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Methods of automated reasoning have solved a large number of problems in Computer Science by using
formal ontologies expressed in logic. Over the years, though, each problem or class of problems has required
a different ontology, and sometimes a different version of logic. Moreover, the processes of conceiving, con-
trolling and maintaining an ontology and its versions have turned out to be inherently complex. All this has
motivated much investigation in a wide range of disparate disciplines about how to relate ontologies to one
another.

The IJCAI-09 Workshop ARCOE-09 brings together researchers and practitioners from core areas of Artifi-
cial Intelligence (e.g. Knowledge Representation and Reasoning, Contexts, and Ontologies) to discuss these
kinds of problems and relevant results.

Historically, there have been at least three different, yet interdependent motivations behind this type of re-
search: providing support to ontology engineers, especially in modeling Common Sense and Non-Monotonic
Reasoning; defining the relationship between an ontology and its context; enhancing problem solving and
communication for software agents, often by allowing for the evolution of the very basis of their ontologies
or ontology languages.

ARCOE Call for Abstracts has been formulated against such historical background. Submissions to ARCOE-
09 have been reviewed by two to three Chairs or PC members and ranked on relevance and quality. Approx-
imately seventy-five percent of the submissions have been selected for presentation at the workshop and
for inclusion in these Workshop Notes. Accordingly, the abstracts are here grouped in three sections and
sequenced within each section by their order of submission.

Common Sense and Non-Monotonic Reasoning Ontology engineers are not supposed to succeed right
from the beginning when (individually or collaboratively) developing an ontology. Despite their expertise and
any assistance from domain experts, revision cycles are the rule. Research on the automation of the process
of engineering an ontology has improved efficiency and reduced the introduction of unintended meanings by
means of interactive ontology editors. Moreover, ontology matching has studied the process of manual, oft-
line alignment of two or more known ontologies. The following works focus on the development of revision
techniques for logics with limited expressivity.

Ribeiro, Wasserman. AGM Revision in Description Logics.
Wang, Wang, Topor. Forgetting for Knowledge Bases in DL-Liteyo,.
Moguillansky, Wassermann Inconsistent-Tolerant DL-Lite Reasoning: An Argumentative Approach.

Booth, Meyer, Varzinczak. First Steps in EL Contraction.

Context and Ontology Most application areas have recognized the need for representing and reasoning
about knowledge that is distributed over many resources. Such knowledge depends on its context, i.e., on
the syntactic and/or semantic structure of such resources. Research on information integration, distributed
knowledge management, the semantic web, multi-agent and distributed reasoning have pinned down different
aspects of how ontologies relate to and/or develop within their context. The following works concentrate on
the relationship between contexts and ontologies.

Ptaszynski, Dybala, Shi, Rzepka, Araki. Shifting Valence Helps Verify Contextual Appropriateness of Emo-
tions.

Kutz, Normann. Context Discovery via Theory Interpretation.



Redavid, Palmisano, Iannone. Contextualized OWL-DL KB for the management of OWL-S effects.

Sboui, Bédard, Brodeur, Badard Modeling the External Quality of Context to Fine-tune Context Reasoning
in Geo-spatial Interoperability.

Qi, Ji, Haase. A Conflict-based Operator for Mapping Revision.

Automated Ontology Evolution Agents that communicate with one another without having full access to
their respective ontologies or that are programmed to face new non-classifiable situations must change their
own ontology dynamically at run-time — they cannot rely on human intervention. Research on this problem
has either concentrated on non-monotonic reasoning and belief revision or on changes of signature, i.e., of the
grammar of the ontology’s language, with a minimal disruption to the original theory. The following works
concentrate on Automated Ontology Evolution, an area which in recent years has been drawing the attention
of Artificial Intelligence and Knowledge Representation and Reasoning.

Bundy. Unite: A New Plan for Automated Ontology Evolution in Physics.
Chan, Bundy. An Architecture of GALILEO: A System for Automated Ontology Evolution in Physics.

Lehmann. A Case Study of Ontology Evolution in Atomic Physics as the Basis of the Open Structure Ontol-
ogy Repair Plan.

Jouis, Habib, Liu. Arypicalities in Ontologies: Inferring New Facts from Topological Axioms.

Thanks to the invaluable and much appreciated contributions of the Program Committee, the Invited
Speakers and the authors, ARCOE-09 provides participants with an opportunity to position various ap-
proaches with respect to one another. Hopefully, though the workshop and these Notes will also start a
process of cross-pollination and set out the constitution of a truly interdisciplinary research-community
dedicated to automated reasoning about contexts and ontology evolution.

(Edinburgh, Karlsruhe, Pretoria — May 2009)
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Inconsistent-Tolerant DL-Lite Reasoning:
An Argumentative Approach

Martin O. Moguillansky

Scientific Research’s National Council (CONICET)
Al Research and Development Lab (LIDIA)
Department of Computer Science and Eng. (DCIC)
Universidad Nacional del Sur (UNS), ARGENTINA.

mom@cs.uns.edu.ar

1 Introduction

This article is devoted to the problem of reasoning over in-
consistent ontologi es expressed through the description logic
DL-Lite [Calvanese et al., 2007]. A specialized argumenta-
tion machinery is proposed through which DL-Lite knowl-
edge bases (KB) may be reinterpreted a la argumentation.
Such machinery arises from the reification to DL-Lite of the
argumentation framework introduced in [Moguillansky et al.,
2008al, which in turn was formalized on top of the widely
accepted Dung’s argumentation framework [Dung, 1995]. A
preliminary investigation to handle ontology debugging and
consistent ontology evolution of .ALC through argumentation
was presented in [Moguillansky et al., 2008a]. But this pro-
posal aims at handling ontology evolution with no need of
consistency restoration. Argumentation techniques applied
to reasoning over ontologies appear as a promissory fusion
to work in certain domainsin which it is mandatory to avoid
loosing any kind of knowledge disregarding inconsistencies.
Therefore, we provide the theory for an inconsistent-tolerant
argumentation DL-L ite reasoner, and finally the matter of on-
tology dynamicsis reintroduced.

2 DL-Lite Brief Overview

Next we describe in a very brief manner the language
DL-Lite 4 used to represent DL-Lite knowledge. In the se-
quel we will write ¢ € DL-Lite 4, or ¥ C DL-Lite 4, to iden-
tify aDL-Lite assertion ¢, and a DL-Lite knowledge base %,
respectively. For full details about DL-Lite please refer to
[Calvanese et al., 2007]. Consider the DL-Lite grammar:

B—+ A3R C — B|-B R— P|P~ E — R|-R

where A denotes an atomic concept, P an atomic role, P~
theinverse of theatomicrole P, and B abasic concept that is
either atomic or conforming to 3R, where R denotes a basic
role that is either atomic or itsinverse. Finaly, C denotes a
(general) concept, whereas E denotes a (general) role.

A KB X details the represented knowledge in terms of the
intensional information described in the TBox 7', and the ex-
tensional, in the ABox .A. A TBox is formed by afinite set
of inclusion assertions of theform B C C for concepts, and
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R C FE for roles; and afinite set of functional restrictions of
the form (functR). Assuming the sets Ny of variables and
N¢ of constant names, an ABox is composed by afinite set of
membership assertions on atomic concepts and atomic roles,
of theform A(a) and P(a,b), where {a,b} C Nc.

Asusual in DLs, semanticsis given in terms of interpreta-
tions T = (AZ,.T). Reasoning services (RS) represent logi-
cal implications of KB assertions verifying:

(subsumption) X =C; C Cyor X = Eq C Es;
(functionality) X = (functR) or ¥ = —(functR); and
(query answering) ¥ = ¢(z).

A conjunctive query ¢(z), with atuple z € (Ny)™ of ar-
ity n > 0, is anon empty set of atoms C(z), E(z1,22),
z1 =29, OF z1 # 29, Where C' and E are respectively a gen-
eral concept and a genera role of X, and some of the names
{z,21,22} € Nc U Ny are considered in z. We will use
the function var : (Ny)®—2W to identify the variablesin
Z. When z is the empty tuple, no free variables are consid-
ered and the query is identified as boolean. Intuitively, ¢(z)
represents the conjunction of its elements. Let Z be an in-
terpretation, and m : Vat(.f?% U Ne— A7 atotal function.
If 2 € Nc then m(z) = 27 otherwise m(z) = a € AT
Wewrite T =™ C(z) if m(z) € CF, T E™ E(z,2) if
(m(Zl),m(Zz)) S , 7 >:rn (21 :ZQ) if m(zl) :m(ZQ),
and 7 }:m (21 %22) if m(zl) %m(ZQ) If 7 }:m ¢ for all
¢ € ¢q(z), wewriteZ =™ ¢(z) and call m amatch for Z and
q(z). Wesay that 7 satisfies ¢(z) and writeZ = ¢(z) if there
isamatch m for Z and ¢(z). If Z = ¢(z) for al models T
of aKB X, wewrite ¥ = ¢(z) and say that X entails ¢(z).
Note that the well known instance checking RS (X = C(a)
or ¥ = E(a,b)) isgeneraized by query answering. Finaly,
the knowledge base satisfiability RS (whether the KB admits
at least one model) will be discussed in Sect. 4.

3 The Argumentation DL-Lite Reasoner

We are particularly interested in handling the reasoning ser-
vices presented before. This will be achieved through the
claim of an argument. Intuitively, an argument may be seen
as a set of interrelated pieces of knowledge providing sup-
port to a claim. Hence, the claim should take the form of
any possible RS, and the knowledge inside an argument will
be represented through DL-Lite 4 assertions. The notion of
argument will rely on the language for claims:
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Lo — C1 C Co|Ey C Es|(functR)|—(functR)|q(z)

An argument is defined as a structure implying the claim
from aminimal consistent subset of 3, namely the body.

Definition 1 (Argument) GivenaKB X C DL-Lite 4, an ar-
gument B is a structure (A, 3), where A C ¥ is the body,
B € L the claim, and it holds (1) A = 3, (2) A ¥~ 1,
and (3) AX c A : X = 3. We say that B supports 3. The
domain of argumentsfrom X is identified through the set As.

Consider aKB ¥ and an RS a@ € L, the argumenta-
tive DL reasoner verifies ¥ = « if there exists (A, ) €
Ay, such that 8 unifies with o and (A, 3) is warranted.
An argument is warranted if it ends up accepted (or un-
defeated) from the argumentation interplay. This notion
will be made clear in the sequel. Primitive arguments are
those whose body consists of the claim itself, for instance
({A(a)}, {A(a)}). X |= (functR) issimply verified through
a primitive argument ({(functR)}, (functR)). Besides,
functional assertions (functR) can be part of an argument’s
body. For instance, ¥ &= —P(a,c) is verified through ei-
ther an argument ({ P(a, b), (functP)}, {—P(a, z), z # b}),
or ({P(b,c), (functP~)},{=P(z,c), 2z # a}), with z € Ny.
Observethat z # b and = # a are deduced from (2) in Def. 1.

Once an argument supporting the required RS is identi-
fied, the argumentation game begins. a repeated interchange
of arguments and counterarguments (i.e., arguments whose
claim poses ajustification to disbelieve in another argument).
From the standpoint of logics, thisis interpreted as a contra-
diction between an argument 3; and a counterargument 5.
Such contradiction could appear while considering the clam
of By aong with some piece of information deduced from
B1. Thereafter, B; and B, are referred as a conflictive pair.

Definition 2 (Conflict) Two arguments (A,3) € Ay and
(A, ") € Ax are conflictive iff A = —4’. Argument
(A, 8') is identified as the counterargument.

Let us analyze the formation of counterarguments. Con-
sider the argument ({A C B,B C C,C C D},A C D),
since A C C isinferred from its body a possible counterar-
gument could support an axiom like =(A C C). But how
could negated axioms be interpreted in DLs? In [Flouris et
al., 2006], negation of general inclusion axioms was stud-
ied. In general, for an axiom like B C C, the consistency-
negation is =(B C C) = 3(B n —C) and the coherency-
negation ~(B C C) = B C —C. For the former, although
the existence assertion 3(B M —C)(z) falls out of DL-Lite 4,
it could be rewritten as a query ¢({(z)) = {B(z),~C(z)}.
For instance, the counterargument ({ B(a), A(a), A C -C?},
{B(a),~C(a)}) supports ¢({z)) with z = a. On the other
hand, coherency-negation is solved by simply looking for an
argument supporting B = —C'. Recall that an inconsistent
ontology isthat which has no possibleinterpretation, whereas
an incoherent ontology [Flouriset al., 2006] isthat containing
at least one empty named concept. Observe that incoherence
does not inhibit the ontology from being satisfiable.

We extend negation of axiomsto functional assertions, in-
terpreting —(funct R) asarole R that does not conform to the
definition of afunction. The only option to form an argument
supporting such negation is through extensional informa-
tion (ABox). For instance, the argument ({ P(a,b), P'(a, c),

P’ C P}, —(functP)). Finally, coherency-negation of func-
tional assertions is not allowed, whereas negation of queries
isonly allowed for singletons, i.e., |¢(Z)| = 1.

Comparing the arguments involved in a conflictive pair
leads to the notion of attack which usually relies on an ar-
gument comparison criterion. Through such criterion, it is
decided if the counterargument prevails from a conflict, and
herein the attack ends up identified. A variety of aternatives
appears to specify such criterion. In general, the quantity
and/or quality of knowledge is somehow weighted to obtain
a confidence rate of an argument. The exhaustive analysis
goes beyond the scope of this article, hence an abstract argu-
ment comparison criterion “>~" will be assumed. The notion
of attack is based on the criterion “~" over conflictive pairs.

Definition 3 (Attack) Given a conflictive pair of arguments
By € Ay, and By € Ay, By defeats B, iff Bs is the counter-
argument and By >3 holds. Argument B; is said a defeater
of By (or By is defeated by B5), noted as Bo—B;.

As said before, the reasoning methodology we propose is
based on the analysis of the warrant status of the arguments
giving support to the required RS. Thisisthe basis of dialec-
tical argumentation [Chesfievar and Simari, 2007]. An ar-
gumentation line may be seen as the repeated interchange of
arguments and counterarguments resembling a dialogue be-
tween two parties, formally:

Definition 4 (Argumentation Line) Given the arguments
Bi, ..., B, from Ay, an argumentation line X is a non-empty
sequence of arguments [By, . .., B,] such that B;—85;_4, for
1 < i < n. We will say that A is rooted in 51, and that B,, is
theleaf of \. Arguments placed on even positions are referred
as con, whereas those on odd positions will be pro. The do-
main of every argumentation line formed through arguments
from Ay is noted as Ls.

We will consider Ly, to contain only argumentation lines
that are exhaustive (lines only end when the leaf argument
has no identifiable defeater from Ay), and acceptable (lines
whose configuration is compliant with the dialectical con-
straints). In dialectical argumentation, the notion of dialec-
tical constraints (DC) is introduced to state an acceptability
condition among the argumentation lines. The DCs assumed
in thiswork will include non-circularity (no argumentisrein-
troduced in a same line), and concordance (the set of bodies
of pro (resp., con) argumentsin the same line is consistent).

A dialectical tree appears when several dialogues about a
commonissue (i.e., theroot of thetree) are set together. Thus,
from a particular set of argumentation lines (namely bundle
set) the diaectica tree is formalized. A bundle set for B,
is the maximal set S(B;1) C Ly (wrt. set inclusion) of ex-
haustive and acceptable argumentation lines such that every
A € §(By) isrootedin B;. Finaly, adiaectical treeis:
Definition 5 (Dialectical Tree) Given a KB ¥ C DL-Lite 4,
a dialectical tree 7(R) rooted in an argument R € Ay
is determined by a bundle set S(R) C Ly such that B is
an inner node in a branch [R,...,B] of 7(R) (resp., the
root argument) iff each child of B is an argument D €
[R,...,B,D,...] € S(R) (resp..D € [R,D,...] € S(R)).
Leavesin 7(R) and each line in S(R), coincide. The do-
main of all dialectical trees from 3 will be noted as T's;.



With alittle abuse of notation, we will overload the mem-
bership symbol writing B € A to identify B from the argu-
mentation line A, and A € 7 (R) when the line A belongs to
the bundle set associated to the tree 7 (R). Dialectical trees
allow to determine whether the root node of the tree is to be
accepted (ultimately undefeated) or rejected (ultimately de-
feated) as arationaly justified belief. Therefore, given aKB
Y C DL-Lite 4 and adialectical tree 7 (R), theargument R €
As, is warranted from 7(R) iff warvant(7(R)) = true.
The warranting function wartant : Tyx——{true, false}
will determine the status of the tree from the mark of the root
argument. This evaluation will be obtained by weighting all
the information present in the tree through the marking func-
tion mark : Ay, x Ly x Txy——M. Such function defines the
acceptance criterion applied to each individual argument by
assigning to each argument in 7 (R) a marking value from
the domain Ml = [D, U]. Thisis more likely to be done by
obtaining the mark of an inner node of the tree from its chil-
dren (i.e., its defeaters). Once each argument in the tree has
been marked (including the root) the warranting function will
determine the root’s acceptance status from its mark. Hence,

wartant(7 (R)) = true iff mart(R,\,7(R)) =U.

DeLP (Defeasible Logic Programming) [Garcia and
Simari, 2004], is an argumentative machinery for reasoning
over defeasiblelogic programs. In thisarticle we will assume
the DeEL P marking criterion. Thatis, (1) all leavesare marked
U and (2) every inner node B ismarked U iff every child of
Bismarked D, otherwise, B ismarked D.

Example 1 Consider the KB X and arguments leading to the
dialectical tree depicted below to answer X |= B(a).
Y={ACB,ACC,CC-B,DC A, A(a),C(b), D(b)}
R =({AC B, Aa)}, {B(a)})

Bi=({CC-B,AC C, A(a)}, {-B(a)})

By = ({DC A, AT B,C(b), D(b)}. {C(b), B(b)})
Bs=({ACC,CC-B},AC -B)

Assume A\ = [R,Bl,BQ] and \y = [R, 63782]. Ob-
serve that, B is a counterargument of B (as
well as By of Bs) but since Bo>-Bs is de- @
duced from Ao, B3 cannot attack By € ;.

Regarding A2, another justification to avoid
B3 attacking B; is that non-circularity would
be violated. Following the marking function,
since B; € A1 and B3 € )\, are defeated, the
root R is marked undefeated. Thus, the tree

ends up warranting the argument R which supports the RS
and therefore ¥ |= B(a) holds.

4 Concluding Remarks and Future Work

A novel DL-Litereasoner based on argumentation techniques
was proposed. The machinery presented here is defined to
support the usual DL-Lite reasoning services, including an
extension of the conjunctive queries presented in [Calvanese
et al., 2007]. In particular, the notion of satisfiability de-
serves specia attention since its meaning requiresto berein-
terpreted. Given that the argumentation machinery would
answer consistently disregarding the potentially inconsistent
KB, a KB that is unsatisfiable for standard DL reasoners
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would be satisfiable from our theory. On the other hand, what
isexactly asatisfiable KB for the proposed reasoner? If there
is awarranted argument supporting an RS « and there is an-
other warranted argument supporting —«, then the KB would
be unsatisfiable. An argumentation system free of such draw-
backs would depend on the appropriate definition of the com-
parison and warranting criteria. The required analysisis part
of the future work in this direction.

Argumentation was studied in [Williams and Hunter, 2007]
to harness ontologies for decision making. Through such ar-
gumentation system they basically allow the aggregation of
defeasible rulesto enrich the ontology reasoning tasks. In our
approach an argumentative methodol ogy is defined on top of
the DL-reasoner aiming at reasoning about inconsistent on-
tologies. However our main objective goes further beyond:
to manage ontology evolution disregarding inconsistencies.
To such purpose, a theory of changeis required to be applied
over argumentation systems. In [Moguillansky et al., 2008b],
atheory capable of handling dynamics of arguments applied
over defeasible logic programs (DelLP) [Garcia and Simari,
2004] was presented under the name of Argument Theory
Change (ATC). Basically, dialectical trees are analyzed to be
dtered in a form such that the same root argument ends up
warranted from the resulting program. Ongoing work also
involvesthe study of ATC on top of the model presented here.
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Forgetting for Knowledge Bases in DL-Lite,,,

Zhe Wang, Kewen Wang and Rodney Topor
Griffith University, Australia

Abstract

We address the problem of term elimination in DL-
Lite ontologies by adopting techniques from clas-
sical forgetting theory. Specifically, we generalize
our previous results on forgetting in DL-Lite .,
TBox to forgetting in DL-Lites,,; KBs. We also
introduce query-based forgetting, a parameterized
definition of forgetting, which provides a unify-
ing framework for defining and comparing different
definitions of forgetting in DL-Lite ontologies.

1 Introduction

An ontology is a formal description of the terminological in-
formation of an application domain. An ontology is usually
represented as a DL knowledge base (KB), which consists of
a TBox and an ABox. As ontologies in Semantic Web appli-
cations are becoming larger and more complex, a challenge
is how to construct and maintain large ontologies efficiently.
Recently, ontology reuse and merging have received inten-
sive interest, and different approaches have been proposed.
Among several approaches, the forgetting operator is partic-
ularly important, which concerns the elimination of terms in
ontologies. Informally, forgetting is a particular form of rea-
soning that allows a set of attributes F' (such as propositional
variables, predicates, concepts and roles) in a KB to be dis-
carded or hidden in such a way that future reasoning on in-
formation irrelevant to ' will not be affected. Forgetting has
been well investigated in classical logic [Lin and Reiter, 1994,
Lang et al., 2003] and logic programming [Eiter and Wang,
2008; Wang et al., 2005].

Efforts have also been made to define forgetting in DL-
Lite [Kontchakov er al., 2008; Wang et al., 2008], a family
of lightweight ontology languages. However, a drawback in
these approaches is that forgetting is defined only for TBoxes.
Although a syntactic notion of forgetting in ontologies is dis-
cussed in [Wang ez al., 2008], no semantic justification is pro-
vided. In most applications, an ontology is expressed as a KB,
which is a pair of a TBox and an ABox. We believe that for-
getting should be defined for DL-Lite KBs rather than only
for TBoxes. Although it is not hard to extend the definitions
of forgetting to KBs, our efforts show that it is non-trivial to
extend results of forgetting in TBoxes to forgetting in KBs,
due to the involvement of ABoxes.

In this paper, we investigate the issue of semantic forget-
ting for DL-Lite KBs. The main contributions of this paper
can be summarized as follows:

e We introduce a model-based definition of forgetting for
DL KBs. We investigate some reasoning and express-
ibility properties of forgetting, which are important for
DL-Lite ontology reuse and merging.

e We provide a resolution-like algorithm for forgetting
about concepts in DL-Lite;,,; KBs. The algorithm can
also be applied to KB forgetting in DL-Litey, ., and to
any specific query-based forgetting. It is proved that the
algorithm is complete.

o As a general framework for defining and comparing var-
ious notions of forgetting, we introduce a parameterized
forgetting based on query-answering, by which a given
collection of queries determines the result of forgetting.
Thus, our approach actually provides a hierarchy of for-
getting for DL-Lite.

2 Forgetting in DL-Lite,,,, Knowledge Bases

In this section, we define the operation of forgetting a signa-
ture from a DL-Lite;,,; KB. We assume the readers’ familiar-
ity with DL-Lite,,;. For the syntax and semantics details of
DL-Lite oo, the readers should refer to [Artale et al., 2007].

Let £ and L, respectively, denote the languages DL-
Liteyoo; and DL-Litey,,. Without special mentioning, we
use K to denote a KB in £ and S a signature (a finite set
of concept names and role names) in £. Our model-based
definition of forgetting in DL-Lite is analogous to the defi-
nition for forgetting in classical logic [Lin and Reiter, 1994;
Lang et al., 2003].

Let Z1, 7, be two interpretations of £. Define Z; ~s 7 iff

1. ATt = A%z and ¢%* = o22 for each individual name a.
2. For each concept name A not in S, AT = ATz,
3. For each role name P notin S, P11 = PZ2,

Clearly, ~s is an equivalence relation.

Definition 1 We call KB K’ a result of model-based forget-
ting about S in K if:

o Sig(K') C Sig(K) - S,
o Mod(K') = {Z' | 3T € Mod(K) s.t. T ~s T'}.



It follows from the definition that the result of forgetting
about S in K is unique up to KB equivalence. So we will use
forget(K, S) to denote the result of forgetting about S in K
throughout the paper.

Example 1 Let IC consist of the following axioms:
Lecturer C> 2 teaches, dteaches™ T Course,
Jteaches T Lecturer U PhD,

Lecturer M Course T L, PhD M Course C L.
Lecturer(John), teaches(John, AI).

Suppose we want to forget about { Lecturer, PhD}, then
forget(KC, { Lecturer, PhD}) consists of the following ax-
ioms:

Jteaches™ T Course, teaches M Course T 1,

> 2 teaches(John), ~Course(John),

teaches(John, AI).

The result of forgetting possesses several desirable prop-
erties. In particular, it preserves reasoning properties of the
KB.

Proposition 1 We have
1. forget(IC,S) is consistent iff K is consistent.
2. for any inclusion or assertion o with Sig(a) NS = 0,
forget(K,S) E a iff K | o
3. for any grounded query q with Sig(q) NS = 0,
forget(KC, S) = ¢ iff K = .
The following property is useful for ontology partial reuse
and merging.

Proposition 2 Ler K1, K2 be two L-KBs. Suppose Sig(K1)N
Sig(K2) NS = 0, then we have:

forget(KC1 U Ko, S) = forget(Kq,S) U forget(Ka, S).

An interesting special case is Sig(K2) NS = (. In this
case, it is safe to forget about S from K; before merging Ky
and /Co.

The following proposition shows that the forgetting opera-
tion can be divided into steps.

Proposition 3 Let S1, Sy be two signatures. Then we have
forget(IC, S1 U Sa) = forget(forget(KC, S1), Sa).

In the following part of the section, we introduce a syn-
tactic algorithm for computing the results of forgetting about
concepts in DL-Litey,,; KBs. The algorithm first transforms
a DL-Litey,,; KB into a equivalent normal form, and then
eliminates concepts from the KB.

We call a basic concept or its negation a literal concept.

Definition 2 K = (7, A) is in normal form if:
o All the inclusions in T are of the form B;M...M By, C
Bpi1U...UB, where 0 < m < nand By,...,B,
are basic concepts such that B; # Bj for all i < j.
e A={Ci(a1),...,Cs(as)} UA,, where s > 0, satisfies
the following conditions:
1. A, contains only role assertions,
2. a;F#ajforl <i<j<s, and
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3. C; is in disjunction of conjunctions of literal con-
cepts (DNF), for each 1 < i < s.

We can show that every KB in £ can be equivalently trans-
formed into its normal form.

Now we present in Algorithm 1 how to compute the result
of forgetting about a set of concept names in a £-KB.

Algorithm 1 (Compute the result of forgetting a set of con-
cept names in a DL-Lite;,,; KB)

Input: A DL-Lite,,,; KB K = (7, .A) and a set S of concept
names.

Output: forget(KC, S).

Method:

Step 1. Transform K into its normal form.

Step 2. For each pair of inclusions AMMC C D and C' C
AUD"in T, where A € S, add inclusion CM1C’' C DU D'
to 7 if it contains no concept name A’ appearing on both
sides of the inclusion.

Step 3. For each concept name A € S occurring in A, add
ACTand LC AtoT;

Step 4. For each assertion C(a) in A, each inclusion A M
Dy C Dy and each inclusion D3 = AL Dy in T, where A €
S, add C’(a) to A, where C” is obtained by replacing each
occurrence of A in C' with D11 Dy and A with = D3 Dy,
and C' is transformed into its DNF.

Step 5. Remove all inclusions of the form C' C T or L C C,
and all assertions of the form T (a).

Step 6. Remove all inclusions and assertions that contain any
concept name in S.

Step 7. Return the resulting KB as forget(C, S).

Figure 1: Forget concepts in a DL-Lite,,; KB.

In Algorithm 1, Step 2 generates all the inclusions in
forget(KC, S) in a resolution-like manner. Step 3 is to make
the specification of Step 4 simpler. In Step 4, each positive
occurrence of A in the ABox is replaced by its ‘supersets’,
and each negative occurrence by its ‘subsets’.

Algorithm 1 always terminates. The following theorem
shows that it is sound and complete with respect to the se-
mantic definition of forgetting.

Theorem 1 Let S be a set of concept names.  Then
forget(KC, S) is expressible in L, and Algorithm I always re-
turns forget(KC, S).

Suppose S is fixed. When the input K is in normal
form, Algorithm 1 takes only polynomial time to compute

forget(KC, S).

3 Query-Based Forgetting for DL-Lite
Knowledge Bases

In this section, we introduce a parameterized definition of for-
getting for DL-Litey,,; KBs, which can be used as a unifying
framework for forgetting in DL-Litey,,; KBs.

We assume that Q is a query language for DL-Litep,;. The
notion of query is very general here. A query can be an asser-
tion, an inclusion, or even a formula in a logic language.
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Definition 3 (query-based forgetting) We call KB K' a re-
sult of Q-forgetting about S in K if the following three con-
ditions are satisfied:

* Sig(K') C Sig(K) - S,
e LEK,

e for any grounded query q in Q with Sig(q) NS = 0, we
have K |= q implies K' = q.

The above definition implicitly introduces a family of for-
getting in the sense that each query language determines a
notion of forgetting for DL-Lite KBs.

The results of Q-forgetting are not necessarily unique, We
denote the set of all results of O-forgetting about S in K as
Forget2(K,S).

As model-based forgetting requires preserving model
equivalence, it is easy to see that the result of model-based
forgetting is also a result of Q-forgetting for any query lan-
guage Q. In this sense, the model-based forgetting is the
strongest notion of forgetting for DL-Liteyo;.

Theorem 2 We have
1. forget(K,S) € Forget9(K,S);
2. for each K' € Forget2(K,S), forget(K,S) = K'.

This theorem shows that Algorithm 1 can also be used to
compute a result of Q-forgetting for any Q.

Now we consider how to characterize model-based forget-
ting by query-based forgetting. The results of model-based
forgetting may not be expressible in DL-Litep,,;. The major
reason for this, as our efforts show, is that DL-Lite,,; does
not have a construct to represent the cardinality of a concept.

For this reason, we extend £ to £¢ by introducing new con-
cepts of the form > n u.C, where C'is a L£-concept and n is
a natural number. Given an interpretation Z, (> n u.C)% =
ATif§(CT) > nand (= nu.C)T = Qif 4(CT) < n -1,
where #(S) denotes the cardinality of set S.

We are interested in the query language Q%, which is the
set of concept inclusions and (negated) assertions in £¢, and
possibly their unions. We can show that Q%-forgetting is
equivalent to model-based forgetting.

Theorem 3 KB K’ is a result of Q%-forgetting about S in K
iff K' = forget(K, S).

Example 2 Recall the KB K in Example 1. We have
forget(KC, { teaches}) is not expressible in L. However, it is
expressible in L€, and it consists of the following axioms:

Lecturer M Course T 1, PhD M Course C L,
Lecturer C°> 2 u. Course,
Lecturer(John), Course(AI).

4 Related Work and Conclusions

The works that are close to this paper are [Kontchakov et
al., 2008; Wang et al., 2008]. One major difference of
our work from them is that we investigate forgetting for
KBs while [Kontchakov ef al., 2008; Wang et al., 2008] are
only restricted to TBoxes. Such an extension (from TBoxes
to KBs) is non-trivial because the involvement of ABoxes

makes things more complex. This can be seen from the al-
gorithms and proofs of corresponding results. Our parame-
terized forgetting generalizes the definition of forgetting (uni-
form interpolation) in [Kontchakov ef al., 2008] in two ways
(although it is not technically hard): (1) our definition is de-
fined for KBs and (2) our definition is defined for arbitrary
query languages.

Conservative extension and module extraction have some
similarity with forgetting but they are different in that the
first two approaches support only removing axioms, but can-
not modify them. Update and erasure operations in DL-Lite
are discussed in [Giacomo et al., 2007]. Although both era-
sure [Giacomo et al., 2007; Liu et al., 2006] and forgetting
are concerned with eliminating information from an ontol-
ogy, they are quite different. When erasing an assertion A(a)
from a DL KB X, only the membership relation between in-
dividual @ and concept A is removed, while concept name A
is not necessarily removed from K. Whereas forgetting about
A in K involves eliminating all logical relations (e.g., sub-
sumption relation, membership relation, etc.) in K that refer
to A.

We plan to work in different directions including: (1) To
identify a query language that can balance computational
complexity of the corresponding notion of forgetting and re-
quirements for forgetting from practical applications, such
as ontology reuse, merging and update. (2) To establish a
general framework of forgetting for more expressive DLs in
terms of query-based forgetting.
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Abstract

The AGM theory for belief revision cannot be di-
rectly applied to most description logics. For con-
traction, the problem lies on the fact that many log-
ics are not compliant with the recovery postulate.
For revision, the problem is that several interesting
logics are not closed under negation.

In this work, we present solutions for both prob-
lems: we recall a previous solution proposing to
substitute the recovery postulate of contraction by
relevance and we present a construction for revision
that does not depend on negation, together with a
set of postulates and a representation theorem.

1 Introduction

The development of Semantic Web technologies has atracted
the attention of the artificial intelligence community to the
importance to represent conceptual knowledge in the web.
This development has reached a peak with the adoption of
OWL as the standard language to represent ontologies on the
web. Since knowledge on the web is not static, another area
has gained popularity in the past few years: ontology evo-
lution. The main challenge of ontology evolution is to study
how ontologies should behave in a dynamic environment. Be-
lief revision theory has been facing this challenge for propo-
sitional logic for more than twenty years and, hence, it would
be interesting to try to apply these techniques to ontologies.

In this work we apply the most influential work in belief
revision, the AGM paradigm, to description logics. First, in
section 2, an introduction to AGM theory is presented. In
section 3, we show how to adapt the AGM postulates for con-
traction so that they can be used with descri