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ABSTRACT
The main aim of my PhD thesis is to develop a theory for
arguing in groups and apply it to allow agents in open Multi-
Agent societies to reach agreements by using argumenta-
tion. The thesis proposes a computational argumentation
framework for agent societies. Also, a protocol that allows
agents in multi-agent societies to engage in argumentation
processes is also being developed.
ACM Categories: Coordination, Multi-Agent Systems; Key-
words: Agreement Technologies, Argumentation.

1. INTRODUCTION
A recent trend in computing is to view large systems in

terms of the services they offer and the agents that interact
to provide or consume them. Multi-Agent Systems (MAS)
is adopting this view of computing as interaction [6]. Open
MAS where agents can enter in or leave the system, inter-
act and dynamically form agents’ coalitions or organisations
to solve problems seems a suitable technology to cope with
the development of this type of systems. The dynamism of
open MAS requires their agents to have a way of reaching
agreements that harmonise conflicts between them.

Argumentation is probably the most natural way of har-
monising conflicts of knowledge inconsistencies and provides
a fruitful means of dealing with defeasible reasoning. Re-
cently, many Artificial Intelligence (AI) researchers have payed
attention on argumentation. Research on argumentation is
also at its peak in MAS, since it has proven to be very suc-
cessful to implement agents’ epistemological and practical
reasoning and to manage dialogues [9].

2. MOTIVATION
To design MAS whose agents are able to perform argu-

mentation processes to reach agreements and dynamically
adapt to changes, agents need a way of computationally rep-
resent arguments and facilitating the automatic performance
of argumentation processes.

In the computational representation of arguments in MAS,
most reseach effort is aimed at developing models for ar-
gument authoring and diagramming [10](OVA1). However,
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these systems assume human users interacting with software
tools and hence, their argument structures are not conceived
for performing automatic reasoning processes. Other re-
search works that cope with the computational structure
of arguments are those on case-based argumentation [13].
Case-based argumentation particularly reported successful
applications in American common law [2], whose judicial
standard orders that similar cases must be resolved with
similar verdicts. But, again, these models assumed human-
computer interaction and cases were not thought to be used
as a knowledge sources only acceded by software agents. In
MAS, the research in case-based argumentation is quite re-
cent with just a few proposals to date. These proposals
are highly domain-specific or centralise the argumentation
functionality in a mediator agent that manages the dialogue
between the agents of the system, which do not have individ-
ual argumentation capabilities [5]. Finally, other interesting
proposal is the Argument Interchange Format (AIF) ontol-
ogy [16], which provides a common language to interchange
argumentation concepts between heterogeneous systems.

From the argumentation literature, we have realised that
most argumentation systems consider abstract notions of ar-
gument that are not intended for performing an automatic
argument management. In fact, [11] states how the proposed
computational models of argument take a narrow view of the
argument structure. On the other way round, most MAS
whose agents have argumentation capabilities use domain-
dependent representations for arguments [14][15].

Moreover, little work, if any, has been done to study the
effect of the social relations between agents in the way that
they argue and manage arguments. Commonly, the term
agent society is used in the argumentation and AI litera-
ture as a synonym for an agent organisation [4] or a group
of agents that play specific roles, follow some established in-
teraction patterns and collaborate to reach global objectives
[7]. Nevertheless, the social dependencies between agents
and the effects of their membership to a group in the way
that they can argue with other agents (the social context
of agent societies), are not analysed. Also, we have payed
a particular attention in value-based argumentation frame-
works, since we endorse the view of [1], which stress the
importance of the audience in determining whether an ar-
gument is persuasive or not.

To our knowledge, no research is done to adapt argumen-
tation frameworks to represent and manage arguments of
agents that belong to societies taking into account their so-
cial context. In addition, agents in societies can inherit the
social values of their group, might have to adopt the values
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of their superiors or, on the opposite, impose their values
to subordinates. This social view of agents should have a
decisive influence in the computational representation of ar-
guments, in the argument management process and in the
way agents develop strategies to argue with other agents.

3. PHD THESIS ABSTRACT
The objective of my PhD work is to propose a model for

strategic argumentation in open multi-agent societies. The
contributions of this work are organised on different levels.

On the Agent Level, our main aim is to provide agents
of agent societies in open MAS with the ability of gener-
ating arguments, selecting the best ones to pose and eval-
uating incoming arguments and the argumentation process
itself. Here, the first step to design open MAS whose agents
are able to perform argumentation processes is to decide
how agents represent arguments. There are some require-
ments that should be met to make a suitable choice for the
structure to represent arguments in our social environment.
Thus, this structure should: 1) be computationally tractable
and designed to ease the performance of automatic reason-
ing processes over it; 2) be rich enough to represent knowl-
edge about the domain and social information about agents
and their groups; 3) be generic enough to represent different
types of arguments; and 4) comply with the technological
standards of data and argument interchange on the web. A
knowledge-intensive case-based structure to represent argu-
ments could suit these requirements [3], since it can be easily
interpreted by machines and has highly expressive formal se-
mantics to define complex concepts and relations over them.

On the theoretical and Formal Level, based on the compu-
tational argument structure, an argumentation framework
that allow agents to argue and improve their argumenta-
tion skills devising argumentation strategies is under devel-
opment. In addition to the formal definition of the frame-
work, the reasoning process that agents perform to generate,
select and evaluate arguments taking into account their so-
cial context is being implemented. Also, we are working on
a theory for modelling the way in which agents can argue
in their societies. The basis for this theory is the work pre-
sented in [8] on the arguments based on the structure of
reality. There, several stereotyped patterns of the way that
humans argue by taking into account their belonging to a
society were analysed. Our objective is to adapt this theory
to the context of adaptive multi-agent societies.

On the System Level, the objective of this thesis is to de-
velop a protocol to allow agents in open agent societies to
engage in argumentative dialogues. After reviewing current
approaches, we have decided to follow a dialogue game ap-
proach that could allow agents to use argumentation schemes
in the dialogue, for instance, adapting the ASD game [12].

Finally, the hypothesis and proposals of the thesis will be
implemented and tested in different study cases: a social
network of recommender agents, a model for the emergency
of norms and a system for the water-right transfer manage-
ment in a real Spanish river basin.

Acknowledgments
This work is supported by the Spanish government grants
CONSOLIDER-INGENIO 2010 CSD2007-00022 and TIN2009-
13839-C03-01 and by GVA project PROMETEO 2008/051
and supervised by Dr. Vicente Julián and Professor Vicente
Botti.

4. REFERENCES
[1] T. Bench-Capon and K. Atkinson. Argumentation in

Artificial Intelligence, chapter Abstract argumentation
and values, pages 45–64. 2009.

[2] T. Bench-Capon and G. Sartor. A model of legal
reasoning with cases incorporating theories and values.
Artificial Intelligence, 150(1-2):97–143, 2003.

[3] B. Diaz-Agudo and P. A. Gonzalez-Calero. Ontologies:
A Handbook of Principles, Concepts and Applications
in Information Systems, chapter An Ontological
Approach to Develop Knowledge Intensive CBR
Systems, pages 173–214. 2007.

[4] J. Ferber, O. Gutknecht, and F. Michel. From agents
to organizations: an organizational view of multi-agent
systems. volume 2935, pages 214–230, 2003.

[5] S. Heras, V. Botti, and V. Julian. Challenges for a
CBR framework for argumentation in open mas.
Knowledge Engineering Review, 24(4):327–352, 2009.

[6] M. Luck and P. McBurney. Computing as interaction:
agent and agreement technologies. In IEEE Int.
Conference on Distributed Human-Machine Systems,
2008.

[7] E. Oliva, P. McBurney, and A. Omicini.
Co-argumentation artifact for agent societies. In 5th
International Workshop on Argumentation in
Multi-Agent Systems, ArgMAS-08, 2008.

[8] C. Perelman and L. Olbrechts-Tyteca. The New
Rhetoric: A Treatise on Argumentation. 1969.

[9] I. Rahwan. Argumentation in multi-agent systems.
Autonomous Agents and Multiagent Systems, Guest
Editorial, 11(2):115–125, 2006.

[10] I. Rahwan, F. Zablith, and C. Reed. Laying the
foundations for a world wide argument web. Artificial
Intelligence, 171(10-15):897–921, 2007.

[11] C. Reed and F. Grasso. Recent advances in
computational models of natural argument.
International Journal of Intelligent Systems, 22:1–15,
2007.

[12] C. Reed and D. Walton. Argumentation Schemes in
Dialogue. In Proceedings of OSSA 2007, 2007.

[13] D. Skalak and E. Rissland. Arguments and cases: An
inevitable intertwining. Artificial Intelligence and Law,
1(1):3–44, 1992.

[14] L.-K. Soh and C. Tsatsoulis. A real-time negotiation
model and a multi-agent sensor network
implementation. Autonomous Agents and Multi-Agent
Systems, 11(3):215–271, 2005.

[15] P. Tolchinsky, U. Cortés, S. Modgil, F. Caballero, and
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