
COMMUNICATION IN MECHANISM DESIGN

Mechanism design is the field of economics that treats institutions and
procedures as variables that can be selected in order to achieve desired ob-
jectives. An important aspect of a mechanism is the communication among
its participants that it requires, which complements other design features such
as incentives and complexity. A calculus-based theory of communication in
mechanisms is developed in this book. The value of a calculus-based approach
lies in its familiarity as well as the insight into mechanisms that it provides.
Results are developed concerning (i) a first-order approach to the construction
of mechanisms, (ii) the range of mechanisms that can be used to achieve a given
objective, as well as (iii) lower bounds on the required communication.
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Preface

This text develops a calculus-based, first-order approach to the construction
of economic mechanisms. A mechanism here is informationally decentral-
ized in the sense that it operates in an environment in which relevant
information is dispersed among the participating agents. A mechanism
thus requires a “language,” or message space, that defines how the agents
may communicate with one another. This text focuses on the task of con-
structing the alternative message spaces that a group of agents may use
as languages for communicating with one another and thereby achieve a
common objective. The relationship between the language that a group of
agents may use and the ends that they may accomplish was identified in
Hurwicz (1960); the model of a mechanism that is the main object of study
in this text originated in this paper and in the long-term collaboration
of Leonid Hurwicz with Stanley Reiter. Whereas constructing the message
space is but one aspect of the design of a mechanism, it is fundamental in the
sense that other aspects (such as dynamic stability and incentives) revolve
around the choice of messages with which agents may communicate.

It is assumed here that the sets in the model of a mechanism are subsets
of Euclidean space. Appropriate regularity assumptions are imposed on
mappings and correspondences so that it is possible to identify necessary and
sufficient differential conditions for the design of an economic mechanism.
The technique of assuming that all sets in a model are Euclidean and all
mappings and correspondences are differentiable is a standard method for
making progress and gaining intuition into a scientific problem. Progress is
facilitated because the techniques and concepts of a rich field of mathematics
in this way become applicable to the problem. Intuition is gained because
calculus is nearly universal in science. Although such a continuum model
may not capture all aspects of the problem that may be of interest, and
though it may in some cases seem to inadequately fit a particular instance
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xii Preface

of the problem, the successful development of a calculus-based approach is
in general a significant step forward in the theoretical study of a problem.

This text complements Hurwicz and Reiter (2006), which develops a
set theoretic approach to the construction of mechanisms. Because of the
regularity assumptions imposed here, this text elaborates a branch of the
theory of mechanism construction, with the set theoretic approach serving
as the trunk. Insight and results are produced using the calculus approach;
however, that may not be derived purely with set theory. It is worth noting
that the calculus approach preceded and inspired much of the set theoretic
approach of Hurwicz and Reiter (2006).

The target audience of this text is anyone interested in the field of eco-
nomic theory known as mechanism design. Because some methods and
concepts of differential geometry are not widely known among economic
theorists, the second chapter presents the relevant mathematical theory in
a style that is intended to be accessible to this community. The difficulty of
a journey through differential geometry has deterred most economic the-
orists from learning about this approach to mechanism design; the second
chapter thus provides a shortcut directly to the needed material. The third
chapter then develops the first-order approach to the construction of an
economic mechanism in a manner that parallels the mathematical theory
of Chapter 2. This theory is then applied in the fourth chapter to explore the
relationship between the ends that a group of agents can accomplish and
the languages that they may use for communicating among themselves.
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