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1. INTRODUCTION
Software agents offer great advantages for people. They

can be used for training, as well as for assisting in many
environments and tasks. In this work we study the design
of agents in three distinct contexts.

First, we consider the design of automated negotiators.
Various tasks in day-to-day life require negotiation capabili-
ties. Frequently negotiations are conducted by ordinary peo-
ple who have not acquired formal training in this field. The
aim of our work is not to replace humans in negotiations,
but rather to develop an automated negotiation agent that
will enable training in real daily life negotiations, such as e-
commerce. We show that it is indeed possible to design an
efficient agent for bilateral negotiations with humans. Our
results indicate that our agent plays better than humans as
well as better than other automated negotiation agents.

Second, motivated by the recent emergence of fourth gen-
eration network technology and the expected trends which
include both an increase in the number of end users and
convergence of a variety of services, such as IP Multime-
dia Subsystems, email and instant messaging, we investi-
gate the effects of agents in the cellular network domain.
Still, there is a continual need for efficient resource utiliza-
tion and network maintenance. We have developed general
distributed algorithms and heuristics that allows short-term
self-adjustment capabilities. Using simulations on a real cel-
lular network deployed in a large central European country
we have shown that if agents use distributed negotiations
global performance of the network can be effectively im-
proved. In addition, our development is one of the first inte-
grated simulation environments for cellular networks with an
agent oriented paradigm. While most simulations use theo-
retical models, we have built a realistic reconstruction of a
deployed cellular network, while demonstrating the benefits
of reactive intelligent agents in settings as close to reality
as possible. Thus, our simulation environment can serve as
a test-bed for numerous aspects of artificial intelligence and
agent-based mechanisms in cellular networks, far beyond our
proposed negotiation tool.
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In the third context, we focus on self-interested agents in
complex networks such as transportation networks. Vehicle-
To-Vehicle (V2V) communication is already on-board among
some car manufactures, enabling the collaboration between
different cars on the road. In this work we investigate the at-
traction of being a selfish agent in vehicular networks. That
is, we investigate the benefits achieved by car owners, who
tamper with on-board devices and incorporate their own
self-interested agents in them for their own benefits. Us-
ing simulations which models a real vehicular network in a
large city we investigated behaviors that might be taken by
self-interested agents. Our simulations indicate that the self-
interested agents have only limited success achieving their
goal, even if no counter-measures are taken. This is as op-
posed to the greater impact inflicted by self-interested agents
in other domains (e.g., E-Commerce). Some reasons for this
are the special characteristics of vehicular networks and their
dynamic nature. While the self-interested agents spread lies,
they cannot choose which agents with whom they interact.
Also, by the time their lies reach other agents, they might
become irrelevant, as more recent data has reached those
agents.

2. AN AUTOMATED AGENT FOR BILAT-
ERAL NEGOTIATIONS WITH BOUNDED
RATIONAL AGENTS WITH INCOMPLETE
INFORMATION

Many tasks in day-to-day life involve interactions among
several people. Many of these interactions involve negotiat-
ing over a desired outcome. Often the negotiation can be as
simple and ordinary as haggling over a price in the market
or deciding what show to watch on TV, though it can also
involve issues over which million of lives are at stake, such
as resource allocation and interstate disputes.

In this research we propose a model of an automated nego-
tiation agent capable of negotiating with bounded rational
agents under conditions of incomplete information. We have
tested the agent against people in two distinct domains, in
order to verify that its model is generic, and thus can be
adapted to any domain as long as the negotiators’ prefer-
ences can be expressed in additive utilities. One of the do-
mains was based on an international crisis, and the subjects
had to play a role that was outside of their normal expe-
rience. On the other hand, the second domain was more
related to the subjects experience, thus they were better
able to identify with the negotiations.

Our results [4] indicate that the agent reached more agree-



ments and played more effectively than its human counter-
parts. Moreover, in most of the cases, the automated agent
played significantly better than the human counterparts.

3. TOWARDS THE FOURTH GENERATION
OF CELLULAR NETWORKS: IMPROV-
ING PERFORMANCE USING DISTRIB-
UTED NEGOTIATIONS

We have developed a novel programmatic approach to ef-
ficiently and intelligently distribute resources in a dynamic
cellular network, using local negotiations. Our proposed
mechanism is reactive and facilitates parallel self-adaptation
efforts, leading to dynamics that improve overall network
performance. The local nature of the negotiations is per-
formed as part of the adaptation process enables frequent
changes in the network’s parameters with a negligible co-
ordination overhead. This mechanism is important when
a frequent global optimization is infeasible or substantially
costly. The proposed local negotiation mechanism is incor-
porated into a simulated network based on cutting-edge in-
dustry technologies.

Our simulations were run on a simulation of a real cellu-
lar network deployed in a large central European country.
Our current results [1, 2] show that our mechanism enables
improvement in the performance of large cellular networks
with dynamic changes. Thus far we have shown success in
multi-attribute optimization (a framework to negotiate over
several arguments whose success has been demonstrated via
simulations) and have demonstrated the approach on a large
network of 300 base stations.

Our future work will focus on the development of algo-
rithms for improving the performance of cellular networks
using distributed negotiations when fault components are
detected. We will also develop dynamic algorithms for online
bandwidth allocation between different service providers.
The success of our research could motivate the creation of
standards (e.g. IEEE) to enable the dynamical sharing of
resources and negotiation over bandwidth between different
service providers.

4. ON THE BENEFITS OF CHEATING BY
SELF-INTERESTED AGENTS IN VEHIC-
ULAR NETWORKS

Along this line of research we investigated the effects caused
by self-interested agents in a transportation network. As
more and more cars are equipped with GPS and Wi-Fi
transmitters, it becomes easier to design systems that will
allow cars to interact autonomously with each other, e.g.,
regarding traffic on the roads. Indeed, car manufacturers
are already equipping their cars with such devices. Though,
currently these systems are a proprietary, we envision a nat-
ural evolution where agent applications will be developed
for vehicular systems, e.g., to improve car routing in dense
urban areas. Nonetheless, this new technology and agent ap-
plications may lead to the emergence of self-interested car
owners, who will care more about their own welfare than the
social welfare of their peers. These car owners will try to
manipulate their agents such that they transmit false data
to their peers. Using a simulation environment, which mod-
els a real transportation network in a large city, we demon-
strate the benefits achieved by self-interested agents if no

counter-measures are implemented [3].
Motivated by our results, we argue that a way to dis-

tinguish between false messages and correct ones is in or-
der. This leads to two main problems, for which we propose
several mechanisms. The first is the distributed reputation
mechanism that should enable each agent to propagate infor-
mation, including its belief regarding others in the network.
The second issue is how each agent can form and update its
belief about others in the network. Distributed reputation
has been investigated in the literature in the context of mo-
bile ad-hoc networks (MANET), Peer-to-Peer networks and
Byzantine networks. However, gossip in VANET is quite
different from those environments, due to its unique charac-
teristics. In particular, an agent cannot choose with whom
to interact and the communication and direct data exchange
of an agent is only done with a small portion of the total
agents in the network Our future research will involve the
development of a distributed reputation mechanism for gos-
sip in vehicular networks and the incorporation of a belief
mechanism formation within the agents. We assume that
the identity of the senders cannot be forged (e.g., using pub-
lic keys). We aim to use the mechanism in order to test
interesting key questions in respect to our domain:

• Does the protocol assist in detecting agents that prop-
agate false information and how well does it charac-
terize them or false characterize true telling agents?

• What happens if there are special agents guaranteed
to tell the truth (e.g., ambulance/police agents; public
transportation agents)?

• What is the minimum amount of information needed
to be propagated for the protocol to perform well?

We will test our proposed method based on an existing
simulation tool, which simulates the vehicular network of
Jerusalem, with 50 junctions and 150 roads. This simula-
tion tool will allow us to record various data about the sim-
ulation itself and each of the agents (e.g., journey length,
propagation of data, etc.). The results will also be com-
pared to simulations in which no distributed reputation or
belief formation is used.
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