In addition, denote by A(v,c) the queue length of

contractors whose types are below ¢ for a type v procurer. Formally, A(v,c) = fcc A, z)dz.

Efficiency of the fully revealing equilibrium. Consider the same communication game
as in Section 2, and suppose procurers’ types were fully revealed. Since revenue equivalence
continues to hold, suppose each procurer runs the second-price auction with reserve price equal
to her value. Then, a type ¢ contractor is hired by a type v procurer if and only if there is no

~A) The price paid

other contractor whose type is below ¢ and, therefore, with probability e
to the contractor is determined by the second lowest contractor type among those who selected
the same procurer. The second lowest contractor type is below ¢ if and only if at least one
contractor below ¢ selects the procurer and, therefore, with probability 1 — e~ 2®<) Tt follows

that the expected payoff of a type ¢ contractor who selects a type v procurer is equal to

e MW (y —¢) — /Cc(v —d)d (1 — e_A(”’c/)> : (6)

Observe that this is identical to the marginal social contribution of a type ¢ contractor who
selects a type v procurer. The first term is the expected social surplus he creates by selecting a
type v procurer. The second term is the negative externality by the contractor to the contractors
above his type: If a type ¢ contractor did not select the procurer, then the procurer could have
hired a contractor whose type is above c. It follows that contractors would search efficiently and

the fully revealing equilibrium is constrained efficient.

Existence of the fully revealing equilibrium. Denote by u(c) a type ¢ contractor’s market
utility. In the fully revealing equilibrium, u(c) coincides with (6) for any v such that A(y, ¢) > 0.
Differentiating (6) with respect to ¢ yields

Notice that e~ is the probability that a type ¢ contractor who selects a type v procurer wins
the project. Since u'(c) is obviously independent of v, this implies that a type ¢ contractor’s
winning probability must be independent of a procurer’s type. This, in turn, implies that with
the first-price auction, a type ¢ contractor’s price quote also should not vary according to a
procurer’s type. In other words, each contractor quotes the same price to all procurers. Let

w(c) denote the price quote by a type ¢ contractor. It is clear that w(-) is continuous because
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of incentive compatibility, and strictly increasing because a lower cost contractor would quote a
lower price due to the usual single crossing property.

To prove the existence of the fully revealing equilibrium, suppose a type v’ procurer deviated
and announced v, instead of v’. The procurer hires a contractor at a price below b < min{v, v}
if and only if at least one contractor who quotes less than b selects her, whose probability is
1 — e M9 where ¢ is such that w(c) = w. As shown above, this probability is independent
of a procurer’s announcement. Therefore, as in the homogeneous contractors case, a procurer’s
deviation does not affect her probability of hiring a contractor at each price. Given this, it is
straightforward to show that, again as in the homogeneous contractors case, a procurer strictly

prefers truth-telling to downward deviations, while is indifferent over all upward deviations.?®

4.3.2 Heterogeneous Skills

Setup. Now suppose contractors have the same opportunity cost of working, but differ in terms
of their observable skills. For simplicity, normalized ¢ to 0. Each contractor’s skill, denoted by
s, is independently and identically drawn from the set S = [s, 5] according to the distribution
function G at the beginning of the game. Skills are observable by the procurer. Assume, again,
that the two distribution functions F' and G admit continuous and everywhere-positive densities
f and g, respectively. If a type s contractor is hired by a type v procurer at a price p, then the
contractor receives utility p, while the procurer obtains utility v + s — p.2? Since the analysis
is essentially identical to the previous one, we illustrate only the necessary changes for this

specification.

Efficiency of the fully revealing equilibrium. As before, suppose procurers’ types were
fully revealed and each procurer runs the second-price auction. In the current specification, a
procurer’s reserve price depends on a contractor’s type. Specifically, a type v procurer’s reserve
price for a type s contractor is equal to v + s. Denote by A(v, s) the queue length of type s
contractors for a type v procurer, and let A(v,s) = fj)\(v, x)dx denote the queue length of the
contractors above s for a type v procurer. Since a type s contractor is hired only when no other

contractor above s selects the same procurer and his price is determined by the next most skilled

28For this result, it is necessary that the highest price quote to a type v procurer is equal to v. This follows from
the fact that the highest contractor type who selects the procurer wins if and only if there is no other contractor,
and thus his quote must be optimal conditional on him being the only quote provider to the procurer.

290ur analysis is restricted to the case where there is no complementarity between procurers’ and contractors’
types. The most general form of this specification would allow complementarity as well as two-sided heterogeneity,
as in Shimer (2005). We do know that the fully revealing equilibrium continues to be efficient in such a more
general setting, but do not know whether the fully revealing equilibrium would exist in our baseline model.
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contractor, his expected payoff by selecting a type v procurer is equal to

e MU (y 4 5) — / (v+s")d (1 — e_A(”’S/)) :
This payoff is, again, identical to the contractor’s marginal social contribution, with the first
term representing the expected social surplus he creates by selecting a type v procurer and the
second term the negative externality to the contractors below his type. All contractors search

efficiently and the fully revealing equilibrium is constrained efficient.

Existence of the fully revealing equilibrium. Letting u(s) be a type s contractor’s market

utility, as before, we get
u'(s) = e A0,

From here, again, we find that a contractor’s winning probability is independent of a procurer’s
type and, therefore, with the first-price auction, each contractor quotes the same price to all
procurers. Then, by the same reasoning as before, the fully revealing equilibrium exists because

a procurer strictly prefers truth-telling to downward deviations and weakly to upward deviations.

5 Concluding Remarks

We consider a two-sided matching environment and show that cheap-talk communication can
be perfectly informative and induce constrained efficient market outcomes. The choice of the
trading protocol is crucial for the results. We show that constrained efficiency can be obtained if
and only if the trading protocol adopted is revenue-equivalent to the first-price auction and does
not disperse prices more than the first-price auction.*® We also illustrate that our insights hold
even in finite markets and with two-sided heterogeneity. Our results identify the settings in which
cheap talk can serve as an efficient competitive instrument, in the sense that the central insights
from the literature on competing auctions and competitive search continue to hold unaltered even
without ex ante price commitment. They also shed light on an active market design question of
whether reserve prices should be made public or not.

Although we consider only one round of market interaction, we conjecture that our results
would carry over to repeated settings such as those analyzed in Peters (1991), and even to
settings with business-cycle shocks and on-the-job-search as in Menzio and Shi (2011). In such
a setting, if parties can write binding contracts about future actions once they meet, contractors

essentially ask for parts of the ensuing surplus, and the rest of our results would apply. For

30To our knowledge, this role of price dispersion is new to the literature. Price dispersion (i.e., the failure of the
law of one price) has received much attention for a long time. However, the literature has been mainly interested
in explaining or generating price dispersion itself (see, e.g., Burdett and Judd, 1983).
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other environments, we have less clear intuition. In particular, when contractors’ types interact
non-additively with procurers’ types, the analysis becomes more intricate. While our exact
technique (based on identical conditional distributions of bids below one’s announcement) no
longer applies, some of our basic insights are likely to carry over. We leave these and similar

explorations in broader competitive market games for future work.

Appendix

Proof of Proposition 1. We first show that for each v € V), it is an equilibrium that all
procurers below v reveal their types, while all other procurers pool together. We prove later that
there does not exist any other partitional equilibrium.

Contractors’ equilibrium bidding strategies. 1t suffices to characterize contractors’ equilibrium
bidding strategies for a procurer above . As in the proof of Lemma 1, a contractor’s expected
payoff is equal to the probability that he is the only quote provider e~ times his expected utility
when he knows that no other contractor selected the same procurer. For the latter part, define

dF(v)  1-F(v)
1-F(@®) 1-F(®®)

v*(0) = argmaz,>; /f(v —¢) (v—rc).

The strict quasi-concavity assumption guarantees that v*(?) is uniquely determined. Then, a
contractor’s expected payoff is equal to

A ) -0,
Denote by H (b; [0,7],\) the probability that a contractor quotes a price weakly below b to a
procurer in [#,7]. Then, for any b in the support of H(-;[#,7],)), as in the proof of Lemma 1,
H(b; [0,7],\) can be obtained from a contractor’s indifference between v*() and b.

Contractors’ equilibrium search strategies. Let u(?) denote contractors’ market utility in the
prescribed strategy profile. In addition, abusing notation slightly, denote by A([7,7]) the queue
length for a procurer above v. Similarly to Section 3.1.2, the equilibrium queue lengths must
satisfy

e 2O (y —¢) < u(®), = u(d) if AM(v) >0,V < 7,

—A([ﬁ,v})%}:;ﬁi]))(y*(@) —¢) < u(v),=u(0) if X([0,v]) > 0,

and

/ CAW)AF() + / [, T)AF () = 8.

Let w be contractors’ market utility in the fully revealing equilibrium. In addition, denote by
u contractors’ market utility in the babbling equilibrium, which can be obtained from the fact
that o = v and A([0,7]) = § in the equilibrium. It is then straightforward to show that for each
U € [v,7], there exists a unique value of u(0) € [v,u] that satisfies the above equilibrium. As
can be easily expected, u(?) is increasing in 0, that is, the more procurer types are revealed, the
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higher utility do contractors obtain.

Procurers’ incentives at the communication stage. Now we prove that no procurer has an
incentive to deviate in the prescribed strategy profile.

First, consider a type v' procurer where v < 9. The procurer has no incentive to deviate to
any other v < v for the same reason as in the fully revealing equilibrium. Suppose he deviates
to above 0. Only the quotes below v' < ¥ are relevant to his expected payoff, but, again due to
the equilibrium conditions for contractors’ search and bidding strategies, the probabilities of her
getting those quotes are independent of his deviation. Consequently, she is indifferent between
truth-telling and deviating to above v.

Now suppose v' > 0, and consider a type v’ procurer’s deviation to v < . As in the fully
revealing equilibrium, her probability of hiring a contractor at a price below v does not change,
but she no longer receives the quotes between [v, min{v’,v*(?)}]. Therefore, she has a strict
disincentive to deviate below v.

Uniqueness. Suppose there exists another form of partitional equilibrium. In the equilibrium,
there must exist v" and v” such that the two types announce an identical message, and v’ < v” <
. Without loss of generality, assume that v and v” are the minimal and maximal values in
the partition element, respectively. In the equilibrium, a type v” procurer necessarily has an
incentive to deviate upward. If she deviates upward, then for any price below v”, she faces the
same probability of hiring a contractor as when she truthfully reveals her type. When pooling
the types in [¢v/,v"] (playing the prescribed strategy), her probability of hiring a contractor at a
price below v’ is the same as when she reveals her type, but her probabilities for prices between
v" and v” become strictly smaller: For any b € (v/,v"],

1 oIV ET (B Tay! ay!! 1o F(U//) - F(b) 11N ET (Byeny!! 7
—A([" ")) H (b;[v" 0", ([v v A" H (b;v""  A(v

Since A([v/,v"])H (b; [v/,v"], \([v/,v"])) < A(@")H (b;v", \(v")) for any b € (v/,v"] N Y, a type v"
procurer obtains strictly less than when she reveals her value (or deviates upward). =

Proof of Proposition 2. The result that only the fully revealing equilibrium satisfies NITS
that is applied to the highest procurer type follows immediately from the uniqueness proof of
Proposition 1: If © < v, then a type ¥ would strictly prefer deviating upward and truthfully
revealing her type.

Now suppose procurers face costs of lying, as in Kartik (2009). Specifically, take a continuous
function C': V x V — R such that for any v € V, C(m,v) is strictly decreasing in m if m < v
and strictly increasing in m if m > v. Then assume that a type v procurer suffers from lying
cost C'(m,y) if she announces m. Since lying costs are concerned only with procurers’ expected
payoffs at the communication stage, no previous characterization, other than the existence of
equilibria, is affected by the introduction of lying costs. Under this specification, we show that the
fully revealing equilibrium is the unique equilibrium that satisfies either a plausible monotonicity
condition or the intuition criterion (Cho and Kreps, 1987).

Message monotonicity. Suppose, as in Chen, Kartik and Sobel (2008) and Kartik (2009),
we restrict attention to message-monotone equilibria in which a procurer with a higher value
announces a weakly higher message. In any such equilibrium, a type ¥ firm strictly prefers
announcing U to any other message, because it would maximize its expected profit from the labor
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market (again, see the uniqueness proof of Proposition 1) as well as minimize the cost of lying.
This immediately implies that only the fully revealing equilibrium satisfies the monotonicity
condition.

Intuitive criterion. Fix a partitional equilibrium and let ¥ be the cutoff procurer type for the
equilibrium (see Proposition 1). In the presence of lying costs, all the procurers in [0, 7] must
pool on message v: If they use multiple messages then, due to lying costs, different procurer
types would self-select into different messages and, therefore, cannot induce the same outcome
for different messages. In addition, if they pool on a message strictly above o, then the types
sufficiently close to § would prefer announcing ¢ (or any message below, but sufficiently close to,
) to pooling on the message.

Now consider a message v > v. Since each procurer is indifferent over all upward deviations
in the absence of lying cost, message v is equilibrium dominated for all types below v + € for
some € > 0. On the other hand, if contractors believe that the message comes from the procurer
types strictly above o, all the procurers above v strictly prefer v to ©. Therefore, message v is not
equilibrium dominated for those firms. Applying the intuition criterion, contractors must believe
that the messages above v come from the procurer types above ©. It is then straightforward that
only the fully revealing equilibrium satisfies the intuitive criterion. m

Formal Analysis of Contractor Heterogeneity

Here, we provide a formal analysis of the baseline model with contractor heterogeneity, which
was introduced in Section 4.3. Since the same analysis applies to both specifications, we focus
on the first specification where contractors differ in their opportunity cost of working.

Strategies and equilibrium. As in the homogeneous contractors case, we impose anonymity
on agents’ strategies. Procurers’ strategies are a function m : V — M where m(v) denotes the
message sent by type v procurers. Contractors’ search strategies are represented by a function
P : M xC — [0,1] where P(m,c) denotes the probability that a type ¢ contractor selects
a procurer who announces a message weakly below m. Contractors’ (pure) bidding strategies
are a function b : M x C — R, where b(m,c) denotes the price type ¢ contractors quote to a
procurer with message m. Procurers’ optimal hiring strategies are trivial, so we omit their formal
descriptions. The formal definition for the fully revealing equilibrium is essentially identical to
that for the homogeneous contractors case and, therefore, is omitted as well.

Given procurers’ communication strategies m(v) = v and contractors’ search strategies P(-, -),
the queue length of type ¢ contractors for a type v procurer is given by

By(c)dP (v, c)

Me-e) ==

(7)
In addition, let A(v,c) = [ A(v, z)dx.

Contractors’ equilibrium bidding strategies. We utilize revenue equivalence to charac-
terize contractors’ equilibrium bidding strategies. Suppose a type v procurer runs a second-price
auction with reserve price equal to v. As usual, bidding his cost is a weakly dominant strategy
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for each contractor. Then, a type ¢ contractor obtains v — ¢ if no other contractor selects the
procurer (ignoring contractors above v without loss of generality), whose probability is equal to
e~Mvv) - If other contractors also select the procurer, then let ¢ be the lowest type among the
contractors. Then, a type ¢ contractor’s payoff is max{c — ¢,0}. Since the probability that ¢’ is
less than z is equal to 1 — e~ 2(®) a type ¢ contractor’s expected payoff is equal to

Uv,c) = e 20V (y —¢) +/ (' —c)d (1 _ 6—A(v,c')> .

Arranging the terms yields

Uv,c) = e M09 (y — ¢) — / (o= ) (1= ede). (8)

The revenue equivalence implies that even with a first-price auction, a type ¢ contractor’s
expected payoff must be as in (8). To deduce b(v, ¢), recall that the winning probability of a
type ¢ contractor is equal to e (¥ in the second-price auction. Since the first-price auction
must give him the same winning probability, it follows that

e M (p(v,¢) — ¢) = U(v, c).

Efficiency of the fully revealing equilibrium. Let u(c¢) = max, U(v,¢). Then, by the same
argument as in Section 3.1.2, the equilibrium queue lengths A(-,-) are characterized by

u(e) > Uv, ¢) = e 2@ (y — ¢) — / (o= ) (1 - e—AW’)) , 9)

with equality holding if A(v,c) > 0, and

/FA(U, o) f(v)dv < Bg(c), Ve € C. (10)

To establish the constrained efficiency of this market outcome, as in the homogeneous contrac-
tors case, consider a social planner who designs contractors’ search strategies so as to maximize
output in the market. Since it is optimal for each procurer to hire the contractor with the lowest
cost, the social planner faces the following maximization problem:

max P(-, ") /_ (/:(v —c)d (1 - e_A(”’C))) dF(v).

Using (7) and the fact that P(7,c) < 1 for any ¢ € C, the problem can be rewritten as follows:
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subject to

/v)\(v, c)dF(v) < Bg(c),Ve € C.

The objective function is concave, while the constraints are linear. Therefore, letting 1(c) be the
multiplier on the constraint for ¢, (A(+, ), u(+)) is the solution if and only if

pe) 2 Mo =) = [ (0= (1),

with equality holding if A(v,c) > 0, and

/v)\(v, c)dF(v) < Bg(c),Ve € C.

Notice that these optimality conditions coincide with those for contractors’ equilibrium search
strategies, (9) and (10). It follows that the market outcome is constrained efficient.

Existence of the fully revealing equilibrium. A proof for the existence of the fully re-
vealing equilibrium is already in Section 4.3. Let us only mention that the (almost-everywhere)
differentiability of u(-) follows from the fact that u(-) is continuous and strictly decreasing, which
in turn derives from the usual incentive compatibility argument that each type can mimic any
other type.
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