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a b s t r a c t

Designers of economic mechanisms can often benefit by using discriminatory mechanisms which treat
agents asymmetrically. This paper studies the extent to which a policy prohibiting biased mechanisms
is effective in achieving fair outcomes. Our main result is a characterization of the class of social choice
functions that can be implemented by symmetric mechanisms.When the solution concept used is Bayes–
Nash equilibrium, symmetry is typically not very restrictive anddiscriminatory social choice functions can
be implemented by symmetric mechanisms. Our characterization in this case is based on a ‘revelation
principle’ type of result, where we show that a social choice function can be symmetrically implemented
if and only if a particular kind of (indirect) symmetric mechanism implements it. When implementation
in dominant strategies is considered, only symmetric social choice functions can be implemented by
symmetric mechanisms. We illustrate our results in environments of voting with private values, voting
with a common value, and assignment of indivisible goods.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Designers of economic mechanisms can often benefit by bi-
asing the rules in favor of some of the participating agents. In
auction design, for example, it is well known (Myerson, 1981)
that if bidders are heterogeneous then the seller can intensify the
competition by subsidizing the bids of weaker bidders. Thus, this
‘affirmative action’ type of bias may increase the seller’s revenue.1
A second example is the design of reward schemeswhose goal is to
incentivize agents to exert costly effort,where even in a completely
symmetric environment the principle can benefit by introducing
discriminatory rewards. This type of results have been obtained by
Winter (2004) in a joint production setup with increasing returns
to scale technology, and by Pérez-Castrillo and Wettstein (2015)
in the setup of contests. Third, the admission criteria employed by
academic institutions in order to achieve a diverse student body
are often criticized as discriminatory and unfair.2

On the other hand, fairness is a high priority goal for policy
makers. This is evident from themany existing acts and regulations
whose goal is to guarantee that markets are not biased against
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1 In a recent paper, Deb and Pai (2017) show how the seller can implement the
revenue-maximizing auction without explicitly biasing the rules in favor of weaker
bidders.We discuss their result and its relation to ourwork in detail below. Another
relevant recent paper is Knyazev, (2016) who studies auction design when the goal
of the seller is to maximize the surplus of his ‘favorite’ bidder.
2 These policies have been challenged in courts, a recent example is the case of

Fisher versus University of Texas, US supreme court, vol. 570 (2013).

certain groups in the population.3 In the context of mechanism
design, a natural candidate for an anti-discriminatory regulation is
that the ‘‘rules of the game’’ are the same for all participants. In
other words, the mechanism should be symmetric across agents.
Symmetry is a normatively appealing property that has been used
extensively in the social choice and mechanism design literature.
It appears for example in the classic result of May (1952) on simple
majority rule, in the theory of social welfare functions (e.g. Mas-
Colell et al., 1995, Chapter 22), and in the theory of values of
cooperative games (e.g. Shapley, 1953), among many others.

The goal of this paper is to analyze the extent towhich symmet-
ric mechanisms guarantee fair outcomes. We consider an abstract
mechanism design environment with incomplete information, al-
lowing for both correlated types and interdependent values. The
output of a mechanism specifies a public outcome and a private
outcome for each agent. For instance, in a public good provision
problem (as in e.g. Ledyard and Palfrey, 1999) a mechanism deter-
mines whether the good is provided or not (the public outcome)
and the transfer required from each of the agents (the private
outcomes) as a function of the profile of messages sent to the
mechanism.4 Roughly speaking, a symmetric mechanism is one in
which a permutation of the vector ofmessages results in no change

3 For example, the U.S. Equal Employment Opportunity Commission (EEOC)
enforces several anti-discriminatory labor-market laws. Another example is the
Genetic Information Nondiscrimination Act of 2008 in health insurance markets.
4 Environments with only public outcomes (such as voting environments) and

environments with only private outcomes (such as auctions) can of course be
accommodated in our framework.
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to the public outcome and the corresponding permutation of the
private outcomes.

Our first main result (Theorem 1) characterizes the class of
social choice functions (i.e., mappings from type profiles to out-
comes) that a designer can implement in Bayes–Nash equilibrium
using symmetric mechanisms. In many environments this class is
large and contains functions that clearly favor certain agents over
others. In some environments this includes even the extreme case
of dictatorial functions, as we illustrate in Section 2 below. Thus,
a regulation requiring mechanisms to treat agents symmetrically
(in the sense we have defined it) is not necessarily an effective
way to achieve fairness. On the other hand, in many environments
symmetry is not a vacuous condition; some implementable social
choice functions can no longer be implemented once symmetry is
required.

The characterization in Theorem 1 can be roughly described
as follows. A given (incentive compatible) social choice function
f can be implemented by a symmetric mechanism if and only if
for every pair of agents i and j there exists another social choice
function fij such that (1) fij treats i and j symmetrically; and (2)
for any type of agent i, the expected utility i receives under f by
truthfully revealing his type is weakly higher than the expected
utility he receives under fij from any possible type report. When
such functions fij exist, we explicitly show how to construct a sym-
metric mechanism that implements f . The construction is based
on the idea that the equilibrium message of an agent encodes his
identity aswell as his type, and themechanism uses f to determine
the outcome when the message profile contains all identities. The
function fij is used to incentivize agent i to reveal his true identity
instead of ‘pretending’ to be agent j.5 Conversely, if for some
pair of agents i and j an appropriate function fij does not exist,
then, not only that this construction does not work, symmetric
implementation is impossible altogether. Thus, this result has the
flavor of a ‘revelation principle’, in the sense that one should only
consider a particular kind of (indirect) mechanisms to determine
whether symmetric implementation is possible or not.

We emphasize thatwe do not argue that the type ofmechanism
described above is a practical way for designers to get around a
rule requiring symmetry. It is merely a theoretical construction
that enables us to prove the sufficiency part of our theorem and
to provide an upper bound on what can be symmetrically im-
plemented. It may very well be that simpler and more practical
symmetricmechanisms can be found that implement a given social
choice function, as is the case in Deb and Pai (2017) for example.
However, we do think that an important contribution of the paper
is to expose the role that indirect mechanisms have in overcoming
exogenous constraints such as symmetry.6

It is important to point out that Theorem 1 concerns partial
implementation, and that the mechanism used in its proof would
typically have multiple equilibria that may generate different out-
comes than the one thedesigner intended.We thus follow the stan-
dard approach of themechanismdesign literature in assuming that
the designer can induce the agents to play a particular equilibrium

5 This construction is reminiscent ofmechanisms used in the literature on imple-
mentationwith complete information (e.g.Maskin, 1999),where each agent reports
everyone’s preferences and an agent is punished if his message disagrees with the
messages of all other agents. There are important differences however: First, and
most importantly, in our case the designer does not use the punishment scheme
to elicit any new information from the agents; it is only used to create symmetry
in cases where the original social choice function is not symmetric. Second, under
complete information the constructionworks for every social choice function, while
this is not the case in our setup. Third, our construction is meaningful even if there
are only two agents, which is not the case with complete information.
6 Other examples that illustrate the potential importance of indirectmechanisms

include (Bester and Strausz, 2000) for the case where the designer lacks commit-
ment power, Saran (2011) when agents have menu-dependent preferences, and
Strausz (2003) when only deterministic mechanisms are allowed.

by making it focal.7 Notice that, if the underlying environment is
symmetric across agents, then in order to implement a biased so-
cial choice function with a symmetric mechanism the equilibrium
itself must generate the asymmetry, i.e., the designer should make
an asymmetric equilibrium the focal one. A regulator interested in
preventing discrimination should therefore be concerned not only
with the symmetry of the rules of the mechanism, but also with
the way the mechanism is framed and with the communication
between the designer and the participants.

Awell-known criticism of implementation in Bayes–Nash equi-
librium is that it assumes too much common knowledge among
the agents and the planner (see Bergemann andMorris, 2005). One
solution to this problem is to consider more robust solution con-
cepts. Here, we consider symmetric implementation in dominant
strategies. Dominant strategy mechanisms are typically studied in
environments with private values, so we restrict attention to this
type of environments. In Theorem 2 we prove that if the environ-
ment is symmetric then only symmetric social choice functions
can be implemented in (weakly) dominant strategies by symmetric
mechanisms. In otherwords, indirectmechanisms are not useful in
overcoming the symmetry constraint. This stands in stark contrast
to the results for implementation in Bayes–Nash equilibrium.

The current work is motivated by a recent paper of Deb and Pai
(2017), who study the possibility of a seller to design a discrimi-
natory auction in an independent private-values setup under the
same symmetry constraint as in the current paper. However, the
set of feasible mechanisms they consider is further restricted to
include onlymechanisms inwhich bidders submit a single number
(the bid), and the highest bidder wins the object. This rules out the
type of mechanisms that we use in our proof. Nevertheless, they
are able to show that essentially any incentive compatible direct
mechanism (social choice function in our terminology) can be
implemented in Bayes–Nash equilibrium by some such symmetric
auction.8 In other words, symmetry puts almost no restriction on
what can be implemented. In Corollary 1 below we show that the
same is true in voting environments with independent private-
values, i.e. every incentive compatible social choice function can be
symmetrically implemented in Bayes–Nash equilibrium. However,
as we show by examples, this is no longer true with correlated
types or interdependent values.

In the following section we illustrate our results with three
examples. The first is in an environment of voting with private
values, the second in a common-value voting setup (as in the ‘Con-
dorcet Jury’ theorem), and the third is in a model of assignment of
indivisible goods. Section 3presents thenotation and thedefinition
of symmetry that we use, and Section 4 contains Theorem 1 and
its proof. The special case in which the outcome space contains
only public outcomes (voting environment) is further analyzed in
Section 5. Section 6 contains the analysis of implementation in
dominant strategies. Section 7 concludes.

2. Motivating examples

2.1. Voting with private values

Consider a society of two agents which needs to choose an
alternative from the set {x, y} (they may also choose to randomize
between the alternatives). Each agent can either be of type X or of
type Y . Both agents have the same (private-values) utility function

7 The equilibrium used in the proof of Theorem 1 is focal in the sense that each
agent reports his true name and type.
8 The notion of implementation used in Deb and Pai (2017) is somewhat weaker

than ours, since they only require that the expected payment in the indirect mecha-
nism is equal to the payment in the direct mechanism. Our definition requires that
they are equal ex-post.
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