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Abstract. The quality of ontologies in terms of their correctness and
completeness is crucial for developing high-quality ontology-based appli-
cations. Traditional debugging techniques repair ontologies by removing
unwanted axioms, but may thereby remove consequences that are correct
in the domain of the ontology. We propose an interactive approach to
mitigate the negative effects of removing unwanted axioms for EL ontolo-
gies by axiom weakening and completing. This is the first approach that
allows for different ways to combine removing, weakening and complet-
ing. The choice of combination strategy influences the amount of work
for a domain expert as well as the completeness of the repaired ontology.
In this paper we describe a system based on a repairing approach that
allows for different such combinations1.

1 Introduction

Debugging ontologies aims to remove unwanted knowledge in the ontology. This
can be knowledge that leads to logical problems such as inconsistency or in-
coherence (semantic defects) or statements that are not correct in the domain
of the ontology (modeling defects) (e.g., [1]). The workflow consists of several
steps including the detection and localization of the defects and the repairing
[2]. In the classical approaches for debugging the end result is a set of axioms
to remove from the ontology that is obtained after detection and localization,
and the repairing consists solely of removing the suggested axioms. However,
first, these approaches are usually purely logic-based and therefore may remove
correct axioms (e.g., [4]). Therefore, it is argued that a domain expert should
validate the results of such systems. Furthermore, removing an axiom may re-
move more knowledge than necessary. Correct knowledge that is derivable with
the help of the wrong axioms may not be derivable in the new ontology.

In this paper, we discuss one of two implemented systems based on the ap-
proach in [3]. The system supports an interactive repairing approach using weak-
ening and completing to mitigate the negative effects of removing unwanted
axioms in EL ontologies. For formal definitions, the underlying algorithms and
experimental results, we refer to [3].

1 This is a companion paper to [3], a paper accepted at the main track of ESWC 2023,
and presents one of the two systems proposed in [3].
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2 Repairing system

We implemented a Protégé plugin for repairing based on the Algorithm C9 in [3].
Using this algorithm the user can repair all unwanted axioms at once, or one at a
time by iteratively invoking this plugin, thereby allowing for two of the possible
choices presented in [3]2. We use the Mini-GALEN ontology, visualized in Fig. 1a
as a running example for the use of the system. After loading the target ontology
into Protégé, starting the built-in reasoner and entering the wrong axiom(s) by
selecting left/right-hand concepts from the list of concepts in the ontology (Fig.
1b), the user starts a repairing by weakening the wrong axioms first.

(a) The domain expert’s knowledge about
the subsumption axioms in the Mini-
GALEN ontology is marked with T (true)
or F (false) at the arrows. (b) Input the whole wrong axioms set.

Fig. 1

Weakening aims to mitigate the effect of removing wrong axioms by re-
placing them with correct weaker axioms. This means that a wrong axiom α ⊑
β would be replaced by a correct weaker axiom sb ⊑ sp such that sb is a sub-
concept of α and sp is a super-concept of β. In the weakening step, the set of
sub-concepts of α (sub) and the set of super-concepts of β (sup) are generated,
thereby representing the possible choices for weaker axioms. The weaker axioms
are visualized in two ways: (i) as a list of axioms and (ii) by the sub and sup
sets. In the former case weakened axioms are chosen by clicking the Validate re-
lations button, selecting the axioms in the list and clicking the Validate button.
In the latter case the user can choose weakened axioms by clicking on a concept
in the sub set and a concept in the sup set and validate the axiom by clicking
the Validate button. The weakening step is finished by clicking the Weakening
done button. The completion step is started using the Continue button.

Example. Fig. 2a shows the sub and sup of the wrong axiom Patholog-
icalProcess ⊑ InflammationProcess. The weaker axiom PathologicalProcess ⊑
2 We also implemented a stand-alone system based on the EL version of the RepOSE
system [5] where the user can choose different ways to combine removing, weaken-
ing, completing and updating strategies, thereby providing a choice in the trade-off
between validation work and completeness of the repaired ontology. The systems
are available at https://www.ida.liu.se/~patla00/publications/ESWC2023/ and
a demo for the Protégé plugin is available at https://www.ida.liu.se/~patla00/
publications/ESWC2023/Demo-video.mp4.

https://www.ida.liu.se/~patla00/publications/ESWC2023/
https://www.ida.liu.se/~patla00/publications/ESWC2023/Demo-video.mp4
https://www.ida.liu.se/~patla00/publications/ESWC2023/Demo-video.mp4
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NonNormalProcess is correct and can thus be selected by choosing the Patho-
logicalProcess from sub and NonNormalProcess from sup (visualization) or by
choosing from the axiom list as in Fig. 2b.

(a) Sub and sup of
PathologicalProcess⊑InflammationProcess.

(b) The candidate weaker axioms list of
PathologicalProcess⊑InflammationProcess.

Fig. 2

Completing aims to find correct axioms that are not derivable from the
ontology yet and that would make a given axiom derivable. For the repairing,
after a weakened axiom α ⊑ β is validated, the completion step finds correct
axioms sp ⊑ sb such that sp is a super-concept of α and sb is a sub-concept of β.
If sp ⊑ sb is added to the ontology, then α ⊑ β would be derivable. We compute
two sets, source and target. These are similar to sup and sub, respectively, but
exclude concepts that would introduce equivalence relations in the ontology.
These sets represent the possible choices for completing axioms. These axioms
are visualized in two ways: (i) as a list of axioms and (ii) by the source and target
sets. In the former case completing axioms are chosen by clicking the Validate
relations button, selecting the axioms in the list and clicking the Validate button.
In the latter case the user can choose completing axioms by clicking on a concept
in the source and a concept in the target and validate the axiom by clicking
the Validate button. As adding completed axioms adds new knowledge to the
ontology that was not earlier derivable, the system allows to find additional
correct axioms by invoking the completion process again3. Clicking the < and
> buttons allows to work on the completing for other axioms.

Example. After the weakening step, we obtained the weakened axioms set
{PathologicalProcess ⊑ NonNormalProcess, InflammationProcess ⊑ NonNor-
malProcess}. Fig. 3a shows the source and target sets of InflammationProcess
⊑ NonNormalProcess. The axiom InflammationProcess ⊑ PathologicalProcess
is a correct axiom and was not derivable from the ontology yet. Adding this
axiom (by using the visualization or by using the axiom list) makes the ontology
more complete. Similar operations can be performed for the other axiom in the

3 The possibility of multiple iterations of the completing phase is an extension of the
method in [3]. This can be done by clicking the Next iteration button.
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weakened axiom set. In this case no stronger axiom than PathologicalProcess ⊑
NonNormalProcess would be found and thus this axiom is kept as is.

(a) Source and target of
InflammationProcess⊑NonNormalProcess. (b) The summary info panel.

Fig. 3

When all the desired axioms are added, clicking the Finish button closes
this wizard and the new ontology is updated automatically. A summary panel is
shown (Fig. 3b), displaying the original wrong axioms, the computed weakened
axioms and the completing axioms. The final ontology is created by removing
the wrong axioms and adding the completing axioms. The weakened axioms will
be derivable from the final ontology.

3 Conclusion

In this paper, we introduced a tool for repairing wrong axioms in an ontology,
which uses an interactive way that contains the removing, weakening and com-
pleting operations to preserve as much correct knowledge as possible to mitigate
the influence of removing wrong axioms. To our knowledge it is the first system
that combines all these operations. In the demonstration we show a repairing
session for parts of the experiments in [3].
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