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1 Introduction

In recent years, explainability has been a major focus in the field of artificial intel-
ligence (AI). One of the more promising approaches to explainable artificial intel-
ligence is formal argumentation [4,6,22], which is well-suited to provide human-
understandable explanations [3,25,26]. Various recent works are concerned with
computing post-hoc argumentative explanations for black-box AI models [19,27].
On the other hand, the problem of explaining the reasoning within formal argu-
mentation methods has also received lots of attention in the literature over the
years [16,30,32]. In this work, we consider the latter scenario, in particular, we
are concerned with providing explanations for the acceptance [21] of an argument
within an abstract argumentation framework (AF) [20]. Formal argumentation is
inherently linked with dialectics [23,28] and two fundamental aspects of dialec-
tical argumentation are the procedurality and the exchange of arguments, i. e.,
the fact that arguments and counterarguments are brought forward one after
another in alternating fashion [23]. The aim of this work is to define an expla-
nation method that takes both of these aspects into account and incorporates
them properly within the explanations themselves, which has so far not been
considered in the literature.

To achieve this goal, we introduce sequence explanations for argument accep-
tance in argumentation frameworks. We base our work on the notion of serialis-
ability [31], which provides a procedural form of representation for argumentation
semantics [10,11]. A sequence explanation is then essentially a series of minimally
acceptable (atomic) sets of arguments that leads to the acceptance of the argu-
ment in question. We define minimal sequence explanations that ensure that
every decision and argument in the sequence is actually relevant to explain the
acceptance of the target argument. Moreover, we expand sequence explanations
to also incorporate counterarguments in order to obtain full dialectical sequence
explanations. These then also allow us to distinguish between two different levels
of strength of arguments that challenge the acceptance of the argument within
the dialectical explanation.

The full version of the work presented here has been published in [12], which
also includes a principle-based analysis based on existing and novel principles
for acceptance explanation methods, further variants of sequence explanations
and formal results on the relation to other explanation approaches.



2 L. Bengel and M. Thimm

2 Preliminaries

We consider the abstract argumentation framework, which is a directed graph
F = (A,R) where A is a finite set of argument nodes and R is a relation of
attack R ⊆ A × A [20]. For some set S ⊆ A we define the set of arguments
attacked by (attacking) S as follows

S+
F = {a ∈ A | ∃b ∈ S : bRa}, S−

F = {a ∈ A | ∃b ∈ S : aRb}.

We denote RelevantF (a) = {b ∈ A | there is a directed path from b to a}
as the set of arguments relevant for a in F [16]. We say that a set S ⊆ A is
conflict-free iff for all a, b ∈ S it is not the case that aRb. A set S defends an
argument b ∈ A iff for all a with aRb there is c ∈ S with cRa. Furthermore, a
set S is called admissible (ad) iff it is conflict-free and S defends all a ∈ S. Let
ad(F) denote the set of admissible sets of F .

Non-empty minimal admissible sets have been coined initial sets [33,34].

Definition 1. For F = (A,R), a set S ⊆ A with S ̸= ∅ is called an initial set
(is) if S is admissible and there is no admissible S′ ⊊ S with S′ ̸= ∅.

We denote with is(F) the set of initial sets of the AF F . Initial sets can
essentially be understood as the atomic semantic units for admissibility-based
semantics. Furthermore, we recall the definition of the reduct [8].

Definition 2. For F = (A,R) and S ⊆ A, the S-reduct FS is defined as the
AF FS = (A′,R∩A′ ×A′) with A′ = A \ (S ∪ S+).

The S-reduct of an AF is the AF that remains after removing S and all
arguments attacked by S. In other words, we basically resolve S in the AF.

We recall the concept of serialisability [31], which is a notion that allows to
characterise admissible sets in a constructive and procedural manner. For that,
we define the serialisation sequence which is a decomposition of an admissible
set into a series of initial sets of the respective reducts [14].

Definition 3. For F = (A,R) S = (S1, . . . Sn) is a serialisation sequence if
S1 ∈ is(F) and for each 2 ≤ i ≤ n we have that Si ∈ is(FS1∪···∪Si−1).

For a serialisation sequence S = (S1, . . . Sn), we denote with Ŝ = S1∪· · ·∪Sn

the admissible set induced by S. Any admissible set is induced by at least one
such sequence [31]. We denote with S(F) the serialisation sequences of F .

Example 1. We consider the AF F1 in Figure 1 with is(F1) = {{d}, {e}, {f}}.
Consider the sequence ({f}, {b}, {g}, {e}) ∈ S(F1). We have {f} ∈ is(F1) and
in the reduct F1

{f}, we remove f , c and h. Thus, b is now unattacked and
{b} ∈ is(F1

{f}). Is is then easy to see that {h} ∈ is(F1
{b,f}) and clearly {e} is

an initial set of F1
{b,f ,g} since it defends itself against the only other remaining

argument d. The sequence then induces the admissible set {b, e,f , g}. You may
verify that there are multiple other sequences that induce this set, for instance
({e}, {f}, {g}, {b}). We may also include the initial set {d} at some point in the
sequence to induce a different admissible set. Naturally, every sub-sequence of
the above sequences is also a serialisation sequence of F1.
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Fig. 1. The AF F1 from Examples 1 - 5.

3 Sequence Explanations for Argument Acceptance

We introduce a novel approach for explanations of argument acceptance built on
the notion of serialisation sequences. Serialisation sequences provide construc-
tion schemes for admissible sets. Meaning, the sequence explanations (and the
variants that we introduce in the following) are only built on the notion of ad-
missibility and are independent of semantics. Instead of constructing arbitrary
admissible sets, we will use this procedure to accept atomic semantic building
blocks, i. e., initial sets, until we reach the argument whose acceptance we want
to explain. Intuitively, an explanation for the acceptance of an argument a then
represents a process of decisions ultimately leading to the acceptance of a.

Definition 4. Let F = (A,R) be an AF and a ∈ A. We define the set of
sequence explanations SeqEx(F ,a) for the acceptance of a given F as:

SeqEx(F ,a) = {(S1, . . . Sn) ∈ S(F) | a ∈ Sn}

Example 2. Consider again the AF F1 depicted in Figure 1. ({f}, {e}, {b}) is a
sequence explanation for the acceptance of b. We also have the sequence explana-
tions ({d}, {f}, {b}), ({f}, {e}, {g}, {b}) or ({f}, {b}). Note however, that the
first three sequence explanations include the arguments d, e or g, even though
none of them is relevant for b, i. e., we have RelevantF1

(b) = {b, c,f}.

As highlighted by the above example, this definition does not ensure that all
arguments that occur in the explanation for the acceptance of an argument a
are actually relevant for the argument a.

In order to properly incorporate relevance into the explanations, we refine the
definition of an explanation to be a minimal serialisation sequence (S1, . . . Sn)
such that a ∈ Sn. In other words, such an explanation for a represents a minimal
sequence of conflict resolutions that lead to a being acceptable in F . For that,
we define the length of a serialisation sequence S = (S1, . . . Sn) simply as the
number of initial sets it contains, i. e., |S| = n. For two serialisation sequences
S,S ′ we define S ⊑ S ′ iff |S| ≤ |S ′|.

Definition 5. Let F = (A,R) be an AF and a ∈ A. We define the set of
minimal sequence explanations MinSeqEx(F ,a) for the acceptance of a given
F as:

MinSeqEx(F , a) = min
⊑

SeqEx(F , a)
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Example 3. We continue Example 2 with the AF F1 in Figure 1. There is
only one minimal sequence explanation for b, namely ({f}, {b}). On the other
hand, for the argument g, we have the sequence explanations ({f}, {e}, {g}),
({e}, {f}, {g}), ({f}, {b}, {g}) and ({f}, {g}), but only the latter is minimal.

Indeed, including minimality (wrt. the length of the explanation sequence) is
enough to ensure that only relevant arguments are included in the explanation
as the following result shows (Proofs are available in the extended version [13]).

Proposition 1. Let F = (A,R) be an AF and a ∈ A. Then, we have that for
every E ∈ MinSeqEx(F ,a) it holds that Ê \ {a} ⊆ RelevantF (a).

So far, the sequence explanations take into account the procedural aspect of
argumentation by providing a sequence of minimally acceptable sets that essen-
tially support the argument in question. We now turn to the second fundamen-
tal aspect of dialectical argumentation, namely the exchange of arguments and
counterarguments. In order to construct human-understandable argumentative
explanations, we also need to incorporate the appropriate counterarguments, so
that the explanations provide a clear line of reasoning. To achieve this, we asso-
ciate with some sequence explanation Es, containing the supporting arguments
for the acceptance of the argument a, the sequence Ed of defeated arguments.

Definition 6. Let F = (A,R) be an AF and a ∈ A. We define a dialectical
sequence explanation for the acceptance of a given F as a pair of sequences:

Es = (S1, . . . Sn), Ed = (T1, . . . , Tn),

such that Es is some sequence explanation for a and for each i = 1, . . . , n we
have Ti = (Ês ∪ {a})−F ∩ (Si)

+

FS1∪···∪Si−1
.

Each Ti is defined to contain the attackers of a and its supporting arguments
(represented by (ÊS ∪ {a})−F ), assuming that they are rejected by Si and have
not been rejected in a previous step already, i. e., the arguments attacked by Si

in the reduct FS1∪···∪Si−1 .

Example 4. We consider again the AF F1 in Figure 1. We take the explanation
({f}, {e}, {g}) for the acceptance of g. The corresponding sequence of defeated
arguments is Ed = ({h}, {a,d}, ∅). Notice that, while c is attacked by f , it is
not included in Ed, because c does not attack any argument of the explanation
sequence and thus does not contribute anything to the explanation. Even though
g also attacks a, a has already been defeated by e in a previous step of the
argumentation process and is therefore not included again.

It can then be shown that a dialectical explanation, based on a minimal
sequence explanation for the acceptance of some argument a, only contains ar-
guments that are relevant for a and no arguments are repeated.

Proposition 2. Let F = (A,R) be an AF and ((S1, . . . Sn), (T1, . . . , Tn)) is a
dialectical explanation for a ∈ A with (S1, . . . Sn) ∈ MinSeqEx(F ,a). It holds
that Ti ⊆ RelevantF (a) and Ti ∩ Tj = ∅ for all i, j = 0, . . . , n with i ̸= j.



Sequence Explanations for Acceptance in Abstract Argumentation 5

To facilitate the construction of insightful explanations, our approach also
allows us to distinguish further between two types of defeated arguments:

(1) necessarily rejected arguments, i. e., they attack the corresponding initial set
and must be defended against: NecRejF (S) = S− ∩ S+

(2) incidentally rejected arguments, i. e., rejection simply follows logically, but
is not necessary for its acceptance: IncRejF (S) = S+ \ S−

This essentially allows us to distinguish between weak and strong counter-
arguments. Strong counterarguments actively challenge the explanation (within
the sequence explanation) while weak counterarguments do not. This can prove
useful when presenting such an explanation to a user, or when analysing the
strength of the argument or its explanation.

Example 5. We continue Example 4 with the AF F1 in Figure 1. Consider
the dialectical sequence explanation (Es, Ed) for the acceptance of g with Es =
({f}, {e}, {g}) and Ed = ({h}, {a,d}, ∅). We examine, step by step, the defeated
attackers of the explanation: h,d,a. First, we have that IncRejF1

({f}) = {h}.
Furthermore, we have NecRejF1

{f}({e}) = {d}. On the other hand, we have
IncRejF1

{f}({e}) = {a}. Meaning essentially, that h and a are merely weak
counterarguments and d is a strong counterargument, in the context of this
sequence. If we consider instead the sequence explanation ({f}, {g}), with the
defeated arguments ({h}, {a}), h is again a weak counterargument, but a is now
a strong contender, since it is necessarily rejected by g in this sequence.

4 Summary and Discussion

We have introduced (dialectical) sequence explanations, which provide a new
form of explanation for the acceptance of arguments that incorporate both the
procedural and dialectical aspect of argumentation directly into the explanation.
Moreover, our approach gives a fine-grained view into the strength of counter-
arguments. In the literature, there are many explanation approaches that are
based on admissibility [2,16,21], however these typically do not comprise any
structural information. There exists approaches that incorporate some form of
structure [1,7,9], but those lack the dialectical aspect and the conciseness pro-
vided by utilising initial sets as the atomic semantic units. Other approach are
not built on admissibility and instead consider sub-frameworks [29,32] or crit-
ical sets [15] to explain (non-)acceptance. Approaches that take into account
dialectical aspects are discussion games [17] and dispute trees [18]. In contrast
to our work, they consist of individual arguments, instead of initial sets, and
allow arguments to be repeated. In other fields of KR explanations also play an
important role, for instance in description logic [5] or logic programming [24].

Ultimately, we believe that representing explanations as sequences is the su-
perior choice if one wants to properly construct argumentative explanations. In
particular, to properly model an exchange of arguments, utilising a sequence-
based representation is inevitable. Assessing whether this proves true for se-
quence explanations in practice is the next step for future work.
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