
LabSAT-Solver: Utilizing Caminada’s Labelling
Approach as a Boolean Satisfiability Problem

Florian Brons

Knowledge-Based Systems, Faculty of Mathematics
and Computer Science, University of Hagen, Germany

florian.brons@live.de

Abstract. LabSAT is a solver for computing several reasoning tasks
in abstract argumentation frameworks. It enumerates extensions of the
complete, preferred, stable and grounded semantics. Further, LabSAT
solves the problem of deciding credulously and skeptically. The solver uti-
lizes the labelling approach by Caminada and translates it into a boolean
satisfiability problem (SAT).

1 Description

LabSAT [1] is a solver for computing several reasoning tasks in abstract argu-
mentation frameworks [2]. It utilizes the labelling approach by Caminada [3]
and its encoding as a boolean satisfiability problem (SAT) by Cerutti et al.
[4] to compute several reasoning tasks for the complete, preferred, stable and
grounded semantics. To solve the boolean satisfiability problem, the SAT solver
lingeling (ayv-86bf266-140429) [5] is used1.

LabSAT supports all 16 combinations of problems (enumerate, enumerate
some, decide credulously and decide skeptically) and semantics (complete, pre-
ferred, stable and grounded). The supported file format is the Aspartix file format
(apx).

For the implementation Java 7 is used. The connection to the SAT solver,
which is implemented in C, is realized with the Java Native Interface (JNI). Every
reasoning task is a combination of the type Problem and the type Reasoner.
The abstract class Reasoner contains the encoding for the complete extensions.
The encoding is adjusted or replaced by concrete classes, which extends the
abstract class Reasoner. In addition, the abstract class Reasoner implements
the interface Iterator, which allows iterative calls of the SAT solver. Concrete
classes, which extend the abstract class Problem, use the Iterator and handle
the results with regard to the problem. The computation is started by the method
solve(reasoner: Reasoner) in the abstract class Problem.

1 I thank Prof. Dr. Armin Biere for granting permission to use lingeling during the
ICCMA’15 contest.



1.1 Complete Extensions

The following definition describes the encoding of complete extensions of an
abstract argumentation framework as given by Cerutti et al. [4] that is used
in LabSAT.

Definition 1 (Encoding of complete extensions (cf. [4])). Given AF =
(A, ↪→), with |A| = k and φ : {1, . . . , k} → A an indexing of A. The encod-
ing of complete extensions defined on the variables in V(AF ), is given by the
conjunction of the clauses (1)-(5):∧

i∈{1,...,k}

((Ii ∨Oi ∨ Ui) ∧ (¬Ii ∨ ¬Oi) ∧ (¬Ii ∨ ¬Ui) ∧ (¬Oi ∨ ¬Ui)) (1)

∧
{i|φ(i)−=∅}

(Ii ∧ ¬Oi ∧ ¬Ui) (2)

∧
{i|φ(i)− 6=∅}

 ∨
j|φ(j)→φ(i)

¬Ii ∨Oj

 (3)

∧
{i|φ(i)− 6=∅}

¬Oi ∨

 ∨
j|φ(j)→φ(i)

Ij

 (4)

∧
{i|φ(i)− 6=∅}

 ∧
j|φ(j)→φ(i)

(¬Ui ∨ ¬Ij)

 ∧

¬Ui ∨

 ∧
j|φ(j)→φ(i)

Uj

 (5)

To determine all complete extensions, LabSAT iterates over all existing ex-
tensions and – after displaying the set of arguments that was retrieved – excludes
the solution that resulted in satisfiable. Some extension is found by using the
same mechanism, in this case the iterator is only called once.

The problem of deciding credulously is solved by adding a clause (Ii) to the
SAT solver. The clause ensures that the argument of search belongs to the result,
if applicable. If some extension exists, the argument is credulously inferred.

To prove that an argument is in every complete extension, the solver uses
the grounded extension. If the argument of search is in the minimal extension
wrt. set inclusion, the argument is skeptically inferred.

1.2 Stable Extensions

To compute the stable extensions, additional clauses are added to the SAT solver.
For every argument the label undec is excluded (¬Ui). The problems enumer-
ate and enumerate some are computed in the same way as for the complete
extensions. The same applies to the problem decide credulously.

In the case of deciding skeptically the iterator is called repeatedly until a
counterexample – a set without the argument of search – is found. Otherwise,
the argument is skeptically inferred.



1.3 Preferred Extensions

The preferred extensions are computed by using the PrefSAT algorithm pub-
lished by Cerutti et al. [4]. The algorithm maximizes complete extensions wrt.
set inclusion. The solver handles the problems enumerate, enumerate some and
decide credulously in the same way as for the complete extensions. The problem
decide skeptically is solved in the same way as for the stable extensions.

1.4 Grounded Extension

The grounded extension is computed without the use of a SAT solver. The
algorithm used for the grounded extension is provided by Modgil/Caminada
[6]. Since the grounded extension is unique, the problems enumerate and enum-
erate some are the same problem. The problems decide credulously and decide
skeptically are identical problems as well. The grounded extension is computed
directly and displayed or checked for the argument of search.
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