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Expressiveness

1. Introduction

In standard mechanism-design settings, social planners wish to implement some social-choice rule that chooses an al-
ternative based on the private information of the players. Since social planners cannot observe the private information of
the players (their types), they design mechanisms that make decisions by observing the actions of the players. Each player
determines his action in the mechanism according to his type in order to maximize his own utility. The challenge of the
social planner is to elicit information that will allow him to implement system-wide goals although such goals may conflict
with the objectives of the individual players.

Much of the literature on mechanism design restricts attention to direct revelation mechanisms, in which the action
space of the players is identical to their type space. This focus is owing to the revelation principle (Myerson, 1981; Green
and Laffont, 1977; Dasgupta et al, 1979), which asserts that every mechanism can be transformed into an equivalent
incentive-compatible direct-revelation mechanism that implements the same social-choice function.

Nonetheless, in most practical settings, direct-revelation mechanisms are not viable since the number of actions avail-
able to the players is significantly smaller than their preference space. The most straightforward example is posted-price
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mechanisms for a single object; in such mechanisms users have only two available actions (to buy the object or not), and
the seller clearly lacks the information that would enable her to implement the efficient allocation rule. Another example
is the signaling model for the labor market by Spence (1973), where employees send signals about their skills to potential
employers by the education level they acquire. Although there is a continuum of skill levels, it is unreasonable to expect
more than a few education levels in practice (e.g., PhD, M.A,, and B.A.). The screening model by Rothschild and Stiglitz
(1976) is another example where one might expect a small number of actions; consider an insurance firm that wishes to
sell different types of policies to different drivers based on their privately known caution levels. In this model, drivers may
have a continuum of possible caution levels, but insurance companies offer only a small number of policies (e.g., a small
number of deductible amounts in case of a claim) since it is probably infeasible to market and sell more then a few types
of policies. More complicated rules for generating policies may be feasible, but they are rarely used in practice.

Mechanisms with a small, manageable set of choices are widespread in practice, and the main reason for this phe-
nomenon is probably their simplicity. This claim is also supported experimentally, e.g., by Iyengar and Lepper (2000), who
showed that a choice overload can hamper the willingness of the players to participate in the game, and can degrade their
performance in a given transaction. Iyengar et al. compared decision making under a small set of choices and under larger
choice sets (not unusually large) and showed that such phenomena are significant even when the number of possible actions
is increased from 6 to around 24 or 30. In fact, in many real-life mechanisms the players are required to map their complex
preferences into discrete, often dichotomic, decisions. For instance, many mechanisms avoid negotiations and simply post
prices for packages or services, and the players are left to decide whether they buy or not under the posted prices. In other
settings, players decide whether they participate in or abstain from some transaction, vote for or against some issue in a
referendum, and many other similar examples.

Additionally, there are clear evidences for the rare practical use of direct-revelation mechanisms, most prominently VCG
mechanisms. One major reason for this fact relates to the price discovery process; players usually do not know their exact
types and the discovery process may be prohibitively costly (hiring consultants, etc.) or even intractable to compute (see,
e.g., Larson and Sandholm, 2001). A well-designed mechanism with limited actions will guide the attention of the players to
the information that is most relevant for the decision making. Another critical flaw of direct-revelation mechanisms is that
players are typically unwilling to reveal their exact types, even if it is beneficial for them in the short run, worrying that this
might harm them in future transactions. A small action space allows the players to preserve some degree of privacy. Papers
by Rothkopf et al. (1990) and Ausubel and Milgrom (2006) provide more details on why VCG mechanisms are indeed rare.

Mechanisms with a small action space were studied in several earlier papers in the context of specific models. Wilson
(1989) measured the effect of discrete “priority classes” of buyers on the efficiency of electricity markets and found that a
few priority classes can realize most of the efficiency gains. In a related work, McAfee (2002) showed that in matching and
rationing problems at least half of the social value created by optimal complex schemes can be obtained using very coarse
action schemes. Dow (1991) considered a simplified decision problem of a single agent searching for a low price with a
limited memory; the memory restrictions force the player to divide the set of possible histories into a limited number of
categories. It turns out that the optimal partition of the history is obtained, as in our paper, by dividing the range of prices
into disjoint intervals. Compared to the above work, our paper incorporates incentive issues in general multi-player domains
and also characterizes the exact effect of the expressiveness level allowed in the system. A similar result was obtained in a
different setting, studied in Bergemann and Pesendorfer (2007). There, a revenue-maximizing seller faces a set of bidders,
who do not know their private types, and he needs to determine the accuracy level by which they learn their types. On
the one hand, more information increases efficiency and thus the seller’s revenue, but on the other hand, it increases the
information rent of the bidders, thus decreases the seller’s revenue. Once again, partitioning the information range into
disjoint intervals is shown to maximize the seller’s revenue. In a recent paper, Milgrom (2010) highlights the need to study
restrictions on the message spaces in mechanisms (what results in “simplified” mechanisms), and applies his results in
internet advertising auctions and spectrum auctions. Milgrom (2010) focuses on equilibrium selection problems that we
do not touch in this paper. The work of Blumrosen et al. (2007) and of Kos (2008, 2012) is the closest in spirit to our
work. Blumrosen et al. studied single-item auctions with severely-restricted action space, and showed that nearly-optimal
social welfare can be achieved even with very strict limitations on the action space. The two papers by Kos studied similar
questions and some extensions and characterized the informationally-optimal mechanisms in multi-player environments. An
earlier work that follows a similar spirit is the paper by Harstad and Rothkopf (1994) who analyzed discrete bid levels in
English auctions.

We next present our framework and results.

1.1. Our framework

We consider a Bayesian model with players who have one-dimensional private types, independently distributed on real
intervals, and a social planner who wishes to implement a social-choice function ¢ that maps every profile of types to an
alternative. We stress that although we explore the properties of Bayesian-Nash implementation in this paper, all the mech-
anisms that we construct have the even stronger dominant-strategy equilibrium. Due to the limited expressiveness that is
implied by the restricted action space, for some realizations of the players’ types the decision of the social planner will
unavoidably be incompatible with the social-choice function c. In order to quantify how well mechanisms with bounded ac-
tion space can approximate the original social-choice function, we assume that the social-choice function is derived from a
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