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required for the basic modeling of Web Services, Goals, Mediators and Ontologies.
On the other hand, the logical expression syntax allows expert users to refine defi-
nitions on the conceptual syntax using the full expressive power of the underlying
logic, which depends on the particular language variant chosen by the user.

Semantics based on well known formalismWell known logical formalisms such as Dat-
alog and Description Logics should be reused while maintaining the established
computational properties of the original formalisms. Most importantly, this allows
the reuse of tools already developed for these formalisms.

Frame-based syntaxFrame Logic [KLW95] allows the use of frames in logical expres-
sions. This allows the user to work directly on the level of concepts, attributes,
instances, and attribute values, instead of at the level of predicates. Furthermore,
variables are allowed in place of concept and attribute identifiers, which enables
meta-modeling and reasoning over the signature.

3.6.2 Background work

Basically all work on Description Logics, Logic Programming and integration of both is
relevant.

RDFS RDFS [Bese04] is a simple ontology modeling language based on triples. It
allows to express classes, properties, class hierarchies, property hierarchies, and domain-
and range restrictions. Several proposals for more expressive Semantic Web and Semantic
Web Service descriptions extend RDFS, however there are difficulties in semantically
layering an ontology language on top of RDFS:

1. RDFS allows the use of the language vocabulary as subjects and objects in the
language itself.

2. RDFS allows the use of the same identifier to occur at the same time in place of a
class, individual, and property identifier.

We believe that the number of use cases for the first feature, namely the use of lan-
guage constructs in the language itself, is limited. However, the use of the same identifier
as class, individual and property identifier (also called meta-modeling) is useful in many
cases [Sch02, dBPLF05]. WSML does not allow the use of the language constructs in
arbitrary places in an ontology, but does allow meta-modeling in its Flight, Rule and Full
variants.
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OWL The Web Ontology Language OWL [DS04] is a language for modeling ontolo-
gies based on the Description Logic paradigm. OWL consists of three species, namely
OWL Lite, OWL DL and OWL Full, which are intended to be layered according to
increasing expressiveness. OWL Lite is a notational variant of the Description Logic
SHIF(D); OWL DL is a notational variant of the Description logicSHOIN (D) [HPSvH03].
It turns out that OWL DL adds very little in expressiveness to OWL Lite [HPSvH03]. The
most expressive species of OWL, OWL Full, layers on top of both RDFS and OWL DL,
and because these languages are so different, the semantics of OWL Full is not straight-
forward and is not a proper extension of the OWL DL semantics [dBPLF05].

3.6.3 Use cases benefitting from the extension

Usability concerns underlie all usage scenarios. The primary motivation for improve-
ments to ontology languages at this level is the realization that tools will never completely
insulate implementors from the details of the language used, and users will be forced to
deal with the more “mundane” aspects of ontology languages at some point.

3.7 Expressability of State relations in Bi-state rules for
describing dynamic services

3.7.1 Definition of the requirement

Ontology languages could be extended with constructs to allow expression of dynamic
changes to knowledge by the execution of services.

Such an extension should offer a clear syntax and semantics for defining pre-conditions
and post-conditions, and it must be possible to express the relation between pre- and post-
conditions guaranteed by a service’s execution.

3.7.2 Background work

Preliminary work towards a syntax able to express state relations and effects of Web ser-
vices has been conducted in the context of SWSL/SWSO[BBB+05], WSMO[dBBD+05,
LK04], and OWL-S surface syntax [MBH+04]2.

2The surface syntax is not yet part of the OWL-S W3C submission, but available as draft
atwww.daml.org/services/owl-s/1.1/owl-s-gram.pdf
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3.7.3 Use cases benefitting from the extension

Current work on such extensions is tightly focused on solving the specific problem of
web service description, mentioned in 2.5. Web service descriptions are considered to be
a major future use of semantic web languages, and issues in this domain are the primary
focus of work package 2.4.

3.8 Graphical extensions of Ontology Tools

3.8.1 Requirements and opportunities

For an ontology language to be easily understood by domain experts:

• Its constructors should be close to the language that business experts speak and un-
derstand. For example, it is easier for domain experts to say that“it is mandatory
for each book to have an ISBN”, than to say“the cardinality between the concept
book and the concept ISBN is (1:0)”; or to say that a person is identified by his
passport number than to say the cardinality between them is (1:1). Notice that the
notions of “mandatory” and “identity” can be specified through the use of cardinal-
ity.

• It should have a graphical notation to enable quick and simple modelling. With
a graphical notation here we do not mean merely a visualization, but a “graphical
language” that allows domain experts to construct an ontology using a graphical
notation for concept, relation, and axiom. In other words, such a language should
guide experts to “think” conceptually while building an ontology. Notice that the
users of current ontology modelling tools think outside these tools (maybe drawing
on papers, etc.), and enter their results to the tools. Ontology visualization in such
tools is very simplistic (e.g. only connection between concepts), and only used to
view, rather than to model, knowledge.

Instead of inviting new ontology languages to meet such requirements, i.e. that busi-
ness people can understand, it is worth investigating how existing business languages
and graphical notations can be reused for ontology engineering purposes. Such languages
could be the Object Role Modelling (ORM), UML diagrams (not only the class-diagram),
etc3.

Experiments on defining a full mapping of ORM into description logics is very promis-
ing4. See an example of an axiomatization built using ORM in figure 3.2. We have found

3Many other business notations could be found in Microsoft Visio.
4This experiment was done during a Kweb research exchange between the Free University of Brussels

(VUB) and the Free University of Bolzano (FUB).
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that almost5 all ORM constructs can be mapped into description logics, and so to OWL-
DL. We believe that such mapping will enable the inheritance and reuse of the ORM
literature, tools, techniques, applications and users, etc.

Figure 3.2: An example of ORM model.

ORM is being used by business experts, especially in the database and business rules
communities. ORM is a successor of the NIAM (Natural-language Information Analysis
Method, developed in the early ’70s). It was explicitly designed to play the role of a step-
wise methodology: to arrive at the “semantics” of a business application’s data based on
natural language communication between domain experts. See for example the verbal-
ization of the “subset” constraint in figure X2, which is generated automatically. ORM
is not only a conceptual modelling language but also comprehensive in its treatment of
many “practical” or “standard” business rules and constraint types (e.g. identity, manda-
tory, uniqueness, subsumption, subset, equality, exclusion, value, frequency, symmetric,
intransitive, acyclic, etc.). Furthermore, ORM has an expressive and stable graphical no-
tation since it captures many rules graphically and it minimizes the impact of change on
the models.

To sum up, the mapping of business languages and graphical notations into description
logic based languages has the following immediate advantages:

1. It allows business domain experts to participate in the ontology modelling and val-
idation processes;

5Except a few rarely used ORM constraint types such as external frequency, external uniqueness, and
some of the ring constraints.
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Figure 3.3: An example of a subset constraint verbalized (automatically) into a natural
language sentence.

2. It enables the reuse of the business literature (such as tools, methods, applications,
users, best practice, etc.) In other words, current ontology languages will be moved
from the mathematical sense into “business logics”;

3. It is a good way to test and improve description logic based languages themselves,
as this mapping will discover which logical operators are needed and used in indus-
try.

We shall continue to instigate and incorporate this kind of language extensions in the
third and the forth JPAs of WP2.5.

3.8.2 Use cases benefitting from the extension

Knowledge solicitation from business and domain experts is a crucial aspect of all signifi-
cant ontology projects, and it is clear that multiple levels of fluency in ontology languages
will persist. The use cases presented in 2.8 and 2.10 focus specifically on the various
actors involved in the creation and use of ontologies, but in practice the vast majority of
ontology construction is likely to benefit from tools which make knowledge modelling
easier for users.

3.9 Modularizing and Aligning Ontologies

3.9.1 Definition of the requirement

As the use case in Section 2.10 demonstrates, the domain sometimes need to be modu-
larized into different viewpoints. Each expert prefers to use her own viewpoint with her
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own terminologies. Modelling viewpoints can be done with current ontology languages
like OWL.

However, all standardized ontology languages lack a means of aligning these local
ontologies in an appropriate way. Integrating all local ontologies into on global ontology
may have some unwanted effects on the global ontology, including unnatural and unusual
subsumption hierarchies and/or inconsistencies. So we need an extension of ontology
languages which allows the representation of bridges between concepts of different (local)
ontologies.

3.9.2 Background work: Contextualizing ontologies

A lot of work has been done in the past investigating modularization (see for exam-
ple KWEB deliverable D2.1.3.1: Report on modularization of ontologies) and Ontology
Matching (see for example D2.2.4: Description of alignment implementation and bench-
marking results). For aligning complex ontologies a possible solution may be an extension
known asC-OWL.

C-OWL

C-OWL is an extension ofOWL for representingcontextualized (or contextual) ontolo-
gies [BGvH+04]. Contextualized ontologies are local representations of a domain—
named contexts—that are semantically related with other contexts thanks to mappings.
The original motivation forC-OWL was the alignment and coordinated use of ontologies
made for different purposes. In our framework,C-OWL is used as a way of formalizing
and implementing several alternative representations of the domain that we callview-
points. In C-OWL, the knowledge about a domain is contained in a set of contexts. Each
contextOi is an OWL ontology, with its own language and its own interpretation. Map-
pings are expressed by bridge rules. A bridge rule fromOi to Oj is a way to declare a
correspondence between the interpretation domains of these two contexts. On the basis
of these correspondences, a part of the knowledge contained inOi can be interpreted and
reused inOj.

Formally, aC-OWL context spacecontains a set of contexts{Oi}i ∈ I
, I being a set

of indexes for contexts. The indexes ofI are used to prefix the expressions, associating
an expression with the context in which it is defined. For example,i:C , i: ∃p.C , i:a ,
i:C v Dandi:C(a) are expressions of the local language ofOi.

The semantics of a context space are given by a distributed interpretationI that con-
tains an interpretationIi for eachi ∈ I. EachIi is composed of a local interpretation
domain∆Ii and a local interpretation function·Ii. A context is interpreted with the cor-
responding local interpretation, i.e. an axiom or an assertion ofOi is satisfied byI if it is
satisfied byIi.
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A mappingMij is a set ofbridge rulesfrom Oi to Oj. There are different types of
bridge rules, occurring between classes, individuals or properties of two contexts. An

into rule is a bridge rule of the formi:C
v−−→ j:D , wherei:C and j:D are classes

respectively fromOi andOj. This rule means that the classi:C of Oi is considered,
from the viewpoint ofOj, as more specific than the classj:D [ST04]. Theonto rule

i:C
w−−→ j:D means thatOj considers the classi:C to be more general thanj:D .

Bridge rules are directional: a bridge rule fromOi to Oj is considered in the viewpoint of

Oj, and thus,i:C
v−−→ j:D is not equivalent toj:D

w−−→ i:C , where the latter says that
the classj:D of Oj is considered more general, from the viewpoint ofOi, from the class
i:D of Oi.

Formally, the distributed interpretationI of a context space is associated with a set of
domain relations. A domain relationrij ⊆ ∆Ii ×∆Ij states, for each object of∆Ii, the
object of∆Ij to which it corresponds. The notationrij(CIi) denotes the interpretation of
the classi:C of Oi as considered in the interpretation domain ofOj. Then, the seman-
tics of onto and into bridge rules are given with respect to domain relations:I satisfies

i:C
v−−→ j:D if rij(CIi) ⊆ DIj andI satisfiesi:C

w−−→ j:D if rij(CIi) ⊇ DIj .

Another form of bridge rule is used to specify a correspondence between individuals.
i:a

≡−−→ j:b means that the individuali:a in Oi corresponds to the individualj:b in
Oj. Formally,I satisfiesi:a

≡−−→ j:b if rij(aIi) = bIj .

Global and Local Reasoning

Local reasoning servicesin C-OWL are the standard OWL reasoning services, performed
in a particular context, without taking into account the bridge rules. Aglobal reasoning
serviceuses bridge rules to infer statements in a context using knowledge from the other
contexts. [ST04] presents an extension of the standard tableau algorithm for the computa-
tion of the global subsumption test.Global subsumptionuses the principle of subsumption
propagation which, in its simplest form, can be expressed as:

if the mappingMij containsi:A
w−−→ j:C andi:B

v−−→ j:D

thenI satisfiesi:A v B implies thatI satisfiesj:C v D.

Intuitively, this means that subsumption in a particular context can be inferred from
subsumption in another context thanks to bridge rules.

Similarly, we consider hereglobal instance checkingbased on an instantiation propa-
gation rule:

if Mij containsi:C
v−−→ j:D andi:a

≡−−→ j:b

thenI satisfiesi:C(a) implies thatI satisfiesj:D(b) .
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Instantiation is extended in order to use global instance checking. Based on bridge
rules, information known about an individual in a particular context can be completed
using inferences made in other contexts.

3.9.3 Use cases benefitting from the extension

The use case presented in 2.10 makes use of extensiveC-OWL functionality, however
even simpler cases of information integration, such as that described in 2.7, could be
implemented using theC-OWL extensions.

The article [BGvH+04] mentions an application ofC-OWL, previously presented
in [SvHSG04], and concerning the mapping of three ontologies in the medical domain,
namely Galen [RN93], Tambis [BGB+99] and the semantic network of the UMLS [NP02].
Moreover, the present research work in the context of theKASIMIR project seems to be, at
the moment, the unique application ofC-OWL for the manipulation of viewpoints within
a problem solving process.
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Chapter 4

Conclusion

In this report, commonly-encountered limitations of the semantic web languages RDF
and OWL have been investigated through study of ontology applications as they are being
created and used in practice. A wide variety of issues have been identified, and it has been
shown that many of these problems can be overcome by providing extensions to ontol-
ogy languages. Proposed extensions run the range from theoretically minor modifications
(syntactic changes and graphical representations), through well-studied enhancements to
expressiveness (extended datatypes and qualified number restrictions), to major additions
which could significantly impact the languages’ underlying formal model in complex and
subtle ways (negation-as-failure and logic programming extensions). The data presented
here provide valuable data for evaluating the impact of extensions on real-world applica-
tions.

Some of the most common limitations have already been addressed in implemented
systems with language extensions where these extensions are well understood, and efforts
have already begun with a view to standardization of this “low-hanging fruit” in version
1.1 of OWL. More ambitious enhancements to OWL, and “extension” in the form of
higher-level semantic languages, interfaces, and usage patterns continue to proceed with
collaboration between researchers, implementers, and users.
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