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Description Logics (DLs) are a family of logic-based knowl-
edge representation languages (Baader et al. 2017), which
are frequently used to formalize ontologies for applica-
tion domains such as biology and medicine (Hoehndorf,
Schofield, and Gkoutos 2015). Such ontologies consist of
terminological axioms, which specify the important notions
of the application domain and are collected in the TBox, and
of assertional axioms, which describe properties of specific
individuals and objects and are collected in the ABox. As
the size of ontologies grows, the likelihood of them con-
taining errors increases as well. This is particularly prob-
lematic if the data stored in the ABox are automatically ex-
tracted from text or other sources using natural language
processing or machine learning. The reasoning services
of DL systems (Kazakov, Krotzsch, and Simancik 2014;
Glimm et al. 2014; Steigmiller, Liebig, and Glimm 2014;
Haarslev et al. 2012), which derive implicit consequences
from the explicitly represented knowledge, are not only use-
ful once an ontology is deployed, but can also support de-
bugging by exhibiting consequences that are not supposed to
hold in the application domain or should be hidden for other
reasons (Grau and Kostylev 2019; Baader, Kriegel, and Nu-
radiansyah 2019).

Ontology repair Once such unwanted consequences are
detected, it is often not easy to see how to repair the on-
tology in order to get rid of them without losing too many
other consequences. Thus, it is important to develop au-
tomated tools that support the repair process. Classical
repair approaches based on axiom pinpointing (Schlobach
and Cornet 2003; Parsia, Sirin, and Kalyanpur 2005; Meyer
et al. 2006; Schlobach et al. 2007; Kalyanpur et al. 2007;
Baader and Suntisrivaraporn 2008) compute maximal sub-
sets of the ontology that do not have the consequence. The
obtained results thus strongly depend on the syntactic form
of the axioms, and may remove more knowledge than is
actually necessary. To alleviate this problem, novel repair
approaches have been developed that replace axioms by
weaker ones (in the sense that they have less consequences)
instead of removing them completely (Horridge, Parsia,
and Sattler 2008; Lam et al. 2008; Troquard et al. 2018;
Baader et al. 2018). However, these approaches still depend
on the syntactic representation of the ontology, and in gen-
eral do not yield optimal repairs.

Optimal repairs Intuitively, an optimal repair of an ontol-
ogy retains as many of its consequences as possible, while
no longer having the unwanted ones. More formally, a re-
pair of an ontology O is an ontology O that is entailed by
O and does not entail any of the unwanted consequences.
It is optimal if any repair that lies between O and O’ w.r.t.
entailment is equivalent to @’. Since this notion is purely
based on entailment, it is clearly syntax-independent.

Unfortunately, as shown in (Baader et al. 2018), optimal
repairs need not exist even for ontologies written using the
inexpressive DL ££. In a recent series of articles, we have
been trying to identify settings where optimal repairs always
exist and can effectively be computed.

First, we considered in (Baader, Kriegel, and Nuradian-
syah 2019) the quite restricted case where there is no TBox,
where the ABox is an £L instance store (Horrocks et al.
2004), i.e., an ABox without role assertions, and where each
unwanted consequence is an EL concept assertion. In this
setting, optimal repairs always exist and can be computed in
exponential time, which is optimal since there may be expo-
nentially many optimal repairs of exponential size.

Second, we expanded these results in (Baader et al. 2020)
to the setting of ABoxes with role assertions, but still with-
out any TBox. More precisely, we considered quantified
ABoxes, in which some individuals are anonymized by
viewing them as existentially quantified variables. The pos-
sibility of anonymizing individuals allows us to retain more
consequences. In this context, optimal repairs still always
exist. The set of all optimal repairs can be computed by
an exponential-time algorithm with access to an NP-oracle.
More precisely, the paper introduces the notion of canonical
repairs and shows that the set of canonical repairs contains
the set of optimal repairs. The NP-oracle is needed to re-
move the non-optimal repairs from this set. We also consid-
ered a modified version of entailment (called IQ-entailment)
in (Baader et al. 2020), where quantified ABoxes are com-
pared w.r.t. which £L instance relationships they imply.
This notion is sufficient if one only wants to pose instance
queries. No NP-oracle is needed for computing the set of all
1Q-optimal repairs in exponential time.

The new results Our latest article in this direction (Baader
et al. 2021) extends the previous results reported above in
three respects, which greatly improves their applicability.



1. While the data is expressed as a quantified ABox as be-
fore, we now support a static ££ TBox, i.e., its axioms
are assumed to be correct and thus cannot be changed. To
ensure existence of optimal repairs in the case of classical
entailment, this TBox needs to be cycle-restricted in the
sense introduced in (Baader, Borgwardt, and Morawska
2012). Again, we define canonical repairs and show that
the set of canonical repairs contains the set of all opti-
mal repairs, but the construction needs to be changed in
several non-trivial ways to take the TBox into account.
Nevertheless, we obtain the same complexity as for the
case without TBox. For IQ-entailment, no restriction on
the TBox is necessary and we can again dispense with the
NP-oracle.

2. The construction of the canonical repairs described in
(Baader et al. 2020) and extended in (Baader et al. 2021)
such that it can deal with static ££ TBoxes, is best
case exponential. The second important contribution
of (Baader et al. 2021) is the design of a new construction,
both for classical and IQ-entailment, that is exponential
only in the worst case. Basically, the unoptimized con-
struction pre-emptively introduces an exponential num-
ber of copies for all objects, whereas the optimized one
introduces such copies only if needed, and thus may get
by with considerably less copies.

3. To find out whether the introduced repair approaches are
in principle viable for non-trivial ontologies, we imple-
mented them' and performed experiments on ontologies
taken from the OWL Reasoner Competition for the track
OWL EL Realisation. In addition to checking how often
the implementation was able to compute a repair within a
certain timeout, we also compared the sizes of the com-
puted repairs with those of the unoptimized canonical re-
pairs. The experiments show that the optimizations in-
deed makes our repair approach viable also for fairly large
ontologies, at least for the 1Q-case.
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