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SOMMARIO/ ABSTRACT

In questo articolo presentiamo le linee di ricerca più re-
centi del gruppo di Intelligenza Artificiale dell’Universita
di L’Aquila. Tali attività riguardano la Logica Com-
putazionale e principalmente gli Agenti Intelligenti logici.
Infatti, il gruppo ha sviluppato negli ultimi anni il linguag-
gio logico orientato agli agenti DALI. Tuttavia, vi sono
attività anche in altre aree, come ad esempio il ragion-
amento non monotono e l’elaborazione del linguaggio
naturale. L’attenzionèe posta in particolare sulle nuove
prospettive di lavoro.

In this paper, we briefly describe recent research direc-
tions of the Artificial Intelligence group of the University
of L’Aquila, Italy. Research activities concern Computa-
tional Logic and mainly Intelligent Logical Agents. In fact,
in the last years the group has developed the logical agent-
oriented language DALI. However, work is under way also
in other areas, like, e.g., Non-Monotonic Reasoning and
Natural Language Processing. We particularly emphasize
recent and future work directions.

Keywords: Intelligent Agents, Negotiation, Answer Set
Programming, Natural Language Processing for the Web.

1 Introduction

Intelligent Agents, computational logic, agents coopera-
tion and negotiation, non-monotonic reasoning, natural
language processing and, very recently, biologically in-
spired models have been the key words of our research
activity in the last years1.

Intelligent agents in computational logic form the “core”
of our research. A main achievement of our group has
been the definition and development of the DALI language
[10, 11, 17, 12], an Active Logic Programming language

1The list of publications of the research group can be found at the
URL http://www.di.univaq.it/stefcost/pubblsstefi.htm

designed in the line of [15] for executable specification of
logical agents. DALI is a prolog-like logic programming
language with a prolog-like declarative and procedural se-
mantics. The reactive, proactive and social behavior of
DALI agents is triggered by several kinds of events: ex-
ternal, internal, present and past events. The DALI Inter-
preter has been fully implemented in Sicstus Prolog. DALI
agents have been put at work in several real-world applica-
tions. An application where the role of DALI agents is
particularly relevant has been developed in the context of
the CUSPIS European project2, where DALI agents have
been adopted for supporting users during their visit to mu-
seums or archeological areas. The system has been prac-
tically demonstrated in Villa Adriana (Tivoli, Rome) [8].
However, we have also experimented DALI agents in the
context of hybrid architectures and in negotiation scenar-
ios, as summarized in Sections 2 and 3.

Another research line of the group is concerned with An-
swer Set Programming (ASP for short), which is a form
of logic programming based on the answer set seman-
tics [14], where solutions to a given problem are repre-
sented in terms of selected models (answer sets) of the
corresponding logic program. We have recently proposed
RASP, an extension of ASP that permits declarative spec-
ification and reasoning on consumption and production of
resources, shortly presented in Section 4.

A recent research direction concerns the problem of im-
proving natural language processing by means of paral-
lelizing syntactic and semantic analysis. As a case-study,
we have developed a prototype semantic search engine,
calledMnemosine. This work is outlined in Section 5.

Finally, in the last period we have spent some effort (in
cooperation with the biologists of our University) in the
study of the human brain as, in view of the growing com-
plexity of computational tasks and their design, many re-
searchers are considering whether interactive systems may
be better designed by exploiting computational strategies

2CUSPIS, “A Cultural Heritage Space Identification Sys-
tem”(GJU/05/2412/CTR/CUSPIS).
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based on the understanding of the human brain. In fact,
up to now artificial cognitive systems have been designed
without any reference to biology. However, with the pre-
dicted increases in computational power and storage ca-
pacity over the next decades, it may be important to inves-
tigate whether the study of natural cognitive systems can
lead to design artificial systems, and in particular agent ar-
chitectures, with better cognitive capabilities. If so, agent
architectures will evolve and agents will become a more
effective and useful support for the human activities.

2 Modeling Intelligence in Multi-Layer Co-
operative Systems

Nowadays, myriads of heavily networked devices interact
with the physical world in multiple ways and at multiple
scales. Many of these devices are highly mobile and must
adapt to the surrounding environment in a totally unsuper-
vised way.

Biological systems are able to handle many of these
challenges with an effectiveness still far beyond current
human artifacts: therefore, our long-term goal is to investi-
gate biologically inspired methods on how to engineer in-
telligent agent systems, so as to exhibit similar high stabil-
ity and efficiency.

For reconciliating scalability and intelligence, one way
is that of creating systems where various degrees of in-
telligence are distributed over various levels of the archi-
tecture. Aim of our research work in this direction has
been that of creating a society composed of high-level in-
telligent agents, aided in their tasks by bunches of elemen-
tary agents. The high-level agents are responsible of over-
all system strategies and plans, to be possibly devised in
cooperation. Bunches of elementary agents are supposed
to assist each high-level agent in activities where massive
parallelism is in order, such as environment exploration,
pattern-recognition, classification, action selection and ac-
tion execution. In fact, as in social insects colonies intel-
ligence emerges from the cooperation activities among in-
dividuals, in software environments “intelligence” can be
the result of a distribution of roles among different kinds
of agents.

We have developed an architecture based on DALI in-
telligent agents and IBM Aglet mobile agents [1], where
the Aglets are Java objects that can move from one host on
the Internet to another, and are equipped with communi-
cation capabilities: i.e., the Aglets are a very simple kind
of agent. The integration of DALI and the Aglets into a
colony has been made possible by exploiting those social
aspects that are present in both agents platforms. Instead
of using standard interfaces, we have implemented a more
efficient and flexible communication level not tailored to
specific formalisms, that will in perspective allow the inte-
gration of other agent platforms into the framework.

As a first experiment of this new kind of architecture,
we have tried to model a colony of social insect, though

we have widely reinterpreted its structure. We have tried
to suitably exploit the features of each platform and to dis-
tribute roles among the various entities in order to obtain a
kind of “social intelligence” in the artificial colony. Roles
that require more “intelligence” are assigned to DALI
agents due to their reasoning and learning abilities, while
roles requiring communicative and reactive abilities are as-
signed to Aglets due to their mobility and social nature. In
particular, proactivity of DALI agents allowed us to intro-
duce in the artificial colony an entity capable of supervis-
ing all the activities which are crucial for the community
life like, for example, the planning of some kind of supply
or the generation of new individuals useful for the commu-
nity. Reactivity and mobility of Aglets suggested that their
ideal job was that of being the “actuators” of the basic steps
of plans devised at the higher level.

We have experimented the architecture in two basic sce-
narios. In the first one, DALI agents are totally responsible
of planning and communicate directly their directions to
the actuators. In the second one, DALI agents delegate
some planning activity to an intermediate entity that com-
municates with the actuators. For performing the experi-
ments, we have simulated the activity of bees relative to
honey production (where the “honey” the Aglets try to pro-
duce may in practical applications correspond to any kind
of resource).

The difference between the two scenarios is mainly the
degree of interaction, intelligence and sharing among the
components. In the first scenario, all managerial and in-
telligent roles are reserved to the DALI “queen” that or-
ganizes the collectivity for producing a certain quantity of
honey. According to the queen’s indications and using the
resources of the society, the colony starts moving, so that
every member completes its task with the maximum effi-
ciency. In the second scenario, we have introduced a new
role inside the society, i.e., the “courtier”. Here, the man-
agerial role previously reserved only to the queen is dis-
tributed among the queen and the courtiers. Both scenar-
ios show that the common effort of different entities such
as the DALI intelligent agents and the mobile IBM Aglets
succeeds in producing coordination so as to reach a com-
mon goal.

The number of experiments that we have performed so
far does not allow us to establish a general statement. How-
ever, the second scenario seem to behave better in the sense
that the same quantity of honey is produced in less time. In
perspective however, we mean to assess by means of exper-
iments which is the “optimal” distribution of intelligence
among levels in relevant classes of applications.

Work is under way in the development of an application
of this hybrid architecture in the field of security. As a first
step, we have used the Aglets for exploring registries of a
computer processor and detecting if an undesired program
has been installed. We plan to tackle in the near future
other security-related issues.
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3 Agents and Negotiation

In the context of Proposal-Based negotiation we have pro-
posed, implemented and experimented an extension of
a negotiation approach originally introduced by Marco
Cadoli [4].

In the original approach the negotiation areas, represent-
ing the admissible values of the negotiation issues, are con-
sidered to be convex ones. In particular, the negotiation
process is considered as proposal-based with the restric-
tion that at least one of the parts involved in the process is
bound to offer only proposal corresponding to vertices of
the negotiation area.

This restriction entails that at least one of the negotia-
tion areas has to be polyhedral, while the restriction on the
areas to be convex entails that any point of the line con-
necting two admissible proposals has to be an admissible
proposal as well. Possible agreements are represented by
the intersection of the two areas. The goal of the approach
is to conclude the process, i.e., to find an agreement, by
involving the minimum number of interaction between the
parties.

The proposed extension [13] is based on relaxing the
condition of at least one agent offering vertices of the the
negotiation area, which on the one hand may lead to prob-
lems if, e.g., the intersection area does not include vertices
and on the other hand excludes non-polyhedral areas such
as circles. In the extension, proposals can be internal points
of the negotiation areas. The points to propose are selected
based on the last offer, increased or decreased by a delta
margin. A large number of experiments have shown that
the proposed extension works properly and that the algo-
rithms performance, in terms of interactions, is reasonable.

Our recent research work on negotiation is related to
Argumentation-Based negotiation and its use to cope with
contract violations: an agent that has violated an already-
signed contract will try to justify this fact by exposing
some arguments while the opponent agent will try to un-
dermine their truthfulness and acceptability, by finding at-
tacks against them. As a response, the justifying agent
needs in turn to devise a counter-attack. The main theo-
retical tools that we adopt are logic programming, argu-
mentation and modal logics. Among the objectives of this
research are the specification of an appropriate language
to support/depict the arguments/justifications used by the
agents (we are presently considering dynamic epistemic
logic) and the definition of algorithms or mechanisms for
performing dialectical disputes among agents.

4 Non-Monotonic Reasoning

Rich literature exists on applications of ASP in many areas,
including problem solving, configuration, information in-
tegration, security analysis, agent systems, semantic web,
and planning (see, e.g., [2] and the references therein). The
ASP formulations in these and other fields may take profit

from the possibility of performing (at least to some extent)
forms ofquantitativereasoning like those that are possible
in, e.g., Linear Logics and Description Logics.

Then, together with Andrea Formisano (University of
Perugia) we have recently proposed RASP, an extension of
Answer Set Programming that allows for declarative spec-
ification and reasoning on consumption and production of
resources. Resources are modeled by introducingamount-
atoms, involving quantities that represent the available
amount of resources. Processes that use resources are eas-
ily described through program rules: in fact, the firing of
a RASP-rule can both consume and produce resources.
Different solutions correspond to different possible allo-
cations of available resources.

The approach also allows the declarative specification
of preferences among alternative uses of available re-
sources. In particular, in realizing the same process (mod-
eled through the firing of a rule), one may prefer to produce
a certain product rather than another one and/or to consume
certain available resources rather than others. This exten-
sion can be particularly useful in planning/configuration
applications.

Semantics for RASP programs is provided by combin-
ing usual answer set semantics with an interpretation of
resource amounts, where different allocation choices cor-
respond to different answer sets.

5 Mnemosine

Menmosine [9] is a prototype semantic search engine
based on an extension to the well-known DCGs (Defi-
nite Clause Grammars) so as to perform syntactic and se-
mantic analysis to some extent in parallel, and generate
semantically-based description of the sentence at hand.
The parallelization of syntactic and semantic analysis can
help solving some functional deficiencies of classical NLP
solutions [3, 16], that often cannot properly cope with am-
biguous propositions. In fact, in classical automated lan-
guage processing methodologies, syntactic and semantic
analysis do not have, in many cases, sufficient informa-
tion neither to determine with certainty the syntactic as-
pects and details nor to give the correct semantic evalua-
tion. Even probabilistic methods have difficulties.

Thus, for coping with many practical cases NLP systems
must at least include ontological reasoning, and thus must
become to some extent “intelligent”. Mnemosine relies
on an extension to classical DCG’s where a background
knowledge base is accessed during the analysis, which is
no more divided into separate stages, but can be considered
to be “syntactic-semantic”. The input of the analysis is (as
usual) a sequence of tokens obtained from lexical analy-
sis. The results of syntactic-semantic analysis consist in (i)
establishing the syntactic correctness of the sentence; (ii)
creating a formal representation of extracted knowledge;
(iii) adding to the knowledge base this representation, as
well as the consequences that can be drawn form it. I.e.,
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the objective is to elicit the structure and the meaning of
the natural language expression at hand, and to properly
exploit it for enlarging or improving the available knowl-
edge.

Mnemosine has been fully implemented and has been
applied to a practical case-study, i.e., to the WikiPedia Web
pages. We have chosen to use a real data sets from third
parties as the choice of data is of primary importance in
experiments: in the field of artificial intelligence in fact,
many solutions operate properly and efficiently on the data
on which they have been developed and tested and then
their efficiency collapses dramatically as soon as switched
to a real operating environment.

The architecture of Mnemosine has been designed so as
to be ready for a timely transformation from a research pro-
totype to an actual industrial product.

6 Conclusions

Throughout the world we are seeing an increased interest
in Artificial Intelligence and Computational Logic, despite
the relative crisis of Computer Science “per se”. Success-
ful results in agents, search and language technology, ro-
botics and web applications are starting the transition to
industry. For all this, we have to thank those researchers,
like Alberto Martelli, whose important work in computa-
tional logic has significantly contributed to the successful
development of this field.
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