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ABSTRACT. We study an allocation problem with asymmetric information, no mon-
etary transfers, and ex-post verifiability. We show that optimal allocation has a
number of anti-competitive features: participation might be restricted to a select
group of agents; allocation is stochastic, occasionally favoring low-value agents;
agents might be required to undertake costly wasteful activities prior to participa-
tion. We also show that, in contrast with the classic insight of Bulow and Klem-
perer (1996) for environments with monetary payments, expanding the market can
be counterproductive and the principal should focus on learning details of the en-

vironment and designing an optimal mechanism for a small number of agents.
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1. INTRODUCTION

Non-competitive allocation mechanisms are ubiquitous in practice. Municipal gov-
ernments assign affordable housing, tax credits, construction permits, and other re-
sources using queues and lotteries. New job positions, equipment, and office space
in organizations are distributed based on reported need and waiting times. Recipi-
ents of foreign aid are determined based on prior allocation or complex bureaucratic
procedures. These allocation processes are frequently accompanied by ex-post inef-
ficiencies, barriers to participation, and diverse costly wasteful activities imposed on
parties seeking these resources.

Such mechanisms can come across as suboptimal and indicative of incompetence or
corruption problems within a government or an organization and a call for alternative,
more competitive, procedures can be in order. Indeed, competition and expanding
participation are among the underlying principles of New Public Management doctrine
that has been pervasive in public administration since 1980s (see, e.g., Hood (1991),
Table 1). The doctrine is credited with the broad push towards market-oriented
mechanisms of service provision and resource allocation.’

The logic behind optimality of competitive allocation mechanisms is compelling. If
the government can sell a resource and is concerned with allocating it to the party
with the highest private valuation, it should attract as many bidders as possible and
allocate the resource through a competitive mechanism. A larger pool of bidders will
increase the maximal potential surplus by improving the first-order statistics of the
valuation of the resource, while competition among the bidders will ensure efficient
allocation, since higher valuations generally translate into higher bids in competitive
mechanisms.

Nevertheless, in many economic environments, including those mentioned above,
selling the resource is infeasible and the notion of efficiency is different from that
of allocating the resource to the party with the maximal private value. Consider,
for instance, a municipal government that would like to allocate a subsidy to a firm
with the highest social rather than the private value of resource.? Each firm privately
knows the social value it will generate but does not internalize it. Furthermore,
payments to the government are infeasible or non-sensible because the firms have
budget constraints, value the subsidy at its face value or the private valuation of
mion of New Public Management doctrine, its effects, and critique, see Batley and Larbi
(2004), Dent, Chandler and Barry (2004), Dibben, Wood and Roper (2004), and OECD (2005).

ZFor optimal auction design with externalities, see, e.g., Jehiel, Moldovanu and Stacchetti (1996,
1999), Aseff and Chade (2008), Figueroa and Skreta (2009), and Brocas (2012).
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the subsidy is independent from its social value, and are not allowed to offer the
government cutbacks for agency reasons.?

In this environment, the government can choose the recipient of the subsidy based
on the reports of the interested firms about their social value, and impose a financial
or legal penalty that destroys part of the firm’s surplus if the realized social value is
inconsistent with the firm’s promise. The penalty, however, will be bounded because
the firms are legally protected by limited liability (Sappington 1983, Brander and
Lewis 1986), can declare bankruptcy and divert some of the assets (Diamond 1984,
2004), courts might be unwilling to impose harsh penalties (Andreoni 1991), enforce-
ment of contracts is imperfect (Gibbons 1988, Krasa and Villamil 2000, Laffont 2003),
or monitoring of realized social value is imprecise.

We show that optimal allocation rules in these environments have a number of
anti-competitive features: participation might be restricted to a select group of firms,
allocation is stochastic, occasionally favoring firms with social values lower than of
their competition, and firms might be required to undertake costly wasteful activities,
such as, e.g., lobbying and bureaucratic paperwork, prior to participation. Thus, these
seemingly inefficient features of allocation rules can be understood as an optimal
response to the informational and enforcement frictions faced by the government.

In our model, there is a principal (government) who has to choose one agent (firm)
from a pool of ex-ante identical agents. The agents’ value for the principal is their
private information and all agents would like to be selected. The utility is not trans-
ferrable, but the principal can learn the value of the selected agent ex-post and there
are penalties that can be imposed on this agent. Municipal government deciding on
allocation of a subsidy is one application of this model. Other applications include
organizational decisions, employee search, choice of a public project, political appoint-
ments, business rankings, and allocation of foreign financial aid, among others.

We start our analysis by studying two simple and natural allocation rules: auctions,
in which the government chooses the firm with the highest reported social value, and
cutoff rules, in which the government randomly chooses among firms that report a
value above a cutoff (Section 4). Under both rules, the government attempts to
deter lies by imposing maximal possible penalty for the false reports. However, since
the penalty is limited, the low value firms will lie and exaggerate their values if
competition is fierce and their chances of winning the resource by truthful reporting
3For recent papers on mechanism design without transfers, see Alonso and Matouschek (2008),

Mylovanov (2008), Borgers and Postl (2009), Kova¢é and Mylovanov (2009), Miralles (2012), Schmitz
and Troger (2012), Azrieli and Kim (2011), and Gershkov, Moldovanu and Shi (2013).
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are slim. We show that if the firms’ values are continuously distributed, then the
unique equilibrium outcome in the auction is equivalent to selecting a firm at random.
In cutoff rules, informative reporting is consistent with an equilibrium if the number
of participating firms is not too big, providing a rationale for restricting participation.

In Sections 5-7, we study optimal allocation rules. The main theme emerging from
the analysis is that competitive forces have to be checked even if the government
can optimally adjust the allocation rule based on the number of participating firms.
An optimal allocation rule is a shortlisting procedure: each firm is shortlisted with
probability that is increasing in its report, and the government chooses a firm at
random from the shortlist. Naturally, after the government observes the true value
of the selected firm, it imposes the maximum feasible penalty whenever the firm’s
report is inconsistent with the realized value. These rules are ex-post inefficient since
the firms with the highest value might not be selected or even shortlisted.

The central feature of the optimal rule is that the government maximizes the prob-
ability of selecting high-value firms subject to the constraint that the low-value firms
are chosen frequently enough so that they do not want to misreport their informa-
tion. That is, the government commits to choose low-social-value firms with some
probability, even when better firms are available. This incentive constraint implies
that the firm’s probability to win the resource increases in its social value slower than
would be optimal in the world with complete information. Surprisingly, this induces
a neutrality result: the maximal attainable payoff for the government is independent
of the size of the market as long as there are at least n firms, where n depends on
the penalty size that can be imposed on the firms. The value of n could be quite
small. For instance, if the penalty does not exceed half of the firm’s surplus from
being selected, then n = 2.

The observation that expanding the market beyond a certain point confers no
additional benefit for the principal stands in contrast with the standard environ-
ments with private values in which the surplus can be fully internalized through
payments (Bulow and Klemperer 1996). In those environments, market expansion si-
multaneously achieves two objectives: it increases the maximal expected surplus and
strengthens competition among agents forcing them to redistribute a higher share of
the surplus to the principal. In our environment, the second force is not present,
which leads to the different conclusion.

An important implication of Bulow and Klemperer (1996) is that design of optimal

allocation rules is a second-order issue and the principal should focus on increasing



VALUE OF COMPETITION 5

agents’ participation. In our environment, however, the principal’s priorities are
reversed and the focus should be optimal design of an allocation rule for a small
number of agents.

Taken from a different perspective, our results suggest that in environments in
which transfers are banned and the government’s purposed objective is social welfare,
the government should not be aggressively advocating use of competitive mechanisms
and expanding competition among participants; and if the government does so, it
is indicative of private transfers such as bribes, cutbacks, and favors between the
government and the firms. This observation bears similarity to the conclusion in
Esteban and Ray (2006) that both poorer economies and unequal economies can
display greater misallocation of public resource even if the government is honest.*

The effect that the principal cannot benefit from a larger market is general and
can be obtained in many other variations of the model. The result is due to two
forces: externalities that cannot be priced and the ability to provide incentives based
on the realized value of the principal’s payoff. The value of competition is limited
because of externalities, but it is optimal to sample more than one agent because the
government can provide incentives ex-post.

There is a connection between the value of competition and the value of recall in a
sequential search interpretation of our model.® Instead of using the shortlisting proce-
dure outlined above, the principal can sample the agents sequentially, selecting each
sampled agent with probability one if she reports high value and, otherwise, selecting
her with minimal probability sufficient to ensure truthtelling. This rule attains the
optimal payoff but requires an infinite pool of agents. The optimal shortlisting rule
that needs only a handful of agents can be viewed as sequential search procedure with
recall.

The optimal shortlisting rule requires commitment on the part of the principal to
implement allocations that are ex-post inefficient. In Section 9, we observe that in

some environments the principal needs much less commitment power to implement

“In Esteban and Ray (2006), the social value of allocating resource is private information of the
agents who also have privately known differential wealth; the agents engage in costly lobbying for
access to the resource.

For recent work on search and matching with incomplete information, see, e.g., Menzio (2007),
Hoppe, Moldovanu and Sela (2009), Chakraborty, Citanna and Ostrovsky (2010), Guerrieri, Shimer
and Wright (2010), Galenianos, Pacula and Persico (2012), and Liu, Mailath, Postlewaite and
Samuelson (2012), Cremer, Spiegel and Zheng (2006, 2007), and Moldovanu and Shi (forthcom-

ing).
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optimal rules, by approaching the agents sequentially and committing to when to
stop as a function of received reports.

Finally, we demonstrate that in our model the principal might benefit from making
participation costly for the agents if the principal’ and the agents’ payoffs are aligned
in a sense (defined in Section 11). In this case, positive participation costs will turn
away the agents with low values because their expected payoff from participation
is low. We show that there exist allocation rules such that the principal’s payoff
converges to that of the environment with complete information as the number of
agents converges to infinity. It is interesting that participation costs may restore the
value of competition — the principal attains the maximal payoff only in the limit as
the agents’ pool becomes infinitely large.

If we interpret the participation costs as lobbying activity by the firms for the
right to be in the pool, our results provide a warning against attempts to eradicate
lobbying. In our model, the positive effect of lobbying consists in discouraging “social”
speculation, whereby firms with negligible social value attempt to obtain the resource
and distort the final allocation.

The rest of the paper is organized as follows. We discuss the related literature
in Section 2, including the relationship between this paper and the recent paper
by Ben-Porath, Dekel and Lipman (2013). The model is presented in Section 3.
Section 4 studies two simple rules: auctions and simple shortlisting procedures, and
shows that these rules fail to be incentive compatible if the number of participating
agents is sufficiently large. We derive an upper bound on the principal’s payoff in our
environment in Section 5. In Section 6, we show that the upper bound can be achieved
by a rule that sequentially samples agents without recall and by a shortlisting rule.
Section 7 presents the result that the principal cannot benefit from expanding the
pool of agents beyond a certain point. In Section 8, we consider a sequential search
variation of our model. We relax the commitment power of the principal in Section
9. Section 10 considers an environment in which the principal can replace the agent
after learning his value. In Section 11, we extend the model to allow for participation
costs. We conclude with discussion our results and directions for future research in

Section 12. Some of the proofs are in the Appendix.

2. LITERATURE

Ben-Porath, Dekel and Lipman (2013) (henceforth, BDL) study a related model,
with the key difference in modeling verification of agents’ types by the principal. In
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BDL the principal can pay a cost and acquire information about agents’ types before
making an allocation decision, that is, types can be verified ez ante.® Our paper takes
a different approach: after having selected an agent, the principal learns the type and
can impose a penalty on that agent, that is, types are verified ez post.”

As a consequence, the structures of feasible mechanisms and underlying incentives
are distinct, giving rise to drastically different optimal mechanisms. BDL feature an
intriguing and surprisingly simple optimal rule called favored-agent mechanism. The
principal picks a favored agent, i, and a threshold. If the highest report among agents
other than 7 is above the threshold, then that report is checked and, if confirmed, the
agent with that report is selected; in any other event the favored agent is selected.
In our paper the optimal mechanism is a shortlisting procedure, where each agent
is shortlisted with a probability that depends on its reported value, and then the
choice is made from the short list at random, equally likely. One major difference
between these two approaches is that BDL’s optimal mechanism is deterministic and
asymmetric, while ours is stochastic and symmetric; in fact, in our model deterministic
allocations are generally not optimal. Another major difference concerns the value of
competition, the focal issue of this paper: in BDL the principal’s optimal payoff is
increasing in the number of (symmetric) agents, so additional competition is always
valuable, while in our model this is not the case. We discuss reasons for different

effect of competition in our and BDL model in Conclusions.

There is a recent literature on mechanism design with partial transfers; in this lit-
erature the agents’ information is non-verifiable.® In Chakravarty and Kaplan (2013)
and Condorelli (2012b), a benevolent principal would like to allocate an object to
the agent with the highest valuation, and the agents signal their private types by

exerting socially wasteful effort. The central issue is the trade-off between efficient

6A growing literature studies environments in which evidence that can be presented before an al-
location decision is made, e.g., Townsend (1979), Grossman and Hart (1980), Grossman (1981),
Milgrom (1981), Green and Laffont (1986), Postlewaite and Wettstein (1989), Lipman and Seppi
(1995), Seidmann and Winter (1997), Glazer and Rubinstein (2004, 2006, 2012, 2013), Forges and
Koessler (2005), Bull and Watson (2007), Severinov and Deneckere (2006), Deneckere and Severinov
(2008), Kartik, Ottaviani and Squintani (2007), Kartik (2009), Sher (2011), Sher and Vohra (2011),
Ben-Porath and Lipman (2012), Dziuda (2012), and Kartik and Tercieux (2012).

"In our model, the utility is not transferable. Optimal mechanism design with transfers that can
depend on ex-post information has been studied in, e.g., Mezzetti (2004), DeMarzo, Kremer and
Skrzypacz (2005), Eraslan and Yimaz (2007), Dang, Gorton and Holmstrom (2013), Deb and Mishra
(2013), and Ekmekci, Kos and Vohra (2013). This literature is surveyed in Skrzypacz (2013).

8An exception is Bar and Gordon (forthcoming), discussed below, who consider an extension with
ex-post verifiable types.
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allocation and wasted resources: if truthful communication is expensive, it might be
optimal to select a winner randomly or based only on the publicly available informa-
tion. Condorelli (2012b) studies a very general model with heterogeneuos objects and
agents and characterizes optimal allocation rules where a socially wasteful cost is a
part of mechanism design. Chakravarty and Kaplan (2013) restrict attention to ho-
mogeneous objects and agents, and consider environments in which socially wasteful
cost has two components: an exogenously given type and a component controlled by
the principal. In particular, they demonstrate conditions under which, surprisingly,
the uniform lottery is optimal.”

Bar and Gordon (forthcoming) consider a problem of project selection. For each
project, the principal’s and the project manager’s values of the potential match are
privately known to the manager. Transfers are permitted in one direction: the prin-
cipal can subsidize but cannot tax projects. Even though the problem of efficient
matching is isomorphic to Myerson (1981), the problem of the principal’s revenue-
maximizing project selection is different and yields an unexpected result. The optimal
mechanism features randomization over projects whose reported value for the princi-

pal exceeds some threshold; the highest type is not guaranteed to be chosen.

In Manelli and Vincent (1995), a principal would like to procure a good from sup-
pliers whose quality is uncertain. In their environment, a trading mechanism that
selects the bidder with the lowest price might result in only low-quality goods being
offered for sale, so competitive mechanisms might price out high quality suppliers.
Che, Gale and Kim (2013) consider a problem of efficient allocation of resource to
budget constrained agents and show that a random allocation with resale can out-
perform competitive market allocation. In an allocation problem in which the private
and the social values of the agents’ are private information, Condorelli (2012a) charac-
terizes conditions under which optimal mechanism is stochastic and does not employ

payments.

The literature has identified multiple reasons for restricting participation in allo-
cation mechanisms. In auctions with entry costs, large number of bidders might be
inefficient, as low-value agents have low probability to win and thus lack incentives
to participate (Levin and Smith 1994, Gilbert and Klemperer 2000, Ye 2007). In our

model, on the other hand, participation costs can restore the value of competition

9See also McAfee and McMillan (1992), Hartline and Roughgarden (2008), Yoon (2011) for environ-
ments without transfers and money burning. In addition, money burning is studied in Ambrus and
Egorov (2012) in the context of a delegation model.
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(Proposition 11). Compte and Jehiel (2002) study auctions in affiliated value envi-
ronments and show that the uncertainty about the common value component might
imply that more bidders need not lead to higher welfare.

If the value of surplus is endogenous and is determined by the actions of the agents
prior to the allocation decision, excessive thickness of the market might weaken their
incentives to undertake costly actions that increase the total surplus. For example,
in research and development contests, it might be optimal to limit the number of
participants to improve their incentives to invest in developing new technology (Taylor
1995, Fullerton and McAfee 1999, Che and Gale 2003). In financial settings, it may
also be desirable to limit the number of banks to keep their incentives to screen loan
applicants (Cao and Shi 2001).

3. MODEL

There is a principal who has to select one of many agents. The principal’s payoff
from a match with agent i is x; € X = [a, b], where x; is private to agent i. The values
of z;’s are i.i.d. random draws, with continuously differentiable c.d.f. F' on X, whose
density f is positive almost everywhere on X. Each agent ¢ can make a statement
y; € X about his x;.

If an agent is not selected, his payoff is 0. Otherwise, he obtains a payoff of
v(z;) > 0. Thus, a match with agent i generates the surplus S(z;) = z; + v(z;), and
the distribution of the surplus between the parties is exogenously fixed.

In addition, we assume that if the agent is selected, the principal can verify x; and
impose a penalty equal to the fraction c¢(x;) > 0 of the agent’s share of the surplus,
where c is measurable.!® Note that ¢ can be non-monotonic and greater than one. To
save on notation, w.l.o.g. we normalize v;(x;) to a unit of utility for agent ¢, v;(x;) = 1.

Our primary interpretation of c¢ is the mazimal penalty that can be imposed on
the agent, conditional on his report y; and type x;; that is, we assume that x; of the
selected agent can be verified ex-post. The main message of the paper is robust to
extensions that allow for stochastic verification of x;, assume that the value of z; is
verified with some noise, or make verification costly for the principal or the agent.
The value ¢(z;) can also capture the share of the lost surplus from the match if the
principal can burn the surplus or break up the match with some probability or delay
after learning the payoff (see Section 10). An alternative interpretation consistent
Wlow ¢ to depend on the entire type profile, ¢(z1, 2, ..., 2, ), where n is the number of

agents, without affecting any of the results. In that case, ¢(z;) should be thought of as the expected
value of ¢(x1, 22, ..., 2,) conditional on x;.
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with the results is that ¢ represents the intrinsic disutility borne by the agent for
being dishonest in case he is selected.

The principal has full commitment power and can choose any stochastic allocation
rule that determines a probability of selecting each agent conditional on the report
profile and the penalty conditional on the report profile and the type of the selected

¢,

agent after it is verified ex-pos The allocation rule is common knowledge among

the agents. The solution concept is perfect Bayesian equilibrium.

3.1. Applications. Resource allocation. The principal is a government that has a
subsidy or a construction permit to allocate to one of several firms. There are no
payments between the firms and the government, for example, because of legal or
political constraints. The firms have private information about the social impact
of their use of the resource. With some probability, the government can verify this
information ex-post, in which case it can impose a penalty on the firm if it lied in its
application.

Organizational decisions. A related application (Ben-Porath, Dekel and Lipman
2013) is a dean who has a job slot to allocate to one of the departments. Each
department has private information that determines the value to the dean of giving
the post to the department. There are no monetary transfers, but the dean will
eventually learn the value of the hired faculty and can penalize the department in the
long run.

Contest. The principal is a ranking agency that selects the best business in an
industry. Her objective is to select the best business based on customer opinions and
referee reports. The businesses can manipulate the ranking algorithm by establishing
cozy connections with referees and encouraging multiple votes from their patrons. The
winner gets the spotlight; the relevant disutility cost for the winner is the probability
of being caught manipulating the ranking and excluded in the future.

Public project. A regulator would like to reorganize a failing bank. Its objective is to
maximize the social value of the restructured bank. There are multiple stakeholders
who can make proposals about how to reorganize the bank. The quality of their
proposals is their private information. Once a proposal is adopted, its quality is
revealed; there is a legal penalty for deliberate distortion of information if there are
negative consequences for public and/or other stakeholders.

Political appointments. The principal is a politician that would like to appoint a

loyal and competent bureaucrat to an agency position. The payoff to the bureaucrat

H\We consider the environment with limited commitment in Section 9.
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is the experience, visibility, and connections he or she acquires in the position. The
competence and loyalty of the bureaucrat are eventually revealed and the principal
can choose to fire the bureaucrat. In particular, the agent can be fired and the penalty
can be the unrealized share of the match surplus. Furthermore, the characterization
of the optimal rule is not affected if we allow the principal to restart the search after
firing the agent to recover the unrealized share of the surplus. We discuss this more
formally in Section 10. A related example is that of a prime minister of a country who
would like to choose a judge to lead a judicial inquiry into a political scandal. Prime
minister is interested in selecting a judge whose preferences and views are aligned
with those of the government. If the final report is unpleasant to the government, it
can penalize the judge by excluding her from lucrative appointments in the future.

Foreign financial assistance. A foreign country is undergoing a political transfor-
mation as a result of, e.g., a civil war or a revolution. The government of the United
States has the ability to influence who will come to power and would like to support
an opposition or rebel faction whose interests are most aligned with those of the US
objectives; the US will channel financial and political support to this faction. The
faction’s true allegiance and goals are, however, uncertain, and will come to light
after, and if, it comes to power, at which point the US can choose whether to discon-
tinue financial aid. For example, the emergency appropriation bill H.R.1591, Section
1054, passed by the US Congress in 2007 imposes a number of benchmarks that have
to be met by the Iraqi government and threatens with early withdrawal of the US
troops and cessation of further financial aid if the benchmarks are not met.!? Similar
aid cutoff provisions are present in many other bills, including recent bills concerning
Arab Spring countries.

4. SIMPLE RULES: AUCTIONS AND SHORTLISTING

In this section, we explore two simple rules: auctions and simple shortlisting proce-
dures. In auctions, the agents report their information and the principal chooses an
agent with the highest report. Under shortlisting, the principal shortlists any agent
whose report exceeds a certain cutoff and choose at random an agent from the short-

list. We show that both rules are outcome equivalent to selecting an agent at random

2The conditions include “whether the Government of Iraq has given United States Armed Forces
and Iraqi Security Forces the authority to pursue all extremists, including Sunni insurgents and
Shiite militias, ..., reform of current laws governing the deBaathification process, ..., whether the
Government of Iraq is ensuring the rights of minority political parties in the Iraqi Parliament are
protected.”
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if the number of participating agents is sufficiently high. Hence, if the principal is
restricted to use these rules, it might be optimal to limit the number of participating
agents. In applications, exclusion can take a variety of forms, including imposing
irrelevant qualifying requirements, informing about the possibility to participate only

a select group of agents, and imposing early participation application deadlines.

4.1. Auctions. If the value of x; were commonly known, the optimal rule for the
principal would be to choose the agent with the highest x;. When the agents’ values
are not observable, the rules must rely on the agents’ reports. So, the principal can
attempt to take advantage of the competition among the agents by running an auction
in which the agents report (bid) their x; and the principal chooses an agent with the
highest report; the ties are split randomly; and the winner is penalized if and only if
his report is incorrect. If agents report their z; truthfully in the auction, then it is,
clearly, an optimal allocation rule for the principal.

Let us consider a two-type example: each agent is either high type (zy) or low type
(1), where xy > x;, > 0. The prior belief puts probability a € (0,1) on low type.
The relevant incentive constraint in the auction is that low type finds it optimal to

report his true type
1 - Pr(match|zy) > (1 — ¢(x)) Pr(match|zy)

If all agents report their types truthfully,

Pr(match|zy) = a—,
n
1 n—1)! R
Pr(match|zy) = % Ok —(1)'(71)— k)‘<1_ Yetgnh
k=1 '
1 " n!
— 1 — k_ n—k
n(l—a) lk!(n—k)'< a)a
1 =a”
 n(l—a)

We obtain

Remark 1. In a two-type environment, the auction is incentive-compatible if and

only if

clxp) > 1-—

1_an(1—a).
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For any ¢(zy), the auction is not incentive compatible if n is sufficiently large, in
which case the unique equilibrium outcome is for all agents to report x g regardless of
their types. As a result, the principal might want to restrict participation in auction

in order to make reports informative.

Corollary 1. Ifc(xy) < 1 and the principal is restricted to use auction in a two-type

environment, it can be optimal to exclude agents from participating.

The above observations can be easily generalized to discrete type environments
with more than two types. However, as we show in the following proposition, auction

is not incentive-compatible if types are continuous.

Proposition 1. Let types be distributed continuously and let sup ¢(z) < 1. Then in
the unique symmetric equilibrium of the n-agent auction every agent i € {1,...,n}

reports the highest value b irrespective of his type.

The existence argument is straightforward. If everyone is bidding the highest value,
b, for all j # i, then agent 7 also finds it optimal to bid the highest value since this
bid ensures +(1 — ¢(x;)) > 0 and every other bid has no chance of winning. The
uniqueness is shown by, first, observing that for low values of z bidding truthfully
is dominated by paying penalty ¢(z) and outbidding, possibly weakly, everyone else
and, then, applying this argument inductively for other values of . The complete

proof is in the Appendix.

4.2. Shortlisting rules. In order to provide incentives for the agents to report their
types truthfully, we can modify the auction in continuous type environments to mimic
the incentive structure of the two-type example. Consider the following simple short-
listing rule: All agents who report types above some cutoff = are shortlisted and
the principal chooses an agent at random from the shortlisted agents. If no one is
shortlisted, the principal randomly picks an agent. As in auction, the chosen agent is
penalized if and only if his report is a lie.

The following result follows from the argument identical to the one for Remark 1.

Proposition 2. There exists a truthtelling equilibrium in the simple shortlisting rule
with cutoff T if and only if

(1) clx) > 1-— Tﬂ(j)(l — F(z)) forallx < zZ.
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Note that if sup ¢(x) < 1, then for any given Z the rule ceases to have a truthtelling
equilibrium for a sufficiently large n. Hence, we have a result similar to the one for

auction in two-type environments.

Corollary 2. If the principal is restricted to use simple shortlisting rules, it can be

optimal to exclude agents from participating.

We have established that it might be optimal to restrict competition among agents
if the principal is limited to use a certain class of rules. It is not clear, however, if
it continues to be optimal to exclude agents if there is no restriction on the rules
that can be used for the principal. Intuitively, as the number of agents increases, the
principal might be able to adjust the rules to maintain incentive compatibility and

benefit from superior distribution of the highest type in the agents’ pool.

5. UPPER BOUND

In this section, we allow the principal to consider any rule and derive an upper
bound on the principal’s payoff. An allocation rule (p, £) associates with every profile
of statements y = (y1, . .., yn) a probability distribution p(y) over {1,2,...,n}, where
for each agent i, p;(y) stands for the probability of choosing i, and a family of functions
&(xy,y) €[0,1],7 = 1,...,n, which determine the probability that agent  is penalized
if he is selected given his type and the report profile.

Let x* be the unique solution of

. b

(2) /x (" — z)max{1l — ¢(z),0} f(x)dzx = / (x —2") f(x)dz.

*

Proposition 3. In any allocation rule, the principal’s payoff is at most x*.

To understand (2), note that by the revelation principle, we can focus on incentive-
compatible rules in which truthtelling is an equilibrium. Since x; of the selected agent
is verifiable, it is optimal to penalize the selected agent whenever he lies, y; # x;, and
not penalize him otherwise.

If the penalty exceeds the surplus, ¢(x) > 1 for all z, then this is sufficient to deter
lying. Then, the principal payoff is uncapped and z* = b. Otherwise, the penalty
might be insufficient to ensure truthful reporting. Since there are no transfers, the
incentives have to be provided through allocative distortion: each agent must be
chosen with a high enough probability so that the benefit of making a false report is
less than the penalty.
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Now, let ¢;(Z) be the expected probability that agent ¢ is selected if he reports Z.
Hence, g;(z;) is the agent’s payoff from truthful report. The most profitable deviation
for the agent is to report a type that maximizes the probability of selection, in which
case he obtains sup g; - (1 — ¢(x;)) since he will be penalized after his lie is found out.
Thus, incentive compatibility requires that g;(z) > sup g; - max{1 — ¢(z), 0} (c.f. the
left-hand side of (2)).

The principal’s payoff is maximized by a cutoff rule that maximizes probability of
selecting agents with types above z* subject to the constraint that the types below z*
are selected with high enough probability to provide incentives for truthful reporting.
The left-hand side of (2) is the marginal incentive cost as a function of x* due to the
rents that have to be given to the agents below z*, while the right-hand side of (2) is

the marginal value of selecting agents with types above x*.

Proof of Proposition 3. By the revelation principle, it is sufficient to consider
allocation rules in which it is a perfect Bayesian equilibrium for all agents to make
truthful statements. Furthermore, without loss of generality, we focus on the rules in
which reports are punished if and only if they are dishonest. So, henceforth, we set
&(xy,y) = 0if y; = x; and 1 otherwise and drop £ in the description of the allocation
rules.

Fix allocation rule p. Denote by F the joint c.d.f. of all n agents and by F_; the
joint c.d.f. of all agents except i. Denote by g;(y;) the expected probability that agent

7 is chosen in the truthful equilibrium after reporting v;,
(3) 9i(yi) = / pi(yi, i) dF_i(x_;).
LB_,L'EX"71

The payoft of agent i whose type is x; and who reports y; is equal to

Vi(ws, yi) = 9i(ya) (1 = 1y,z0,¢(75))

where 1 is the indicator function that equals one if the selected agent is punished, y; #
x;, and zero otherwise. Hence, each i’s incentive constraint is V(x;, z;) > Vi(x;, y;)

for all x;,y; € X, or equivalently,

(4) gi(z) > (1 —c(x))g; forallz e X,
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where g; = sup g;(x). The principal’s problem is to

n

max Y [ (o) fada,

p
=1

s.t. (3) and (4) forall i =1,...,n.

By symmetry, we can use the same g; for all agents, g; = g. The relevant incentive

constraint for agent ¢ is, therefore,
(4") g(x) > (1 —c(x))g forall xz € X.

The expected payoff for the principal is equal to
Wig)=n [ ag(o)f(a)de
zeX

Let g* be a maximizer of the relaxed principal’s problem in which we maximize W (g)

over g subject to (4') and the interim feasibility constraint'®

(5) n / @)z =1,

We optimize W (g) by assigning the highest feasible weight (a constant g) to high val-
ues and the lowest feasible, incentive compatible weight (equal to g max{1 — c(x),0})
to low values. So, there exists threshold x* € X such that almost everywhere on X
max{l — c(x),0}g*, if x <a*,
g'(x) = .
g%, if v > a*.
Otherwise, we can redistribute the probability mass from low values of x for which
there is slack in (4') to higher values of x for which g*(z) < g* and increase the
principal’s payoff value.
Denote by A} the transformed density function which coincides with the original

density f for values above x* and is minimized s.t. the incentive constraint for values

below z*:
oo () = Al @) O, @ <,
1, T >k
Let
© A1) = [ @@ ad V) = g [ ohe@) @)

I3We relax the constraint that there should exist p consistent with g.
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Note that % is a probability density, and V(x*) is the expectation w.r.t. that
density.
Since g*(x) = §*hy(x), we have W (g*) = ng*H (2*)V (z*), and feasibility constraint

(5) reduces to
(7) ng*H(z") = 1.
Substituting (7) into the payoff, we get

W(g") = maxV(z").
The first-order condition reduces to (2). By the standard argument, the solution is
unique.' A straightforward calculation establishes that W (g*) = *.'® The value of
x* is the upper bound on the principal’s payoff, because we have not verified that

there exists p consistent with ¢*. m

Comparative statics for z*. We now provide several intuitive comparative statics
results for x*. The value of x* increases if the principal has access to stricter penalties

and if higher types are more likely.
Corollary 3. Let &(z) > c(z) for almost all x € [a,x*]. Then, x*(¢, F) > x*(c, F).
The proof is immediate by (2).

Corollary 4. Let c(x) be nondecreasing and a.e. differentiable. Suppose that F' first-
order stochastically dominates F. Then x*(c, F) > z*(c, F).

Proof. Rewrite (2) as

* b

/ﬂj (¥ — max{1l — ¢(x),0}(z" — x)) f(z)dz + / zf(x)de = z*.

Integrating by parts and rearranging the terms, we obtain
. b

/a ’ (max{1 ~ e(2),0} — % max{l — c(z), 0} (" — x)) F(x)da+ / F(z)dz = b—a".

*

Note that <= max{1 — ¢(z),0} is a.e. well defined and nonpositive. Hence, replacing

F by F makes the left-hand side smaller, and consequently, z* greater. m

HMgince f is a.e. positive, the left-hand side of (2) is strictly increasing in z*, moreover, for * = a
we have —(fab xf(z)dx —a) < 0 and for z* = b we have b — f;xmax{l —¢(z),0} f(z)dz > 0.
By (g*) = z* + ﬁ (— [ (2" — 2) max{1 — ¢(x), 0} f(x)dz + f; (x — x*)f(x)dx> = x* since the

second term is zero by (2).
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Example. Let F' be uniform on [a, b] and let ¢ be constant. Then x* solves

*

/ab(x* —z)dx = c/ax (" — z)dx,

which reduces to z*(b — a) — <E — “—2> =c (x*(x* —a) — (@:*)2 — “—2)> If [a,b] =

2 2 2 2
1—v/1—c

[0, 1], the expression is equal to ¢(2*)* —2x*41 = 0. The relevant root is z* = =%

6. IMPLEMENTATION

How many agents are required to attain the payoff of *? Let n = oo and consider
the allocation rule p%_ that samples agents sequentially, until some agent is selected.

In every period a new agent is drawn and selected with probability

maX{l - C(y>a 0}7 y < z*,
1

hx*(y): -
) y—','L"

given his report y.1® This rule achieves z*. To see this, note that if the first agent is

selected, then the principal’s expected payoff is equal to z*:17

®

Vo= / xmax{l—c(m),O}f(x)dx—i—/fxf(x)dx:x*.

This continues to hold for any agent: conditional on nth agent being selected, the
principal’s expected payoff is x*. Since there are infinitely many agents, the principal

will select an agent eventually, implying that the rule implements the payoff of x*.

Proposition 4. The rule p%_ attains the payoff of x*.

Proof. Let H(z*) and V(z*) be as in (6). The principal’s payoff W (p?,) is stationary:
W) = [ (he@o+ (0= he@)WGL) e,

hence W (p%,) = H(lz*) [x The(2) f(x)dz = V(z*) = z*. m

Could the same payoff be achieved with a smaller number of agents? For a given

penalty function ¢ and a given c.d.f. ', denote by n the least integer that satisfies

1— Fﬁfl( l‘*)
8 c(r) < ——————= forall x < 2",
(®) (@) < o <
I6Note that this rule is asymmetric; the proof of the upper bound z* applies to all rules, including
asymmetric ones.
17¢ f. footnote 15.
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This is a condition on primitives: F' and ¢ determine z* and, consequently, . Observe
that n exists if and only if sup{c(z)|z < z*} < 1.

Consider the following shortlisting procedure. Let each agent i« = 1,...,n be short-
listed with some probability ¢(y;) given report y;. The rule chooses an agent from the
shortlist with equal probability. If the short list is empty, then the choice is made at

random, uniformly among all n agents.

Proposition 5. If n > n, then there exists a shortlisting procedure that attains the

payoff of x*.

The proof is relegated to the Appendix.

To obtain the intuition why the principal can achieve the payoff of z* with fewer
than n = oo agents, recall that in the sequential sampling rule described in Proposi-
tion 4, the principal achieves the payoff x* conditional on each selected agent. This
rule selects kth agent with probability (1 — H(z*))*"1H(z*) and, thus, the expected
contribution of this agent to the principal’s payoff is z*(1 — H(z*))* 1 H(x*).

The proof of Proposition 3 has established that each agent can contribute up to
x*H(z*) to the payoff of the principal. The proof of Proposition 5 constructs a
symmetric rule in which each agent contributes the same amount to the principal’s
payoff and their total contribution is equal to z*.

The shortlisting procedure is an indirect implementation of this rule. It is obtained

by setting the probability of shortlisting to be equal to
(9) q(z) = (Ahg-(z) - B)/(A— D),

where A and B are the expected probabilities to be chosen conditional on being
shortlisted and conditional on not being short-listed that depend on ¢ and the number
of agents n. Hence, the solution of ¢ is a fixed point. The values of A and B are
decreasing in n. The proof then shows that there exists a finite i such that there
exists finite n such that (9) has a solution.

Note that (9) implies that an agent’s payoff conditional on his truthful report x is
equal to the probability to be chosen,

q()A+ (1 —q(z))B = Ahy (),

whereas his payoff from reporting y > z*, y # x, is equal to A(1 — ¢(x)) < Ah,(z).

Hence, the rule is incentive-compatible. Furthermore, it delivers the principal the
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payoff of z* as

fX A+(1—q(m))B)f(x)dx_ 1 . V() = V(™) = o
W= AT T —e@))B) Fio)s = G J e @) = V) =0

The optimal shortlisting rule requires commitment by the principal to sometimes
forgo the agent with the highest report. We discuss the role of commitment power
in more detail Section 9 and argue that the principal requires much less commitment
power. In particular, we show for two type environments that an optimal rule can
be implemented by a principal who can commit to stop sampling agents with some
probability.

Condition (8) is not particularly elegant. Here is a much simpler condition that is

independent of F and z*. Let 7 the smallest positive integer such that'®

1
(10) clr) <1-— - forall z € X

By construction n > 7' and hence

Corollary 5. If n > n, then there exists a shortlisting procedure that attains the
payoff of x*.

7. VALUE OF COMPETITION

Thus, the value of competition is limited and expanding the market beyond n
agents confers no benefit to the principal. Propositions 3 and 5 imply our central

result:

Theorem 1. The optimal rule with n agents is superior to any rule with n > n

agents.

If expanding the market is costly, this result strengthens: the optimal rule with n
agents is strictly superior to any rule with n > n agents.

Thus, in contrast with the classic insight in Bulow and Klemperer (1996), com-
petition has limited value, and the principal should focus on learning details of the
environment and designing an optimal mechanism for a small number of agents.
18Note that 7 also exists if and only if sup,cy c(z) < 1.

PIndeed, for any z € (0,1)

1—2"’1_ 14+ z24...4272 _ 1 > 1 1
1—27 14z24...42zn=24 01 2=(=1) 4 ,=(n=2) 4 4141~ n’
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Moreover, under fairly broad conditions, n is very small. For example, suppose
that the penalty is bounded by half of the utility of matching:

c(z) <3 forallz e X.

Then it is optimal for the principal to look at most two agents. On the other hand,

n — 00 as ¢(x) converges to one for all x.

8. SEQUENTIAL SEARCH

Time is discrete, t = 1,2, ..., 00, and the principal can sample agents at cost v > 0
per agent. The rest of the model is identical. If v = 0 and there is no recall of agents,
the optimal rule for the principal is to choose the agent with probability one if he
reports x > x* and with probability max{1—c(z), 0} otherwise. This rule implements
the payoff of z*. For positive sampling costs, the optimal rule without recall has the
same cutoff structure but a lower value of cutoff, which is the unique solution of

. b

(11) /m (x* — x) max{1 — ¢(x),0} f(x)dx + v = / (x — ") f(z)dz.

*

Proposition 6. Assume the principal samples agents sequentially at cost v < E[z],
and recall is not allowed. Then the principal’s optimal rule is to choose the sam-
pled agent with certainty if his report is above x* and to choose him with probability
max{1 — ¢(x),0} if his report is below x*, and sample a new agent with the comple-

mentary probability.

Note that in the standard sequential model with observable types, the optimal
cutoff is given by the solution of v = ff (x — 2*) f(z)dz and the optimal rule chooses
the first agent with type exceeding xz*. Hence, fax(:c* — x)max{l — ¢(x),0} f(x)dz
can be interpreted as the search cost incurred by the principal due to privacy of the
agents’ types.

Since sampling agents is costly, recall is valuable. Furthermore, the principal will
sample fewer agents that would be optimal if there were no sampling costs, implying
that the optimal rule samples at most n agents. Hence, the result that competition
has limited value can be viewed from the perspective of the value of recall in the

search interpretation of our model.?’ Thus:

Proposition 7. Assume the principal has to sample agents sequentially at cost v and

recall 1s allowed. Then, it is optimal for the principal to sample at most n agents.

20For a survey of search literature, see Rogerson, Shimer and Wright (2005).
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9. LIMITED COMMITMENT

The optimal shortlisting rule requires commitment on the part of the principal to
implement allocation that is ex-post inefficient. To implement optimal rules, however,
the principal requires much less commitment power.

Consider the class of stopping rules that sample agents sequentially and prescribe
when to stop as a function of received reports. Once the search is stopped, the
principal makes an ex-post optimal choice among the sampled agents. That is, the
principal can commit to stop sampling with some probability, but she cannot commit
to choose an ex-post inefficient agent.

In two-type environments, optimal rules can be implemented as stopping rules:
after sampling an agent, the principal commits to stop search with certain probability.

We state this observation without proof (see the working paper version of this paper).

Proposition 8. If the environment has two types and the principal can commit to

stopping rules, then the principal can attain the optimal payoff.

Another way to relax commitment is to consider indirect rules in which the agents
do not report their types, but report whether the types belong to a subset of X.
Clearly, the simple shortlisting rules permit an equilibrium in which the agents report

if their types is above or below a cutoff and the chosen agent is punished if he lies.

Proposition 9. The principal can implement simple shortlisting rules even if she
cannot commit to choose an inefficient agent conditional on available information at

the moment of selection.

The same idea will allow to implement a somewhat more complex rules, in which
X is partitioned, and the agents report elements of the partition. The principal then
selects at random any agent that reported the highest element of the partition. If
the number of agents is not too high and the partition is sufficiently coarse, this rules
are incentive compatible and do not require the principal to commit to select ex-post
inefficient agents.

We leave the question of whether these constructions can be adjusted to implement
optimal rules in general environments and, otherwise, how much is the principal’s loss

due to lack of commitment power for future research.

10. REPLACEMENT

In this section, we would like to substantiate the claim we made after describing

the model in Section 3 that making the punishment costly for the principal does not
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affect the results. Let us look at the model in which the principal and the agent
interact for T' > 1 periods, the principal learns the agent’s type at the end of the first
period, and can punish the agent by firing him. Firing the agent, however, is costly
for the principal, as the principal need to replace the agent in the second period. The
agent’s utility per period is 0 if unemployed and % otherwise. The principal’s payoff
from employing agent ¢ is Z per period. If the principal does not employ the agent,
she obtains the outside option of % per period. We can think of  as the expected
quality of another agent chosen at random from the pool of remaining agents.

The arguments for the upper bound of the principal’s payoff extend immediately
to this model. Since the cost of lying in period 1 is the agent’s foregone payoff in all
subsequent periods, ¢(x) = (T — 1)/T, the upper bound of the principal’s payoff is

the max of ¥ and z*, where x* is the unique solution of

*

T b
(12) %/ (" — ) f(x)dz = / (x — ") f(x)dz.

*

If 2* > Z, the shortlisting rule described in the proof of Proposition 5 attains this

payoff. Furthermore,
Proposition 10. For any T, the principal can attain the payoff of x* with T agents.

Proof. By (10) and Corollary 5, the upper bound of the minimal number of agents

required to attain z* is less than or equal to 7. m

11. COSTLY PARTICIPATION

In this section, we demonstrate that in our model the principal might benefit from
making participation costly for the agents. For example, a government can impose
costly bureaucratic requirements on the companies that would like to apply for a
subsidy or a construction permit and the selection procedure can be made lengthy,
require physical presence of top management of the companies, and the companies can
be burdened with unnecessary paperwork. These requirements are socially wasteful,
but in some environments can discourage participation of companies with low value
for the principal and increase the efficiency of the final outcome.

Recall that v(z;) is the payoff of an agent ¢ from the match, which has been nor-
malized to one. In the environments with participation costs, this normalization is
no longer valid and, hencenforth, we allow for v(z;) different from 1. Let v > 0 be

the utility loss the the agent has to incur in order to participate in an allocation rule.
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Participation costs can be beneficial for the principal if the principal and the agents
payoffs are aligned and v(z) is increasing. In this case, positive participation costs will
turn away the agents with low types because their expected payoff from participation
is low. The downside is that with some probability all agents may happen to be
low types and no one participates, so the principal ends up with no match. In an
optimal rule with participation costs, the principal will balance these forces pretty
much as a monopolist trades off the probability of sale with price. The proposition
below exhibits an environment and an allocation rule such that the principal’s payoft
converges to that of the environment with complete information as the number of
agents converges to infinity. The rule has is qualitatively different from the optimal
rule identified in the previous sections: the agents are not asked to report their types,
the chosen agent is always penalized, and the penalty is less than the maximum and
varies with the agent’s type. It is interesting that participation costs may restore the
value of competition — the principal attains the maximal payoff only in the limit
as the agents’ pool becomes infinitely large. These results, however, require a joint

assumption on the preferences of the agent and penalty function c.

Proposition 11. Suppose that there ezists a strictly increasing function t(x) such
that v(x)(1 —c(x)) < t(x) <wv(x) for allz € X. Then, for every v, 0 <y < supt(z),
the principal’s optimal payoff approaches the maximal value of the agent’s type b as

n — OoQ0.

The proof of this proposition is below. The conditions of the proposition on v(x)
and ¢(z) can not be discarded with easily. In particular, if the principal’s and agents’
payoffs from a match are misaligned and v(x) is decreasing, then imposing a partici-
pation cost need not be beneficial for the principal. For example, if v(x) is decreasing
fast enough, positive participation costs will only have a negative effect by excluding
high type agents. Thus, in the environments in which the principal is eager to select
the agents who are not eager to be selected and the opposite is true for the agents,
the principal will continue to benefit from limiting competitive pressure on the agents
but will not use participation costs to exclude them.

We conjecture that there is a relationship between the conditions under which the
principal can benefit from imposing participation costs and conditions under which
other forms of transfers can be valuable. For example, Condorelli (2012a) shows that

monetary transfers are not valuable as an incentive tool?! if the principal’s objective

2lEx-post verification is not possible.
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function is negatively correlated with the agents’ willingness to pay for the object,

which, in spirit, is the opposite of the condition in Proposition 11.

Proof of Proposition 11. Consider the rule that makes a uniform choice from
participating agents and imposes penalty of 1 — t(x)/v(x) on the selected agent. In
this rule, conditional on being selected, the agent obtains the payoff of #(x). Then,
an agent with type x participates if and only if

where @), is the probability of being chosen. Since t(x) is increasing, for any @),, there
exists & € [a,b] such that @Q,t(Z) < 7 for any type below & and no type below Z
participates. Then,

n

1/n—-1 b b~ 1—F"(2) 1+F@)+...+F" %)
=) — 1-F(2)F Pk (z) = = .
On ; k (k - 1)( (@) B = a-F@) n
Thus, z is the unique solution of
1+ F@)+...+ F"Y2)
n

Hz) =~

if n > t(a)/y and T = a otherwise. Observe that, for a given Z, the left-hand side is
decreasing and converges to zero as n — oco. Consequently, Z is increasing in n and

approaches b as n — oo. The payoff of the principal is equal to
(1= F"(2))Elz|z > 1],

and approaches bas © — 0. ®

12. CONCLUSIONS

In this paper, we study an allocation problem in which a principal has to choose
one among several agents. We have shown that if the agents have private information
about their value for the principal and transferability of utility is limited, the optimal
rules for the principal exhibit a number of interesting features. The principal might
want to limit competitive pressure on the agents by excluding some of them from
participation in the allocation mechanism, can benefit from using lotteries to choose
agents, occasionally favoring an agent with lower value than his competitors, as well as
from requiring the participating agents to undertake socially wasteful and individually
costly activities. Limited punishment requires leaving information rents to low value

agents and flattens the interim expected probability of selecting an agent relative
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to the complete information benchmark in which the agents do not have private
information.

We have characterized optimal rules and demonstrated that the principal can obtain
the optimal payoff with finitely many agents if all agents can simultaneously report
their information. On the other hand, if the agents must be sampled sequentially, the
principal’s maximal payoff is attained within finite pool of agents if and only if the
agents can be recalled.

Our model is an idealization of environments with non-pecuniary externalities: if
selected, agent ¢ imposes externality x; on the principal. In order to clarify the eco-
nomics of the problem, we have shut down other considerations. A natural extension
is an auction environment with externalities in which the agents have private infor-
mation about their valuation of the good as well as about the externality they impose
on the principal and the other agents if they win the auction. (A symmetric problem
is that of a principal (a firm) who solicits financing from the agents and can impose
an externality on the agents’ payoffs, c¢.f. Diamond (2004).)

In Section 9, we have demonstrated that the principal requires very little commit-
ment to implement optimal rules in environments with two types. An open question
is whether this results extends to more general environments.

In our model, the principal can verify the information of an agent after he is selected.
The polar assumption is made in Ben-Porath, Dekel and Lipman (2013) (BDL), where
the principal can verify, at a cost, any agent’s information before selection. In BDL,
the principal always benefits from increasing the agents’ pool. Thus, it would be
valuable to better understand the role of different assumptions about incentive tools
available to the principal in these environments. In BDL, the monitoring technology
is perfect and, hence, the agent’s surplus acquired by a lie is fully burned if the agent
is monitored. This corresponds to the case of ¢ = 1 in our model. It is possible
that incentive issues similar to those in our model will reappear in BDL if monitoring
becomes imperfect.

In our model, the principal is patient and attracting agents is either free or imposes
a fixed cost of v > 0. A natural alternative is to allow for sequentially arriving agents
and an impatient principal. In this environment, the principal will face the tradeoff
between the quality of the selected agent and the time of match. One can also consider

richer extensions with impatient principal, along the lines of Section 10.
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APPENDIX

Proof of Proposition 1. The existence is straightforward. To prove uniqueness,
consider the partition of X = [a,b] to intervals with endpoints (z°, 2!, ..., 2%) with

a=212" <! <...<2%=0that satisfy for every s =1,...,5 -1
n(F(z®) — F(z¥')" 1 <1-¢

where ¢ = sup ¢(x). By assumption, ¢ < 1, and density f is assumed to be a.e. posi-
tive, so this partition is well defined and has a finite size.

Observe that in n-agent auction, since all lies are penalized, each agent ¢ either
states the truth or the value that maximizes the probability of winning.

We proceed by induction in s = 0,1,...,5 — 1. Suppose that for types in [a, z%)
stating the true value is not optimal (for s = 0 this is trivial as it applies to the
empty inteval). Then, if a type x; > x*® tells the truth, her payoff is almost surely at
most (F(z;) — F(2%))""!. On the other hand, if ¢ lies, she can ensure the payoff of
at least 1(1 — c(z;)) by reporting b whenever x; < b. Hence, i strictly prefers to lie if
(F(z;) — F(z°))" ' < 2(1 — ¢(x;)), or, equivalently,

n(F(z;) — F(x®)" ' <1 —c(zy).

Since c(z;) < ¢, the above inequality holds for all z; € [z%, **1). Consequently, types
in [a, 2°"1) do not state the truth. Since everyone lies and pays the penalty that is
independent of the report, the unique equilibrium outcome is for everyone to submit

the highest possible report b. m

Proof of Proposition 5. Define the probability of shortlisting an agent who reports

T as

Ahy(x) — B
A-B
where A and B are the expected probabilities to be chosen conditional on being short-

q(z) =

listed and conditional on not being short-listed, respectively. Let @ = [, ¢(z)f(z)dz
be the ex-ante probability to be short-listed. Then,
“~1(n—1 1
A= - k—1 1— n—k d B=>(1- nfl.
;k(k_l)cy (1-Qr (1-Q)

n

The value of () is implicitly defined by
AH(z*)— B

@=—1"3
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Lemma 1. There is a unique solution of equation ) = AHX# w.r.t. Q.

)
B
Proof. Note that A > B for all @ € [0, 1], since n > 2. Thus, if H(z*) = 1, then the
unique solution is Q) = 1.

Assume H(z*) < 1. Then, for @ =0 we have A =1 and B = 1/n, so LHS<RHS,
since H(z*) > 1/n by (10) and x* < b. Also, for @ =1 we have A = 1/n and B = 0,
so LHS>RHS. Thus, neither () = 0 or () = 1 are solutions.

Now, we establish uniqueness of the solution. Assume 0 < @ < 1. Simplify A:

n

n—l e _L n! k(1 _ \n—Fk

4= Zk -9 = Y - @
1 n_<1—@>n | a-Q 1
‘@“‘(1‘@)‘ @ (o) 2 ey
Rewriting () = % we have

A A 5
or

A

SHE)-Q) =1-Q

Substituting the expression for A, we obtain

or 1 ) -
(g 1) W) - =0
> H@)-Q .
G—qp ~ 1)
() - Q= (1- Q) H(z").

1-Q)"H(z")+Q — H(z") =0.
Since n > 2, the LHS is strictly convex in ), so there are at most two solutions on
R. One of them is ) = 0. The derivative of the LHS evaluated at ) = 0 is equal to
—nH(xz*) 4+ 1, which is less than 0 by (10) and z* < b. Hence the other remaining
solution is strictly positive. Moreover, it must be less than 1, since for () = 1 the
LHS>0 as we have assumed H(z*) < 1. ®
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The rule is feasible. It is straightforward that ¢(xz) <1 for all  and that g(z) > 0
for x > a*. To verify q(z) > 0 for x < x*, observe that nB < A, and hence, by (10)

Ahx*(a:)—Bzé—Bzo.
n

The rule is incentive compatible. An agent’s payoff conditional on his truthful

report x is equal to the probability to be chosen,
q(x)A+ (1 —q(x))B = Ahg-(x),

whereas his payoff from reporting y > z*, y # z, is equal to A(1 — ¢(z)) < Ah ().
The principal’s expected payoff is equal to

[or@A+ (0 —g@)B) f@yde _ 1 [
W= A+1—q< >>B>f<x>dw‘H<w*>/X ho (@)f (@) = V(") = *.

REFERENCES

Alonso, Ricardo and Niko Matouschek, “Optimal delegation,” The Review of Economic Stud-
ies, 2008, 75 (1), 259-293.

Ambrus, Attila and Georgy Egorov, “Delegation and Nonmonetary Incentives,” mimeo, July
2012.

Andreoni, James, “Reasonable Doubt and the Optimal Magnitude of Fines: Should the Penalty
Fit the Crime?,” RAND Journal of Economics, Autumn 1991, 22 (3), 385-395.

Aseff, Jorge and Hector Chade, “An optimal auction with identity-dependent externalities,”
The RAND Journal of Economics, 2008, 39 (3), 731-746.

Azrieli, Yaron and Semin Kim, “Pareto efficiency and weighted majority rules,” unpublished,
Ohio State University, 2011.

Bar, Talia and Sidartha Gordon, “Optimal Project Selection Mechanisms,” American Fconomic
Journal: Microeconomics, forthcoming.

Batley, Richard and George A Larbi, The changing role of government: The reform of public
services in developing countries, Palgrave Macmillan Basingstoke, 2004.

Ben-Porath, Elchanan and Barton L. Lipman, “Implementation with partial provability,”
Journal of Economic Theory, 2012, 147 (5), 1689-1724.

, Eddie Dekel, and Barton L. Lipman, “Optimal Allocation with Costly Verification,”
mimeo, March 2013.

Borgers, Tilman and Peter Postl, “Efficient compromising,” Journal of Economic Theory, 2009,
144 (5), 2057-2076.

Brander, James A and Tracy R Lewis, “Oligopoly and financial structure: The limited liability
effect,” The American Fconomic Review, 1986, pp. 956-970.

Brocas, Isabelle, “Optimal allocation mechanisms with type-dependent negative externalities,”
Theory and Decision, 2012, pp. 1-29.




30 TYMOFIY MYLOVANOV AND ANDRIY ZAPECHELNYUK

Bull, Jesse and Joel Watson, “Hard evidence and mechanism design,” Games and Fconomic
Behavior, January 2007, 58 (1), 75-93.

Bulow, Jeremy and Paul Klemperer, “Auctions versus Negotiations,” American Economic
Review, March 1996, 86 (1), 180-94.

Cao, Melanie and Shouyong Shi, “Screening, Bidding, and the Loan Market Tightness,” Furo-
pean Finance Review, 2001, 5, 21-61.

Chakraborty, Archishman, Alessandro Citanna, and Michael Ostrovsky, “Two-sided
matching with interdependent values,” Journal of Economic Theory, 2010, 145 (1), 85-105.

Chakravarty, Surajeet and Todd R. Kaplan, “Optimal allocation without transfer payments,”
Games and Economic Behavior, 2013, 77 (1), 1-20.

Che, Yeon-Koo and Ian Gale, “Optimal Design of Research Contests,” American Economic
Review, June 2003, 93 (3), 646—671.

R , and Jinwoo Kim, “Assigning resources to budget-constrained agents,” The
Review of Economic Studies, 2013, 80 (1), 73-107.
Compte, Olivier and Philippe Jehiel, “On the Value of Competition in Procurement Auctions,”
Econometrica, January 2002, 70 (1), 343-355.
Condorelli, Daniele, “Market and non-market mechanisms for the optimal allocation of scarce
resources,” Technical Report 2012.
, “What money can’t buy: Efficient mechanism design with costly signals,” Games and
Economic Behavior, 2012, 75 (2), 613-624.
Cremer, Jacques, Yossi Spiegel, and Charles Z. Zheng, “Optimal search auctions with
correlated bidder types,” Economics Letters, October 2006, 93 (1), 94-100.

y , and Charles Zhoucheng Zheng, “Optimal search auctions,” Journal of Eco-

nomic Theory, May 2007, 134 (1), 226-248.

Dang, Tri Vi, Gary Gorton, and Bengt Holmstrém, “The Information Sensitivity of a Secu-
rity,” 2013.

Deb, Rahul and Debasis Mishra, “Implementation with Securities,” Technical Report 2013.

DeMarzo, Peter M, Ilan Kremer, and Andrzej Skrzypacz, “Bidding with Securities: Auc-
tions and Security Design,” American economic review, 2005, 95 (3), 936-959.

Deneckere, Raymond and Sergei Severinov, “Mechanism design with partial state verifiabil-
ity,” Games and Economic Behavior, November 2008, 64 (2), 487-513.

Dent, Mike, John Chandler, and Jim Barry, Questioning the new public management, Ashgate
Pub Limited, 2004.

Diamond, Douglas W, “Financial intermediation and delegated monitoring,” The Review of Eco-
nomic Studies, 1984, 51 (3), 393-414.

, “Presidential Address, Committing to Commit: Short-term Debt When Enforcement Is

Costly,” The Journal of Finance, 2004, 59 (4), 1447-1479.

Dibben, Pauline, Geoffrey Wood, and Ian Roper, Contesting public sector reforms: critical
perspectives, international debates., Palgrave Macmillan, 2004.

Dziuda, Wioletta, “Communication with Detectable Deceit,” mimeo, 2012.



VALUE OF COMPETITION 31

Ekmekci, Mehmet, Nenad Kos, and Rakesh Vohra, “Just Enough or All: Selling a Firm,”
Technical Report 2013.

Eraslan, Hiilya K. K. and Bilge Yimaz, “Deliberation and Security Design in Bankruptcy,”
mimeo, 2007.

Esteban, Joan and Debraj Ray, “Inequality, lobbying, and resource allocation,” The American
Economic Review, 2006, pp. 257-279.

Figueroa, Nicolds and Vasiliki Skreta, “The role of optimal threats in auction design,” Journal
of Economic Theory, 2009, 144 (2), 884-897.

Forges, Francoise and Frédéric Koessler, “Communication equilibria with partially verifiable
types,” Journal of Mathematical Economics, 2005, 41 (7), 793-811.

Fullerton, Richard L. and R. Preston McAfee, “Auctioning Entry into Tournaments,” Journal
of Political Economy, 1999, 107, 573—-605.

Galenianos, Manolis, Rosalie Liccardo Pacula, and Nicola Persico, “A Search-Theoretic
Model of the Retail Market for Illicit Drugs,” Review of Economic Studies, 2012, 79 (3), 1239—
1269.

Gershkov, Alex, Benny Moldovanu, and Xianwen Shi, “Optimal mechanism design without
money,” Technical Report 2013.

Gibbons, Robert, “Learning in Equilibrium Models of Arbitration,” The American Economic
Review, 1988, pp. 896-912.

Gilbert, Richard J. and Paul Klemperer, “An Equilibrium Theory of Rationing,” RAND
Journal of Economics, 2000, 31, 1-21.

Glazer, Jacob and Ariel Rubinstein, “On optimal rules of persuasion,” Econometrica, 2004, 72
(6), 1715-1736.

and _ | “A study in the pragmatics of persuasion: a game theoretical approach,”
Theoretical Economics, 2006, 1 (4), 395-410.

and __ | “A Model of Persuasion with Boundedly Rational Agents,” Journal of
Political Economy, 2012, 120 (6), 1057-1082.

and , “Complex Questionnaires,” Technical Report 2013.

Green, Jerry R and Jean-Jacques Laffont, “Partially Verifiable Information and Mechanism
Design,” Review of Economic Studies, July 1986, 53 (3), 447-56.

Grossman, Sanford J, “The informational role of warranties and private disclosure about product
quality,” Journal of law and economics, 1981, 24 (3), 461-483.

and Oliver D Hart, “Disclosure laws and takeover bids,” The Journal of Finance, 1980,

35 (2), 323-334.

Guerrieri, Veronica, Robert Shimer, and Randall Wright, “Adverse Selection in Competitive
Search Equilibrium,” Econometrica, November 2010, 78 (6), 1823-1862.

Hartline, Jason D. and Tim Roughgarden, “Optimal Mechanism Design and Money Burning,”
Proceedings of the 40th Annual ACM Symposium on Theory of Computing, 2008, pp. 75—84.

Hood, Christopher, “A public management for all seasons?,” Public administration, 1991, 69 (1),
3-19.



32 TYMOFIY MYLOVANOV AND ANDRIY ZAPECHELNYUK

Hoppe, Heidrun C, Benny Moldovanu, and Aner Sela, “The theory of assortative matching
based on costly signals,” The Review of Economic Studies, 2009, 76 (1), 253-28]1.
Jehiel, Philippe, Benny Moldovanu, and Ennio Stacchetti, “How (not) to sell nuclear
weapons,” The American Economic Review, 1996, pp. 814-829.
y ,and | “Multidimensional mechanism design for auctions with external-
ities,” Journal of economic theory, 1999, 85 (2), 258-293.
Kartik, Navin, “Strategic Communication with Lying Costs,” Review of Economic Studies, Octo-
ber 2009, 76 (4), 1359-1395.
and Olivier Tercieux, “Implementation with evidence,” Theoretical Economics, May
2012, 7 (2).
, Marco Ottaviani, and Francesco Squintani, “Credulity, lies, and costly talk,” Journal
of Economic Theory, May 2007, 13/ (1), 93-116.
Kovaé, Eugen and Tymofiy Mylovanov, “Stochastic mechanisms in settings without monetary
transfers: The regular case,” Journal of Economic Theory, 2009, 144 (4), 1373-1395.
Krasa, Stefan and Anne P Villamil, “Optimal contracts when enforcement is a decision vari-
able,” Econometrica, 2000, 68 (1), 119-134.
Laffont, Jean-Jacques, “Enforcement, regulation and development,” Journal of African
Economies, 2003, 12 (suppl 2), ii193-i211.
Levin, Dan and James L. Smith, “Equilibrium in Auctions with Entry,” American Fconomic
Review, 1994, 84, 585-599.
Lipman, Barton L and Duane J Seppi, “Robust inference in communication games with partial
provability,” Journal of Economic Theory, 1995, 66 (2), 370-405.

Liu, Quingmin, George Mailath, Andrew Postlewaite, and Larry Samuelson, “Matching

with incomplete information,” 2012.

Manelli, Alejandro M and Daniel R Vincent, “Optimal Procurement Mechanisms,” Econo-
metrica, May 1995, 63 (3), 591-620.

McAfee, R Preston and John McMillan, “Bidding Rings,” American Economic Review, June
1992, 82 (3), 579-99.

Menzio, Guido, “A Theory of Partially Directed Search,” Journal of Political Economy, October
2007, 115 (5), 748-769.

Mezzetti, Claudio, “Mechanism Design with Interdependent Valuations: Efficiency,” Fconomet-
rica, 09 2004, 72 (5), 1617-1626.

Milgrom, Paul R, “Good news and bad news: Representation theorems and applications,” The
Bell Journal of Economics, 1981, pp. 380-391.

Miralles, Antonio, “Cardinal Bayesian allocation mechanisms without transfers,” Journal of Eco-
nomic Theory, 2012, 147 (1), 179-206.

Moldovanu, Benny and Xianwen Shi, “Specialization and Partisanship in Committee Search,”
Theoretical Economics, forthcoming.

Myerson, Roger B., “Optimal Auction Design,” Mathematics of Operations Research, 1981, 6,
58-73.



VALUE OF COMPETITION 33

Mylovanov, Tymofiy, “Veto-based delegation,” Journal of Economic Theory, 2008, 158 (1), 297
307.

OECD, Modernising Government: The Way Forward, OECD Publishing, 2005.

Postlewaite, Andrew and David Wettstein, “Feasible and continuous implementation,” The
Review of Economic Studies, 1989, 56 (4), 603-611.

Rogerson, Richard, Robert Shimer, and Randall Wright, “Search-Theoretic Models of the
Labor Market: A Survey,” Journal of Economic Literature, December 2005, 43 (4), 959-988.

Sappington, David, “Limited liability contracts between principal and agent,” Journal of Eco-
nomic Theory, 1983, 29 (1), 1-21.

Schmitz, Patrick W and Thomas Tréger, “The (sub-) optimality of the majority rule,” Games
and Economic Behavior, 2012, 74 (2), 651-665.

Seidmann, Daniel J and Eyal Winter, “Strategic information transmission with verifiable mes-
sages,” Fconometrica: Journal of the Econometric Society, 1997, pp. 163-169.

Severinov, Sergei and Raymond Deneckere, “Screening when some agents are nonstrategic:
does a monopoly need to exclude?,” RAND Journal of Economics, December 2006, 37 (4),
816-840.

Sher, Itai, “Credibility and determinism in a game of persuasion,” Games and Economic Behavior,
2011, 71 (2), 409-419.

and Rakesh Vohra, “Price Discrimination through Communication,” mimeo, June 2011.

Skrzypacz, Andrzej, “Auctions with contingent payments-an overview,” International Journal of
Industrial Organization, 2013.

Taylor, Curtis R., “Digging for Golden Carrots: An Analysis of Research Tournaments,” American
FEconomic Review, 1995, 85, 872-890.

Townsend, Robert M, “Optimal contracts and competitive markets with costly state verification,”
Journal of Economic theory, 1979, 21 (2), 265-293.

Ye, Lixin, “Indicative Bidding and A Theory of T'wo-Stage Auctions,” Games and Economic Be-
havior, 2007, 58, 181-207.

Yoon, Kiho, “Optimal mechanism design when both allocative inefficiency and expenditure ineffi-
ciency matter,” Journal of Mathematical Economics, 2011, 47 (6), 670-676.



