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1 The research problem

As a shared conceptualization of a particular domain, ontologies play an important role
for the success of the Semantic Web. However it is often difficult to create an absolutely
consistent ontology. Inconsistency can occur due to several reasons, such as modeling
errors, migration or merging ontologies, and ontology evolution. So it is essential to
study how to deal with inconsistent ontologies. Many approaches have been proposed to
solve this problem. These approaches are mainly used for dealing with inconsistency in
expressive Description Logics(DLs). In our work, we consider inconsistency handling
in theDL-Lite family, which is a family of DLs that preserve tractable reasoning and are
specifically tailored to deal with large amounts of data. Like other DLs, inconsistencies
in DL-Lite can also easily occur because disjoint axioms are allowed.

2 The state of art

There are two main ways to deal with inconsistent ontologies [5]. One way is to simply
avoid the inconsistency and to apply a non-standard reasoning method to obtain mean-
ingful answers. For example, Huang et al. in [5] have proposed a general framework
for reasoning with inconsistent ontologies by using a selection function. In [7, 8, 12],
four-valued logics have been applied to reason with inconsistent ontologies.

The other is to resolve logical modeling errors whenever a logical problem is en-
countered. For example, some researchers proposed methods to debug erroneous termi-
nologies and have them repaired when inconsistencies are detected [17, 18, 13, 16, 11,
4]. Some researchers considered resolving the logical inconsistencies during ontology
evolution through some revision operators (see, for example, [15]).

When resolving inconsistencies, we always need some additional information to
decide which solutions are better. Therefore, some researchers provided methods to
measure the incoherence [14] or inconsistency [10, 9, 3] of ontologies. For example,
some researchers provided methods for measuring inconsistency of axioms to identify
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which axioms need to be removed or modified to resolve an inconsistency (see [3, 10]).
Qi and Hunter in [14] provide a method for measuring the incoherence of an ontology.

The above approaches to dealing with inconsistency are usually based on expressive
DLs which suffer from worst-case exponential time behavior of reasoning [1]. This may
hinder their applications to very large real life ontologies.

As a family of tractable DLs,DL-Lite can keep all the reasoning tasks tractable, in
particular, with polynomial time complexity with respect to the size of the knowledge
base [2]. Recently, there are some researchers began to study the problem of dealing
with inconsistentDL-Lite ontologies. For example, Lembo et al. in [6] provided an
approach for consistent query answering over ontologies specified inDL-Lite. Ma et al.
in [8] proposed four-valued semantics forDL-Lite.

3 Proposed Approach

In our work, we mainly focus on how to handle inconsistency inDL-Lite. We will
explore the following approaches. The list of approaches is not exhausting and new ap-
proach may be considered. First, we will work on a method for debugging aDL-Lite on-
tology by exploring the specific feature ofDL-Lite. Second, we will work on a method
for consistent query answering inDL-Lite based on multi-valued semantics. Third, we
will propose a novel method for measuring inconsistency in aDL-Lite ontology. The
main expected results of our research are as follows:

1. To give a method for measuring the inconsistency degree ofDL-Lite ontologies.
The inconsistency measures can be used to evaluate the quality of the ontology, to rank
axioms in an ontology and to give guidance to resolve inconsistency. We expect that the
inconsistency degree of an ontology is a single value. Unlike the work given in [10],
our work uses a single value as the inconsistency degree of an ontology. Arguably, this
single value is easier to be used to deal with inconsistencies, we will find an algorithm
to compute the inconsistency degree in polynomial time.

2. To find a debugging algorithm tailored forDL-Lite ontologies. We will explore
the tracing techniques for consistency checking algorithm inDL-Lite.

3. To design algorithms for query answering over inconsistentDL-Lite ontologies.
Based [6], we plan to find a solution for query answering over inconsistencyDL-Lite
ontologies based on multi-valued semantics.

4. To implement the proposed algorithm for dealing with inconsistencies inDL-Lite
ontologies.

In this paper, we will elaborate the first task, i.e., measuring inconsistency inDL-
Lite ontologies. Our work is based on a three-valued semantics. Compared with clas-
sical semantics, three-valued semantics allows for a third truth contradictory such that
even an inconsistency ontology can has three-valued models. Since we only aim to an-
alyze inconsistency, there is no need to adopt other multi-valued semantics, such as
four-valued semantics which contains a fourth truth value for expressing incomplete
knowledge.
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4 Research methodology and results

4.1 Three-valued semantics

Inspired by the four-valued semantics [7, 8], we give a three-valued semantics forDL-
Lite. Based on the three-valued semantics, the truth values about concepts or roles have
three values instead of the classical two. The three truth values aretrue, false and
contradictory, we use the symbolst, f,B respectively to denote them. For a given do-
main∆, we give each concept or role an extended truth value〈P, N〉, whereP (resp.,
N ) is the subset of∆ (for concept) or∆ × ∆ (for role) that supports concept or role
to be true (resp., false). We denoteproj+(〈P, N〉) = P andproj−(〈P, N〉) = N .
Given a three-valued interpretationI, we say thatI satisfies a concept inclusion axiom
B v C (resp., a role inclusion axiomR1 v R2) if proj+(BI) ⊆ proj+(CI) (resp.,
proj+(RI

1) ⊆ proj+(RI
2)). I satisfies a function assertion (FunctQ) if ∀x, y, z, (x, y) ∈

proj+(QI) ∧ (x, z) ∈ proj+(QI) → (y, z) ∈ proj+((=)I). Furthermore,I sat-
isfies an atomic concept assertionC(a) (resp., an atomic role assertionR(a, b)) if
aI ∈ proj+(CI) (resp.,(aI , bI) ∈ proj+(RI)). A three-valued model of aDL-Lite
ontologyK is a three-valued interpretationI which satisfies each assertion and each
axiom inK. A DL-Lite ontology is three-valued satisfiable (unsatisfiable) if there exists
(does not exist) such a model. Furthermore, anyDL-Lite ontology has the finite model
property under three-valued semantics.

4.2 Approach to measuring inconsistency

As we have discussed above, we want to compute a single inconsistency degree of aDL-
Lite ontology. We start with studying on the conflicting atomic assertions. Considering
the novel property ofDL-Lite that aDL-Lite knowledge baseK = 〈T ,A〉 is satisfiable
iff db(A) is a model of〈cln(T ),A)〉 [2] and a contradiction on aDL-Lite KB may hold
only if a membership assertion in the ABox contradicts a functionality assertion or a
negative inclusions (NI) implied by the closurecln(T ) [2], we think thatdb(A) and
〈cln(T ),A〉 may be useful for measuring the inconsistency degree. We plan to do as
follows:

To compute all membership assertions that maybe cause inconsistency. Consider a
DL-Lite ontologyK = 〈T ,A〉 without functional assertions, we find that all conflicting
assertions in〈cln(T ),A〉 obtained through a three-valued preferred model with the
domain∆db(A) are also inA. Furthermore, we find thatK will be consistent when we
remove fromK the conflict assertions of〈cln(T ),A)〉.

Now we discuss functional assertions. Consider aDL-Lite ontologyK = 〈T ,A〉,
whereT only contains functional assertions. IfK is inconsistent, we can know that
there are some membership assertions inA contradicting with some functional asser-
tions. By computing preferred models ofK with any domain, we find that the con-
flict sets obtained in any preferred model with respect to different domains are the
same and assertions in conflict sets are all in the form= (a, b) 1. For example, for
K = {(FunctR), R(a, b), R(a, c)}, the conflict set is{= (b, c)}. We also note that the
conflict set is only related withA, so we have the following definition.

1 We enforce the unique name assumption on constants [1].
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Definition 1 (Inconsistency Degree)Let K = 〈T ,A〉 be a DL-LiteR or a DL-
LiteF ontology, and let I be a three-valued preferred model of〈cln(T ),A〉w.r.t ∆db(A).
The inconsistency degree of DL-LiteR ontology (resp., DL-LiteF ontology), called
OntoInc (K), is defined as:OntoInc(K) = |ConSet(I,〈cln(T ),A〉)|

|GroundSet(K)| (resp.,OntoInc(K) =
|ConSet(I,〈cln(T ),A〉)|+ConEqus(I,〈cln(T ),A〉)

|GroundSet(K)| ), where ConSet(I, 〈cln(T ),A〉) is the set of
conflicting atomic individual assertions in〈cln(T ),A〉 regardless of functional as-
sertions andConEqus(I, 〈cln(T ),A〉) is the set of conflicting assertions obtained
through functional assertions andGroundSet(K) is the collection of all possible atomic
individual assertions.

From Definition 1, we can see that the inconsistency degree is only a single value. The
next step is only to compute a preferred model of〈cln(T ),A〉 with the domain∆db(A)

so as to obtainConSet(I, 〈cln(T ),A〉) andConEqus(I, 〈cln(T ),A〉).

4.3 Algorithm to compute a preferred model of〈cln(T ), A〉
Using the property thatcln(T ) only contains NIs and functional assertions and the
definition of chase in [2], we can give a definition of chase which mainly adapt to
〈cln(T ),A〉 which is finite. Then based on this chase, we give an algorithm to com-
pute a three-valued model of〈cln(T ),A〉 which is a preferred model of〈cln(T ),A〉
with the domain∆db(A). So we can obtainConSet(I, 〈cln(T ),A〉) andConEqus(I,
〈cln(T ),A〉). We show that the complexity of the algorithm is in PTime. Finally, we
can obtain the inconsistent degree of〈T ,A〉 based on Definition 1.

4.4 Evaluation

We plan to implement the algorithm for measuring the inconsistency degree proposed
above and give a prototype. Meanwhile we will give some potential applications of our
tool. For example, users can input someDL-Lite ontologies and obtain the inconsistency
degree of each ontology; users can either resolve inconsistency if the degree is high (e.g.
greater than 0.7 [10]) or ignore it.

5 Conclusion

Dealing with inconsistency in ontologies is an important topic in the Semantic Web. In
our paper, we mainly discuss how to handle inconsistency inDL-Lite ontologies. We
first give some proposals for our work, then we illustrate how to measure inconsistency
in aDL-Lite ontology based on a three-valued semantics.
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