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1. Abstract

Knowledge base completion is a method for extending both the terminological and
assertional part of a Description Logic knowledge base by using information provided
by a domain expert. It ensures that the extended knowledge base is complete w.r.t. a
fixed interpretation in a certain, well-defined sense. Here we consider the problem of
explaining user errors in knowledge base completion. We show that for this setting,
the problem of deciding the existence of an explanation within a specified cardinality
bound is NP-complete, and the problem of counting explanations that are minimal
w.r.t. set inclusion is #P-complete. We also provide an algorithm that computes one
minimal explanation by performing at most polynomially many subsumption tests.

2. Introduction

? Completed KB

Why is C subsumed by D*
What did | do wrong?

In [1, 2] we have developed a method for supporting the ontology engineer in check-
ing whether an ontology contains all the relevant information about the applica-
tion domain, and extending the ontology appropriately if this is not the case. The
method achieves this by asking the ontology engineer questions of the form: “is ¢
true that instances of the concepts C1, ..., Cy, are also instances of the concepts
D1q,...,D;?" When such a question is asked, the expert is expected to either con-
firm or reject it. Once all such questions are answered, the knowledge base will be
complete in a certain sense.

Our first experiments with a prototype implementation of the method showed that
during completion, the ontology engineer sometimes by mistake confirms a wrong
question, in which case an axiom that actually does not hold in the application domain
is added to the TBox. If she does not notice it immediately, as a result the completed
knowledge base will have unwanted consequences. In the present work we consider
the problem of pinpointing the axioms added during completion, which lead to certain
unwanted consequences.

3. Knowledge Base Completion

TBox ABox

Attribute Exploration Reasoner

Is it true that instances of C1, C2 are also instances of C3, C47?

Does not follow from
the TBox and ABox

\/

2. i

Attribute Exploration Domain Expert
Is it true that instances of C1, C2 are also instances of C3, C47?

YES! It is true.

(The ABox is extended (The TBox is updated
with the counterexample) with the new implication)

NO! | know a counterexample.

4. Explaining user errors

Lemma 0.1 Let £ be a Duquenne Guigues Base. Every implication L — R wn L has the following
Properties:

e [ is closed under the implications L\ {L — R}, i
L(-) denotes implicational closure,

e LU R is closed under the implications L\ {L — R}, i.e., LUR=L'(LUR).

The following example shows that a subsumption relation can have exponentially many minimal explana-
tions in a TBox that obeys the property in Lemma 0.1.

Example 0.2 Consider the TBox

e., L =L'(L) where L is L\ {L — R} and

T ={XNB 1 EPNQ,YTTFKEB,YNQ,EB;|1<i<n}

Assume that all axioms in 7 are refutable. It is not difficult to see that none of the left handsides is
contained in another left handside or in the union of left and right handsides of another axiom, i.e., it
obeys the property mentioned in Lemma 0.1. Moreover its size is linear in n, and it has 2" minimal subsets

that explain the axiom By X MY C By, since for each 7z, 1 <17 < n, B, can be generated by the axiom
YNPEB;orby YMNQ,; C B,.

Problem: MINIMUM CARDINALITY EXPLANATION
Input: A Horn TBox 7 satisfying the properties in Lemma 0.1, sets L and R of concept names occurring
in 7 such that [ |L T [ | R, a natural number n.

Question: Is there an explanation of [ |L E [ | R in 7 with cardinality less than or equal to n, i.e., is
there a set of axioms 7’ C 7T such that [|L 4 [ R and |T'| < n?

Theorem 0.3 MINIMUM CARDINALITY EXPLANATION s NP-complete.
Proof. Hardness by reduction from HITTING SET.

Problem: #MINIMAL EXPLANATION

Input: A Horn TBox 7 satisfying the properties in Lemma 0.1, sets L and R of concept names occurring
in 7 such that [ |L C7 [ | R.

Output: Number of all minimal explanations of [ | LE[|Rin 7, i.e.,

‘{T, g T ‘ I_lL ET’ |_|R and \V/T” g T/.l_lL z']'// HR}‘ .

Theorem 0.4 #MINIMAL EXPLANATION is #P-complete.
Proof. Hardness by reduction from #HITTING SET.

Despite these negative results, it is not difficult to find one minimal explanation with at most polynomially
many subsumption tests. We can just start with the whole set of axioms obtained from the completion
process, iterate over these axioms and eliminate an axiom if the remaining ones still have the consequence

in question. It is formally described in Algorithm 77.
1. Input: The set of axioms 7 obtained from completion, and sets of concept

names L and Rs.t. [|L C7[]R.
2 T/ =T
3 for all t € 7/ do
£ A [|L Egnypn [ 1R then {if 7'\ {t} is still an explanation}
5: T =T\ {t}
6: end if
7. end for7’

9. Conclusion

As future work we are going to investigate the complexity of the problem of computing all minimal
explanations in the KB completion setting. If the following decision problem is not in P, there cannot
be an output-polynomial algorithm that performs this task: given a set of minimal explanations, decide
whether there exists another minimal explanation that does not occur in this set. In |3] it was shown that
in the setting where the set of axioms is arbitary Horn clauses, this problem is NP-complete.
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