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Extended Abstract
The agent research community holds that there are some application domains

where agent technologies will play a crucial role in the near future. In order to
achieve the full potential of agent approaches the research and development re-
sources should be focused along several key directions. One of them, is the de-
velopment of different theories, architectures, technologies and infrastructures re-
quired to specify, design, implement and manage agent based systems. The work
reported in this Thesis can be placed within this direction.

The central contribution of this dissertation is the proposal of a graded BDI
agent model (g-BDI), specifying an architecture capable of representing and rea-
soning with graded mental attitudes. We consider that making the BDI architecture
more flexible will allow us to design and develop agents capable of improved per-
formance in uncertain and dynamic environments, serving other agents (human or
not) that may have a set of graded motivations.

This work is an important contribution to the agent architectures field, because
of the relevance of the BDI architecture and because some of our ideas may be
adapted to other agent architectures. Moreover, we dealt with the operational se-
mantics of the agent model as a first step towards a g-BDI agent interpreter and we
also developed a methodology to engineer multiagent systems composed by g-BDI
agents. In summary, the Thesis contributions are situated on the following diverse
fields:

1. Agent architectures: a general graded BDI agent model is proposed.

In this model, the agent graded attitudes have an explicit and suitable repre-
sentation. Belief degrees represent the extent to which the agent believes a
formula to be true. Degrees of positive or negative desire allow the agent to
set different levels of preference or rejection respectively. Intention degrees
also give a preference measure but, in this case, modelling the cost/benefit
trade off of achieving an agent’s goal. Then, agents having different kinds of
behaviour can be modelled on the basis of the representation and interaction
of their graded beliefs, desires and intentions.
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The specification of the g-BDI agent model is based on Multi-context sys-
tems (MCS). These systems were introduced by Giunchiglia et al. [12] to
allow different formal (logic) components to be defined and interrelated, and
Parsons et al. in [16] firstly used them to formalize BDI agents. The MCS
specification of agents has several advantages both from a software engineer-
ing and a logical point of view.

In order to represent and reason about graded notions of belief, desire and
intention, in the g-BDI model we followed the approach developed by Godo
et al. [13] where uncertainty reasoning is dealt with by defining suitable
modal theories over suitable fuzzy logics. This formalization permits us to
represent the different mental attitudes within the same well-founded logical
framework. The evolution of the g-BDI agent model, can be seen in [3],[4]
and [5].

2. Knowledge representation and reasoning: a logical framework with a
sound and complete axiomatics for representing beliefs, desires and inten-
tions is presented.

Looking for suitable logical systems for representing and reasoning about
beliefs, desires and intentions in the g-BDI agent model is a knowledge rep-
resentation problem. The question of how to deal with uncertain beliefs has
been widely studied in the AI community and several approaches to approx-
imate reasoning have been proposed. The problem of preference representa-
tion (i.e. desires and intentions) has been also approached previously. Con-
sidering the agent desires in our g-BDI model, besides representing graded
positive desires our agent model includes the formalization of graded neg-
ative desires, to represent respectively the agent desired and rejected states.
We based our work on the bipolar model due to Benferhat et al. [1] and we
extend the state of the art by giving a sound and complete axiomatics and
defining different logical schemas to represent some additional constraints
over preferences. In addition, we present a logical system for intentions and
we show that the framework is expressive enough to describe how desires
(either positive or negative), together with other information, can lead agents
to intentions. Recent work in this direction was presented in [10].

3. Process calculi: a Multi-context calculus (MCC) to define operational se-
mantics for multi-context systems is developed and we use it for giving se-
mantics to the g-BDI agent model.

In order to cope with the operational semantics aspects of the g-BDI agent
model, we first defined a Multi-context calculus (MCC) for Multi-context
systems (MCS) execution. The calculus proposed is based on Ambient cal-
culus [2] and includes some elements of the Lightweight Coordination Cal-
culus (LCC) [17]. We expect that MCC will be able to specify different
kinds of MCSs. Particularly, we have shown how graded BDI agents can
be mapped into this calculus. Through MCC semantics we give this agent
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model computational meaning and in this way, we move one step closer to
the development of an interpreter of the g-BDI agents. Preliminary results on
the language for the execution of g-BDI agents can be seen in [9]. Although
process calculi have been mainly used in the past to model multiagent sys-
tems, we have considered that the modular structure that MCS provides to
the architecture of an agent would permit a similar treatment of single agents
as well. We think that the implementation of agent architectures using pro-
cess calculi, in particular ambient calculus, would give a uniform framework
for agent architectures, multiagent systems and also electronic institutions.

4. Agent based software engineering: a methodology for engineering agent
based systems composed by agents designed as g-BDI agents, was presented.

We have proposed a software engineering process to develop graded BDI
agents in a multiagent scenario. The aim of the proposed methodology is to
guide the design of a multiagent system starting from a real world problem.
The methodology presented has been built by adapting and extending pre-
vious approaches [14, 15] in order to engineer agents with a more complex
internal architecture. In our work the social aspects of design are also con-
sidered, and the System Design phase is clearly separated from the Agent
Design phase. Then, the proposed methodology is composed by two funda-
mental phases: the System Design phase, that has the purpose of determining
the agent types composing the system and the Agent Design phase that is fo-
cused on modelling g-BDI agents. We extract the necessary elements from
the System Design phase to design the different types of agents using the pro-
posed architecture. This process is done in two stages. The first one, deals
with the logical skeleton of the multi-context specification of g-BDI model.
The second one, complete the agent design, filling the contents (theories) of
the different contexts.

Furthermore, the proposed process to develop g-BDI agents contributes to
bridge the gap from the external functionalities assigned to a particular agent
(in the System design phase), to the elements that composed the architecture
(in the Detailed design stage). Besides, we have designed and implemented
a case study in the tourism domain so as to show how the proposed method-
ology works.

Through the design and implementation of a Tourism recommender system,
where one of its principal agents was modelled as a g-BDI agent, we have come
all the way from the formal g-BDI model to a concrete agent implementation. The
Tourism recommender design and implementation was presented in [6, 8].

Finally, the validation and experimentation of g-BDI agents was carried out by
using this case study (detailed in [11]). First, the results of the validation performed
allowed us to conclude that g-BDI agents are useful to build concrete agents in
real world applications. Second, we have also performed a sensitivity analysis that
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showed that a g-BDI agent architecture can engineer agents having different behav-
iors by suitably tuning some of its components. The results of a third experiment
gave support to our claim that “the distinctive feature of recommender systems
modelled using g-BDI agents, which is using graded mental attitudes, allows them
to provide better results than those obtained by non-graded BDI models”.
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