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ABSTRACT

In this work we apply a form of existential abstraction on the
prominent structured approach of assumption-based argumenta-
tion (ABA) via clustering assumptions, leading to simplified argu-
mentation scenarios supporting explainability. We present ways of
interpreting clustered ABA frameworks, look at use cases, and pro-
vide an interactive automated tool that obtains faithful clusterings.
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1 INTRODUCTION

Computational argumentation is a well-established area within
Artificial Intelligence (AI) 3, 15]. Specifically within multi-agent
systems, argumentation was applied in several directions, e.g., in
dialogues and negotiation [1, 10], persuasion [22], decision mak-
ing [16], debates [13], and interaction of agents [7, 21].

This field can be categorized into two central approaches, namely
structured argumentation [5, 8, 17-20] and abstract argumenta-
tion [3, 11]. The former provides principled approaches of how to
reason argumentatively on given, possibly conflicting, knowledge
bases. This is achieved by prescribing how to instantiate argument
structures and their relationships from given knowledge. Abstract
argumentation, on the other hand, provides approaches how to find
acceptable (sets of) arguments when arguments are seen as abstract
entities. For instance, in argumentation frameworks (AFs) [11] argu-
ments are represented as vertices and a directed counter-argument
(attack) relation is represented as directed edges.

Among the methods supporting explainability, we in particular
find approaches to simplify given argumentation scenarios [2, 12,
14, 26, 28], with a recent approach utilizing abstraction on AFs via
clustering of arguments [27]. This method is of use for focusing on
relevant details and abstracting away redundant or undesired parts,
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providing at the same time an automated way of doing so in an
interactive fashion with users querying for more or less abstraction.

This approach was presented for AFs, and, as witnessed by many
works in the field, a lifting or adaptation to structured argumenta-
tion is both not direct [23-25, 29] and brings such approaches closer
to applications. In this paper we apply existential abstraction by
clustering (parts of) given knowledge bases and thus lift clustering
to the level of structured argumentation. We focus on the prominent
structured approach of assumption-based argumentation (ABA) [8],
with applications in, e.g., medical reasoning [9] and multi-agent
systems [16]. We focus on flat ABA frameworks in the prominent
logic-programming fragment [6].

2 ASSUMPTION-BASED ARGUMENTATION

An assumption-based argumentation framework (ABAF) D = (L,
R, A, 7), consists of a set of inference rules R over the formal
language L. From the language £ we distinguish the set of as-
sumptions A C L, that represent the pieces of information that
are defeasible. Each assumption can have an atom as its contrary,
and conflicts (derivations of contraries) are resolved using argu-
mentation semantics. A rule r has the form ay < ay, ..., an, with
cl(r) = ap € L\ A as the head of the rule representing the de-
rived atom, while the body(r) = {a1,...,an} € L constitutes the
rule body representing its premises. In this context, an argument
is a derivation using rules in R to derive a claim from a given set
of assumptions S C A. For a set S C A we define derivability
in an ABAF D via the set Thp(S) that contains all claims s with
arguments based on subsets of S.

A set A of assumptions attacks a set B of assumptions if one can
derive the contrary of some assumption in B from A. If a set can
derive none of its own contraries, that is if the set does not attack
itself, then this set is said to be conflict-free in D. Additionally, if
A is conflict-free, and for each set C C A that attacks an assump-
tion a € A, it holds that A attacks C, then A is called admissible,
and we also say that A defends a. The sets ¢f (D) and adm(D) are
called semantics and correspond to the sets of all conflict-free sets
and admissible sets respectively. Stable semantics is composed of
conflict-free sets A that attack every assumption in A \ A.

EXAMPLE 1. As an example we consider the ABAF D with assump-
tion set A = {a,b,c,d,e}, L = {a, b, c,d, e, x,y, z, w, t}, and
contraries a = z, b= t,¢c=x, d= w, and e = t. Consider also the
rules to be the set R = {x «— a,b,w «— e,y « c,z « d}. The set
{b, c, e} is conflict-free, and this set is also stable and admissible. On
the contrary the sets {a, b, c} and {a, b,d} are not conflict-free, and
thus they are neither admissible nor stable.
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3 CLUSTERING ASSUMPTIONS

Let us start by defining the notion of existential abstraction in
ABAFs. In this work, existential abstraction refers to clustering the
set of assumptions of an ABAF, obtained by a mapping m, intuitively
mapping assumptions to clusters.

DEFINITION 1. Given an ABAFD = (L,R A,7), let A be a
partition of A and m be the surjective mapping from A to A. Then,
the clustered ABAF (cABAF) of D according to m is D = m(D) =
(LR A, ;) where

e L\A=L\A and A = m(A),

o each ruler € R is mapped to the rule 7 of the form cl(r) «
m(body(r)), hence obtaining R, )

e ~isa total mapping from A to 2L such that for all a € A we
havea={be A|Tbechacastb=alu{te L\A|
Jda€astx=a}.

EXAMPLE 2. In the example above, let m be the mapping that maps
assumptions d and c into the same cluster ¢, and the assumptionsa, b, e
to themselves. This mapping leads to a cABAF D with an assumption
set A = {a,b, ¢, e}. It is evident that a cABAF does not strictly fit in
the definition of a classical ABAF, since the contrary of the cluster ¢
is not an element of the set £. In fact, é = {x,w} ¢ L.

Regarding the rules, as Definition 1 states, for each rule in R, we
get a clustered rule by applying m to its body. Thus, the clustered rule
setisR = {x —ab,wee,y— ¢,z ¢}

4 SEMANTICS OF CLUSTERINGS

We interpret cABAFs by defining (abstract) semantics that aim
to approximate classical semantics on ABAFs. More formally, for
a given classical semantics o, we define abstract semantics ¢ s.t.
m(a(D)) € 6(D) for any frameworks D with D = m(D). For
such abstract semantics, we say that & abstracts o (thus over-
approximating the classical counterparts).

It turns out that it is useful to distinguish three kinds of attacks
on cABAFs, each representing different “strengths” of attacks, when
considering the clustering. With Single(A) we denote all singleton
clusters in A (non-abstracted assumptions).

DEFINITION 2. Let D = (ﬁ, ﬁ,jl,i) be a cABAF, andA,B c A.
e A (normally) attacks B leIB €B andi N Thy, (A) # 0,
e A fully attacks B if 3b € B andb c Yhf)(A), and
o A truly attacks B leIE €B andz C Thpy (Single(A)).
o A defends a cluster a, if Ix € a s.t. VC withx € Thlj (C), it
holds that A attacks C.

Now we are ready to define our abstract semantics.

DEFINITION 3. LetD = (.f, R A, ;) be a cABAF. A set of clusters
AcAis

o conflict-free in D if it does not attack itself truly,

o admissible, if it is conflict-free and it defends all of its clusters,
and

o stable iff it is conflict-free, Va ¢ A there must be a full attack
from A tod, and ifa € A, then if S C A is a set of clusters that
fully attack &, then A must attack some cluster in S.
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As is the case in classical ABAFs, a stable set is also admissible.

ExaMPLE 3. The set of singletons {a, b, e} truly attacks the cluster¢.
Hence, the set {a, b, e, ¢} is not conflict-free. Cluster ¢ attacks fully the
singleton a. This implies that {a, ¢} ¢ acim(f)) However, the singleton
e defends a from atom z, and consequently {a, e} € adm(D). The set
{b, e,a} and {b, e, ¢} are both stable under the abstract semantics. The
former set is a set of singletons, and the same set is also stable in the
classical framework.

We have shown that the abstract semantics defined above are
all abstracting their classical counterparts. This is a key property
of the abstract semantics as it guarantees that through abstracting
we do not lose any essential information regarding assumption
sets. However, we still have to avoid adding extra information that
does not exist in the classical framework. A set that lies in the
abstract semantics but has no preimage through m in the classical
semantics is called spurious. A cABAF without spurious sets is
deemed faithful. Spuriousness cannot be avoided, but we can aim
to minimize spuriousness. We prove that our definition of abstract
conflict-free semantics is optimal in a formally defined sense. For
admissible semantics, we prove that defining an optimal semantics
that abstracts adm requires conditions that are NP-hard to verify.
Deciding whether a set is spurious under adm is coNP-hard.

5 OBTAINING CLUSTERINGS AND USE CASES

We present two methods of constructing faithful clusterings: one by
automatically refining initially coarse clusterings and the other by
iteratively abstracting more and more assumptions into clusters. We
present a tool for the former approach, and use cases on ABAFs that
abstract large parts of the given set of assumptions to provide, e.g.,
small reasons for no stable assumptions to exist or for interactions
between assumptions for showing that an assumption set deriving
a queried atom exists.

6 CONCLUSION

In this work we introduced existential abstraction to assumption-
based argumentation (ABA), by clustering assumptions, lifting a
recent work on clustering on AFs [27].

We believe that our approach can be beneficial for supporting
explainability, a key area of formal argumentation, by providing
foundational work towards abstracting certain parts of argumenta-
tive reasoning in a faithful manner. Interactive tools that give users
the ability to “zoom in” or “zoom out” can be useful to improve
understanding and employment of formal argumentation.

We think more research is needed to make argumentation more
accessible and to help users to digest argumentative results. Among
interesting avenues for future works are, e.g., extending our ap-
proach to other formal approaches to structured argumentation [4].
To facilitate interaction, visualization tools are a fruitful direction to
present abstractions, and more generally argumentative reasoning.
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