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Abstract

We consider the notion of serialisability,
a non-deterministic construction scheme for
admissibility-based semantics in abstract argu-
mentation frameworks. It provides a decompo-
sition of the extension into a sequence of min-
imal acceptable sets that offers a good founda-
tion for generating argumentative explanations.
In this paper, we discuss the goal of generalis-
ing serialisability to other types of semantics, to
more expressive approaches in formal argumen-
tation, for instance abstract dialectical frame-
works, and to other related formalisms.

1 Introduction

Recent advances in artificial intelligence (AI) have
again made the need for eXplainable AT (XAI) more
apparent. While there are many different approaches
in the domain of XAI [Adadi and Berrada, 2018,
Miller, 2019], the field of formal argumentation has
been shown to provide a natural way for explaining
decisions [Antaki and Leudar, 1992]. Recent works
on argumentative XAI are concerned with explain-
ing black-box AI models [Vassiliades et al., 2021] as
well as providing an inherently explainable model
using approaches from computational argumenta-
tion [Cyras et al., 2021].

In argumentation, the goal is to model human rea-
soning and discourse. The main formalism in the
field is the abstract argumentation framework (AF)
by [Dung, 1995]. Central to abstract argumentation
is the semantical concept of admissibility, with which

we define a notion of acceptance for sets of arguments
(called extensions) in the sense that they must be
conflict-free and defend themselves against all attack-
ers. Many semantics have been introduced in order
to refine the set of acceptable sets of arguments (see
e.g. [Baroni et al., 2018] for an overview).

In this work, we will consider the notion of seri-
alisability [Thimm, 2022]. Serialisability is a non-
deterministic construction scheme for extensions with
which we can characterise all classical argumentation
semantics. The serialised construction yields a se-
quence of non-empty minimal admissible sets, each of
which we can understand to resolve an atomic conflict
of the AF. Generally, we obtain a more comprehen-
sive result than just an extension, which is well suited
for creating a detailed explanation for argument ac-
ceptance. For example, in the AF in Figure 1 the set
{a, ¢} is a complete extension, but the corresponding
serialisation sequence ({c},{a}) additionally tells us
that ¢ must be accepted first. Essentially, serialis-
ability can provide an insight into the order in which
arguments must be presented in order to be accepted
together. Therefore, we propose to generalise serialis-
ability to other, more expressive formalisms to utilise
its explanatory capabilities in those frameworks.
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Figure 1: An AF with two initial sets {c} and {f}.

Over the years many extensions of the origi-
nal abstract AF have been proposed. For exam-
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ple, bipolar AFs where we have an additional sup-
port relation [Cayrol and Lagasquie-Schiex, 2005],
SetAFs which are able to model collective at-
tacks [Nielsen and Parsons, 2006] or the abstract
dialetical  frameworks [Brewka and Woltran, 2010)
which associate with each argument a logical for-
mula and subsume many other AF formalisms. An-
other closely related field is structured argumenta-
tion where an AF is induced from a logical knowl-
edge base, e.g., ABA [Dung et al., 2009] or AS-
PIC+ [Modgil and Prakken, 2014].

We first take a look at our previous work
on the relation of serialisability to other princi-
ples [Bengel and Thimm, 2022] as well as the ap-
plication of serialisability in an algorithm that em-
ploys parallel computing for enumerating extensions
of AFs [Bengel and Thimm, 2023]. Following that,
we examine serialisability in more detail and high-
light some novel ideas on how serialisability can be
generalised. For that, we consider four directions, in-
cluding the generalisation to non-admissible seman-
tics and to some of the above mentioned related ar-
gumentation formalisms.

The remainder of this work is structured as fol-
lows. In Section 2, we introduce the necessary back-
ground on abstract argumentation and serialisability.
We start in Section 3 by recalling some previous work
that we have done on serialisability and then discuss
in more detail the idea of generalising serialisability
to other semantics and formalisms. With Section 4
we conclude the paper.

2 Method

In this work we consider the abstract argumentation
framework (AF) introduced by [Dung, 1995]. An AF
is defined as a tuple AF = (A,R) where A is a finite
set of arguments and R is a relation R C A x A. For
two arguments a,b € A, the relation aRb means that
argument a attacks argument b. For a set X C A, we
denote by AF|x = (X,RN (X x X)) the projection of
AF on X. For a set S C A we define via SA+F ={ac€
A|3be S:bRa} and S, ={a € A|3be S:aRb}
the set of arguments attacked by S and attacking .S
respectively. If S is a singleton set, we omit brackets

for readability. For two sets S and S’ we write SRS’
iff SN Sy # 0.

We say that a set S C A is conflict-free iff for all
a,b € S we have that (a,b) ¢ R. Furthermore, a set
S defends an argument b € A iff for all @ with aRb
there is some ¢ € S with cRa. A conflict-free set S is
called admissible if S defends all @ € S. Let ad(AF)
denote the set of admissible sets of AF.

Non-empty minimal admissible sets have been
coined initial sets by [Xu and Cayrol, 2016].

Definition 1. For AF = (A R), a set S C A with
S # 0 is called an initial set if S is admissible and
there is no admissible S’ C S with S" # .

IS(AF) denotes the set of initial sets of AF. We
differentiate between exactly three types of initial sets
[Thimm, 2022].

Definition 2. For AF = (A,R) and S € IS(AF), we
say that

1. S is unattacked iff S~ =0,

2. S is unchallenged iff S~ # () and BS’ € IS(AF)
with S'RS,

3. S is challenged iff 35’ € IS(AF) with S'RS.

In the following, we will denote with IS* (AF),
IS**(AF), and IS” (AF) the set of unattacked, un-
challenged, and challenged initial sets, respectively.
We also consider the reduct of an AF wrt. some set
S C A, which is computed by removing all arguments
in S and those attacked by S [Baumann et al., 2020].

Definition 3. For AF = (AR) and S C A, the S-
reduct AF® is defined via AFS = AF| 4\ (sust)-

Based on the notion of initial sets and the reduct,

we now define a serialisation sequence S as fol-
lows [Thimm, 2022, Bliimel and Thimm, 2022].

Definition 4. A serialisation sequence for AF =
(A,R) is a sequence S = (S1,...,S,) with S €
IS(AF) and for each 2 < i < n we have that S; €
IS(AFS1D - DSi-1y

As shown in [Bliimel and Thimm, 2022], a serial-
isation sequence (Si,...,S,) induces an admissible
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set £ = S, U---US, and for every admissible set
there is at least one such sequence. Utilising the dis-
tinction between initial sets from Definition 2, we can
restrict the serialisation sequences to characterise ex-
isting admissibility-based semantics, namely strong
admissible, complete, grounded, preferred and sta-
ble semantics [Thimm, 2022]. For instance, grounded
and preferred semantics are serialised as follows.

Theorem 1. For AF = (A,R), E C A, we have that:

o £ € gr(AF) iff there is a serialisation se-
quence (Si,...,S,) with E = S; U ---US,
and for all S;, i = 1,...,n, it holds that
S; e IS (AFSYYUSieny and it holds that
IS (ARSI Uy — g,

o E € pr(AF) iff there is a serialisation sequence
(S1,...,5n) with E=S1U---US, and it holds
that IS(AF>1Y 95y — ¢,

Intuitively, we can understand a serialisation se-
quence to explain its corresponding extension by pro-
viding a decomposition into a sequence of atomic
parts that each solve an atomic conflict in the AF
and together form an acceptable position in the ar-
gumentation framework.

Example 1. Consider the AF in Figure 1. The set
{c} is an unattacked initial set and {f} is an unchal-
lenged initial set. We have that Sy = ({c},{a}) is
the only grounded serialisation sequence, since in the
{c}-reduct AF'Y = ({a.e, [} {(e. [).(f.€)}) the set
{a} is unattacked initial and in the reduct AF{®¢} =
({e, f},{(e, ), (f,e)}) we have no more unattacked
initial sets. On the other hand, 81 is not a pre-
ferred sequence, since IS(AF{a7C}) # (). The sequence
Sa = ({c},{a},{f}) is preferred in AF, just like
Ss = ({c},{a},{e}), since in both cases the reduct
is the empty AF and thus has no initial sets. Note
that Sy = ({f},{c},{a}) is also a preferred serialisa-
tion sequence, corresponding to the preferred exten-
sion {a,c, [}, like Ss.

3 Discussion

We first recall some of our previous work on seri-
alisability. In [Bengel and Thimm, 2022] we inves-

tigated the relation of serialisability to other princi-
ples from the literature (see e. g. [Baroni et al., 2005]
for definitions of these principles). Our analysis
showed that serialisability is generally independent
from SCC-recursiveness. Generally, serialisability
implies Conflict-Freeness, Admissibility and Modu-
larization. We also showed that it implies direction-
ality, under the condition that the serialisation for the
semantics is closed, i.e., every serialisation sequence
is either valid for the semantics or it can be extended
into a valid sequence. All serialisable semantics are
closed, except stable, which is not directional. Fur-
thermore, we took a closer look at the unchallenged
semantics (uc) from [Thimm, 2022], which essentially
amounts to exhaustively accepting only unattacked
or unchallenged initial sets.

Theorem 2. For AF = (A/R) and E C A,
we have that E € uc(AF) iff there is a seri-
alisation sequence (Si,...,S,) with E = S U
- U S, and for all S; it holds that S; €
IS (ARSI USim1) 169 (AFS1YYUSi-1y and it holds
that 1S~ (AFS1Y Uy 1§77 (AF1V D50 ) — ¢,

This semantics is closed and thus satisfies direc-
tionality, but also reinstatement. On the other hand,
it does for example not satisfy SCC-recursiveness or
[-maximality. Concerning the computational com-
plexity, we showed that all tasks related to the un-
challenged semantics are situated on the second level
of the polynomial hierarchy and thus more complex
than most semantics.

In recent work [Bengel and Thimm, 2023] we
utilised the non-determinism of serialisability to de-
velop an algorithm for enumerating extensions, on
the example of the unchallenged semantics. The al-
gorithm essentially follows multiple serialisation se-
quences in parallel and reuses partial results to min-
imise duplicate computations. Our experimental
evaluation showed a significant performance increase
compared to a naive approach.

We now turn to the main idea that we plan to
explore in the scope of the PhD thesis. Serialisabil-
ity is a very powerful concept and there are multiple
useful applications for it, for example in algorithms
or in generating argumentative explanations. So far,
serialisability is only defined for admissibility-based
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semantics in abstract argumentation. We intend to
generalise serialisability in order to benefit from it in
other contexts as well. We consider four main do-
mains for which we want to define serialisability and
the related concepts:

(1) non-admissibility-based semantics in abstract
argumentation,

(2) generalisations of abstract argumentation,
(3) structured argumentation systems,
(4) other (non-monotonic) logic formalisms.

Serialisability is based on two building blocks:
initial sets and the reduct. Initial sets are inherently
admissible, however there exist semantics that
are not based on admissibility, such as conflict-
free-based  (cf) semantics [Baroni et al., 2018]
and the weakly-admissible (w-adm) seman-
tics [Baumann et al., 2020]. To characterise these
semantics via serialisability, we have to adapt its
building blocks. For example, we can capture some
cf-based semantics relaxing to non-empty minimal
conflict-free sets and modifying the S-reduct to
remove further arguments. The w-adm semantics
are more difficult. A promising approach would be to
redefine initial sets in such a way that we allow them
to be undefended against self-defeating arguments.

There exist many generalisations of the ab-
stract argumentation framework. A very expres-
sive formalism is the abstract dialectical framework
(ADF) where each argument is associated with
a propositional formula (called acceptance condi-
tion) [Brewka and Woltran, 2010]. With these con-
ditions, we can represent, among other things,
simple attacks on an argument, a support re-
lation or even a collective attack on an argu-
ment, which means ADFs subsume many formalisms
like AFs, BAFs and SetAFs [Brewka et al., 2013b].
Admissibility-based semantics have been defined for
ADFs as well, based on a three valued logic and
a generalisation of the characteristic function for
AFs [Brewka et al., 2013a]. Since serialisability it-
self is a generalisation of the construction scheme for
the grounded extension via the characteristic func-
tion [Thimm, 2022], it seems only natural to also de-
fine serialisability for ADFs.

Thirdly, we want to define serialisability for struc-
tured argumentation approaches. One prominent for-
malism in the field is assumption based argumen-
tation (ABA), where arguments and attacks are
computed from a set of logical rules and assump-
tions [Dung et al., 2009]. In ABA the semantics are
for instance defined to return sets of assumptions in-
stead of sets of arguments, thus defining a notion of
serialisability for them may be more challenging.

Finally, we also intend to consider other non-
monotonic logic formalisms, for instance logic pro-
gramming (LP) [Gelfond and Lifschitz, 1991]. In his
seminal paper [Dung, 1995], Dung already discussed
how argumentation can be understood as a spe-
cial form of LP. On the other hand, it has been
shown that we can translate a logic program to
argumentation [Caminada et al., 2015]. Moreover,
there are multiple works showing a correspondence
between admissibility-based semantics in argumen-
tation and stable models in LP [Wu et al., 2009,
Nieves et al., 2008].

Generally, these four targets can be pursued inde-
pendently, however some domains may profit from
insights gained in others, e.g., insight from defini-
tions for structured argumentation might be relevant
when looking at other logic formalisms. Additionally,
definitions from (1) could also be adapted to define
these semantics in the other domains.

4 Conclusion

In this work we discussed the notion of serialisabil-
ity for argumentation semantics, a non-deterministic
procedure for constructing extensions. We considered
some previous results relating serialisability to other
principles from the literature. We also discussed our
work on utilising serialisability for the parallelisation
of extension enumeration. For my PhD thesis, we
outlined the plan to generalise serialisability to char-
acterise other non-admissible semantics and to define
serialisability for other frameworks in formal argu-
mentation, like ADFs or ABA, in order to utilise its
explanatory capabilities. Finally, we discussed the
possibility of defining serialisability in the context of
logic programming.
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