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Abstract. Since 2015, the International Competition on Computational
Models of Argumentation (ICCMA) has allowed to compare the different algorithms for solving some classical reasoning problems in the domain of (abstract) argumentation. In this paper, we describe the rules
of the fourth ICCMA, that will be held in 2021. We introduce some
minor modifications regarding the existing tracks (i.e. reasoning with
static and dynamic abstract argumentation). Also, for the first time,
we present a new track dedicated to structured argumentation, more
precisely Assumption-based Argumentation.
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Formal argumentation [1] is a major topic in symbolic artificial intelligence.
This formalism allows to reason with conflicting information, and has applications
e.g. in automated negotiation [2] or decision making [3]. The most classical reasoning tasks in this kind of formalism are intractable in the general case (see e.g.
[4] for an overview of computational complexity in formal argumentation). This
has conducted to the organization of the International Competition on Computational Models of Argumentation (ICCMA), that allows to compare the efficiency
of the different algorithms that have been proposed for these reasoning problems.
The previous competitions [5,6,7] have shown that, in spite of the theoretical
hardness of argumentative reasoning, some powerful techniques allow to handle
them efficiently.
In this paper, we describe how the next competition (ICCMA 2021) will be
organized. In Section 1, we recall the definitions of the formal concepts related
to the different tracks of ICCMA 2021. Then we define the different tracks of the
competition. Sections 2 and 3 describe the minor changes that we make to the
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existing tracks (corresponding to reasoning with Dung’s AFs, respectively in a
static or dynamic way), while Section 4 introduces for the first time structured argumentation at ICCMA, namely Assumption-based Argumentation. We describe
the scoring rules of the different tracks in Section 5. Finally, Section 6 concludes
the paper.
1. Background
1.1. Abstract Argumentation
An abstract argumentation framework (AF) [8] is a directed graph F = hA, Ri,
where A is the set of arguments, and R ⊆ A × A is the attack relation. For
a, b, c ∈ A, we say that a attacks b if (a, b) ∈ R. If in turn b attacks c, then
a defends c against b. Similarly, a set S ⊆ A attacks (respectively defends) an
argument b if there is some a ∈ S that attacks (respectively defends) b. For S ⊆ A
a set of arguments, S + is the set of arguments that are attacked by S, formally
S + = {b ∈ A | ∃a ∈ S s.t. (a, b) ∈ R}. The range of S is S ⊕ = S ∪ S + .
Different semantics have been defined for evaluating the acceptability of (sets
of) arguments.
Definition 1. Given an AF F = hA, Ri, a set of arguments S ⊆ A is conflict-free
iff ∀a, b ∈ S, (a, b) 6∈ R. A conflict-free set S is admissible iff ∀a ∈ S, S defends a
against all its attackers. Conflict-free and admissible sets are respectively denoted
by CF(F ) and ADM(F ).
Now, we formally introduce the extension-based semantics. For S ⊆ A,
•
•
•
•
•
•

S ∈ CO(F ) iff S ∈ ADM(F ) and ∀a ∈ A that is defended by S, a ∈ S;
S ∈ PR(F ) iff S is a ⊆-maximal admissible set;
S ∈ ST(F ) iff S is a conflict-free set that attacks each a ∈ A \ S;
S ∈ SST(F ) iff S ∈ CO(F ) and there is no S2 ∈ CO(F ) s.t. S ⊕ ⊂ S2⊕ ;
S ∈ STG(F ) iff S ∈ CF(F ) and there is no S2 ∈ CF(F ) s.t. S ⊕ ⊂ S2⊕ ;
S ∈ ID(F ) iff S ∈ ADM(F ), S ⊆ ∩PR(F ), and there is no S2 ⊆ ∩PR(F )
such that S2 ∈ ADM(F ) and S ⊂ S2 .

CO, PR, ST, SST, STG and ID stand (respectively) for the complete, preferred, stable [8], semi-stable [9], stage [10] and ideal [11] semantics. We refer the
interested reader to [12] for more details about these semantics.
For σ ∈ {CO, PR, ST, SST, STG, ID} a semantics, an argument a ∈ A is
credulously (respectively skeptically) accepted in F = hA, Ri with respect to σ iff
a ∈ S for some (respectively each) S ∈ σ(F ).
1.2. Assumption-based Argumentation
Now, let us introduce a particular framework for structured argumentation,
namely Assumption-based Argumentation (ABA) [13]. ABA is one of the most
popular structured argumentation frameworks, with applications in various domains, like e.g. information seeking and inquiry dialogues [14], decision making
in a medical context [15], or explanation of automated decisions [16]. An ABA
framework is a tuple F = hL, R, A, i, where:
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• L is a set of symbols called the language;
• R is a set of rules of the form x0 ← x1 , . . . , xn , with xi ∈ L for i ∈ {0, . . . , n}
and n ≥ 0;
• A ⊆ L is a non-empty set of particular symbols called assumptions;
•
: A → L is a total mapping that expresses a notion of contrariness.
In a rule x0 ← x1 , . . . , xn , the left-hand part (x0 ) is called the head of the rule,
while the right-hand part (x1 , . . . , xn ) is called the body. A rule x0 ← with no
body can be interpreted as x0 ← >.
A deduction for x ∈ L supported by XL ⊆ L and XR ⊆ R is a (finite) tree
rooted in x, with nodes labeled by symbols in L or >, such that each leaf is either
a symbol in XL or >, and for each internal node with label x0 , its children are the
elements x1 , . . . , xn of the body of some rule x0 ← x1 , . . . , xn ∈ XR . An argument
for the claim x ∈ L supported by XA ⊆ A (denoted by XA ` x) is a deduction
for x supported by XA (and some XR ⊆ R). An argument A1 ` x1 attacks an
argument A2 ` x2 iff x1 is the contrary of some assumption in A2 .
Now, there are two equivalent ways of reasoning with an ABA framework:
either the status of arguments is evaluated, or the status of assumptions. Here,
we choose to consider the latter.
Definition 2. Given F = hL, R, A, i an ABA framework, a set of assumptions
A1 ⊆ A attacks a set of assumptions A2 ⊆ A iff an argument supported by a subset
of A1 attacks an argument supported by a subset of A2 . A set of assumptions
defends an assumption a if it attacks each set of assumptions that attacks a. Then,
given a set of assumptions XA ⊆ A,
• XA ∈ CF(F ) iff it does not attack itself;
• XA ∈ ADM(F ) iff XA ∈ CF(F ) and XA defends all its elements;
• XA ∈ CO(F ) iff XA ∈ ADM(F ) and ∀a ∈ A that is defended by XA ,
a ∈ XA ;
• XA ∈ PR(F ) iff XA is a ⊆-maximal admissible set;
• S ∈ ST(F ) iff XA ∈ CF(F ) and XA attacks each a ∈ A \ XA .
2. Abstract Argumentation Track
The first track of the competition is concerned by static abstract argumentation.
We introduce some minor changes in this track, compared to the previous editions.
The set of semantics remains the same, except for the grounded semantics, i.e.
we consider the ones introduced in Definition 1: σ ∈ {CO, PR, ST, SST, STG,
ID}. The grounded semantics was removed since its low complexity makes it
easily computable by most solvers for any problem. For each of them, we define
one sub-track, that will be divided into several reasoning problems.
• CE-σ: Given an AF F = hA, Ri, give the number of σ-extensions of F .
• SE-σ: Given an AF F = hA, Ri, give one σ-extension of F .
• DC-σ: Given an AF F = hA, Ri and a ∈ A an argument, is a credulously
accepted in F ?
• DS-σ: Given an AF F = hA, Ri and a ∈ A an argument, is a skeptically
accepted in F ?
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The main difference for this track is the introduction of CE-σ instead of EE-σ:
this is the counting of extensions, while the previous competitions considered the
enumeration of the whole set of extensions. We made this choice because of the
space complexity of the extension enumeration, which does not ensure solutions
can be represented in practice, even for easy problems. CE-σ can be simply implemented from a EE-σ algorithm and is hard-enough to provide challenging tracks
– counting the extensions is a #P -complete problem: given such an oracle, one
can solve any decision problem which complexity is in the polynomial hierarchy
using a polynomial time [17].
Let us also mention that only two problems are included in the ID track:
since there is only one ideal extension for any AF, CE-ID is trivial, contrary to
SE-ID, and DC-ID coincides with DS-ID.
The input file format (.apx or .tgf), the command line interface and the
solver output will be similar to the ones from the previous edition of ICCMA.

3. Dynamic Argumentation Track
Argumentation dynamics has been considered for the first time at ICCMA 2019.
Recall that it consists in solving a sequence of (similar) tasks in a dynamic environment. For instance, a solver can be asked to determine whether the argument
a is credulously accepted with respect to the stable semantics in a given AF F .
Then, the same question is asked after the addition or removal of some attack or
argument in the AF. Such an addition or removal is called an update of F .
We consider the three classical Dung’s semantics [8] mentioned at Definition 1:
σ ∈ {CO, PR, ST}, and the same problems as for the abstract argumentation
track (CE-σ, SE-σ, DC-σ, DS-σ). However, we slightly modify the input of the
solvers. At the previous competition, the dynamic solvers were reading in a (.apx
or .tgf) file the initial AF, and then in another file the whole set of updates. This
method allows the solver to be tuned for the set of arguments that will be added.
But it does not seem possible to know the whole set of arguments in advance, for
some applications of argumentation (for instance, in automated negotiation, an
agent may know some of the arguments of her opponents, but generally not all of
them [2]).
In order to be suited to more realistic situations, for ICCMA 2021, the dynamic solvers will have a fully “online” behavior: after reading the initial AF in
a file (similarly to the abstract argumentation track), the solver will wait for updates on the standard input. Each update will be provided to the solver only after
it has printed the correct answer to the previous request (the same sequences of
updates will be provided to all solvers). An empty line will be given to the solver
to indicate that the computation is over. We plan to provide a software helping
developers to deal with this new behavior before the submission deadline.

4. Structured Argumentation Track: ABA
For this first introduction of structured argumentation to ICCMA, we will consider the same reasoning tasks as for the first track (CE-σ, SE-σ, DC-σ and DS-
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σ), or more precisely their assumption counterpart, for σ ∈ {CO, PR, ST} (see
Definition 2).
The solvers input will be described in an adaptation of the ASPARTIX format
that is used for the other tracks. For instance, we consider the ABA framework
F = hL, R, A, i with L = {a, b, c, p, q, r, s, t}, R = {(p ← q, a), (q ←), (r ← b, c)},
A = {a, b, c} and a = r, b = s, c = t. This example, borrowed from [13], can be
represented as the following .apx file:
rule(p,q,a).
rule(q).
rule(r,b,c).
assum(a).
assum(b).
assum(c).
cont(a,r).
cont(b,s).
cont(c,t).
For each line rule(...). in the file, the first parameter corresponds to the head
of the rule, and the other (optional) parameters correspond to the body. For
instance, rule(p,q,a). represents the rule p ← q, a, and rule(q). corresponds
to q ←. Assumptions and the contrariness mapping are represented, respectively,
by assum(...). and cont(...). lines. Finally, the language does not need to be
explicitly given, since it is simply the set of all the symbols that appear in the
rules and assumptions.

5. Scoring rules
Now let us describe the scoring rules. For each sub-track, the solvers’ ranking will
be defined as follows:
• in case of any wrong result, the solver is excluded of the sub-track; 1
• for every correct answer in the runtime limit, the solver gets a score of 1;
in case of timeout or non-parsable output, the solver gets a score of 0;
• in case of ties, the cumulated runtime over the instances that were correctly
solved will be used.
With this method, we will define a ranking for each sub-track (recall that a
sub-track is made of two or four reasoning tasks, all associated with the same
semantics). This means that there will be twelve rankings in the competition:
• six rankings for the Abstract Argumentation Track;
• three rankings for the Dynamic Argumentation Track;
• three rankings for the Structured Argumentation Track.
In order to be ranked, a solver needs to participate to the full sub-track (i.e. the
two or four reasoning tasks), however there is no requirement that a solver should
participate to all the (sub-)tracks.
1A

test phase will be conducted before the actual competition.
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6. Conclusion
This paper describes the preliminary design of ICCMA 2021. In the next months,
we will advertise the competition through a call for participation, as well as a
call for benchmarks. The detailed technical requirements for the solvers will be
communicated at this time. To help the participants to prepare their solver, we
will also provide some material before the deadline for the submission (including
preliminary benchmarks and the software dedicated to dynamic argumentation),
and we will perform some tests on the submitted solver before the actual competition phase. This will allow to identify and correct minor bugs that might appear in the solvers. We refer the reader to the competition website for up-to-date
information: http://argumentationcompetition.org/2021/
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