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ABSTRACT

We formulate and study the algorithmic mechanism design
problem for a general class of resource allocation settings,
where the center redistributes the private resources brought
by individuals. Money transfer is forbidden. Distinct from
the standard literature, which assumes the amount of re-
sources brought by an individual to be public information,
we consider this amount as an agent’s private, possibly multi-
dimensional type. Our goal is to design truthful mechanisms
that achieve two objectives: maxmin and Pareto efficiency.

For each objective, we provide a reduction that converts
any optimal algorithm into a strategy-proof mechanism that
achieves the same objective. Our reductions do not inspect
the input algorithms but only query these algorithms as or-
acles.

Categories and Subject Descriptors

1.2.11 [Distributed Artificial Intelligence]: Multiagent
systems; J.4 [Social and Behavioral Sciences|: Eco-
nomics; C.2.2 [Computer-Communication Networks|:
Network protocols
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1. INTRODUCTION

One of the most important problems at the intersection
of economics and computation is algorithmic mechanism de-
sign, which dates back to the seminal work of Nisan and
Ronen [6]. The basic problem asks:

Given an algorithmic optimization problem, is it possible
to efficiently produce a truthful mechanism that (approxi-
mately) achieves the optimal value of the original problem?
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Over the past decade, there has been a number of break-
throughs regarding this problem in settings where money
transfer is allowed, including the rich literature on truthful
welfare-maximizing mechanism design [8, 4, 3], and Bayesian
incentive compatible (BIC) mechanism design [5]. Recently,
the same problem has been investigated under the context
of revenue optimal mechanism design [1, 2].

Distinct from the above literature, we study algorithmic
mechanism design . In particular, we study a general class
of resource allocation problems, where each agent brings a
certain amount of resources and the mechanism distributes
these resources to achieve certain objectives. It is important
to note that our setting differs from the standard resource
allocation literature (such as one-sided matching, hedonic
games, etc) in that each agent’s type is the amount of re-
sources she brings, rather than her preference over alloca-
tions. Our goal is to design strategy-proof mechanisms that
achieve two objectives: maxmin and Pareto efficiency.

Our framework is rich enough to encompass, or at least
heavily intersect with, a variety of applications, such as fa-
cility location [10], fair division [9] and network route allo-
cation.

We make the following contributions. For any resource al-
location problem, we provide two reductions, one for maxmin
and the other for Pareto efficiency, that automatically con-
vert any optimal algorithm into a strategy-proof mechanism
that achieves the same objective. Our reductions do not
make use of any algorithm but only assume black-box ac-
cess to the algorithm.

e For the maxmin objective, we construct a polynomial
time algorithm that, for any input, generates the op-
timal group-strategy-proof mechanism by calling the
optimal algorithm only once.

e For Pareto efficiency, we show that, if there is an al-
gorithm that serially optimizes the utility profile, the
algorithm per se is strategy-proof.

2. OUR CONTRIBUTIONS

We formulate the resource allocation problem. An envi-
ronment specifies the parameters for the mechanism designer
to operate.

Definition 1. An environment is a tuple {N,S, P, O, u},
where

e N denotes the set of n agents,



S =81 xS x -+ xSy, where each S; is the private
type set of agent i,

P is a set of public information and resources shared
by all agents,

O is the set of outcomes.

u; : O x P — R is the utility function of agent i.

By revelation principle, one can without loss restrict atten-
tions to the set of direct revelation mechanisms, which can
be regarded as functions that maps agents’ reported type
profile and public information into an outcome.

Each agent ¢ in the environment comes with a private
amount of resources s; € S; and is asked by the mechanism
to report this quantity. Upon receiving all inputs, the mech-
anism returns an outcome, i.e., an allocation of resources. A
resource allocation environment imposes certain feasibility
constraints on any mechanism defined on it.

Definition 2. For any mechanism input s; € Si,s2 €
Sz, ,8n € Sn,p € P, define FEA(s1,52, -+ ,8n,p) C O
as a set of feasible outcomes under (s1, Sz, + , Sn,p).

We consider environments and feasibility constraints that
satisfy the following resource monotone property.

Definition 3. For an environment {N,S,P,O}, a feasi-
bility constraint function FEA is resource monotone if Vi,
there is a partial order <; on S;, such that given any input
profile s1,s2,--+ , 5, and p € P, for any s; < s;, we have

FEA(slv 7825"' 75n7p) g FEA('917"' y Siy 75n7p)~

The goal of resource allocation mechanism design is to
optimize a certain real-valued function w : O — R for equi-
librium outcomes. Here w can be different functions accord-
ing to different application scenarios. For example, in some
cases w denotes social welfare, i.e., w(o) = > ui(o,p);
while in some other cases, w denotes the minimum utility
among all agents’, i.e., w(o) = min; u;(0,p). The solution
concept in this abstract is the dominant strategy equilib-
rium.

Consider the problem of designing a strategy-proof mech-
anism that maximizes the minimal utility among all agents,
i.e., w(o) = min;en ui(o,p). We show that, given an algo-
rithm that computes the arg max, w(o), we can construct a
strategy-proof mechanism with output o’ such that w(o’) =
w(o) for each input.

THEOREM 1. If there exists an algorithm A that opti-
mizes w(o) min; u;(o,p) for some continuous, resource

monotone environment, one can efficiently construct a strategy-

proof mechanism M that optimizes w(o).

Given an algorithm A, we can construct strategy-proof mech-
anism M as the mechanism 1. In other words, we find an
outcome o0, that brings down all agents’ utilities to u*, the
maxmin value computed by A.

Applying the same technique, one can produce a strategy-
proof mechanism to maximize the minimal utility subject to
the individual rationality constraints. Also, we can convert
any optimal algorithm into a strategy-proof mechanism that
acheieves Pareto efficiency.

THEOREM 2. If there exists an algorithm A that serially
optimizes w(o) = (u1(o,p),u2(0,p), - ,un(o,p)) for mono-
tone utility functions, resource monotone environment and
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Mechanism 1 A group strategy-proof mechanism via A

1. on inputs s1, 82, -, Sn,p, Tun A(s1,--- ,8n,p) to get
the outcome og;
2. let u* + min; u;(00,p);
3. fori=1,2,--- ,n:
find o; such that for all j # 4, wu;(0:,p) =
u;j(0i-1,p) and ui(0i, p) = u* < ui(0i-1,p);
4. outputs op;

ui(0,p) > ri(p), and for each player i, her utility, which is a
function of si, ui (A(s1...8i...8n,D),p) is continuous, the
algorithm itself is an IR and SP mechanism that computes
a serially optimal outcome.

3. CONCLUSION

In this abstract, we studied truthful mechanism design
for a general class of resource allocation settings, where the
center redistributes the private resources brought by indi-
viduals. We designed truthful mechanisms that achieve two
objectives: maxmin and Pareto efficiency. For each objec-
tive, we provided a reduction that converts any optimal al-
gorithm into a strategy-proof mechanism that achieves the
same objective.
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