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Preface

This volume gathers the research papers presented at the International Confer-
ence on Automated Reasoning with Analytic Tableaux and Related Methods
(TABLEAUX 2007) that took place July 3-6, 2007 in Aix en Provence, France.
This conference was the 16th in a series of international meetings held since 1992
(the list is on page VIII).

The Program Committee of TABLEAUX 2007 received 43 submissions, 16
of which were accepted for publication in the present proceedings, while 8 were
accepted as position papers.

In addition to the contributed papers, the program included three excellent
keynote talks by Piero Bonatti of Universita di Napoli, by John-Jules Meyer of
Utrecht University, and by Cesare Tinelli of the University of lowa. Finally, the
program was completed by three tutorials of deep interest: “The Tableau Work
Bench: Theory and Practice” (Pietro Abate and Rajeev Goré), “Tableau Meth-
ods for Interval Temporal Logics” (Valentin Goranko and Angelo Montanari),
and “Semistructured Databases and Modal Logic” (Serenella Cerrito).

Tableaux and related methods are a convenient formalism for automating
deduction in classical as well as in non-classical logics. The papers collected in
this volume witness the wide range of logics being covered: from intuitionistic
and substructural logics to modal logics (including temporal and dynamic log-
ics), from many-valued logics to nonmonotonic logics, from classical first-order
logic to description logics. Some contributions are focused on decision proce-
dures, others on efficient reasoning, as well as on implementation of theorem
provers. A few papers explore applications such as model-checking, verification,
or knowledge engineering. Finally, some contributions make use of tableaux as a
tool for theoretical investigation of logics. This variety of logics and applications
illustrates well the flexibility and the ubiquity of analytic tableaux and related
proof methods.

I want to express my gratitude to the invited speakers and to the tutorial
presenters who really contributed to making a rich and stimulating conference
program. I am very grateful to the members of the Program Committee for their
assistance in all phases of the conference and to other reviewers who ensured, to-
gether with the Program Committee members, a rigorous selection of the papers.
Their effort was decisive to keeping the high scientific standard of the conference.
I am also grateful to the members of the Steering Committee for their valu-
able support. I particularly thank my colleagues of the Local Organizing Com-
mittee: Belaid Benhamou, Djamal Habet, Philippe Jégou, Richard Ostrowski,
Cyril Pain-Barre, Odile Papini, Nicolas Prcovic, Vincent Risch, Pierre Siegel,
Cyril Terrioux, Eric Wiirbel; they worked hard with a truly cooperative spirit,
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making the conference a successful event. A final thanks to the Office of Tourism
of Aix en Provence and to Promo Sciences for their professional assistance and
services.

July 2007 Nicola Olivetti
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Nonmonotonic Description Logics —
Requirements, Theory, and Implementations

Piero A. Bonatti

Dipartimento di Scienze Fisiche
Sezione di Informatica
Universita di Napoli Federico II
Napoli, Italy
bonatti@na.infn.it

Abstract. The Semantic Web and a number of modern knowledge-
based applications have turned ontologies into a familiar and popular
ICT notion. Description Logics (DLs) are one of the major formalisms
for encoding ontologies.

Many “users” of such formalisms — that is, ontologies writers — would
appreciate DLs to have nonmonotonic features. For example, it would
be appealing to describe taxonomies by means of general default prop-
erties that may be later overridden in special cases; a similar behavior is
supported by all object-oriented languages, after all. However, nonmono-
tonic extensions of DLs involve many tricky technical problems.

This talk will briefly illustrate some of the major requirements for
nonmonotonic description logics and some of the formalisms currently
available. Then we shall point out the major problems that still have to
be solved in order to apply standard tableaux optimization techniques to
nonmonotonic DLs. Since DLs are usually at least PSPACE-hard, such
optimization techniques are crucial in making these formalisms usable in
practice.

For example, it seems very difficult to find a tableaux system for a
fragment of nonmonotonic DLs where a tableau needs not be stored
entirely in memory (because it is enough to construct and verify a single
branch at each iteration, for example).

Since “traditional” nonmonotonic semantics are not completely sat-
isfactory, it may be possible to solve both semantic shortcomings and
optimization problems by adopting suitable new logics.

N. Olivetti (Ed.): TABLEAUX 2007, LNAI 4548, p. 1, 2007.
© Springer-Verlag Berlin Heidelberg 2007



Our Quest for the Holy Grail of Agent
Verification

John-Jules Ch. Meyer

Department of Information and Computing Sciences,
Utrecht University,
The Netherlands
jj@cs.uu.nl

Abstract. Since the inception of agent technology almost two decades
ago, researchers have worked both on the formal, theoretical aspects
of intelligent agents and on the realisation / implementation of them.
However, the link between the two has always remained rather unclear,
to this day. Although there is a definite need for the verification of agents,
the methods and techniques for this are still in their infancy. We describe
our personal ongoing quest for the ‘right’ approach to agent verification.

1 Cognitive Agent Programming

The basic ideas of agent programming go back to Aristotle’s practical reasoning
(cf. [5], p. 728), augmented by the modern philosophical concepts of the inten-
tional stance by Dennett [16] and that of intention by Bratman [10]. In short,
practical reasoning is about specifying the decision of an agent by coining it in
a rule (a so-called practical syllogism). Together with the idea of treating an
entity as a rational agent deliberating its beliefs and goals in order to come up
with the next action (Dennett’s intentional stance), and the idea that resource-
bounded agents should always settle on some of their desires and then stick with
these as long as is rationally possible (the concept of an intention), this provides
the ingredients of the current agent-oriented programming languages such as
Agent0 [42], AgentSpeak(L) [34] and 3APL [24,14]/ 2APL [13] (also cf. [7]). In
particular, we are interested in what we call cognitive or BDI agent program-
ming, in which the agent has mental attitudes such as beliefs, desires (goals) and
intentions (plans).

For instance, in 3APL and 2APL an agent has a belief base, a goal base and
a plan base. The programmer can use Plan Generation (PG) and Plan Revision
(PR) rules of the form

VB —
and
1 |,3 — T2

respectively, to let the agent generate plans 7, given the agent’s beliefs 3 and
goals 7, and revise plans m; to w2 when necessary (indicated by a certain belief
condition ) (cf.[7,13]). As one can see, these rules are a direct operationalization
of practical reasoning together with the ideas of Dennett and Bratman.

N. Olivetti (Ed.): TABLEAUX 2007, LNAI 4548, pp. 2-9, 2007.
© Springer-Verlag Berlin Heidelberg 2007



Our Quest for the Holy Grail of Agent Verification 3

2 Agent Verification

Since the inception of agent technology almost two decades ago, researchers have
worked both on the formal, theoretical aspects of intelligent agents and on the
realisation / implementation of them [12,35,28,43]. However, the link between
the two has always remained rather unclear, to this day. A case in point is the
pioneering work of Rao & Georgeff, who developed their famous BDI (beliefs-
desires-intentions) logic ([35]) on the one hand, while working on their BDI
architecture and programming language AgentSpeak(L) ([34]) to realize agents,
on the other. Although the names of the logic and architecture (both contain-
ing ‘BDI’) suggest an intrinsic connection, they are only superficially related.
This also holds for the BDI-like logic and the programming language Agent0 in
the pioneering first paper on agent-oriented programming by Shoham [42]. More
generally, this phenomenon is referred to in the literature as the ‘gap’ between
agent logics and implemented agent systems. One of the problems is that the
BDI notions in agent logics generally are not ‘grounded’ in agent computations:
they are rather general notions, modelled by abstract (accessibility) relations in
modal logic, and have no apparent association with concrete agent behaviour,
and an agent program in particular (cf. [44]). On the other hand one has in-
creasingly come to realize that complex agent-based systems need verification.
For instance, in the domain of space exploration one is getting more and more
interested in agent systems, but also feels the need for verifying them [36]. Al-
though here it is an absolute necessity in view of huge investments of money
and the fact that possibly also human lives are at stake, there are many other
examples, where the sheer complexity of agent-based systems to be deployed
calls for formal verification. However, since it is hard to connect the practice of
agent programming with the formal counterpart of agent logics, it has been hard
to establish a solid framework for agent verification.

3 Owur Approaches

In the last 15 years or so we have been working on both agent logics (viz.
the KARO framework [28]) and agent programming (viz. the agent languages
3APL [24,14] and, more recently, 2APL [13]), and personally I have been always
fascinated by the relation between the two, and in particular how agent logics can
be used to specify and verify agent programs. Furthermore, having our ‘roots’ in
semantics and correctness of ‘traditional’ programming in the style of De Bakker
[6], when attempting to prove agent programs correct, we have always been
very interested to (re-)use methods and techniques from ‘traditional’ program
correctness, and try to adapt and extend them to deal with agent programs.
Of course, these adaptations and extensions are needed to cater for the typical
agent-oriented features such as the BDI attitudes in particular, not present and
dealt with in traditional approaches.

As we saw before one of the biggest problems is to connect (‘ground’) BDI
notions in agent logics with agent programming, i.e. more computational notions.
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Agent logics are generally not grounded: notions like beliefs, goals, etc. and, more
generally, possible worlds and accessibility relations are very abstract and not
connected directly to computational notions. Therefore no direct link between
agent logics and agent programming exists, even if both use what seems to be
at first sight the same notions (such as beliefs and goals).

In this section we will discuss a number of routes we have taken attempting
to bridge the gap between agent programming and logic.

3.1 Programming KARO Agents

KARO is an expressive formalism to specify agent attitudes ([28]). It is a blend
of dynamic and epistemic logic augmented with modalities for motivational atti-
tudes (desires, goals, commitments, ...) Because of the fact that it is based on a
logic of action rather than time, like the other well-known agent logics, we always
had the idea that KARO is closer than other agent logics to a computational
approach to agents such as agent programming. In [32] we have explored the
idea of putting agent programs as actions into the dynamic logic operators to
be able to reason about these programs within the KARO framework, but the
idea was only elaborated in a rather loose and preliminary fashion. We will see
that this idea was later picked up again in a more rigorous manner.

3.2 An Executable Core of KARO

One way, of course, to establish a relation between a program and its logical
specification is to use the specification as program itself. This has been the
philosophy of METATEM [21]: to execute specifications of agents written in an
executable fragment of temporal logic augmented with BDI concepts (see e.g.
[22]). Together with the METATEM team we have looked whether the same
line could be followed with specifications in the KARO framework, a blend of
dynamic and epistemic logic, augmented with other BDI-like concepts (see [28]).
We succeeded in mimicking this idea for KARO [29,30], but the concession we
had to make is that we had to reduce the very expressive KARO framework to a
rather small core, with the drawback that much of the expressiveness was lost.

3.3 The GOAL Method

In [25,23] we considered a very simple agent programming logic with declarative
goals (but without intentions or procedural goals / plans!), and tried to give a
complete programming theory for it, viz. a programming language together with
a formal semantics, as well as a correctness logic. Interestingly, apart from the
familiar Hoare triples also ideas from concurrency theory such as the UNITY
framework ([11]) were used. It was meant as a kind of proof of concept that
one could try to get such a complete theory for agent programming, but, admit-
tedly, the power of the programming language, called GOAL, was rather limited
(although deliberately so). Some of these ideas were later used to enhance our
programming language 3APL with both declarative and procedural goals [38,14].
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3.4 Agent Logics as Program Logics: Grounding BDI-Like Logics

Recently we have taken up our efforts to ground agent logics in a more principled
way.

Grounding KARO. In [26,27] this is attempted by making the notions that
occur in agent logics (e.g. KARO) such as beliefs and goals less abstract and
more computational (e.g. by not basing them on abstract accessibility relations
but on certain types of knowledge bases, yielding a ‘state-based semantics’), so
that reasoning about these notions becomes relevant for reasoning about concrete
agent programs. But also this comes with the price of reducing the logic (KARO)
to a core.

Relating accessibility and execution (CTL 4pyr). In [15] it is proposed to
base the abstract accessibility relations of agent logics directly on the (Plotkin-
style) operational semantics of agent programs. In this particular proposal the
temporal logic CTL* [18] is employed, where the temporal accessibility relation
is specified by a transition system for the operational semantics of the agent
programming language (APL) at hand, thus establishing the grounding of the
logic. By doing this one can use the logical language to express properties of
(the behavior of) agent programs written in APL, which may then be verified
by model-checking, for instance.

A dedicated PDL version for APLs. In a recent paper [4] we go about in a
different way: we consider a (simple) agent programming language SimpleAPL
together with its operational semantics. We next devise a PDL-based [20]) agent
logic tailored to constructs that are present in SimpleAPL. This is done by
employing a function that transforms the basic ingredients of SimpleAPL to ex-
pressions in the logic. Next we give a sound and complete axiomatization of this
logic. We then show the relevance of the logic for proving properties of programs
written in SimpleAPL by proving a theorem exactly relating the transition se-
mantics of the programs appearing in the PDL-like logic and the operational
semantics of SimpleAPL. In this way we know that we can use the devised logic
for reasoning about SimpleAPL programs, and thus show correctness properties
of these programs. We show how this can be done by way of an example. The
reasoning can be assisted by automated verfication methods, and actually these
(viz. [41]) were used in verifying the example mentioned.

3.5 Dynamic Logic for 3APL

We have also proposed a verification logic for the language 3APL directly as for
any other traditional programming language without resorting to a connection
with agent logics. In [40,37] we propose a dynamic logic for the execution of plans
where also it is taken into account that plans may be revised by plan revision
(PR) rules. As one may appreciate, the latter renders the execution of plans
highly ‘non-compositional’, which results in the fact that in this situation the
standard validity in dynamic logic, [mr;72]¢ < [m1][m2])e, is not valid anymore.



