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Abstract

Assumption-Based Argumentation (ABA) is a versatile non-monotonic reasoning formalism that derives argu-
ments from a set of defeasible assumptions via some given inference rules. Like many other formal reasoning tools,
ABA also allows the derivation of contradictions, giving rise to direct and indirect self-contradicting arguments.
For Abstract Argumentation, a closely related formalism, semantics based on weak admissibility have been shown
to solve this problem while otherwise behaving nicely. Instead of the classic defense by counter-attack, they use
a recursive notion of admissibility to check the validity of each incoming attack. We explore how this approach
can be realized in the more expressive ABA formalism. Our proposal is to use Abstract Bipolar SETAFs as an
in-between to take advantage of the abstract intuition behind weak admissibility without a loss in expressiveness
on the side of ABA.

Keywords

Argumentation, Knowledge Representation Languages

1. Introduction

In recent years, Computational Argumentation has become one of the leading approaches for Explainable
Artificial Intelligence (XAI), while still being rooted firmly in Symbolic Al and Reasoning. Debating
different possible theories and outcomes is an integral part of human intelligence gathering and decision
making, so when it comes to deriving, communicating, verifying and justifying artificial knowledge,
argumentation is a natural method to use. In particular, structured argumentation formalisms like
Assumption-Based Argumentation (ABA) [1] are applied in key areas like planning [2], health care [3]
and causal discovery [4]. One advantage of ABA is its high expressiveness despite its relatively simple
structure. An Assumption-based Argumentation Framework (ABAF) consists of a set of defeasible
assumptions, a set of rules for making inferences from these assumptions in a given formal language
and a contrary function that tells us what constitutes a counter-argument against each assumption.
In contrast to Abstract Argumentation [5], where only atomic arguments and the attacks between
them are considered, ABA allows us to model set attacks and, in the case of Non-Flat ABA, which also
permits the derivation of assumptions from other assumptions, even set support between assumptions.
However, the attack relation is not explicit in ABA but results from applying the rules exhaustively to
generate arguments from assumptions and attacking the assumptions used for each argument according
to the contrary function. Due to this, contradictions and inconsistencies within the rules can be hard to
pinpoint when evaluating an ABAF and indeed, existing ABA semantics fall short when it comes to the
treatment of, e. g. , self-contradicting assumptions. A promising solution for this problem in Abstract
Argumentation are semantics based on weak admissibility [6]. They rely on a recursive defense notion
to distinguish reasonable from unreasonable attackers. Our work aims to introduce weak admissibility
to the significantly more expressive ABA formalism in a meaningful way, taking into account the many
facets of self-contradictions in ABA. So far, we managed to define weak admissibility for Flat [7] as well
as Non-Flat ABA [8] indirectly via a suitable abstract representation. In this proposal, we give a quick
overview on our progress to date, starting with an example to motivate the study of weak semantics for
ABA in general. We then give the definition of weak admissibility for Abstract Bipolar SETAFs (BSAF)
and show how the combination of a BSAF-representation with weak admissibility maintains enough
expressiveness to treat paradoxical rules in ABA satisfactory. We conclude with ideas for future work.
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2. Motivating Problem

In both Structured and Abstract Argumentation, a key concept is the notion of admissibility. Loosely
speaking, admissibility formalizes that, in a given debate, an acceptable set S of arguments should
(i) not contain internal conflicts and (ii) be able to refute arguments raised against S. However, as
pointed out in several works [5, 9, 10], this requirement is often too strong in real-world argumentation
scenarios, especially in the presence of paradoxical arguments as in the following example.

Example 2.1. Suppose our agent participates in a debate about climate change. The first argument
brought forward is that “Climate change is happening due to mankind emitting carbon dioxide.” (yielding
an assumption for climate change, cc). Another argument confirms this, stating that “According to numerous
studies, climate change is happening.” (yielding an assumption in favor of studies, stud). However, another
participant counters this by arguing that “I read on social media that everything written on the internet is
false.” (vielding an assumption in favor of distrusting information, dis). If we distrust every information on
the internet, this together with the fact that the studies on climate change are available online constitutes
a collective attack from dis and stud towards cc: if both of these assumptions are accepted, we have to
disregard cc. On the other hand, dis is a self-attacking argument, because if everything on the internet is
false, then also this same information found on social media. We obtain the following attack structure.

(dis)
Cstud>

Clearly, in this scenario we would like to disregard the self-attacking argument that represents distrusting
reasonable information. However, no commonly agreed semantics for ABAFs can handle this in a satisfactory
way.

As we said in our introduction, ABA is a suitable formalism for modeling a variety of argumentation
scenarios like this example due to its simple structure but more than sufficient expressiveness. Before
we go into further detail, we therefore give a short formal introduction to ABA. Based on a deductive
system (£, R), where L is a set of sentences and R a set of inference rules, an ABA framework (ABAF)
isatuple D = (L, R, A, c), where A is a set of assumptions from which we infer according to the
rules R, and ¢ : A — L a contrary function we use to derive attacks on assumptions. In order to
conduct defeasible reasoning with an ABAF D = (L, R, A, ¢) we consider arguments that can be built
by applying rules to assumptions. More precisely, we consider the fact, that some p € L can be derived
from a set of assumptions A C A according to the rules R an (ABA) argument, and denote this by
A & p. Furthermore, if p is the contrary ¢(b) of some assumption b € 4 we say the set A attacks any
set B C A with b € B.A set of assumptions A is conflict-free if it does not attack itself; admissible if it
is conflict-free and defends itself, i. e. attacks all of its attackers. Consider the introductory example.

Example 2.2. We can model our introductory Example 2.1 with the ABAF A = {stud, dis, cc}, L =
AU{ac | a € A},
contraries c¢(a) = a. for each assumption and rules
R = {(dis. < dis), (cc. < dis, stud)}.

The assumption cc is attacked by the set {dis, stud} and cannot be defended, because the only attacker
of that set is the assumption dis itself.

At first, we tried to use weak admissibility for AFs in ABA out of the box: the idea was to simply
evaluate the argumentation graph Fp corresponding to an ABAF D. Given an ABAF D = (L, R, A, ¢),
the corresponding argumentation graph is the tuple Fp = (Ap, Rp) where Ap is the set of all ABA
arguments S - p with p € £ derived from a set of assumptions S C A according to the rules R and
attacks (S F p,T F q) if p is the contrary of some ¢t € 7. Now if an argument attacks itself in an
abstract argumentation framework, it can be ignored under weak admissibility and is neither accepted
nor relevant for the acceptance of other arguments. This direct approach, however, does not work as
we demonstrate next.
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Example 2.3. Instantiating the ABAF from Example 2.2 as an AF yields the following argumentation
graph :

Gud @ @
C{dis} F dise > {dis, stud} F cec >

Instead of disregarding the self-attacking assumption dis, weak admissibility only allows us to disregard
the argument “c(dis) < dis” which explicates that this assumption is self-attacking. Consequently, dis
and stud are accepted whereas cc is not. This is surprisingly far away from what we want to achieve; after
all, weak admissibility handles (abstract) self-attackers quite well.

3. Progress to date

In [7] we propose to use SETAFs [11] as an alternative representation for ABAFs which have the
necessary expressiveness to properly identify self-attacks and odd cycles in an ABAF. A SETAF is a
tuple SF' = (A, R), where A is a set of arguments and R is a set of collective attacks (7', h) from a
set of arguments 7' C A to a single argument h € A. Using the reduct notion for SETAFs from [12]
we define weak admissibility on SETAFs by generalizing the definition for AFs in a natural way. By
this, we indirectly define weak admissibility for ABA. An ABAF is represented by a SETAF where the
assumptions are the set of arguments and an attack from a set of assumptions 7" to some assumption
is simply a collective attack between the respective arguments corresponding to these assumptions.
Now a set of assumptions is weakly admissible, if the corresponding set of arguments in the SETAF-
representation is weakly admissible. We can indeed successfully capture the motivating example
with this representation. However, SETAFs are only sufficient as a representation for Flat ABAFs
[13], i.e. ABAFs where assumptions cannot be derived by the rules. To overcome this limitation,
we further generalized the notion of weak admissibility to Bipolar SETAFs in this years paper [8].
Bipolar SETAFs [14] combine the ideas underlying argumentation frameworks with collective attacks
(SETAFs) [11] and bipolar argumentation frameworks (BAFs) [15, 16, 17]. Instead of only considering
an attack relation, there is also a notion of support. BSAFs can model collective attacks and supports.

Definition 3.1. A bipolar set-argumentation framework (BSAF) is a tuple F = (A, R, S), where A is a
finite set of arguments, R C 2 x A is the attack relation and S C 24 x A is the support relation.

We restrict ourselves to finite BSAFs, those that have finitely many arguments.

Definition 3.2. Given a BSAFF = (A, R, S) and a set E C A of arguments. With
suppp(E) :=EU{he A|3(T,h) € S: T C E}
we call clp(E) = U;>, supp’s(E) the closure of E; E is closed if clp(F) = E.

We denote by EE the set of all arguments attacked by F and define E;‘% =FEU EE. Aset EC A
is conflict-free (E € ¢f (F)) if it does not attack itself; defends a € A if for each closed set £/ C A
attacking a, F attacks E'; F defends E' if E' defends each a € E'.

A conflict-free set £ is admissible (£ € adm(F")) iff E is closed and defends itself.

Due to space limitations we omit the introduction of the standard semantics. Before we can give the
definition of weakly admissible semantics for this framework, we first need a suitable notion of reduct.

Definition 3.3. Given a BSAFF = (A,R,S) and E C A, the E-reduct of F is the BSAF F¥ =
(AF RF SE), with

AP = A\ (c(B)R)
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RY = {(T\ cl(E),t) | 3h € cl(E)}, : (T,h) € S,
teTnAF } U
{(T\ cl(B),h) | T N el(E)f,
(T h) € RE h e AE}
SE = {(T\ cl(E),h) | TN cl(E);
(T,h) € S,h € AE}

Note that some design choices had to be made for handling collective attacks and supports. Intu-
itively, an attack/support is removed in the reduct, whenever one attacking/supporting assumption
is attacked by the set E in question, otherwise it is restricted to the assumptions remaining in the
reduct. Furthermore, we add self-attacks in the reduct for sets of assumptions that support an argument
attacked by F. The E-reduct for BSAFs gives us the tools to generalize weak admissibility. Note that the

definition is recursive, but well-defined as in each recursion step the reduct contains fewer arguments
and we deal only with finite BSAFs.

Definition 3.4. Let F' = (A, R, S) be a BSAF, E C A a set of arguments, and F¥ = (A¥ RF SF) its
E-reduct. Then E is called weakly admissible in F' (E € adm™(F)) iff

1. E € ¢f(F), E closed and
2. foreach (T,h) € Rwithh € E, andT N EE = () it holds E' € adm™(FF) st. TN AF C E'.

When applying this definition to our introductory example, we can now ignore the joint attack
involving the self-attacker and accept the argument that climate change is happening.

Example 3.5. Recall our introductory Example 2.1 about climate change. The instantiated BSAF BF'p is

given as follows.

Gstud)
We have adm™ (BFp) = {0, {stud}, {cc}, {stud, cc}}.

So our motivating example is indeed handled as desired now. To demonstrate that weak admissibility
behaves well in general, let us consider the paradoxical rule principle from [8]. As the name indicates,
the principle involves attacks and supports in the ABAF that we deem paradoxical. We introduce the
concept (in terms of BSAFs as they resemble ABA attacks and supports) below.

Definition 3.6. Given a BSAFF = (A, R, S). An attackr = (T, h) € R is paradoxical iff T # () and
foreveryt € T thereisaT' CT,T' # () s.t.

o there exists (T",t) € Rand h ¢ T'.
A support s = (T, h) € S is paradoxical iff T' # () and for everyt € T thereisaT' C T,T" # () s.t.
o there exists (T',t) € R.

We want weak admissibility to be stable under removal of paradoxical rules, thus the principle states
the following requirement.

(PRS) Paradoxical Attacks/Supports: Removing a paradoxical attack  or support s does not al-
ter the models of F, i.e. adm™(F) = adm"(F') where F' = (A, R\ {r},S) (resp. F' =
(4, R, S\ {s}))

Proposition 3.7. The weakly admissible semantics for ABA satisfies the Principle of Paradoxical Attack-
s/Supports.

With this result from [8], we have shown that weak admissibility under the BSAF-instantiation
captures self-conflicting sets of assumptions in general ABA in a natural way.
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4. Future Work

Successfully formulating weak admissibility for general ABA provides valuable insights towards a
native reduct notion for ABA and an ABA-semantics satisfying long-standing rationality postulates
like non-interference [18]. Another natural next step would be to introduce weak admissibility to other
structured argumentation formalism, e. g. ASPIC [19]. Since reasoning with weak admissibility comes
with a high computational complexity [20] the practical feasibility of using weak admissibility for
reasoning with ABA should be checked. In [21] we investigate a class of semantics that approximate
the weakly preferred semantics in the abstract setting. As these semantics are also based on the notion
of reduct they could be utilized to make weak admissibility realistic for applications which use ABA as
a reasoning tool [2, 3].
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