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Abstract. Our motivation is to deal with the problem of multirepre-
sentation in the context of ontology languages. In this short paper, we
first propose a sub-language of DL as an ontology language and then we
extend it by introducing some contextual constructors.

1 Introduction

Domain ontologies are constructed by capturing a set of concepts and their links
according to a given context. A context can be viewed as various criteria such
as the abstraction paradigm, the granularity scale, interest of user communities,
and the perception of ontology developer. So, the same domain can have more
than one ontology, where each one of them is described in a particular context.
We call each one of these ontologies a MonoRepresentation ontology (MoRO) or
a non-contextual ontology. Thus, concepts in MoRO are defined with one and
only one representation. Our motivation is to see how we can describe ontology
according to several contexts at the same time. We shall call such ontology a
MultiRepresentation Ontology (MuRO) or a contextual ontology. A MuRO
is an ontology that characterizes an ontological concept by a variable set of
properties or attributes in various contexts. So, in MuRO, a concept is defined
once with several representations such that a single representation is available
for one context.

In this short paper, we will define a contextual ontology language to support
multiple representations of ontologies. The underlying key idea of our work is to
adapt the stamping mechanism proposed in [3] for the needs of multirepresen-
tation in spatial databases to the needs of ontology languages. To achieve this
goal, we first propose a sub-language of Description Logics DL [2] as an ontology
language and then we extend it by introducing contextual constructors to allow
multiple representations of concepts.

2 Syntactical and semantics aspects of (non-contextual)
description logics

In this section, we give a brief description to the (non-contextual) description
logics. DLs are a family of logics [1] designed to represent the taxonomic and
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conceptual knowledge of a particular application domain in an abstract and
logical level. Starting from atomic concepts and roles, complex concepts (and
roles) are built by using a set of constructors. The syntax and semantics of our
non-contextual language are given below.

Definition 1. (Syntax of concept terms) Let C be a set of concept names,
R be a set of role names and n € N'. Non-contextual concept terms C and D
can be formed by means of the following syntax:

C,D— A|T|L| (atomic, top and bottom concepts)
CnND|CUD|—=C| (conjunction, disjunction and complement)
3R.C |YR.C | (existential quantification and value restriction)
(<nR) | (>nR) (at most and at least number restriction)

Definition 2. (Semantics) The semantics of the language is given by an in-
terpretation T = (AI7 -I) which consists of an interpretation domain AT, and
an interpretation function -X. The interpretation function - maps each atomic
concept A € C to a subset AT C AT and each role name R € R to a subset
RT € AT x AT, The extension of T to arbitrary concepts is inductively defined
as follows:

7T = A% AT C TH(Cn DY =CTn D% (CuD)f =CctuD?

(=) =T*\CHEARC) ={2 € T7 |y : (z,y) € R" Ay e C*}

(VR.C)X ={z e T?|Vy:(z,y) € RT - yeCT}

(<nR)?={zeT7| [{y|(zy) € RT}| <n}

Ear)f ={zeT"| |{y|(z,y) € R }|| > n}

Let A be a concept name and let D be a concept term. Then A = D is a
terminological axiom (also called defined-as axiom). A terminology (T Bozx) is
a finite set 7 of terminological axioms with the additional restriction that no
concept name appears more than once in the left hand side of the definition.
An interpretation Z is a model for a T Box 7 if and only if Z satisfies all the
assertions in 7. In this paper, we consider that ontologies are specialized by
means of a set of terminological axioms. Hence, each ontology is a terminology.

3 Syntactical and semantics aspects of contextual
description logics

For our requirements of multi-representation ontologies, we propose the notion
of contextual concepts that may describe concepts associated with different con-
texts. Contextual concepts are derived basically from atomic concepts by using
a set of non-contextual and/or contextual constructors. Contextual constructors
are defined by specializing the non-contextual ones to allow the construction of
a concept that is partially or completly available in some contexts. For the needs
of multirepresentation, we add the following rule (expressed in definition 3) to
the previously defined syntax given in definition 1 above.

Definition 3. (Syntax of contextual concept terms) Let s1,---,5, be a
set of context names. Contextual concept terms C and D can be formed by means
of the following syntax:
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C,D —
o1, sm R-C'| (contextual existential quantification)
Yy, smR-C'|  (contextual value restriction)
(<s1,oesm MR) | (contextual at most number restriction)
(>s1,-sm NR) | (contextual at least number restriction)
CMsyyoey D (contextual conjunction)

,

The definition of non-contextual concepts remains always possible. Such con-
cepts will exist in all contexts with a single representation. The semantics of the
non-contextual language given in definition 2 is extended with the contextual no-
tions. To define the semantics of the contextual constructors, we assume having
a set of context names denoted as S = {s1, 82, ..., ¢}

Definition 4. (Semantics of contextual concept terms) The semantics of
the contextual part of the language is given by a contextual interpretation defined
in a context j over S. A context j is either a simple context name belonging to
S or a composed context defined as a conjunction of simple contexts'. A con-
textual interpretation CI = (Zo,Z1,---,Z;,---,1s) is obtained by associating to
each context j a non-contextual interpretation I; = (AI s Ti ), which consist of
an interpretation domain AY, and an interpretation function £3. The interpre-
tation function -7 maps each atomic concept A € C to a subset ATI C AT and
each role name R € R to a subset RT7 C AT x AT. Let Co(j) be a function
which returns a set of all context names appearing in a simple/composed argu-
ment context j2. The extension of L7 to arbitrary concepts is inductively defined
as follows:

(Fs1,msm ROV = {z € AT | Ty : (z,9) € RT Ay € CTIACO(j) N{s1, -, 8m} # 0}
(Vs1,msm ROV = {z € AT | Vy : (z,y) € RY — y € CTINCO(j) N{s1, -+, 5m} # 0}
(Ss1msm nR)T = {z € AT |Co(j) N{s1,---,sm} #0 A |{y | (x,y) € R} < n}
(Zs1,msm nR) = {z € AT |Co(j) {51, ,sm} #0 A |{y | (z,y) € R} > n}
(CMgy s DY ={2z € AT | 2 € CTI} if Co(j) N {51, 5m} =0,

={ze AT |z e T NDY} if Co(j) N {s1, -, sm} #0

A terminological axiom A = D is satisfied by a contextual interpretation CZ
if A3 = D?J for every context j. A contextual interpretation CZ is a model for
a T Box T if and only if CT satisfies all the assertions in 7. Finally, a concept D
subsumes a concept C iff C' C D is satisfied in every contextual interpretation
CZ. In fact, the contextual constructors can be defined as ”necessarity” modal
operator with limitation of the possible worlds to some given context names.
Moreover, our work is based on the following asumptions: (a) constant domains,
(b) finit domain, (c) rigid designator (or unique name asumption), and (d) the
application of contextual constructors is limited to only concepts and not roles.
Therefore, according to these asumptions and according to [4] with respect to the
satisfiability analysis, the satisfiability of our proposed language is decidable.
The contextual value restriction constructor (Vs ..., R.C’) will define a new
concept all of whose instances are related via the role R only to the individuals

1 j =s: and j = s1 A so are two examples of simple context and composed context
respectively.
2 Co(s1 A s2) = {s1,82} and Co(s1) = {s1} are two examples of the function Co.
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of class C' and in the contexts s; to s,,. For example, the expression Employee
= Vs, EmployeeNumber. Number U Vs, LastName.String, in two contexts si
and s, defines the concept Employee as individuals with either an attribute
Employee Number in context s; or an attribute LastName in context sp. Out-
side of the two contexts s; and ss, the concept Employee corresponds to an
empty set. The contextual existential quantification constructor (3, ... s,, R.C)
will construct a new concept all of whose instances are related via the role R to
at least one individual of type C and only in contexts s; to s,,. For example,
the expression Student= 3, Diploma.Graduate U 3, Play.Sport describes that
student is an individual that has at least one graduation diploma in context s;
or he participates in at least one sport in context ss. It should be noted that the
interpretation of the expression Student in the context s; or s separately will
give us an empty concept. The contextual conjunction (C Mg, .....s,. D) will define
either a concept resulting of the conjunction of the two concepts C' and D in the
defined contexts s; to s,,, or a concept equivalent to concept C outside of all the
given contexts (s1 to $,,). For example, the expression Modern — Manager =
(PersonVSex.Female)y, s, (35, Responsability.StringU3,, Manage.Project)
decsribes a modern Manager as being a person of sex female and who either has
at least one responsability in the context s; or manages at least one project in
the context s3. Outside of the two contexts s; and s2, Modern Manager is only
defined as being a person of sex female and nothing else.

4 CONCLUSION

In this article, we have introduced an initiative formal approach for the multi-
representation problem in ontology. We have extended a sub-language of DLs
by introducing contextual constructors in order to define contextual concepts.
Until now, we have not exploited the application of the proposed contextual con-
structors to terminological axioms, but il will be taken in consideration in futur.
Finally, we intend to validate and test the proposed language in the domain of
urbanism where we expect a wide range of contexts like transportation, land use
and urban planing.
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