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RESUME :

Les connaissances des domaines d’application sont souvent hétérogenes et évoluées dans le temps. Par conséquent, une
combinaison de plusieurs formalismes dans laquelle les opérations de révision sont défini, est nécessaire pour la représentation
de tel systéme hybride. Dans ce papier, apres une introduction des différentes politiques de révision de bases de connaissances
basées sur les DL, nous montrons comment évaluer les opérateurs de révision dans le langage ALE de DL. A partir de ces
résultats, nous définissons le concept de regle de production par révision, dont la conséquence est un opérateur de révision. Ces
telles regles permettront de représenter les régles contextuelles nécessaires dans la translation entre les ontologies basées sur
les DL. Enfin, nous abordons la sémantique formelle de ce formalisme combinant les regles de production par révision et les
logiques de descriptions (ALE)

MOTS CLES :
Logiques de description, politique de révision, modeles hybrides, regles de production

ABSTRACT:

Knowlegdes of every application area are heterogeneous and they develop in time. Therefore, a combination of several
formalisms on which revision operations are defined, is required for knowledge representation of such a hybrid system. In the
paper, we will introduce several revision policies in DL-based knowledge bases ans show how revision operators are computed
for DL language ALE. From this, we define revision production rules consequent of which is a revision operator. Such rules
allow us to represent context rules in translation between DL-based ontologies. Finally, we will introduce formal semantics of
the formalism combining revision production rules and Description Logics (ALE)
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Description Logics, Revision policies, Hybrid Models, Production Rules
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Abstract. Knowledges of every application area are heterogeneous and
they develop in time. Therefore, a combination of several formalisms on
which revision operations are defined, is required for knowledge represen-
tation of such a hybrid system. In this paper, we will introduce several
revision policies in DL-based knowledge bases and show how revision
operators are computed for DL language ALE. From this, we define re-
vision production rules consequent of which is a revision operator. Such
rules allow us to represent context rules in translation between DL-based
ontologies. Finally, we will introduce formal semantics of the formalism
combining revision production rules and Description Logics (ALE).

1 Introduction

Description Logics can be used as a formalism for design of ontologies of an
application domain. In order to reduce the size of ontologies, different ontologies
for different subdomains or user profiles are derived from a shared common on-
tology. These derived ontologies share atomic concepts, atomic roles and defined
basic concepts in the common ontology. The shared concepts can be redefined in
a derived ontology with the aim of fitting an adaptable context. This is neces-
sary to determine the more sufficient meaning of a shared concept in the context
of current users. The redefining can be performed in run-time owing to context
rules. The antecedent of a context rule is a predicate which describes context
condition and its consequent is an operation which translates a concept defini-
tion into another. For this reason, we need an other formalism to capture the
semantics of such ontologies. It is specific production rules, namely revision pro-
duction rules, whose consequent is an operation allowing one to change a shared
concept definition.

In previous hybrid languages, for example CARIN in [4], it combines Horn rules
and Description Logics to obtain a formalism the expressiveness of which is
significantly improved. However, it seems that these languages could not capture
context rules since the consequent of a Horn rule is still a predicate.

On the other hand, since the definition of a concept in knowledge base can
be modified by the application of a revision production rule, revision operations



must be defined on DL-based terminology. A profound study and a framework for
revision operations given in [1] together provide a good background for the exten-
sion of these operations to more expressive DL languages. Nevertheless, there are
several different viewpoints concerning the revision of DL-based knowledge base
which argue both for and against the conservation of subsumption relationships
in the terminological hierarchy. One viewpoint considers subsumption relation-
ships as literal and invariant knowledges. That is, the subsumption relationships
have never been changed despite a change in concept definitions. Another view-
point states that subsumption relationships are derived knowledges and that
they may be changed when concept definitions are modified. It is clear that
these viewpoints lead to revision policies the complexities of which are different.

Previous works on how to define revision operations have concentrated on op-
erations TELL (to add a concept description fragment to a concept definition),
FORGET (to delete a concept description fragment from the concept definition),
and on simple languages which do not permit existential restrictions [1]. More-
over, operation FORGET requires that a deleted fragment must be a part of
the concept definition. Thus, the main contributions of this paper are, first, to
propose several revision policies some of which require the definition of a new
operation, namely PROPAG, in order to conserve subsumption relationships.
Second, we propose to extend revision operations to language ALE. This ex-
tension will allow us to define the semantics of a formalism combining revision
production rules and language ALE.

The paper will begin with revision policies in which a framework for revision
operators will be given. The next section will concentrate on the computing of
revision operators for language ALE by using the structural characterization of
subsumption developed in [8]. The last section will introduce a formal definition
of revision production rules, before focusing on the semantics of the combining
formalism.

2 Knowledge Base Revision and Revision Policies

2.1 Preliminaries

Revision Operators Informally, TELL is interpreted as an operation which
adds a knowledge to KB, whereas FORGET deletes a knowledge from KB. If
we use a DL language which allows us both to normalize concept descriptions
and rewrite concept definitions as conjunctions of simple concepts, the revision
operators are more formally written as follows :

— TELL(A, C, Expr) = C N Ezpr
— FORGET(A, C N Ezpr) = C



where A is knowledge base (KB), C is concept to be revised and Fzpr is a simple
concept.

In order to have reasonable definitions of the revision operators, it is paramount
that several constraints are respected. However, if all of these constraints are
to be respected, certain problems are inevitable. In the following subsection, we
attempt to identify some of important constraints for the revision operators.

Criteria for Revision The majority of these criteria is proposed and discussed
in [1]. We only recall and reformulate some of them for the purposes of this paper.

1. Adequacy of the Request Language. The request language should be inter-
pretable in the formalism the KB uses.

2. Closure. Any revision operation should lead to a state of the KB repre-
sentable by the formalism used.

3. Success. The criterion requires that any revision operation must be success-
ful, i.e after a TELL the new knowledge (Expr) must be derivable from
the KB and after a FORGET the deleted knowledge (Ezpr) must not be
derivable from the KB no longer. More formally, there exists an interpre-
tation 7 and an individual aZ € O domain, such that o’ € C? and ot ¢
(TELL(C, Expr))*. Similarly, there exists an interpretation Z and an indi-
vidual a € OF domain, such that a ¢ CT and a* € (FORGET (C, Expr))~.

4. Minimal Change. This criterion requires that revision operations cause a
minimal change of the KB. It is obvious that it needs a definition concern-
ing the distance between two KBs. Therefore, a pragmatic consideration is
necessary in each real application.

5. Subsumption Conservation. The terminological subsumption hierarchy of the
KB should be conserved by any revision operation.

A priori, criteria 4 and 5 are difficult to guarantee simultaneously since sub-
sumption conservations may change the majority of the hierarchy.

2.2 Revision Policies

In the previous subsection, we introduced the general principles for revision
on DL-based knowledge base. In certain cases there may exist one principle
that we cannot entirely adhere to. We now present pragmatic approaches in
which some of these criteria are respected while the others are not. In order
to facilitate the choice of policy made by the user, we will attempt to identify
the advantages and disadvantages. The first policy takes into account criterion
5 (Subsumption Conservation) whereas the second policy allows us to change
subsumption hierarchy. The third policy can be considered as a compromise
between the first and the second.



Conservative Policy This policy allows us to modify definition of a concept C
(concept description) by adding or deleting a fragment to or from the definition.
Concept C and all concepts defined via C now have a new definition. However,
the modification of C' should not violate any subsumption relationship. By that
we mean, if A C B holds before the modification for some concepts A, B in
the Thbox, then A C B still holds after the modification. This requirement is
in accordance with the viewpoint in which the subsumption relationships are
considered as invariant knowledges of the KB. This condition is clearly com-
patible with the object-oriented database model provided that the hierarchical
structure of classes is persistent, although class definitions may be changed. In
this model, each time a class definition is changed, all existent instances of the
old class must remain the instances of the new class. In fact, the evolution of
our understanding about the world leads to more precise definitions. Also, the
objects held for the old definition are now described more sufficiently by the new
definition. In other words, we need to change the definition of a concept C while
all subsumption relationships are conserved and all assertions C(a) (as well as
all D(a) where D is changed because of the modification propagation) for the
new concept C remains held as well. This can lead to some incompatibilities
between the criteria for inference definitions in the open world.

Indeed, we suppose that revision operator TELL is defined as follows : TELL(C,
Ezpr) = C N Expr. According to the assertion conservation proposed by this
policy, if C(a”) holds then (TELL(C, Expr))* (a?) holds as well for all inter-
pretation Z. This means that C' C TELL(C, Exzpr) for all interpretation Z. Hence
C = TELL(C, Expr) since TELL(C, Ezpr) C C for all interpretation Z. This
contradicts criterion 3 (success).

In order to avoid this incompatibility, an addition of the epistemic operator is
required [5]. We denote W a set of interpretations of the KB before the revision.
In order to respect criterion 3, the subsumption C C TELL(C, Ezpr) must only
hold on a set W, of interpretations where W G W;. By that we mean, the
assertion conservation makes less models possible for the KB. As a consequence,
all inferences on the KB must be defined in a closed world.

We now try to provide a framework for the revision operators. Suppose that
Thox is acycle and does not contain general inclusions. Since the subsumption
relationship conservation is required in this policy, a modification on C' can be
propagated in all Thox. In the following, we will investigate this propagation
for each operator TELL and FORGET. The definitions of TELL, FORGET
and PROPAG with respect to criteria 3, 4 (success and minimal change) for a
concrete language are investigated in the following section.

— TELL(C, Expr). Obviously, this operation causes the semantic modifications
on all concepts D which contain concept C' in its definition since concepts
D become more specific. On the other hand, it is possible that concepts no
containing concept C can be modified as well because of the conservation of
the subsumption relationships. The unfolded definition of D containing C' is



written as D(C) and the unfolded definition of D no containing C' is written
as D(C). D(C) and D(C) can be obtained by replacing all concept names by
their definitions except concept C. Let E be a direct super concept of F' in the
hierarchy. There are two cases as follows : i) if £ = E(C) then relationship
F C F is automatically conserved since E is not changed and F' may be not
changed or become more specific. ii) if whether F = F(C) and E = E(C) or F
= F(C) and E = E(C), we need a new operator, namely PROPAG _TELL,
that allows us to compute a new definition of F' such that the subsumption
relationship is conserved. Operator PROPAG _TELL should be defined with
respect to criteria 4 in some way. Note that the modification is started at
concept TOP of the hierarchy and propagated forward concept BOTTOM.
Hence, the propagation can influence every concept.

— FORGET(C, Expr). This operator is, in fact, computed via an other oper-
ator, namely MINUS, that can be interpreted as a deletion of Fzpr from C.
In the case where C = C’ M Ezpr, we must have MINUS(C, Expr) = C".
Similar as TELL, the modification made by FORGET may be propagated in
all Tbox. An operator PROPAG _FORGET should also be defined in order
to propagate the modification backwards concept TOP.

Revision of Literal Definition This revision policy had been proposed in
[1]. The main idea of this policy is to allow us to modify the definition of a
concept without modifying subsumption relationships. In addition, this policy
allows us also to revise the Abox with respect to the new Tbox because the new
Thox can cause inconsistencies in the Abox. This policy is convenient for the
case in which we need a correction of a misunderstanding in terminology design.
The individuals of a “bad” definition now belong to a better definition. The mis-
understanding correction costs a modification of subsumption relationships. In
fact, in this approach concept definitions are taken into account as literal knowl-
edges while subsumption knowledges are considered as derived knowledges. As
a result, a restructuration of the concept hierarchy can be required after a revi-
sion. Note that this policy does not apply operator PROPAG since subsumption
conservation is omitted.

As stated in the previous policy, we suppose that Thbox is acycle and does not
contain general inclusions. Operators TELL(C, Ezpr) and FORGET(C, Ezpr)
are defined owing to operator MINUS described as above. These operators should
respect also criteria 3, 4 (success and minimal change).

— Revision on Abox. An important task in this policy is to revise the ABox
when the Tbox is changed. All assertions D(a) where D is defined directly or
indirectly via C' must be revised. It is clear that operator FORGET does not
cause any inconsistence in the Abox since if F(C)(a) holds where F(C) is a
concept, description via C, then FORGET(F'(C)(a), Ezpr) holds as well. In
contrast, there may be an inconsistence in the Abox after TELL(C, Ezpr).
In this case, the revision on Abox requires an inference which is based on



the added part Ezpr. In particular, D(a) holds for some concept D = F(C)
= C, iff Ezpr(a) holds.

— Restructuration of the subsumption hierarchy. Another problem that arising
is how much a restructuration of the subsumption hierarchy from the old
hierarchy costs following a revision. Note that this policy does not apply
operator PROPAG to conserve subsumption relationships. Since operator
PROPAG is not more expensive than subsumption checking, the restruc-
turation is not likely to increase the complexity.

Mixed Policy As presented above, this policy can be considered as a compro-
mise between two policies presented, namely mized policy. It allows us to modify
the definition of a concept while respecting all subsumption relationships. More-
over, following a revision on the Thox, a revision on the Abox is necessary . By
that we mean that this revision policy conserves models for the knowledge base
and we do not need to add the epistemic operator to the knowledge base. In
other words, all inferences remain to be defined in open world.

Technically, this policy does not require any additional particular operator in
comparison to the two policies above. Operators TELL(C, Ezpr) and FOR-
GET(C, Ezpr) are defined via operator MINUS. In order to conserve subsump-
tion relationships, operator PROPAG must be applied. In addition, the recom-
puting of the Abox is also necessary after a revision on the Thox. Briefly, the
mixed policy requires more computing than the two previous policies.

3 Revision Operators for language ALE

The work in [8] introduced a structural characterization of subsumption for lan-
guage ALE. This characterization facilitates defining and computing the revision
operators. This work also proposed a way for computing the Least Common Sub-
sumer in ALE resulting from this characterization. This allows us to compute
efficiently revision operators (PROPAG _FORGET) with respect to criterion 4
(minimal change).

3.1 Preliminaries

Let N¢ be a set of primitive concepts and Ngr be a set of primitive roles. Lan-
guage ALE uses the following constructors to build concept descriptions: con-
junction (C' M D), value restriction (Vr.C'), existential restriction (Ir.C'), prim-
itive negation (—=P), concepts TOP and BOTTOM.

Let A be an non-empty set of individuals. Let -~ be a function that transforms
each primitive concept P € N¢ into P! C A and each primitive role » € Ny
into r! C Ax A. The semantics of a concept description are inductively defined
owing to the interpretation Z = (A,7) in the table below.



Syntax Semantics

T A
1 0
cnbD c'nDf!

Vr.C,r € Nr |{z € AVy:(z,y) €’ =y € CT}
I.C,r € Nr |{x € AFy:(z,y) er’ Aye CT}
-P,Pe€Nc |A\P’

Least common subsumer (lcs) [§]

Subsumption Let C, D be concept descriptions. D subsumes C, C' C D, iff C!
C D' for all interpretations Z.

Least Common Subsumer Let C, Cs be concept descriptions in a DL language.
The least common subsumer C'is a least common subsumer of C;, Cs (for short
les(Cy, Cy)) iff

1. C; C C for all i , and
2. C is the least concept description which has this property, i.e if C’ is a
concept description such that C; C C for all 4, then C; C C".

According to [8], les of two or more descriptions always exists for language ALE
and the authors proposed an exponential algorithm for computing it.

Language ALE and structural subsumption characterizing

Normalization of ALE-concept description [§]

An ALE-concept description is called propagated normal if the following rules
are exhaustively applied

HYrENVYrF - Vr(ENF) @) Vr.EN 3IrF - VYr. EN3r(ENF)

W)Nr.T - Tiw) ENT —- Ev) PN =P — L for each P €Ng vi) Ir.L — L
vit) EM L — 1

where E, F are two ALE-concept descriptions and r € Ng

Description tree of an ALE-concept description [8]

A description tree of ALE-concept description is a tree of the form G =(N, E,
no, |) where



— N is a finite set of nodes of G;

E C N x (Np UVNg) x N is a finite set of edges labeled with role names
r (3-edges) or with Vr (V-edges); VNgr:= {Vr | r ENg};

no is the root of G;

[ is a labeling function mapping the nodes in N to finite set {P,..., P}
where each P;, 1 < i <k, is one of the following forms : P; € N¢, P; = =P
for some P € N¢, or P; = L. The empty label corresponds to the concept
TOP.

Homomorphisms between ALE-description trees [§]

A mapping ¢ : Ny — Ng from an ALE-description tree X = (Ng, Eg, mo,
lir) to an ALE-description tree G = (Ng, Eg, no, lg) is called homomorphism
iff, the following conditions are satisfied :

1. (p(mo) = Ny

For all n € Ny, we have lg(n) C lg(p(n)) or L € lg(p(n)) ;

3. For all nrm € Epy, either p(n)reo(m) € Eg, or ¢(n) = ¢(m) and L €
la(p(n)); and

4. For all n¥rm € Ep, either p(n)Vro(m) € Eg, or ¢(n) = ¢(m) and L €

la(p(n)).

N

Theorem for structural subsumption [8]

Let C, D be ALE-concept descriptions. Then, C C D if and only if there exists
a homomorphism from Qg to Go.

Simple concept descriptions in Tbox In a Thox, a concept definition can
depend on other concept definitions. In other words, the right side of a con-
cept definition can contain a defined concept name. For a static KB on which
revision operators do not exist, we can transform an acycle TBox into the equiv-
alent unfolded Thox in which all right sides do not contain concept names. The
equivalence is interpreted as follows: for any concept, its definitions in the two
Thoxes are equivalent. Nevertheless, this is not true for a KB on which revision
operators are defined. For example :

Let a Thox T1={A:= PN B; B:= Q@ N R}.
and its unfolded Thox : To={A: =P N Q N R; B := Q N R}.

If we apply FORGET(T7, B, Q) and FORGET(7s, B, Q), then 7'y and 7' thus
obtained are no longer equivalent. It is obvious that what we want to obtain after
the revision is 7'; since concept A remains be defined as a conjunction of P and
B. This means that the dependence must be conserved. For this reason, we
cannot, define simple concept as a conjunct in the propagated normal form. In
what following, we propose a simple concept definition which fits the idea above.



Simple concept description

An ALE-concept description is called simple if it does not contain any conjunc-
tion on the top-level. A concept description is called normal if it is a conjunction
of simple concept descriptions. We denote S¢ as a set of simple concept de-
scriptions of concept C' in a TBox. In the example above, we have Sy={P, B},
Sp={0Q, R}

Note that a simple concept can be considered part of the meaning of a concept.
As a consequence, the sets of simple concepts of the equivalent concepts can be
different. A discussion in detail of this subject is given in [1].

3.2 Operator TELL

Operator TELL

Let C; M ... 1 C, be of the normal form of C.

The operator TELL is defined as follows :

TELL(C, Expr) = D where Ezpr is simple concept description and,
If C C Ezpr then D := C

Otherwise, D := C N Expr and Sp = Sc U {Expr}

If the added knowledge is derivable from C' before the execution of TELL i.e C
C Ezxpr, no more remains to be done and criterion 3 (success) is automatically
satisfied. Otherwise, we need to guarantee that the added knowledge is derivable
from C after the execution of TELL. In fact, since TELL(C, Expr) = C M Expr
, we have C' T Expr. Obviously, if C' [Z Ezpr, this definition of operator TELL
will satisfy criteria 3 (success) and 4 (minimal modification) as well.

Operator PROPAG TELL First, we recall the notions presented above. Let
F be the unfolded definition of E which can be obtained by replacing all concept
names by its definition. If the unfolding meets C' then C is not unfolded and
E is written as E(C) i.e E is defined directly or indirectly via C. Otherwise,
if the unfolding does not meet C, E is written as E(C) i.e E does not depend
on C . In the same way, we can write E(C), E(C), for original definitions. We
denote E(C, D), E(C, D) as concept descriptions where each occurrence of C' in
original, unfolded forms, respectively, is replaced by D. Let E be a direct super
concept of a concept F in the hierarchy. Operator PROPAG _TELL(E, F, Exzpr)
will compute a new concept description of F' while taking into account criterion
4 (minimal change) and F C E.

If E = E(C) then relationship F C E is automatically conserved, and no more
remains to be done. In the case E = E(C), we denote Sy(C) as a set of all s
€ Sg such that sg depends on C, denoted by sg(C), and S}E(C) as a set of

all sgp € Sg such that sg does not depend on C, denoted by sg(C). Operator
PROPAG_TELL(E, F, Ezpr) performs, first, the replacement of C' with (C 11



Ezpr) in all sg(C). Secondly, it adds sg(C, C M Ezpr) to F as new conjuncts
i.e

PROPAG_TELL(E, F, Expr) := F(C, C N Eapr) [, cs0 (c)5r(C, C N Eapr)
As a consequence, F' C F still holds after an application of PROPAG _ TELL(E,
F, Expr).

Note that PROPAG _TELL(E, F, Expr) adds to Sg the terms sg(C, C M Ezpr)
where sg € Sg. This is reasonable because PROPAG _TELL(E, F, Expr) must
be subsumed by these terms in any case. Moreover, PROPAG _TELL(E, F,
Ezpr) is the most concept description which is less than F(C, C' M Ezpr) and
E(C, C 1 Expr) = ﬂsEesg(C)sE(C) M ﬂsEGS%(C)SE(Cf C M Ezpr). Indeed,
PROPAG _TELL(E, F, Expr) is the intersection of these concepts since F(C, C'
N Bapr) C F(C) €11, cs1(0)58(0).

Example 1

Let 1={ C :=3r.Q, E := 3r.C, F := 3r.3r.(QN R) } and Ezpr := 3Ir.P.

We have F C E and E = E(C), F = F(C); Sp={3r.C}, Sp={3r.3r.(Q N R)}
Note that 15’(6:, C N Ezpr) € E(C, C N Expr) since E(C, C N Expr) = Ir.(Ar.Q
N 3r.P) and F(C, C N Ezpr) = Ir3r.(QN R).

We have PROPAG _TELL(E, F, Expr) = 3r.3r.(Q M R) N 3r.(C N 3Ir.P) and
SPROPAG_TELL(EF,Bapr) = 137-3r.(Q M R), Ir.(C 11 3r.P)}

O

3.3 Operator FORGET

This operator FORGET(C, Ezpr) here defined, allows for Ezpr ¢ Sc. This
extension is necessary because in some cases we need to forget a term Ezpr from
C where C C Ezpr and Expr ¢ Sc. Such a knowledge can be derived from C.

Operator MINUS between two ALE-description trees

Let C, D be propagated normal ALE-concept descriptions and C T D. MI-
NUS(C, D) is defined as the remainder of Go description tree after the deletion
of image ¢(Gp) in G¢ for all homomorphisms ¢ from Gp to Go. More formally,
let Ge =(N¢, Ec, no, lc¢) and Gp =(Np, Ep, mo, Ip). MINUS(C, D) = (N¢,
Ec, po, ) where I (p(m)) = lc(p(m)) \ Ip(m) for all m € Np and all ¢.

Example 2

Let E, F be concept descriptions in the example 1. We have MINUS(F, E) =
dr.3r.R.

O

Proposition 3.1



Let C be a propagated normal ALE -concept description, D be a propagated nor-
mal ALE-simple concept description and D — Dy M ... 1 Dy,. Moreover, C C
D.If C=XnNDand X £ D; for all i, then MINUS(C, D)= X.

We denote 82, a set of all s¢ € S¢ such that s¢ Z D; for all i and S},
a set of all s, as the remainder of s¢ ¢ S_, following the operation MINUS.
Proposition 3.1 guarantees that sc € S are not changed. We have Sy;1 NUS(C,D)
=8_pUSt_p-

We can now define operator FORGET.

Let CiM ... 1 C,, be of the normal form of C.

Operator FORGET is defined as follows :

FORGET(C, Expr) = D where Ezpr is a simple concept and,

If C Z Ezpr then D := C

Otherwise, D := MINUS(C, Expr) and Sp = Sg_Empr U S};_Ewr

If C Z Expr, i.e we may leave out the fragment Fzpr as it does not contribute
to the definition of C. In this case, there is nothing to do since C'is not derivable
from the knowledge to be forgetten. In fact, there exists an individual a such
that a’ € CTand a! ¢ Exprlwhere I is an interpretation. By that we mean, the
knowledge Expris not derivable from the KB following the execution of operation
FORGET. Therefore, the operator which is defined in such a way satisfies the
criterion 3 (success)

If C C Ezpr, operator MINUS ensures the unique existence of the result concept
description. Hence, operator FORGET is well defined.

Also, operator MINUS guarantees the criterion 3 (success) as well. In fact, in
order to explain more clearly we resort to operator TELL. If TELL(C, Ezpr)
= C, i.e Expr is derivable from C (C C Expr), then no action is to be carried
out. In this case, operator MINUS guarantees that C' C D , so the success of
operator FORGET as well.

By contrast, if TELL(C, Expr) = C N Expr (C Z Ezpr), then FORGET(C
N Ezpr, Ezpr) = C where C' M Expr C C (this is deducted from Proposition
3.1). This guarantees at the same time the success of operator FORGET and
the minimal change (criterion 4).

Operator PROPAG FORGET Let E be a direct super concept of a concept
F in the hierarchy. Operator PROPAG FORGET(E, F, Ezpr) will compute a
new concept description of E while taking into account criterion 4 (minimal
change). Computing lcs is, therefore, necessary for this aim.

If F = F(C) then relationship (F C E) is automatically conserved, therefore no
more remains to be done. In the case F = F(C), we define :

PROPAG_FORGET(E, F, Expr) :=
les{E(C, MINUS(C, Ezpr)), F(C, MINUS(C, Expr))}



Computed in this way, PROPAG_FORGET(E, F, Ezpr) is the least concept de-
scription such that it is more than E(C, MINUS(C, Expr)) and F(C, MINUS(C,
Ezpr)).

We now compute SpropacrorG ET(E,F,Expr) according to the definition above.
Thus abbreviated, we denote E; = E(C, MINUS(C, Ezpr)) and Ey—
PROPAG_FORGET(E, F, Expr). Since E1C E,, we can define an intersection
of all images ¢(Gg,) in Gg,: K = |_|¢g0(gE2) where ¢ is a homomorphism from
Ge, to Gg,. We denote Sp, a set of all sg, € Sg, such that Gss, € K and Sk,
a set of all sg, € Sg, such that ¢(G,,,) € K where ¢ is some homomorphism
from Gp, to Gg,. We define Spr: = Sy U Sg, . It is not difficult to check that

[.cs,, s =PROPAG_FORGET(E, F, Expr).
Example 3

Let i={ C:=3r (PN Q)N Vr.R, F:=3Fr. SN IrIr (PN Q), F :=3Ir.S N
Ir.C' } and Expr := 3r.P.

We have F C E and F = F(C), E = E(C); Sp={3r.S, 3r3r.(P N Q)},
Sp={3r.S, Ir.C'},

MINUS(C, Ezpr) = 3r.Q N Vr.R.

Note that F(C,MINUS(C, Expr)) Z E(CMINUS(C, Ezpr)) since F(C, MI-
NUS(C, Ezpr))=3r.S N Ir.(Ir.Q N Vr.R) and

E(C, MINUS(C, Ezpr))= 3.8 1 Ir.3r.(P N Q)

We have PROPAG FORGET(E, F, Ezpr) = 3r.S N Ir3r.Q; K = {3r.S N
Ir3r.Q}; 8%1:{37".5 , Ir3r.Q}

and Sp, = 0.
As a consequence, SPROPAG_FORGET(E,F,Ezpr) — 1375, Ir.3r.Q}

O

3.4 Revision on Abox

In the previous subsection, a concept can be considered as a conjunction of
simple concepts. The revision operators on the Thox add or delete some terms
to/from these sets .

Let F be a modified concept definition in the Thox. Let Sg and Sgr be the sets
of simple concepts of FE, respectively, before and after a revision on the Tbox.
Let Z be a model of the KB. For each assertion E'(a’), revision on the Abox
performs a checking of all assertions s’ (a’) where s € Sg/\Sg. If there is some
sl (a’) which is not verified, E'(a’) becomes inconsistent and it is deleted from
the Abox. Otherwise, if every s (a!) is verified, assertion Ef(a!) is conserved in
the Abox.



4 Revision Production Rules and Description Logics

4.1 Revision Production Rules

The rule to be defined below is a specific form of production rule, namely revision
production rule . In fact, a consequent of these rules is only an revision operator
on a terminology. The general form of these rules in a KB A = (A, Ay, Apr)
is given as follows :

r € Apr
r: p = TELL(Ay, Concept, Ezpr) or
r: p = FORGET (A7, Concept, Expr)

where p is a predicate formed from assertions in A7 with the constructors p; (X1)
A... A pno(X,). X; are tuples of variables or constants. The predicates py,... ,
pn are whether concepts names, role names or an ordinary predicate. Revision
operators TELL and FORGET have been defined in section 3.

Example 4

Let A7 be Thox :

A7 := { Product, Described-product, European M American C L
European-connect := Jconnect. Furopean

American-connect := dconnect. American }

The concepts Product, Described-product, European, American are primitive con-
cepts. The concept European-connect (respectively, American-connect) is defined
as the set of individuals having at least one filler of the role connect ; this filler
is an individual of the concept European (respectively, American).

Let A4 be ground facts:
A q:={Sold-by(a,b), Bought-by(a,c), European-connect(b), American-connect(c)}

The fact Sold-by(a,b) means that product a is sold by enterprise b. The fact
Bought-by(a,c) means that product a is bought by enterprise c.

Let Az be only one revision production rule. This rule uses the facts : Sold-by
and Bought-by :

A'R = {
r: Sold-by(X, Y1) A Bought-by(X, Z1) N connect(Y1, Y2) A connect(Zy, Z2) A
European(Ys) A American(Zy) = TELL(X, Described-product) }

The rule r is a revision production rule stating that if a product X is sold
by an enterprise Y; which has a connection with an enterprise Furopean, and
the product X is bought by an enterprise Z; which has a connection with an
enterprise American, then that product X must be a Described-product.



The fact European-connect(b) and European-connect := Iconnect. European yield
connect(b, b’) and European(b’) . Similarly, the fact American-connect(c) and
American-connect := Jconnect. American yield connect(c, ¢’) and American(c’).
Hence, the condition of the rule r is verified.

O

4.2 Semantics of combining formalism

We can now define the semantics of the formalism combining revision production
rules and description logic ALE based on the semantics of revision operators. We
will define semantics of the formalism on the assumption that the propagation
operators are not taken into account. It will not be too difficult to extend the
following definition to a KB with these operators.

Let A be a KB composed of three components A = (A, A4, Apgr). An inter-
pretation 7 is a pair (0,7 ) where O is a non-empty set and a function ‘Z maps
every constant a in A to an object a’€ . An interpretation I is a model of
A if it is a model of each component of A. Models of terminological component
Asare normally defined as what of description logics. An interpretation I is a

model of a ground fact p(a) in Ay if al € p!.

An interpretation I is a model of r : p = TELL(C, Ezpr) if, whenever the
function £ maps the variables of r to the domain O such that (X;)! € p! for
every atom of the antecedent of r, then

1. if a! € (C'n Expr!) then a! € (TELL(C, Expr))!
2. if a’ € CTand a! ¢ Ezpr! then o ¢ (TELL(C, Expr))!

An interpretation I is a model of r : p = FORGET(C, Expr) if, whenever the
function < maps the variables of r to the domain O such that (X;)! € p! for
every atom of the antecedent of r, then

1. if af € C! then a! € (FORGET(C, Expr))!

5 Conclusion and Future Work

We introduced several revision policies and a framework for the revision opera-
tors on DL-based knowledge base. In the first policy, the assertion conservation
on Abox, despite modifications of concept definition on Thox, focuses our at-
tention on inferences with the epistemic operator in a closed world. However,
the interaction between the epistemic operator and the revision operators was
not investigated in this paper. Next, we showed how to compute revision oper-
ators for language ALE. A deeper study of the complexity of these operators



is necessary for a possible improvement in the computing. An other question
arises concerning the extension of the revision operators to languages allowing
for disjunction (ALC). This extension requires a structural characterization of
subsumption for these languages.

On the other hand, if we allow for Horn rules as a third component, then which
interactions will take place in the combining formalism ? In this case, the ob-
tained formalism will be an extension of language CARIN [4]. Hence, an exten-
sion of the inference services of CARIN to the combining formalism deserves
investigation.
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Appendix
Proposition 3.1

Let C be a propagated normal ALE -concept description, D be a propagated nor-
mal ALE - concept description and C T D. If C = X M D and X Z D; for all 4
where D = Dy N ... N Dy, then MINUS(C, D)= X.

Proof:

Since C = X M D are propagated normal concept descriptions, the description
tree of C' consists of two subtrees: one subtree for the description tree of X :
Gx, the other subtree for the description tree of D : Gp. Operation MINUS(C,
D) performs the deletion of all images of the homomorphisms from Gp to Ge.
This deletion makes the subtree Gp in Go empty (top-concept) and it does not
change the subtree Gx in G¢o. Indeed, all of homomorphisms from Gp to G- can
be divided into three groups :



— The homomorphisms from Gp to Gp occur as part of Go. The deletion of
the images of these homomorphisms makes the subtree Gp of Go empty.

— The homomorphisms from Gp to Gx occur as part of Go. Since X Z D, the
set of these homomorphisms is empty.

— The homomorphisms ¢ from Gp to Go the image of which is composed at
least of two subtrees starting at the root : one is found in the subtree Gp
and the other is found in the subtree Gx. We have Gp composed of subtrees
Gp, and each subtree Gp, is composed of only one subtree starting at the
root. Moreover, since the image ¢(Gp,) € Gx for all i, the set of these
homomorphisms must be empty.

Thus, operator MINUS(C, D) deletes only the images of homomorphisms of the
first group i.e subtree Gp in Go becomes top-concept and subtree Gx in G is
not modified. As a consequence, MINUS(C, D) = X.

O



