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ABSTRACT
In this paper, we study the concept of splitting in Assumption-Based

Argumentation (ABA). This provides a divide-and-conquer strategy

for addressing computational intractability of core reasoning tasks

inABA. In particular, we showhow extensions of a given framework

can be computed incrementally by restricting the search space to

sub-frameworks only, and then combining the obtained results. We

first consider splitting on the argument-graph induced by an ABAF,

and later adapt the approach to ABA frameworks, in order to avoid

the potentially high cost of building the graph.
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1 INTRODUCTION
Computational models of argumentation in AI [14] offer formal

approaches to represent and reason over debates involving conflict-

ing information. They play a central role in multi-agent systems,

specifically when agents engage in group decision-making, persua-

sion, or negotiation dialogues [7, 9, 12, 15, 16, 27]. Among these,

Assumption-Based Argumentation (ABA) [5] captures argumenta-

tive scenarios by means of so-called ABA frameworks (ABAFs), or

ABA knowledge bases, consisting of a set of defeasible sentences

(assumptions) and inference rules. Argumentative reasoning can be

performed in ABA following two different approaches. The direct
approach, typically employed by ABA solvers [20, 21], allows to rea-

son over the ABA knowledge base itself through semantics defined

at the level of assumptions. In contrast, the indirect approach [18]

realises reasoning in two steps: first an argument graph compris-

ing arguments and their relations is generated from the ABAF, via

the so-called instantiation procedure; then, semantics from abstract

argumentation are applied to the obtained graph to find acceptable

sets of arguments, along with the assumptions supporting them.

Although ABA is a well-established formalism, with several ap-

plication settings [11, 13, 26], the high computational complexity

This work is licensed under a Creative Commons Attribution Inter-
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of core reasoning tasks in ABA poses a significant challenge for its

deployment in practice [8]. This issue is further aggravated when

ABAFs are instantiated into argument graphs, such as Dung’s Argu-

mentation Frameworks (AFs) [10] or Argumentation Frameworks

with Collective Attacks (SETAFs) [25], as the instantiation itself

can be computationally expensive and may result in exponentially

large graphs [19]. One prominent strategy to address computational

intractability is to optimise reasoning through divide-and-conquer

algorithms, with splitting being a paradigmatic example of this

approach in knowledge representation and reasoning [1–4, 22–

24, 28]. This approach focuses on incrementally computing the

extensions of a given argumentation framework by means of the

extension of its sub-frameworks, thereby avoiding to consider the

entire solution-space of the original framework.

Despite the successful application in graph-based argumentation,

splitting, so far, has been neglected for rule-based argumentation

systems like ABA. A straightforward attempt to apply splitting in

ABA would be to first instantiate the ABAF to a corresponding

Dung’s AF and than perform AF splitting. However, the exponen-

tial number of auxiliary arguments introduced during instantiation

might invalidate the usefulness of splitting. To overcome this limi-

tation, we instead consider the instantiation of ABAFs as SETAFs,

which yield more concise graphical representations [17]. Thus, we

first develop a splitting scheme for SETAFs, enabling incremen-

tal computation for the indirect approach of reasoning. Further,

to avoid the (potentially high) cost of instantiation, we present a

splitting schema that operates directly on ABA knowledge bases.

2 PRELIMINARIES
An assumption-based argumentation framework (ABAF) is a tuple

𝐷 = (L,R,A, ), where L is a set of sentences and R a set of rules

over L. A rule 𝑟 ∈ R has the form 𝑎0 ← 𝑎1, . . . , 𝑎𝑛 with 𝑎𝑖 ∈ L,
𝑏𝑜𝑑𝑦 (𝑟 ) = {𝑎1, . . . , 𝑎𝑛} andℎ𝑒𝑎𝑑 (𝑟 ) = 𝑎0. Moreover,A ⊆ L is a set

of assumptions, and : A → L a total mapping from assumptions

to their contrary. We assume ABAFs to be flat, i.e. assumptions do

not occur as rule-heads. We use 𝑆 ⊢𝑅 𝑞 to say that a sentence 𝑞 is

derivable from 𝑆 ⊆ A via rules 𝑅 ⊆ R. A set of assumptions 𝑆 ⊆ A
attacks 𝑇 ⊆ A if 𝑆 ⊢ 𝑎 for some 𝑎 ∈ 𝑇 . A set 𝑆 is conflict-free in 𝐷

if it does not attack itself; 𝑆 defends 𝑇 iff it attacks each attacker

of 𝑇 ; 𝑆 is admissible if it is conflict-free and defends itself; 𝑆 is a

complete extension iff it contains every assumption set it defends;

𝑆 is a preferred extension (𝑆 ∈ pref(𝐷)) iff it is the ⊆-maximal

complete extension; 𝑆 is stable iff 𝑆 attacks each {𝑥} ⊆ A \ 𝑆 . For a
set 𝑆 of assumptions, an assumption 𝑎 is: accepted wrt 𝑆 if 𝑎 ∈ 𝑆 ;
rejected wrt 𝑆 if 𝑆 attacks 𝑎; undecided wrt 𝑆 otherwise.

Moreover, ABAFs can be represented as argumentation frame-

works with collective attacks (SETAFs) [17, 25]. Shortly, a SETAF is
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a pair 𝐹 = (𝐴, 𝑅) where𝐴 is a finite set of arguments, and 𝑅 ⊆ 2
𝐴×𝐴

an attack relation. An ABAF 𝐷 = (L,R,A, ) can be instantiated

as the (semantically equivalent) SETAF 𝐹𝐷 = (𝐴𝐷 , 𝑅𝐷 ) by setting

𝐴𝐷 = A and (𝑆, 𝑎) ∈ 𝑅𝐷 iff 𝑆 ⊢ 𝑎 [17].

Example 1. For the ABAF 𝐷 = (L,R,A, ) (left) and its corre-
sponding SETAF 𝐹 (right), it holds that {𝑎,𝑤, 𝑧} ∈ pref(𝐷) = pref(𝐹 ).
A = {𝑎, 𝑏, 𝑣,𝑤, 𝑥,𝑦, 𝑧}
L = A ∪A ∪ {𝑝}
R = {𝑏 ← 𝑏, 𝑝 ← 𝑎, 𝑣 ← 𝑎,

𝑥 ← 𝑝,𝑤, 𝑦 ← 𝑥, 𝑦 ← 𝑏, 𝑧} 𝑎 𝑏

𝑣

𝑤 𝑥 𝑦 𝑧

We now recall Baumann’s splitting schema for Dung AFs [2].

First, an AF 𝐹 is split into two sub-frameworks 𝐹1 and 𝐹2 separated

by a set of attacks 𝑅3 going from 𝐹1 to 𝐹2. Then, the information

contained in an extension 𝐸1 of 𝐹1 is propagated to 𝐹2 via some

syntactic alteration. This is realized in two steps. First, 𝐹2 is pruned

based on accepted and rejected argumentswrt 𝐸1, thus obtaining the

reduct 𝐹 ′
2
. Later, 𝐹 ′

2
is expanded to 𝐹★

2
via the so-called modification,

incorporating information on undecided arguments wrt 𝐸1: self-

attacks are propagated from 𝐹1 to arguments in 𝐹2. Using this

schema, it is possible to split the AF and compute the extensions

for each sub-framework incrementally such that their combination

yields extensions of the original framework.

3 SPLITTING COLLECTIVE ATTACKS
Towards a splitting approach for ABA we first introduce a splitting

schema for SETAFs, as their correspondence with ABAFs paves the

way for the splitting schema on the ABA knowledge base.

As for AFs, the general idea is to compute extensions of 𝐹 as a

combination of extensions of 𝐹1 and 𝐹2 following the schema above.
Intuitively, the SETAF reduct removes the arguments in 𝐹2 that are

already defeated by 𝐸1. Further, an attack (𝑆, 𝑡) in 𝐹2 is removed if

one of the arguments in 𝑆 ∪ 𝑡 is defeated by 𝐸1. Finally, an attack

(𝑆, 𝑡) ∈ 𝑅3 is neglected if an argument in 𝑆 ∪ 𝑡 is defeated by 𝐸1,

all the arguments in 𝑆 are in 𝐴1, or there is an argument in 𝑆 ∩𝐴1

that is not accepted wrt 𝐸1. The remaining attacks are simplified

by removing the arguments of 𝐴1 from 𝑆 . After computing 𝐹 ′
2
, we

modify it to deal with attacks (𝑆, 𝑡) ∈ 𝑅3 that rely on undecided

arguments wrt 𝐸1. We add to 𝐹 ′
2
a self-attack from 𝑡 (together with

the 𝐹2-part of the attack) to itself. Consider the following example.

Example 2. We split the SETAF 𝐹 of Example 1 separating 𝐴1 =

{𝑎, 𝑏} from 𝐴2 = {𝑣,𝑤, 𝑥,𝑦, 𝑧}. We pick the preferred extension 𝐸1 =

{𝑎} of 𝐹1, and compute the reduct 𝐹 ′
2
by deleting 𝑣 (attacked by 𝐸1),

projecting ({𝑎,𝑤}, 𝑥) to ({𝑤}, 𝑥) and neglect ({𝑏, 𝑧}, 𝑦). Subsequently,
we construct 𝐹★

2
by adding the set-self-attack ({𝑦, 𝑧}, 𝑦) to 𝐹 ′

2
.

𝐹 ′
2

𝑎 𝑏

𝑣
𝑤 𝑥 𝑦 𝑧

𝐹★
2

𝑎 𝑏

𝑣
𝑤 𝑥 𝑦 𝑧

Finally, we obtain 𝐸2 = {𝑤, 𝑧} as the preferred extension of 𝐹★
2
, re-

trieving 𝐸 = 𝐸1 ∪ 𝐸2 = {𝑎,𝑤, 𝑧} as a preferred extension of 𝐹 .

For all semantics considered we show that (1) combining exten-

sions of 𝐹1 and 𝐹★
2
yield extensions of 𝐹 , and (2) extensions of 𝐹

induce extensions in 𝐹1 and 𝐹★
2
, when restricted to 𝐴1 and 𝐴

★
2
.

However, while instantiatingABAFs into SETAFs has been shown

useful in specific contexts [6, 26], it can yield an exponential growth

in the number of attacks generated, thus increasing in input size.

Hence, to enable an efficient form of splitting, we propose a splitting

schema tailored to the syntactic structure of ABAFs.

4 SPLITTING ABA FRAMEWORKS
A splitting for an ABAF 𝐷 is identified with a set of sentences

𝑆 ⊆ L such that for all 𝑟 ∈ R, ℎ𝑒𝑎𝑑 (𝑟 ) ∈ 𝑆 implies 𝑏𝑜𝑑𝑦 (𝑟 ) ⊆ 𝑆

and 𝑆 contains all assumptions whose contrary appears in 𝑆 . The

splitting set partitions the 𝐷 into two sub-frameworks 𝐷1 and 𝐷2

such that no contrary of an assumption in 𝐷1 is derivable in 𝐷2.

Thus, assumptions in 𝐷1 can be evaluated independently of 𝐷2.

Again, we follow the splitting schema and appeal to the notions

of reduct and modification in application to 𝐷2. First, we build the

reduct wrt an extension 𝐸1 of 𝐷1, by removing from 𝑅2: the rules

whose body atoms are not derivable from 𝐸1; all sentences derivable

from 𝐸1. In the second step, we modify the reduct to propagate the

information about undecided assumptions wrt 𝐸1. Since their status

can be transmitted to other assumptions via rules, we define the set

of undecided sentences L𝑈
1
, as those derivable from some undecided

(but no rejected) assumptions wrt 𝐸1. Thus, when L𝑈
1
is not empty,

we introduce: a fresh assumption 𝑥𝑢 ; a rule 𝑥𝑢 ← 𝑥𝑢 ; a modified

version of every rule with some undecided (but no incompatible)

sentence in the body. We illustrate this in the following example.

Example 3. Let 𝐷 be the ABAF from Example 1. For a splitting set
𝑆 = {𝑎, 𝑏, 𝑎, 𝑏, 𝑝}, we get: 𝐷1 with L1 = 𝑆 and R1 = {𝑏 ← 𝑏, 𝑝 ← 𝑎};
𝐷2 with L2 = L \ 𝑆 and R2 = R \ R1. Then, from {𝑎} ∈ pref(𝐷1)
we build the reduct 𝐷 ′

2
= (L2,R ′

2
,A2,

2), where R ′
2
is given by:

𝑣 ← 𝑎 𝑥 ← 𝑤, 𝑝 𝑦 ← 𝑥 𝑦 ← 𝑏, 𝑧

Moreover, as 𝑏 is the only undecided assumption, and 𝑏 ∈ L𝑈
1
is a

sentence derivable from it, the modification is triggered by 𝑦 ← 𝑏, 𝑧.
We then construct 𝐷★

2
with L★

2
= L2 ∪ {𝑥𝑢 , 𝑥𝑢 } and R★

2
given by:

𝑣 ← 𝑥 ← 𝑤 𝑦 ← 𝑥 𝑦 ← 𝑥𝑢 , 𝑧 𝑥𝑢 ← 𝑥𝑢

Since {𝑤, 𝑧} ∈ pref(𝐷★
2
), we get {𝑎,𝑤, 𝑧} as for Examples 1 and 2.

As for SETAFs, our results show that (1) combining extensions

of 𝐷1 and 𝐷
★
2
yield extensions of 𝐷 , and (2) extensions of 𝐷 induce

extensions in 𝐷1 and 𝐷
★
2
, when restricted to A1 and A★

2
.

5 CONCLUSION AND FUTUREWORK
In this paper, we have presented a modification-based approach

to splitting in assumption-based argumentation. Our work tack-

les the issue directly (at the knowledge base level) and indirectly

(on the induced SETAF). Moreover, each step involved can be car-

ried out efficiently and implemented on top of common ABA (or

SETAF) solvers. Therefore, in future work we plan to implement

our algorithm and evaluate its performance [4].
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