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Tutorial description

Formal Concept Analysis (FCA) [GW99] emerged from an attempt to restruc-
turing lattice theory and making it more accessible to potential users [Wil82].
Data is represented as a formal context, which is a table showing which objects
have which attributes. On the one hand, FCA can be used to identify clusters
in the data, which are called concepts, and to build a hierarchy of these con-
cepts. On the other hand, FCA helps to extract the dependencies between sets of
attributes, which correspond to propositional Horn formulae. The set of all im-
plications that hold in a formal context can be large. The canonical base [GD86]
represents this implicative theory in a complete way and consists of a minimal
number of implications.

Both the concept hierarchy and the implication base can be computed in
exponential time [Gan84]. In cases where only an expert with complete knowl-
edge is available (but no formal context), the interactive algorithm Attribute
Exploration [Gan84] can be used to construct a minimal representation of the
implicative theory. More recent algorithms are much faster and have thus en-
abled the usage of FCA in applications, like Fast Close-by-One [KOV10], In-Close
[And18], and LinCbO [JKK21].

The idea of employing methods and tools from FCA in Description Logic
(DL) has a long tradition. FCA has been used in DL for an efficient com-
putation of an extended subsumption hierarchy of DL concepts as well as for
bottom-up construction of ontologies [BM00; BS04; Ser07], for acquiring com-
plete knowledge about an application domain as well as for enriching OWL on-
tologies [Baa+07; Ser07], and for mining axioms from interpretations and from
knowledge graphs [BD08; Dis11; Bor14; Kri19a]. In this tutorial we will first
briefly introduce basics of FCA, and later concentrate on its applications in DL.

Target audience and learning goals

The potential target audience of the tutorial are researchers working in the fields
of description logic, ontologies and semantic web, as well as ontology engineers



from different application domains where ontologies are employed, like life sci-
ences and bio-medicine.

For the audience a background in logic is sufficient. Expected learning goals
include:

– compact representation of implications holding in a data set,
– compact representation of axioms holding in an interpretation or in a knowl-

edge graph,
– efficient enumeration of concepts in the data set,
– enriching OWL ontologies with missing knowledge with the help of a domain

expert by using an FCA-based interactive knowledge acquisition method.

Tutorial outline

Session 1: Introduction to FCA (90 minutes)

1. Conceptual clustering with FCA (Francesco)

We begin with introducing the basic notions in FCA, e.g., formal contexts
used to represent the data and formal concepts that describe clusters in
the data. The concepts can be partially ordered by a “is subconcept of”
relation, which yields a complete lattice, i.e., an arbitrary number of formal
concepts always has a most general subconcept as well as a most specific
superconcept. On the one hand, this lattice reveals the conceptual hierarchy
of the data, which can then be used in an application. On the other hand, it
allows to visualize the data by means of a line diagram: each formal concept
is displayed as a node and it is connected by an upwards directed edge to all
its neighboring superconcepts. We also present algorithms for computing the
concept lattice (NextClosure [Gan84], Fast Close-by-One [KOV10], InClose-5
[And18]), and demonstrate the software tool Concept Explorer FX.3

2. Extracting dependencies with FCA (Barış)

Dependencies in the data are described by implications between attribute
sets, which correspond to propositional Horn formulae. The implicative the-
ory of a formal context is completely described by means of the canonical
base [GD86], in the sense that every valid implication follows from it. More-
over, it consists of a minimal number of implications among all implication
sets that are complete. We present complexity results related to comput-
ing the canonical base, and show algorithms for computing it (NextClosure
[Gan84], Fast Close-by-One [KOV10], LinCbO [JKK21]). Furthermore, we
present the the interactive algorithm Attribute Exploration [Gan84] and its
variations, with which a minimal representation of the implicative theory
can be constructed in cases where only an expert with complete knowledge
is available (but no formal context).

3 https://github.com/francesco-kriegel/conexp-fx

https://github.com/francesco-kriegel/conexp-fx


Session 2: Applications in DL (90 minutes)

3. Acquiring complete knowledge about an application domain, enriching OWL
ontologies (Barış)
We present an approach for extending both the terminological and the as-
sertional part of a DL ontology by using information provided by the on-
tology and by a domain expert. Our approach provides a basis for formally
well-founded techniques and tools that support the knowledge engineer in
checking whether a ontology contains all the relevant information about the
application domain, and in extending the ontology appropriately if this is
not the case. The use of techniques from Formal Concept Analysis ensures
that, on the one hand, the interaction with the expert is kept to a minimum,
and, on the other hand, it enables us to show that the extended ontology is
complete in a certain, well-defined sense.

4. Mining axioms from interpretations and knowledge graphs (Francesco)
A DL ontology is usually divided into a TBox and an ABox. The class
hierarchy of the underlying domain of interest is described in the TBox: it
consists of implications C ⊑ D between classes with the intended meaning
that each object in the class C is also in the class D. In the ABox the objects
are assigned to classes and linked to each other by roles. Building an ABox
is as easy as collecting data. In contrast, constructing a TBox is a complex
task. We present an automatic approach that axiomatizes a TBox from given
data that comes in form of an interpretation or a knowledge graph (a graph
in which the nodes and edges are labeled). By means of a reduction to FCA,
it computes a minimal set of TBox axioms that is complete for the input
data. In addition, we show variations and extensions of this approach.

5. Enumerating stable extensions in an argumentation framework using closed
sets (Barış)
We present an approach based on Formal Concept Analysis (FCA) for com-
puting stable extensions of Abstract Argumentation Frameworks (AFs). To
this purpose, we represent an AF as a formal context in which stable ex-
tensions of the AF are closed sets called concept intents. We make use of
algorithms developed in FCA for computing concept intents in order to com-
pute stable extensions of AFs. Experimental results show that, on AFs with a
high density of the attack relation, our algorithms perform significantly bet-
ter than the existing approaches. The algorithms can be modified to compute
other types of extensions, in particular, preferred extensions.
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