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Motivation

In recent years the research field of argumentation has become a major topic of artificial intelligence [Bench-Capon
and Dunne, 2007; Rahwan and Simari, 2009]. This is not
only due to the intrinsic interest of this topic and recent applications (e.g. [Hunter and Williams, 2012]), but also because
of fundamental connections to other areas of AI. In particular, the formal approach of abstract argumentation [Dung,
1995] has aroused much interest of research. A so-called
abstract argumentation framework (AF) is a directed graph
where nodes represent arguments and directed edges represent
conflicts between arguments, i.e. counter-arguments “attack”
arguments by directed edges. The central question, given an
AF F , is which sets of arguments can be jointly accepted. This
is answered by argumentation semantics σ which give rise to
extensions σ(F ), i.e. sets of jointly acceptable arguments. A
variety of extension-based semantics has been proposed over
the years, an overview of these semantics and their properties
can be found in [Baroni et al., 2011a].
The problem of solving certain reasoning tasks on AFs is
the centerpiece of many advanced higher-level argumentation
systems. The fact that problems to be solved are intractable
requires efficient and advanced algorithms to be developed
in order to deal with real-world-sized data within reasonable
performance. This is witnessed by the upcoming first solver
competition1 and an increasing number of proposed algorithms
(see [Charwat et al., 2015] for a recent survey).
On the other hand, the last years have seen interest in the
systematic analysis of the various argumentation semantics. In
particular, we have initiated investigations on the capabilities
of semantics in terms of expressiveness, where the question of
realizability was studied [Dunne et al., 2013]. That is, given a
semantics σ and a set of sets of arguments S, is there an AF F
with σ(F ) = S, i.e. an AF F realizing S under σ. This was
done by characterizing the signatures
Σσ = {σ(F ) | F is an AF}
for some of the main semantics σ. This gives answers to which
extensions can, in principle, go together when a framework is
evaluated with respect to a semantics of interest. It not only
clarifies the “strength” of that semantics but also is a crucial
issue in several applications.
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In the thesis we want to complete and extend the study
on expressiveness of argumentation semantics and use these
and other theoretical results for implementations of reasoning
tasks in AFs. For instance, characterizations of signatures can
be exploited to limit the search space when enumerating the
extensions of a given argumentation framework. Moreover, we
plan to utilize results on realizability in dynamic scenarios of
abstract argumentation (see e.g. [Booth et al., 2013]), such as
revision of argumentation frameworks. Hereby, the knowledge
of which extensions can occur together is of central interest
when trying to achieve a certain outcome. In other words, the
ultimate goal of the thesis is to gain theoretical insights on
argumentation semantics in order to employ them in practically efficient reasoning systems for both the evaluation and
evolution of AFs.
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Planned Contributions

• First, we want to extend the work on expressiveness of
argumentation semantics by characterizing the signatures
of other prominent semantics. These include the complete
[Dung, 1995] as well as resolution-based grounded semantics [Baroni et al., 2011b]. The latter is particularly interesting, since it is, to the best of our knowledge, the only
semantics fulfilling all desirable principles of argumentation
semantics as proposed in [Baroni and Giacomin, 2007].
• Second we plan to investigate how theoretical insights on
argumentation semantics can be used in implementations
thereof. Exact characterizations of signatures can be exploited in search procedures such as enumerating all extensions under a given semantics. Knowing which results
can occur together, the procedure can restrict the search
space once it has found extensions based on the knowledge
of signatures. Another theoretic aspect which can be used
to guide algorithms is the existence of implicit conflicts,
i.e. pairs of arguments which do not occur together in an
extension but do not attack each other.
• Moreover, we want to study revision of AFs when new information is provided. This is of high importance since
argumentation is an inherently dynamic process. We want
to show that exact characterizations of signatures are indispensable for operations incorporating new knowledge
following the AGM approach [Alchourrón et al., 1985;
Katsuno and Mendelzon, 1991; Coste-Marquis et al., 2014].

• Recently, interchangeability of input/output equivalent parts
of AFs has been studied [Baroni et al., 2014]. We want to
extend our considerations on realizability and show which
input/output functions can be realized by AFs and how to
do this. Translations from other formalisms to AFs, which
may be needed since good solvers are only available for
AFs, can then make use of these “input/output gadgets”.
• Finally we plan to study signatures with respect to subclasses of AFs. These can be typical syntactic subclasses
such as symmetric or bipartite graphs or “semantic” subclasses such as coherent, compact, or AFs which can be
the outcome of a particular instantiation process. The latter
is important for considering the issues presented here not
only in the abstract setting but also in various approaches
of structured argumentation [Caminada and Amgoud, 2007;
Prakken, 2010], which is planned as future work.

3

Achieved Results

We have carried out a continuation of the study on expressiveness of argumentation semantics in [Dunne et al., 2014].
Moreover, we have studied realizability issues for the interesting resolution-based grounded semantics in [Dvořák et al.,
2014]. In [Baumann et al., 2014] we have tackled the question
of how rejected arguments, i.e. arguments not occurring in
any extension, influence the expressiveness of argumentation
semantics, giving rise to the class of compact argumentation
frameworks.
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Related Work

The study on expressiveness of argumentation was preceeded
by work on intertranslatability between semantics [Dvořák
and Woltran, 2011; Dvořák and Spanring, 2012]. Moreover,
[Dyrkolbotn, 2014] studied realizability under labeling-based
semantics and [Strass, 2015] related the expressiveness of
selected semantics in AFs, ADFs and logic programming. A
systematic comparison of argumentation semantics from the
point of view of desirable principles has been carried out in
[Baroni and Giacomin, 2007].

References
[Alchourrón et al., 1985] Carlos E. Alchourrón, Peter Gärdenfors,
and David Makinson. On the logic of theory change: partial meet
contraction and revision functions. J. Symb. Log., 50(2):510–530,
1985.
[Baroni and Giacomin, 2007] Pietro Baroni and Massimiliano Giacomin. On principle-based evaluation of extension-based argumentation semantics. Artif. Intell., 171(10-15):675–700, 2007.
[Baroni et al., 2011a] Pietro Baroni, Martin Caminada, and Massimiliano Giacomin. An introduction to argumentation semantics.
Knowledge Eng. Review, 26(4):365–410, 2011.
[Baroni et al., 2011b] Pietro Baroni, Paul E. Dunne, and Massimiliano Giacomin. On the resolution-based family of abstract argumentation semantics and its grounded instance. Artif. Intell.,
175(3-4):791–813, 2011.
[Baroni et al., 2014] Pietro Baroni, Guido Boella, Federico Cerutti,
Massimiliano Giacomin, Leendert van der Torre, and Serena Villata. On the Input/Output behaviour of argumentation frameworks.
Artif. Intell., 217:144–197, 2014.

4378

[Baumann et al., 2014] Ringo Baumann, Wolfgang Dvořák,
Thomas Linsbichler, Hannes Strass, and Stefan Woltran. Compact
argumentation frameworks. In Proc. ECAI, pages 69–74, 2014.
[Bench-Capon and Dunne, 2007] Trevor J. M. Bench-Capon and
Paul E. Dunne. Argumentation in artificial intelligence. Artif.
Intell., 171(10-15):619–641, 2007.
[Booth et al., 2013] Richard Booth, Souhila Kaci, Tjitze Rienstra,
and Leendert van der Torre. A logical theory about dynamics in
abstract argumentation. In Proc. SUM, pages 148–161, 2013.
[Caminada and Amgoud, 2007] Martin Caminada and Leila Amgoud. On the evaluation of argumentation formalisms. Artif.
Intell., 171(5-6):286–310, 2007.
[Charwat et al., 2015] Günther Charwat, Wolfgang Dvořák, Sarah A.
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