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Abstract. The purpose of this tutorial is to get the audience familiar with the Answer
Set Programming (ASP) Paradigm in the perspective of its fruitful usage for Semantic Web
applications. ASP is a declarative programming paradigm with its roots in Knowledge Rep-
resentation and Logic Programming. Systems and languages based on ASP are ready for
tackling many of the challenges the Semantic Web offers, and in particular, are good can-
didates for solving a variety of issues which have been delegated to the Rule/Logic Layers
in the Semantic Web vision. ASP systems are scalable, allow to mix monotonic with non-
monotonic reasoning, permit to combine rules with ontologies, and can interface external
reasoners. Moreover, ASP is especially tailored at solving configuration and matchmaking
problems involving reasoning with preferences by featuring easy to use, fully declarative soft
& hard constraint specification languages. We introduce the attendees to the ASP basics
and its principal extensions tailored at Semantic Web applications. We discuss the current
impact of Answer Set Programming in the Semantic Web Area and possible future direc-
tions. Applications and exercises are presented. The attendees will practice through an online
interface using one of the state-of-the-art ASP solvers and some of its extensions.

Introduction

Answer Set Programming is nowadays a general term for a powerful Knowledge Representation
(KR) and declarative programming paradigm which includes many nonmonotonic logic language
features, as well as support for reasoning with constraints and preferences.

Roughly speaking, Answer Set Programming is a variant of Datalog with negation as failure,
under the stable model semantics, where multiple answer sets (stable models) may be ascribed to
a program [36]. This inherent nondeterminism has been extended by introducing formalisms that
allow to filter out models by means of constraints or to select among different models by means of
soft constraints or similar extensions [9, 62, 56, 34].

After some pioneering work on stable model computation [5, 69], research in this field produced
several, mature, implemented systems featuring clear semantics and efficient program evaluation.
We cite here DisLog [67], SLG [15], DisLoP [4], rel sat [57], DeReS [16, 17], DC [22], QUIP [23],
psgrnd and aspps [21], NoMoRe [3], ASSAT [54], Cmodels-3 [53], GnT/ Smodels [47], and DLV[50].

ASP has been recently used as a reliable specification tool in a number of promising appli-
cations. For instance several tasks in information integration, knowledge management, security
management, configuration, which require complex reasoning capabilities, have been successfully
tackled using ASP. Particularly, these are explored in several projects funded by the European
Commission (see e.g. the projects WASP, INFOMIX, and ICONS [49, 46]).

The basic language flavor has been extended with strong negation, weak constraints [9], aggre-
gates as known from database query languages[32], cardinality and weight constraints [62]. The
fruitful combination of these features allowed ASP to become an important knowledge representa-
tion formalism for declaratively solving AI problems in areas including planning [24], diagnosis and
information integration [49], and more. ASP development is the main subject of WASP (Working
Group on Answer Set Semantics, IST-2001-37004). For a comprehensive report on recent ASP
applications we refer to [72]. A showcase is available online at [73].

We can summarize the main features of ASP as follows:

– Fully declarative. ASP is fully declarative. The order of rules and atoms in a logic program is
not important, and in general, no knowledge of the operational semantics a specific solver adopts
is required.



– Decidable. ASP programs are, in their basic flavor, naturally decidable. No special restrictions
are needed in order to keep this important property.
– Monotonic and nonmonotonic. ASP supports strong negation as well as negation as failure. By
means of the latter default reasoning and nonmonotonic inheritance are enabled.
– Nondeterministic. It is possible to define concepts ‘ranging’ over a space of choices without any
particular restriction. Extension of the basic semantics with preferences, soft and hard constraint,
enable the compact specification of search and optimization problems.
– Scalable. Despite the computational expressiveness of ASP, state-of-the-art solvers currently
reached the maturity for dealing with large datasets.

In the Semantic Web perspective, a great effort has been made in order to prove benefits of
ASP in the Rules layer of the Semantic Web language stack and its interactions with the Ontology
layer. Here, the semantic integration of ASP and Description Logics (which underlies OWL DL)
deserves particular interest.

Organization

The tutorial will be divided in seven units:

1. ASP Basics. In this unit the attendees will become familiar with the basic notions and
intuitive semantics of ASP. We will lean examples and exercises on small examples such as for
instance the OWL Wine ontology in order to get users familiar to ASP.
In this unit you will learn how to use ASP as a declarative KR formalism and query lan-
guage involving non-determinism, disjunctive rules, strong and default negation and (hard)
constraints.

2. ASP Extensions. In this unit several ASP advanced extensions will be tutored.
Particularly, you will learn about extensions by aggregates known from database query lan-
guages; weak constraints, and how these can be used to encode preferences and priorities; rule
templates which add a powerful macro-language to ASP.

3. Current ASP State-of-the-Art. In this section, we will present an ASP application show-
case, demonstrating for instance an information integration scenario solved using the ASP
methodology, (see for instance http://www.kr.tuwien.ac.at/projects/WASP/showcase.html),
as well as pointers to relevant past and current literature, research directions, and available
systems.

4. Contribution of ASP to the Semantic Web field. In this unit we will analyze how ASP
fits in the semantic Web picture.
You will learn about overlaps and differences between ASP and Semantic Web Knowledge
Representation languages such as RDF and OWL. We will survey related works in this area
and give you an idea of how ASP can fruitfully extend the Semantic Web stack towards the
Rules Layer. Two concrete approaches will be introduced in the following two units.

5. ASP Semantic Web Extensions Part I. In this unit, we will present an extension of ASP
which extend ASP engines with existing Description logics engines through so-called DL-atoms.
We will show how this extension can be used to facilitate a clean interaction of Semantic Web
languages with rules still keeping a strict semantic separation of both worlds.

6. ASP Semantic Web Extensions Part II (45min). In this unit the notion of DL-atom is
generalized to the one of arbitrary external predicates. Combined with higher order reasoning,
this extension can be plugged into existing ASP engines facilitating new fruitful applications,
especially in the Semantic Web context. We will show the variety of available plugins (such
as RDF and OWL interfaces). As it turns out, the general plugin approach introduced in this
unit caters for arbitrary plugins which enable integration of ASP with a variety of reasoners,
services, allow to introduce reification, etc.

7. Hands-On Session (45min). Each of the previous units was accompanied with small prac-
tical examples which you could follow over a Web-Interface to the state-of-the-art ASP engine
DLV and the solvers DLT and DLVHEX. As a final part of the tutorial, the participants will
practice and combine their experiences from the different units in several exercises.
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