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Abstract. Developing ontologies is not an easy task and often thetegun-
tologies are not consistent or strucurally complete. Suntblogies, although of-
ten useful, also lead to problems when used in semantiealiyled applications.
Wrong conclusions may be derived or valid conclusions mamissed. To deal
with this problem we may want to repair the ontologies. Is tiémo we present a
system that supports the repair of the is-a hierarchy inlogies. We have devel-
oped a tool that, given missing is-a relations, generatésegommends relevant
ways to repair the is-a structure of the ontology and thatadla domain expert
to do the repair in a semi-automatic way.

1 Introduction

Developing ontologies is not an easy task and often thetiegubntologies are not
consistent or structurally complete. Such ontologied)oalgh often useful, lead to
problems when used in semantically-enabled applicatdmeng conclusions may be
derived or valid conclusions may be missed. Defects in ogiek can take different
forms. Syntactic defects are usually easy to find and tovesblefects regarding style
include such things as unintended redundancy. More sewfeetd are the modeling
defects which require domain knowledge to detect and resalwd semantic defects
such as unsatisfiable concepts and inconsistent ontolotjiese are a number of ap-
proaches to deal with semantic defects (e.g. [11,6,5,4).9,3

In this demo we present a system, RepOBEpir of OntologicalSructureEnviron-
ment), that tackles a special case of the problem of reggairiadeling defects, i.e. the
repairing of missing is-a relations, and to our knowledgs #ystem is the first in its
kind. In the given setting it is known that a number of intethéea relations are not
present in the source ontology, and these are given. Thessingiis-a relations could
be generated by automated tools. For instance, in the casesloft in the Anatomy
track in the 2008 Ontology Alignment Evaluation Initiati@AEI) [8], two ontologies,
Adult Mouse Anatomy Dictionary [1] (MA, 2744 concepts) amtNCI Thesaurus -
anatomy [10] (NCI-A, 3304 concepts), and 988 mappings betvike two ontologies
are given. Based on the structure of the source ontologthargiven mappings, it can
be derived that, after removing redundancy, 121 is-a meiatin MA and 83 in NCI-A
are missing. Another approach for detecting missing idedioms is given in [2].
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The problem is then to find is-a relations (callestiauctural repaif) such that when
these are added to the ontology, all missing is-a relatiansbe derived from the ex-
tended ontology. For formal definitions we refer to [7]. Adtlgh the missing is-a re-
lations themselves constitute a structural repair, thig mat be the most interesting
solution for the domain expert. For instance, in MA, we knbattan is-a relation be-
tweenwrist joint andjoint is missing and could be added to the ontology. However,
knowing that there is an is-a relation betwesiist joint andlimb joint, a domain ex-
pert will most likely prefer to add an is-a relation betwéienb joint andjoint instead.
This is more informative and would lead to the fact that thegimg is-a relation can
be derived. In this particular case, it would also lead torémairing of 6 other missing
is-a relations (e.g betweeatbow jointandjoint).

2 RepOSE

We have developed a tool that generates and recommendblposalys to repair the
structure of the ontology (based on named concepts and syisun axioms) and that
allows a domain expert to repair the structure of an ontologysemi-automatic way.
As input our system takes an ontology in OWL format as well &staf missing is-a
relations. We use a framework and reasoner provided by Jemnsign 2.5.7). The do-
main knowledge that we use is WordNet and the Unified Medieaiduage System.
The ontology and missing is-a relations can be importedgutsiaLoad/Derive Miss-
ing IS-A Relationdutton. The user can see the list of missing is-a relationkeuthe
Missing IS-A Relationmenu (see figure 1). In our example there are 7 missing is-a re-
lations. Clicking on theCompute Repairing Actiorfautton, results in the computation
of possible repairing actions.

The user can select which missing is-a relation to repair fitsey are ranked with
respect to the number of possible repairing actions. Thenfiissing is-a relation in the
list has the fewest possible repairing actions, and magfbes be a good starting point.
The repairing actions are represented using Source andtEatg. A possible repairing
action is then an is-a relation “A is-a B” where A is an elemieoin the Source set and
B is an element from the Target set. For instance, in figure have the Source and Tar-
get sets in the panels on the left and the right, respectif@iyhe missing is-a relation
betweenwrist joint andjoint. The concepts in the missing is-a relation are highlighted
in red. Any pair from Source x Target would allow us, when atittethe ontology, to
derive the missing is-a relation. For instance, we couldsbbmb joint from Source
andjoint from Target. We have implemented two algorithms that compuasssible re-
pairing actions: a basic algorithm and a more complex dlgarthat takes into account
influences of other missing is-a relations that are validalbpossible choices for re-
pairing actions for the other missing is-a relations. Bdtfodathms implement three
heuristics. The first heuristic prefers not to use redundanbn-contributing is-a rela-
tions for repairing. The second heuristic prefers to usentbst informative repairing
actions. The third heuristic prefers not to change is-aimla in the original ontology
into equivalence relations. For details we refer to [7].

The user can also ask for recommendations by clickindRieeommendutton. In
our case, the system recommends to add an is-a relation dxeliwd joint andjoint.



In general, the system presents a list of recommendatignselcting an element in
the list, the concepts in the repairing action are highégtin the panels. The user can
repair a missing is-a relation by selecting a concept in difieplanel and a concept in
the right panel and clicking on tHeepairbutton. The is-a relation is then added to the
ontology, and may lead to updates for other missing is-diogis. At all times during
the process the user can inspect the ontology by clickin§tuev Ontologyputton (see
figure 2). Newly added is-a relations will be highlightedtefadding the is-a relation
betweerimb jointandjoint, not only (vrist joint, joint) is repaired, but all other missing
is-a relations in our example as well, as they can be derivéldda extended ontology.
The list of missing is-a relations is therefore updated tefnpty. After completing the
repair of all missing is-a relations, the repaired ontology be exported into an OWL
file by clicking theSave Repaibutton.
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Fig. 1. Screenshot.

3 Discussion

In [7] we showed how to repair the two ontologies from the 2@0&tomy track in
OAELI. For MA our basic algorithm generates for 15 missing iglations only 1 re-
pairing action (the missing is-a relation itself). Themeféthese could be immediately
repaired. For NCI-A this number is 8. Of the remaining migssta relations there are
65 for MA that have only 1 element in the Source and 2 that haetetent in the
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Fig. 2. The repaired ontology.

Target set. For NCI-A these numbers are 20 and 3, respectMatse are likely to be
good starting points for repairing. For most of the missi@ relations the Source and
Target sets are small and thus can be easily visualized ipahels of our system. The
running time for generating recommendations for all migs$$na relations was circa 40
minutes for MA and circa 1 hour for NCI-A. In our tool, howeyere do not generate
recommendations for all missing is-a relations at oncephlyt on demand for a partic-
ular missing is-a relation. For NCI-A the system recommein@pairing actions other
than the missing is-a relation itself, for only 5 missingaiselations and each of those
received one recommended repairing action. For MA 22 missha relations received
1 recommended repairing action, 12 received 2 and 2 rec8ivEde recommendation
can come from small sets of repairing actions or from large se
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