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Abstract
The question of how a given knowledge base can be modified such that certain unwanted consequences
are removed has been investigated in the area of ontology engineering under the name of repair and
in the area of belief change under the name of contraction. Whereas in the former area the emphasis
was more on designing and implementing concrete repair algorithms, the latter area concentrated on
characterizing classes of contraction operations by certain postulates they satisfy. In the classical setting,
repairs and contractions are subsets of the knowledge base that no longer have the unwanted consequence.
This makes these approaches syntax-dependent and may result in removal of more consequences than
necessary. To alleviate this problem, gentle repairs and pseudo-contractions have been introduced in the
respective research areas, and their connections have been investigated in recent work. Optimal repairs
preserve a maximal amount of consequences, but they may not always exist. We show that, if they exist,
then they can be obtained by certain pseudo-contraction operations, and thus they comply with the
postulates that these operations satisfy. Conversely, under certain conditions, pseudo-contractions are
guaranteed to produce optimal repairs.
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Repairs in ontology engineering

Representing knowledge in a logic-based knowledge representation language allows one to
draw implicit consequences from the explicitly represented knowledge. If such a consequence
is deemed to be incorrect or no longer wanted for some reason, then it is often not obvious
how to modify the knowledge base to get rid of this consequence. In ontology engineering, the
knowledge base (also called ontology) usually defines the important notions of the application
domain as background knowledge in the terminology, and then uses these notions to represent
a specific application situation. Modelling errors are detected when the reasoner generates a
consequence that formally follows from the knowledge base, but is incorrect in the sense that it
does not hold in the application domain that is supposed to be modelled. The question is then
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how to repair the knowledge base such that no new consequences are added, the unwanted
consequence no longer follows, and other consequences are not lost unnecessarily. The classical
approaches for ontology repair consider as repairs maximal subsets of the ontology (viewed as
a set of logical sentences) that do not have the unwanted consequence, and employ methods
inspired by model-based diagnosis [1] to compute these sets [2, 3, 4], which are called optimal
classical repairs in [5]. While these approaches preserve as many of the sentences in the ontology
as possible, they need not preserve a maximal amount of consequences.

Example 1. As an example, consider a Description Logic [6] knowledge base that describes some
of the beliefs of Tom. Tom thinks that Ben has a parent called Jerry, who is both rich and famous.
He also believes that people that have a rich and famous parent are arrogant. The former belief
is represented in the ABox 𝒜 := { has_parent(BEN, JERRY), Famous(JERRY), Rich(JERRY) }
whereas the latter is expressed in the TBox 𝒯 := { ∃has_parent.(Famous ⊓ Rich) ⊑ Arrogant }.
Clearly, the knowledge base consisting of this TBox and ABox has Arrogant(BEN) as a consequence.
Now assume that Tom actually meets Ben and notices that he is not arrogant. Since Tom insists on
sticking with the prejudice that children of rich and famous people are arrogant, the unwanted
consequence Arrogant(BEN) can only be removed by modifying the ABox. In the classical repair
approach, this can be achieved by removing one of its three assertions from 𝒜. Let us assume that
Tom decides to remove Famous(JERRY). This gets rid of the unwanted consequence Arrogant(BEN),
but also the consequence ∃has_parent.Famous(BEN). Removing Famous(JERRY) from 𝒜, but
adding the assertion ∃has_parent.Famous(BEN) to the ABox yields a repair that retains more
consequences than the classical repair. This improved repair corresponds to Tom’s new belief that
Jerry is only rich, and that Ben has another famous parent, whose name is not known to him.

To overcome the problem that classical repairs may remove too many consequences, more
gentle repair approaches have been introduced, e.g., in [7, 8, 5], but these methods still need not
produce optimal repairs, i.e., ones that preserve a maximal set of consequences. In general, such
optimal repairs need not exist [5]. In the setting of repairing ABoxes of the description logic ℰℒ
w.r.t. static ℰℒ TBoxes, methods for computing optimal repairs (if they exist) are available [9].

Contractions in belief change

In belief change [10], one usually assumes, as in the above example, that the knowledge base
represents the beliefs of a rational agent. These beliefs may change if the agent receives new
information, and the question is how this can be reflected by a change of the knowledge
base. Removing (implied) information is called contraction in the belief change community.
Instead of directly constructing contraction operations, researchers in this area have formulated
properties (called postulates) that should be satisfied by reasonable contraction operations, and
then developed approaches for constructing concrete contraction operations, such as partial
meet contraction [11, 12] and kernel contraction [13], which capture exactly those contraction
operations that satisfy a certain combination of postulates. This approach, which was pioneered
in [11], is called the AGM approach. The original AGM approach works with belief sets, which
are assumed to be closed under consequences. From a practical point of view, it makes more
sense to work with non-deductively closed (and ideally finite) representations of belief sets,
called belief bases [14, 15, 12]. Similar to classical repairs, the original approaches for belief



base contraction consider subsets of the knowledge base as possible contractions. For the same
reasons as for repairs, operations that preserve more consequences, called pseudo-contractions,
have been introduced in the belief change literature [16, 17]. To obtain pseudo-contractions that
retain more consequences than contractions, approaches for constructing pseudo-contractions
first add some of its logical consequences to the given belief base, and then apply the partial
meet or the kernel contraction approach to the resulting extended belief base [18, 19, 20].

Connecting the two approaches

Although contractions and classical repairs as well as pseudo-contractions and repairs tackle
basically the same problems, there has until recently been little interaction between the two
communities, and thus the connections between the developed approaches remained unclear.
The papers [19, 20] address this problem, with an emphasis on showing connections between
gentle repairs and the pseudo-contraction approaches based on partial meet and kernel contrac-
tions. In the paper [21], on which this extended abstract reports, we concentrate on optimal
repairs, both in the classical and the general sense. We show that, under certain conditions,
operations that compute optimal (classical) repairs can be obtained as partial meet and kernel
pseudo-contractions (contractions), and vice versa. This demonstrates, on the one hand, that the
approaches developed in ontology engineering satisfy the postulates required in belief change.
On the other hand, under certain conditions, the approaches developed in belief change yield
optimal (classical) repairs. We instantiate our results using the setting of repairing ABoxes of
the description logic ℰℒ w.r.t. static ℰℒ TBoxes [9].

The main novelty of the work described in [21] is that we consider the relationship of
contraction operations from belief change with optimal repairs (both in the classical and the
general sense), i.e., repairs that are maximal subsets of the knowledge base to be repaired
(classical case) or repairs that are entailed by the knowledge base to be repaired and preserve a
maximal amount of consequences (general case). This notion of optimality usually does not play
an important rôle in belief change (there is no optimality postulate), but under the assumption
that the repair process should not lose consequences unnecessarily, it is important for ontology
engineering. In [19, 20], classical repairs and gentle repairs are respectively set in relationship
with contraction and pseudo-contraction operations, but optimal repairs are not considered.
Work on revision and contraction for description logics [22] usually adapts the approaches from
the belief change community to description logics as underlying logical formalism, but does
not compare them with other ontology repair approaches, and in particular not with optimal
repairs.

Overview of the paper [21]

After an introduction, which basically is a shorter version of the exposition above, Section 2
introduces the general notion of a logical consequence operator, and then instantiates it with
entailment from ℰℒ ABoxes w.r.t. an ℰℒ TBox. The definitions of contractions and repairs in the
subsequent sections are formulated in the general setting, with the concrete instance providing
us with (counter-)examples. Section 3 first reviews relevant notions from belief change. In
particular, it introduces partial meet and kernel contractions, and recalls the postulates they



satisfy. Then it shows that certain partial meet and kernel contractions always yield optimal
classical repairs. Conversely, it points out that a contraction operation that always returns
an optimal classical repair (in case there is any repair) satisfies three of the four postulates
characterizing partial meet contractions, but not the fourth (called uniformity). Section 4
introduces pseudo-contractions and in particular the “pseudo-versions” of partial meet and
kernel contraction [18, 20]. Roughly speaking, it is shown in this section that there always exists
a partial meet pseudo-contraction that produces optimal repairs whenever such repairs exist,
and optimal classical repairs otherwise. In general, however, partial meet pseudo-contractions
need not yield optimal repairs (even if they exist) unless an additional property is satisfied,
which requires that the optimal repairs cover all repairs in the sense that every repair is entailed
by an optimal repair.

Conclusion

The results shown in [21] complement recent results [19, 20] on the relationship between gentle
repairs and pseudo-contractions by demonstrating that there are close connections between
optimal repairs and certain pseudo-contraction operations. These results are illustrated on the
use case of repairing ℰℒ ABoxes with respect to static ℰℒ TBoxes, where optimal repairs can
effectively be computed (if they exists) [9].

In [23], it was shown that optimal repairs always exist and cover all repairs if one uses
quantified ABoxes (where some of the individuals can be anonymized by representing them
as existentially quantified variables) in place of ABoxes. Extending the result of the present
paper to this setting poses new challenges since the first-order translation of a quantified ABox
is not a set of sentences, but a single one, which starts with an existential quantifier prefix.
Thus, considering subsets when constructing contractions does not make sense. We conjecture
that this problem can be overcome by introducing an “inclusion” relation on quantified ABoxes
that shares enough properties with set inclusion for the constructions and proofs regarding
(pseudo-)contractions to continue working.

On a more conceptual level, there are certain differences between repair approaches in
ontology engineering and contraction approaches in belief change that are worth investigating.
On the one hand, the work on optimal repairs [23, 9] usually considers a single repair problem
and does not investigate the relationship between repairs for different unwanted consequences,
whereas postulates like uniformity in belief change make statements on how results for different
unwanted consequences should be connected under certain conditions on these consequences.
It would be interesting to see whether and how postulates like uniformity and their variants in
the context of pseudo-contractions [18, 20] can be satisfied by methods that compute optimal
repairs. On the other hand, contraction and pseudo-contraction operators produces a single
belief base as output, whereas work on optimal repairs is also concerned with how to compute
the set of all such repairs and investigates properties of this set (like whether it covers all repairs
or not). In contrast, on the belief change side, there are no postulates about the sets of all
pseudo-contractions that can be obtained be applying a certain approach (e.g., in the partial
meet case, if one looks at all possible selection functions). It would be interesting to see whether
taking this “set view” can lead to interesting kinds of new postulates.
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