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Abstract

Whenever a common resource is scarce, a set of rules are needed to share it in a fairly way.
However, most control schemes assume that users will behave in a cooperative way, without
taking care of guaranteeing that they will not act in a selfish manner. Then, a fundamental
issue is to evaluate the impact of cheating. From the point of view of game theory, a Nash
equilibrium implies that nobody can take advantage by unilaterally deviating from this stable
state, even in the presence of selfish users. In this paper we prove that any efficient Nash
equilibrium strongly depends on the number of users, if the control scheme policy does not
record their previous behavior. Since this is a common pattern in real situations, this implies
that the system would be always out of equilibrium. Consequently, this result proves that, in
practice, oblivious control schemes must be improved to cope with selfish users.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The problem of control schemes constitutes a largely studied issue in the past few
years [1-7]. Many systems nowadays are based on the principle of sharing a common
resource, e.g., a communication link, among different users. Consequently one of the
main objectives of such schemes is to establish a number of rules guaranteeing that
the common resources are shared in a fair way among users.

However, most of these schemes require users to behave in a cooperative way, so
that they respect some ‘‘social responsible” rules. Moreover, without forcing end
users to adopt a centralized mandated policy controlling their behavior, it is not
possible to guarantee that they will not act in a selfish manner. Then, it seems a main
issue to evaluate the impact of having users acting this way.

An example that illustrates the above-mentioned scenario is the control scheme
used by the TCP/IP protocol, which is currently the dominant protocol in the
internet. By wusing it, users control the injection rate of packets into the
communication network by means of a pair of parameters. When users detect that
the network is overloaded, which is done by means of some control messages, they
decrease their injection rate by a half, thus alleviating the network’s load. However,
the adherence to this scheme is voluntary in nature, and some users may decide to act
in a selfish manner and not to decrease its injection rate. As it has been evaluated by
several authors [8,9], this may lead to a congestion collapse that only benefits selfish
users. Therefore, it is interesting to know how cooperative users may ““fight back”
against unsupportive ones.

Another example of congestion can be found in social networks, mainly when they
are based on the traditional hierarchical paradigm. Despite the problems of
congestion showed by this topology, large companies prefer this hierarchical
organization because it is the only way to keep their activities under a strict control.
But with the growth of the companies, the number of specialized activities grows
also, and it is needed to introduce a non-hierarchical communication to maintain the
efficiency. However, nobody knows how to control a non-hierarchical organization.
The hope is that some global “self-organizing” order emerges by means of a
horizontal protocol [10]. Consequently, it is important to analyze the features which
such a successful protocol must have.

Game theory constitutes a good mathematical tool for analyzing the interaction of
decision makers with conflicting interests [11,12]. From a game-theoretic perspective,
users are considered the game players and congestion control schemes establish the
game rules.

We regard players as agents that issue requests for a common resource selfishly
(i.e., they are only concerned about their own good). Hence, the utility function of
each player, which is the parameter to be maximized, is assumed to be equal to the
number of requests that have been served per unit time.

The rules of the game are determined by the management policy of the common
resource. Here, we consider policies that are oblivious, i.e., that do not differentiate
between requests belonging to different agents, and that have a limited storage
capacity for pending requests. Moreover, requests issued after such a limit is
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