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This extended abstract gives an overview of our work [9], published at AAAI
2021. We propose an approach for automatically extracting concept inclusions
(CIs) from data. This data can be, for instance a collection of facts from a
database or from a knowledge graph. For example, in the DBpedia knowledge
graph [14], one can represent the relationship between a city ‘a’ and the region
‘b’ it belongs to with the facts city(a), region(b), partof(a,b), and capital(b, a).
One can then mine a CI expressing that a capital is a city that is part of a region.

For mining such CIs, we apply methods from Formal Concept Analysis
(FCA) [8]. Several other works in the literature have applied FCA for similar
purposes. In [2, 7] the authors use FCA for mining an Sﬁjfp—base of the CIs that
hold in an interpretation. A base is a set of CIs that entail every valid implica-
tion of the interpretation. Fixpoint semantics of Eﬁjfp is used here to overcome
the difficulty of mining CIs from cyclic relationships in the data, which how-
ever comes with practical drawbacks. Based on the approach by Distel et al. [7],
Borchmann et al. proposed a more practical method for mining &L -bases with
a predefined and fixed role depth for concept expressions [4]. As a consequence,
this base is sound and complete only w.r.t. the CIs containing concepts with
bounded role depth. For work on applying FCA methods in the DL context
see [1, 3, 18-20]. For more work on mining CIs using FCA see [5, 6, 12, 13, 15],
for work on learning DL ontologies see [11, 17] and for a survey comparing dif-
ferent approaches for learning DL ontologies see [16].

Our work [9] brings the best of the approaches by Distel et al. [7] and Borch-
mann et al. [4] together: we directly compute a finite EC | -base (without a de-
tour over Eﬁg‘fp) that captures the whole language (not only until a certain role
depth). In particular, we present a new approach that computes an adaptable
role depth based only on the objects that are considered during the computation
of Cls. To define an EL base, we use the notion of a model-based most specific
concept (MMSC) up to a certain role depth [4, 7]. The MMSC plays a key role
in the computation of a base from a given finite interpretation.

Definition 1. An ECT concept expression C is a model-based most specific con-
cept of X C AT with role depth d > 0 iff (1) X C CT, (2) C has role depth at
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most d, and (3) for all ELY concept expressions D with role depth at most d, if
X C D% then ) =C C D.

A straightforward (and inefficient) way of computing mmsc ({X},Z,d), for
a fixed d, would be conjoining every EL* concept expression C' (over Nc U NR)
such that X C C7 and the depth of C is bounded by d. A more elegant method
for computing MMSCs is based on the product of description graphs and un-
ravelling cyclic concept expressions up to a sufficient role depth. The interest-
ing challenge is how to identify the smallest d that satisfies the property: if
x € mmsc (X, Z, d)I, then « € mmsc (X, Z, k)I for every k > d.

We have developed a method for computing MMSCs with a role depth that
is suitable for building an E£* base of the given interpretation [9]. This method
is based on the notion of mazimum vertices from (MVF), which measures the
maximum number of distinct vertices that a walk with a fixed starting point can
visit in the graph. There we prove that in a product of description graphs, even
for the vertices that are parts of cycles there is a certain depth of unravellings,
which we call a fixpoint, that is guaranteed to be an upper bound. We use this
result for defining a finite set of concept expressions Mz for building a base of
the Cls valid in Z, which is a definition adapted from the work by Distel et al. [7].

Definition 2. Let T = (AZ,-T) be a finite interpretation. The set Mz is the
union of {1} UNc and

{Ir.mmsc (X,Z) | r € Ng and X C AT, X # ()}
We also define Az = {[ U |U C Mz}.

Building the base mostly relies on the fact that, given a finite interpretation Z,
for any &L concept expression C, there is a concept expression D € Az such
that CT = DZ.

Theorem 3. Let T be a finite interpretation and let Az be as above. Then,

B(Z) ={C = mmsc (C*,I) | C € A7} U
{CCD|C,DeAz and T =CC D}

is a finite EL* base for T.

The base computed this way is complete for all Cls of any depth holding in
Z. Unfortunately, it is not guaranteed to have minimal cardinality. In plain FCA
and in the works [4, 7], the computed bases fulfill this minimality condition.
However, in our setting which does not make use of the fixpoint semantics, the
base needs to contain CIs of the form given in the second line of the definition.
This makes the base loose the minimality condition. For full proofs of the results
see the long version [10].

As future work, we are going to work on constructing a base that satisfies the
minimality condition. Additionally, we are going to investigate the problem of
mining Cls in the presence of noise in the dataset by making use of the support
and confidence measures from association rule mining.
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