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SOMMARIO/ ABSTRACT munity, in the context of knowledge representation. In the
following section, we describe the activity of our group in

Riassumiamo brevemente la nostra attivita di ricerca nehis area, concerning the use of modal, temporal, condi-

campo delle logiche non-classiche iniziata negli anni "90tional and non-monotonic logics for Reasoning about Ac-

In particolare, descriviamo la nostra ricerca riguardanteions and Change and for Belief Revision as well as in the

I'applicazione delle logiche non-classiche alla rappmese specification and verification of multi-agent systems.

tazione della conoscenza e lo sviluppo di metodi di prova |n section 3 we describe our activity regarding proof

per logiche non-monotone e condizionali. methods for non-classical logics and, in particular, for
KLM non-monotonic logics and for Conditional Logics.

We briefly outline our research activity in the field of non-

classical logics started in the 90s. In particular, we de- .

scribe our research in the application of non-classicatog 2 Knowledge Representation

ics to knowledge representation and in the development

. " . 9{3 mentioned above, our activity in Knowledge Represen-
proof methods for non-monotonic and conditional logics. ty 9 P

tation has been mainly concerned with the formalization of
. . change which is crucial both in the context of Reasoning
Keywords: Non-classical logics, knowledge representa-about Actions as well as in the context of Belief Revision.
tion, proof methods Concerning Reasoning about Actions, we have proposed
a few modal and temporal formalisms for modelling ac-
1 Introduction tions execution. In modal and temporal action theories,
action execution is modelled by introducing action modal-
Our interest in the field of non-classical logic started withities, and the Ramification problem is addressed by making
our work in Logic Programming at the beginning of the use of modal or temporal operators (see section 2.1). Such
90s. At that time we were working with Alberto on ex- action theories have been used in the specification and ver-
tensions of LP for dealing with hypothetical, conditional, ification of agent interaction protocols as well as in the
defeasible and abductive reasoning. Those activities irspecification, verification and composition of web services
clude the development of goal directed proof methods fo{section 2.2). Concerning Belief Revision, our research ha
Horn like fragments of modal logics K, S4, S5 and theirmainly focused on the relationships between Belief Revi-
use in the definition of structuring constructs for logicpro sion and Conditional Logics (section 2.3). In the following
grams; the study of negation as failure in a hypotheticalve describe the above activities, as well as our recent-activ
logic programming (NProlog); the semantic characterizaity concerning reasoning about typicality and inheritance
tion of truth maintenance systems (TMS), and its relatiorwith exceptions in Description Logics (section 2.4).
with stable model semantics; proof procedures for abduc-
tivg logic programming; and the definition of a conditiqnal 2.1 Reasoning About Actions
logic programming language (CondLP). Since that time,
we have started working on non-classical logics both fo-The idea of representing actions as modalities comes from
cusing on the use of such logics in knowledge represent®ynamic Logics [15]. As observed in [17], classical dy-
tion and on developing proof methods for the automatizanamic logic adopts essentially the same ontology as Mc-
tion of conditional and non-monotonic logics. Carthy’s situation calculus, by taking “the state of the
Non-classical logics are widely used within the Al com-world as primary, and encoding actions as transformations
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on states”. Indeed, actions can be represented in a natd-:3 Belief Revision
ral way by modalities, and states as sequences of mod
ities. In this setting, the action law, saying that action
has effectf when executed in a state in whidh holds,
can be expressed by the formulR: — [a]f. Moreover,
the precondition law, saying that actiaris executable in
a state in which conditio holds, can be expressed by
the formula:C —< a > f. Based on this idea, in [10]

aA lot of work has been devoted to the problem of finding a
formal relation between Conditional Logics and Belief Re-
vision [4, 18]. Conditional Logics provide a semantics to
conditional sentences of the form “if, then B”, denoted

by A = B. Belief Revision is the area of Knowledge
Representation that deals with the problem of how to in-

we have defined a modal action theory in which the fram egrate a new information |n a given belief set. The most
problem is tackled by using a non-monotonic formalism<"OWn theory of Belief Revision is the so-called AGM the-

which maximizes persistency assumptions and the ramif2”Y (from Alchourron, Gardenfors, and Makinson who first

cation problem is tackled by introducing a modal causalit)Pmposefd it) that specifies a set of rational?ty posthaQes f
operator which is used to represent causal dependenciEEe.gratmg anew |nformat|o.n about a static domain into a
among fluents. This action theory can also deal with in- elief S_Gt of the same do_maln. .

complete initial state and with nondeterministic actions. The idea that there might be a relation between evalu-

In [10], we have developed a temporal action theoryatlon of conditional sentences and Belief Revision dates

. . . ’back to Ramsey, who proposed an acceptability criterion
based on a dynamic extension of Linear Temporal LOg"for conditionals in terms of belief change. According to
(LTL). This logic, called DLTL (Dynamic Linear Time ge. 9

Temporal Logic) [16], extends LTL by strengthening thethls criterion, in order to decide whether to accept a con-

“until” operator by indexing it with regular programs. The ditional A = B in a belief set’, one should add to X
' by changing it as little as possible, and se&ifollows.

advantage of using a linear time temporal logic s that itIf it does, one should accept the conditional, otherwise
is a well established formalism for specifying the behav- ' ’

ior of distributed systems, for which a rich theory has beeng 2e,ssgstﬂgorsjiztfg'rér;“?;t?ogfi:ﬁ;@::ﬂ;?gﬁ(so?fagﬁm'
developed and the verification task can be automated b y ’

. : . Revision is not straightforward. Many proposals, such as
making use of automata based techniques. In partlculalr4] run into the well-known Triviality Result, according to
for DLTL, in [11] a tableau-based algorithm for obtaining which there is no interestin Belie]YRevisio,n system ?:om-
a Buchi automaton from a formula in DLTL has been pre- . . g beuetr Y

. . patible with the proposed formalization. In [7, 8] we have
sented, whose construction can be done on-the-fly, Wh||8 o . .
proposed a Conditional Logic that corresponds to Belief

checking for the emptiness of the automaton. . . .
9 . P . . Reuvision, thus establishing a relation between the two do-
An alternative approach to reasoning about actions

o ; . fnains, without running into the Triviality Result.
based on Conditional Logics, has been proposed in [14]. NS, Without running in riviality Resu

- o 2.4 Reasoning About Typicality in Description
2.2 Specification and Verification of Agent Inter- Logics

action Protocols . o . )
The family of description logics (DLs) is one of the most

The temporal action theory described above has been usédportant formalisms of knowledge representation. DLs
in the specification and verification of communication pro-correspond to tractable fragments of first order logic, and
tocols [12]. We have followed a social approach [22] toare reminiscent of the early semantic networks and of
agent communication, where communication is describeffame-based systems. They offer two key advantages: a
in terms of changes to the social relations between pawell-defined semantics based on first-order logic and a
ticipants, and protocols in terms of creation, maniputatio good trade-off between expressivity and complexity. DLs
and satisfaction of commitments among agents. The dérave been successfully implemented by a range of systems
scription of the interaction protocol and of communicativeand they are at the base of languages for the semantic web
actions is given in a temporal action theory, and agent prosuch as OWL.
grams, when known, can be specified as complex actions A DL knowledge base comprises two components: (i)
(regular programs in DLTL). the TBox, containing the definition of concepts (and pos-
We have addresses several kinds of verification probsibly roles), and a specification of inclusions relations
lems, including run-time verification of protocols as well among them, and (ii) the ABox containing instances of
as static verification of agent compliance with the proto-concepts and roles, in other words, properties and rela-
cols. Some of these problems can be formalized either asons of individuals. Since the very objective of the TBox
validity or as satisfiability problems in the temporal logic is to build a taxonomy of concepts, the need of represent-
and can be solved by model checking techniques. Otheéng prototypical properties and of reasoning about defea-
problems, as compliance, are more challenging and requigble inheritance of such properties naturally arises. The
a special treatment [13]. The proposed approach has al$mditional approach is to handle defeasible inheritaryce b
been used in the specification of Web Services and, in pamtegrating some kind of non-monotonic reasoning mech-
ticular, for reasoning about service composition. anism. This has led to study non-monotonic extensions of

78



1l Milione: A Journey in the Computational Logic in Italy

DLs. However, finding a suitable non-monotonic exten-A-worlds exist whenever there areworlds, by prevent-
sion for inheritance reasoning with exceptions is far froming infinitely descending chains of worlds. This condition
obvious. therefore corresponds to the finite-chain condition on the
In [5], we have considered a novel approach to defeasiaccessibility relation (as in modal logic G).
ble reasoning based on the use of a typicality operfitor ~ We have extended our approach to the caseé3lofnd
The intended meaning is that, for any concéptT(C)  C by using a second modality which takes care of states
singles out the instances 6fthat are considered as “typ- (intuitively, sets of worlds). RegardingL , we have shown
ical” or “normal”. Thus, an assertion as “normally stu- that we can majCL-models intoP-models with an addi-
dents do not pay taxes” is representedbyStudent) T tional modality. In both cases, we can define a decision
= TaxPayer. The DL obtained is calledl£C + T. procedure to solve the validity problem in CoNP. Also, we
In the logic ALC + T, one can have consistent knowl- have given a labelled calculus for the strongest Idgjc
edge bases containing the inclusioi¥Student) T  where the preference relation is assumed to be modular.
—TaxPayer; T(Student M Worker) T TaxPayer;  The calculus defines a systematic procedure which allows
T (Student M Worker M 3HasChild. T) C —~TazPayer,  the satisfiability problem foR to be decided in nondeter-
corresponding to the assertions: normally a student doesinistic polynomial time.
not pay taxes, normally a working student pays taxes, but From the completeness of our calculi we get for free the
normally a working student having children does not payfinite model property for all the logics considered. With the
taxes (because he is discharged by the government), etexception of the calculus fa2, in order to ensure termina-
Furthermore, if the ABox contains the information that for tion, our tableau procedures for KLM logics do not need
instanceT (Student M Worker)(john), one can infer that  any loop-checking, nor blocking, nor caching machinery.
TazPayer(john). Termination is ensured only by adopting a restriction on
the order of application of the rules.

3 Proof Methods for Non-classical Logics

Our interest in the area of proof methods started with our3'2 Proof Methods for Conditional Logics

work in Logic Programming In [20] we have introduced proof methods for some stan-
At the beginning of the Nineties, our interest for proof dard Conditional Logics. We have consideredsbkection
methods for non-classical logics were mainly devoted tqunctionsemantics. Intuitively, the selection functigrse-
extend goal directed proof methods to non-classical loglects, for a worldw and a formulad, the set of worlds
ics, and, in particular to modal logics. In the same pe-f(w, A) which are “most similar tav” given the informa-
riod, Dale Miller [19] was putting the basis of intuition- tion A. In this respect, the selection function can be seen
istic logic programming, based on the idea of having uni-as a sort of modality indexed by formulas of the language.
form proofs. Our work in this field was mainly concerned A conditional formulad = B holds in a worldw if B
with modal extensions of logic programmimg [1, 3] as well holds in all the worlds selected bfyfor w and A.
as with abductive, hypothetical and conditional extension \we have introduced cut-free sequent calculi for the ba-
of logic programming [2]. In the following, we describe sjc Conditional Logic CK and for some of its extensions,
our more recent activity concerning proof methods for nonnamely CK+1D, MP, CS, CEM including all the com-

monotonic and conditional logics. binations of these extensions except those inclutiott
) CEM and MP. Our calculi make use of labels representing
3.1 Proof Methods for KLM Logics possible worlds. Two types of formulas are involved in the

In [9] we have introduced analytic tableau calculi for all "Ules of the calculi: world formulas of the form: A, rep-
non-monotonic logics introduced by Kraus, Lehmann, and€senting thaIAAhoIds at worldr, and transition formulas
Magidor (KLM). Such logics, namelR, P, CL, andC,  of the forma — y, representing thag € f(x, A). The
have a preferential semantics in which a preference relatioccompleteness of the calculi is an immediate consequence
is defined among worlds or states. It has been observed thafthe admissibility of cut.
KLM logics correspond to the flat (i.e. unnested) fragment We have also shown that one can derive a decision pro-
of well-known Conditional Logics. cedure from the cut-free calculi. Whereas the decidabil-
Our tableau method provides a sort of run-time translaity of these systems was already proved by Nute (by a
tion of P into modal logic G. The idea is simply to interpret finite-model property argument), our calculi give the first
the preference relation as an accessibility relation: a corconstructiveproof of decidability. As usual, the terminat-
ditional A ~ B holds in a model if3 is true in all minimal  ing proof search mechanism is obtained by controlling the
A-worlds, where a worldv is an A-world if it satisfies backward application of some critical rules. By estimating
A, and it is a minimald-world if there is noA-world w’  the size of the finite derivations of a given sequent, we have
preferred tow. The relation with modal logic G is moti- also obtained a polynomial space complexity bound for the
vated by the fact that we assume, following KLM, the so-logics considered.
called smoothness conditiormvhich ensures that minimal ~ Our calculi can be the starting point to define goal-
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oriented proof procedures, according to the paradigm of9] L. Giordano, V. Gliozzi, N. Olivetti, and G.L. Pozzato.
Miller's Uniform Proofs recalled above. As a preliminary Analytic Tableaux Calculi for KLM Logics of Non-
result, in [21] we have presented a goal-directed calculus monotonic ReasoningACM Transactions on Compu-
for a fragment of CK and its extensions with MP and ID. tational Logic (ToCL)to appear.

Proof methods for other Conditional Logics have been ) ) ) -
introduced in [6]. In detail, some labelled tableaux calcul [10] L. Giordano, A. Martelli and C. Schwind. Ramifica-

have been defined for the Conditional Logl& and its tion and causality in a moda.l action logidournal of

main extensions, including@V, whose flat fragment corre- Logic and Computatior.0(5):625-662, 2000.

spond, respectively, to KLM systerfsandR. [11] L. Giordano, A. Martelli. Tableau-Based Automata
_ Construction for Dynamic Linear Time Temporal

4 Conclusions and Future Works Logic. Annals of Mathematics and Atrtificial Intelli-

We believe that the temporal action theory we have devel- gence46(3): 289-315 (2006).

oped for the specification and verification of agent inter{12] L. Giordano, A. Martelli, C. Schwind. Specifying
action protocols can be prOfItany used in the SpeCification and Verifying Interaction Protocols in a Tempora| Ac-

and verification of web services. In this context, new is-  tjon Logic, J. of Applied Logic5(2): 214-234 (2007).
sues arise, as for instance the problem of modelling service

composition and that of service compliance (which still re-[13] L. Giordano and A. Martelli. Verifying Agent Con-
quires a general solution). formance with Protocols specified in a Temporal Ac-

Concerning reasoning about typicality in description  tion Logic. InAI*IA 2007. ProceedingsLNAI, 4733,
logics, we are currently studying a minimal model seman-  pp. 145-156, Springer, 2007.

tics for ALC + T to maximize typical instances of a con- . . . .
cept. By means of this semantics we are able to infer de[-l4] L._Glordano and C Schwl_nd. Co_ndmonal logic of
actions and causatiorrtificial Intelligence 157(1-

feasible properties of (explicit or implicit) individuals 2):239-279, 2004.

REFERENCES [15] D. Harel. First order dynamic logic. IBxtensions of
Classical Logi¢ Handbook of Philosophical Logic I,
[1] M. Baldoni, L. Giordano, and A. Martelli. A modal ex- pp. 497-604, 1984.

tension of logic programming: Modularity, beliefs and
hypothetical reasoninglournal of Logic and Compu- [16] J.G. Henriksenand P.S. Thiagarajan, Dynamic Linear
tation, 8(5):597—635, 1998. Time Temporal Logic. Annals of Pure and Applied
logic, 96(1-3):187-207, 1999.
[2] D.M. Gabbay, L. Giordano, A. Martelli, N. Olivetti
and M.L. Sapino. Conditional reasoning in Logic Pro-[17] L.T. McCarty. Modalities over actions, I. model the-

gramming. J. of Logic Programming44(1-3):37-74, ory. KR '94, Proceedingspp. 437-448, 1994.

2000. [18] D. Makinson. The Gardenfors impossibility theorem
[3] D.M. Gabbay and N. Olivetti. Goal-Directed Proof in non-monotonic contextsStudia Logica49(1):1-6,

Theory (Applied Logic Series V. 21%pringer, 2000. 1990.
[4] P. Gardenfors. Belief Revisions and the Ramsey Tedi19] D. Miller, G. Nadathur, F. Pfenning, and A. Scedrov.

for Conditionals.Philosoph. Reviey85:81-93, 1986. Uniform Proofs as a Foundation for Logic Program-

ming. Annals of Pure and Applied Logib1(1-2):125—

[5] L. Giordano, V. Gliozzi, N. Olivetti, and G.L. Poz- 157, 1991.

zato. Preferential Descritpion Logics. IlPAR 2007.

LNALI, 4790, pp. 257-272, Springer, 2007. [20] N. Olivetti, G.L. Pozzato, and C.B. Schwind. A Se-

) o o quent Calculus and a Theorem Prover for Standard

[6] L. Giordano, V. Gliozzi, N. Olivetti, and Conditional Logics.ACM Transactions on Computa-

C.B. Schwind. Tableau Calculi for Preference- tional Logic (ToCL) 8(4):22/1-22/51, 2007.
Based Conditional Logics. IWMABLEAUX 2003

LNAI, 2796, pp. 81-101, Springer, 2003. [21] N. Olivetti and G.L. Pozzato. Theorem Proving for
Conditional Logics: CondLean andd3LDU/CK. J.

[7] L. Giordano, V. Gliozzi, and N. Olivetti. Iterated Be- of Applied Non-Classical Logics (JANGItp appear.

lief Revision and Conditional Logic.Studia Logica
70(1):23-47,2002. [22] M. P. Singh. A Social Semantics for Agent Commu-

. o o nication Languageslssues in Agent Communication
[8] L. Giordano, V. Gliozzi, and N. Olivetti. Weak AGM 200Q pp. 31-45.

postulates and strong Ramsey Test: A logical formal-
ization. Artificial Intelligence 168(1-2):1-37, 2005.

80



1l Milione: A Journey in the Computational Logic in Italy

5 Contacts

Laura Giordano

Dipartimento di Informatica - Universita del Piemonte @riale “A. Avogadro
via Bellini 25/G - 15100 Alessandria - Italy

Email: laura@mfn.unipmn.it

”

Valentina Gliozzi

Dipartimento di Informatica - Universita degli Studi difTiao - Italy
corso Svizzera 185 - 10149 Turin

Email: gliozzi@di.unito.it

Nicola Olivetti

LSIS - UMR CNRS 6168 Université Paul Cézanne (Aix-Maised) - France
Avenue Escadrille Normandie-Niemen 13397 Marseille Cetlex

Email: nicola.olivetti@univ.u-3mrs.fr - nicola.olivé@lsis.org

Gian Luca Pozzato

Dipartimento di Informatica - Universita degli Studi difTiao - Italy
corso Svizzera 185 - 10149 Turin

Email: pozzato@di.unito.it

Camilla B. Schwind

Ecole d'Architecture de Marseille - Luminy - France
184 avenue de Luminy - 13288 Marseille Cedex 9
Email: Camilla.Schwind@map.archi.fr

L. Giordano got the Ph.D. in Computer Science from the Umsit&rdegli Studi di Torino in 1993. Since 1998 she
is Professore Associato at the Facolta di Scienze Mateh®tFisiche e Naturali, Universita del Piemonte Oriental
Amedeo Avogadro. Her research interests include: Non-nwomoReasoning, Belief Revision, Reasoning about Action
and Change, Multiagent Systems, Proof Methods for norsidaklogics.

V. Gliozzi graduated in Philosophy at the Universita d&jlidi di Torino in 1997, and she got the Ph.D. in Computer
Science from the same university in 2002 (with a thesis ofieB&evision and Conditional Logics). Since 2005 she is
a researcher at the Department of Computer Science at Witaveli Torino. Her main research interests include logic,
knowledge representation, non-classical logics.

N. Olivetti got the Ph.D. in Computer Science from the Unsigx degli Studi di Torino in 1995. He is a Professor of
Computer Science at the Paul Cézanne University (Aix-kEides France), and he is a member of the CNRS laboratory
LSIS. His main research interests are automated deduciooh-classical logics (conditional, substructural, arahy-
valued logics), foundation and proof-theory of non-momitaeasoning, extensions of logic programming, and Belief
Revision.

G.L. Pozzato was born in Moncalieri (Turin) in 1978. He todk tLaurea” degree “summa cum laude” in Computer
Science in 2003, and his Ph.D. in Computer Science in 20Q#, dtathe Universita degli Studi di Torino. Since 2007
he is a researcher at the Department of Computer Science afriiversita degli Studi di Torino. His research interests
include non-monotonic reasoning, non-classical logiospptheory, and Description Logics.

C. B. Schwind is a researcher of Computer Science at the CHRS8dtory LIF (Marseille, France). Her main research
interests are: Conditional Logic, Multi-agent systemg] analytic tableaux for non-monotonic and conditional ¢sgi
She has also been actively involved in basic research irottoaving topics: Natural Language Understanding, Tempora
and Modal Logics, Deductive Data Bases, Computer Assistedjiage Learning, Action Logics and the Frame Problem,
Modal Non Monotonic Logics.

81



