
DLV: Evolution and Perspectives

Mario Alviano1, Francesco Calimeri1(B), Carmine Dodaro2,
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Abstract. dlv is a system for Answer Set Programming (ASP), a logic-
based programming paradigm for solving problems in a fully declarative
way. It has been one of the first solid and reliable ASP systems, widely
used in academy and fruitfully employed in many relevant industrial
applications. In this paper we first provide an overview of dlv and its
evolution, and then present dlv2 [1], a completely re-engineered version
of the system that relies on the combination of the I-dlv grounder [2]
and the wasp solver [3]. The new system supports ASP-Core-2 input pro-
grams that can be enriched by annotations and directives for customizing
heuristics of the system and extending solving capabilities; furthermore,
an empirical analysis shows that dlv2 also outperforms the “old” dlv in
terms of performance.
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1 Introduction

Answer Set Programming (ASP) [4, 5] is a declarative programming paradigm
proposed in the area of non-monotonic reasoning and logic programming. In
ASP, computational problems are encoded by logic programs whose answer sets,
corresponding to solutions, are computed by an ASP system [6]. Throughout
the years, the availability of reliable high-performance implementations [7] made
ASP a powerful tool for developing advanced applications in many research areas,
ranging from Artificial Intelligence to Databases and Bioinformatics, as well as
in industrial contexts [7–11].

ASP systems rely on a grounding module (grounder), that generates a propo-
sitional theory semantically equivalent to the input program, coupled with a
subsequent module (solver) that applies propositional techniques for generating
its answer sets [12]. The inherent complexity of engineering a monolithic (i.e.,
including both grounder and solver in the same implementation) ASP system
favored the development of stand-alone grounders and solvers [13]; however, the
requirements of recent ASP applications have been renewing the interest in in-
tegrated solutions. Indeed, monolithic systems can offer more control over the
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grounding and solving process, a more tight integration between the two mod-
ules that can also lead to performance gains, and more flexibility in developing
application-oriented features.

In this paper we overview dlv [14], one of the first solid monholitic ASP
systems. We first outline its features and applications, that have been developed
through the years, and then focus on dlv2 [1], a completely renewed version of
the system. In particular, we illustrate the new features of dlv2 and present an
empirical analysis conducted on benchmarks from past ASP competitions, show-
ing that it substantially improves over the old system in terms of performance.
Eventually, we discuss ongoing and future work.

2 DLV: History and Applications

dlv [14] has been one of the first monolithic ASP systems. The dlv project
started in the 90-ties (it started a few years after the first definition of an-
swer set semantics [15]), and encompassed the development and the continuous
enhancements of the system. This led to the integration of most of the theo-
retical advancements in ASP language and computation, thus offering advanced
knowledge modeling features for effective and efficient declarative problem solv-
ing [16–24]. In addition, the system incorporated several front-ends for dealing
with specific applications and featured tools for developing ASP-based solu-
tions [25–28].

Over the years dlv proved to be suitable for both academic and real-world
applications, and it has been widely employed in both scenarios, significantly
contributing in spreading the use of ASP. As a matter of example, we mention
here that it has been used for educational purposes in courses on Databases
and Artificial Intelligence, both in European and American universities; it has
been employed at CERN, the European Laboratory for Particle Physics, for a
deductive database application; the Polish company Rodan Systems S.A. has
released a dlv-based tool actually used for the detection of price manipulations
and unauthorized use of confidential information by the Polish Securities and
Exchange Commission; the European Commission funded a project on Informa-
tion Integration, which produced a sophisticated and efficient data integration
system based on it, called INFOMIX [29].

In addition, dlv has stimulated quite some interest in industry, also foster-
ing technological transfer activities: several dlv-based applications have been
released by two spin-off companies of the University of Calabria: EXEURA and
DLVSystem. In the following, we report some interesting examples of industry-
level applications of dlv; further details and other applications can be found in
the literature (see, e.g., [8, 30]).
Workforce Management. dlv has been employed for a workforce management [10]
at the Gioia Tauro seaport – the largest transhipment port of the Mediterranean
Sea, in order to compute a suitable allocation of the available personnel such
that cargo ships mooring in the port are properly handled, by complying to a
significant number of non-trivial constraints.
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E-Tourism. Several dlv-based applications have been developed in the tourism
industry [31]; for instance, an intelligent advisor has been created, that as a
mediator finds the best matches between offers and customers, thus reducing the
time to single out and sell touristic offers and increasing customer satisfaction.
Intelligent Call Routing. A platform for intelligent phone call routing has been
developed in a production system handling Telecom Italia call-centers; it classi-
fies customer profiles and allows to anticipate their actual needs, thus creating
a personalized experience of customer care service. The operators assignment
process is significantly optimized, both reducing response times and improving
customer support quality.
E-Medicine. Medical knowledge bases, resulting from the integration of different
databases, often suffer from errors and anomalies; a multi-source data clean-
ing system, based on dlv, has been implemented, that automatically generates
ad-hoc ASP programs for identifying and possibly fixing both syntactic and
semantic anomalies in such knowledge bases.

3 Evolution: DLV2

After years of incremental updates, dlv has been completely renewed; in par-
ticular, still relying on several of its solid theoretical foundations, it has been
redesigned and re-engineered, aiming at building a modern ASP system featuring
new evaluation techniques and endowed with proper development tools. In par-
ticular, the project first focussed on developing separate solutions for grounding
and solving [12], releasing the I-dlv grounder [2] and the wasp solver [3]; later
on, these have been integrated in a monolithic system called dlv2 [1]. Besides
enjoying the features of both subsystems, dlv2 takes advantage from a tight and
efficient coupling of them in terms of performance, usability and ease of integra-
tion into ASP-based applications. dlv2 is fully compliant with ASP-Core-2, the
standard language that the ASP community released years after the first dlv
release in order to harmonize the dialects supported by different ASP implemen-
tations [32]; furthermore, it offers additional constructs for further enhancing
usability in real-world contexts, such as lists.

Since its first version, dlv constituted a full-fledged deductive-database sys-
tem; besides explicit means for accessing external databases, it incorporates a
number of ad-hoc techniques for handling advanced database applications, such
as join-decomposition methods, magic-sets and other DB-oriented features [2].
dlv2 maintains this capabilities, and significantly extends them, allowing the
access to data not only from relational databases but also from graph databases
for easing applications in semantic web contexts.

Furthermore, dlv2 explicitly features proper mechanisms for easing interop-
erability and integration with external systems, that are crucial for the develop-
ment of real-world and industrial applications of ASP. For instance, besides the
abovementioned native directives for importing/exporting data from relational
and graph databases, a framework is available for integrating calls to custom
Python scripts via external atom, enabling the definition of custom interoper-
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Fig. 1: dlv2 vs dlv: cactus plot on benchmarks from ASP Competition 2011.

ability means, further extensions of system capabilities and the accommodation
of external sources of computation and value invention within ASP programs [2].

The dlv2 system is very flexible, allowing to tailor its behaviour to the prob-
lem at hand and properly handle specific properties of ASP programs. We men-
tion here the support for external propagators, the definition of new heuris-
tics [33], and novel constructs, such as annotations within the ASP code, for
granting a fine-grained control over the whole computational process [1].

Besides the development of ASP systems, one of the most relevant aspects of
the dlv project over the years has been the release of tools for development and
software engineering, in order to foster practically viable ASP-based applications.
With this respect, tools that were already released for the use with dlv are
being updated for dlv2, and additional new solutions are being developed; we
mention here: ASPIDE [34], a comprehensive framework for advanced program
composition and execution; JDLV, a framework for integrating ASP programs
within Java [28]; LoIDE [35], a web-based IDE for ASP; EmbASP, a general
framework for easing the development of applications embedding ASP [36].

As it emerges from the discussion above, dlv2 constitutes a significant ad-
vancement with respect to its predecessor, in terms of features and usability.
Nonetheless, significant improvements can be observed also when performance
is considered. In order to show this, we report the results of an experimental
comparison between the old and the new system, both tested with their default
configuration. Since dlv does not fully support the ASP-Core-2 standard lan-
guage, the comparison has been performed on benchmarks taken from the third
ASP competition [37], the latest featuring domains encoded with ASP programs
supported by dlv. Experiments were performed on a NUMA machine equipped
with two 2.8GHz AMD Opteron 6320 processors. The time and memory were lim-
ited to 900 seconds and 15 GB, respectively. Results are reported in the cactus
plot in Figure 1. Without going too much in details, the performance boost en-
joyed by dlv2 is evident: the percentage gain of solved instances is 128%; it is
even higher (273%) if running time is bounded to 60 seconds.
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4 Perspectives: Beyond DLV2

In this paper we presented dlv2, the new version of the ASP system dlv that
properly combines the I-dlv grounder [2] and the wasp solver [3] and results as
significantly enhanced with respect to its predecessor both in terms of features
and performance. The dlv project is currently focussing on further improving
dlv2 performance, and also enriching it with means for properly addressing the
challenges arising from the application of ASP in the emerging contexts of Big
Data and Stream Reasoning.

The system is available online at https://www.mat.unical.it/DLV2.
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Veltri, P., Zangari, J.: The ASP system DLV2. In: LPNMR. Lecture Notes in
Computer Science, vol. 10377, pp. 215–221. Springer (2017)
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