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1. Overview

Following the success of XML, W3C envisions the Se-
mantic Web [1] as the next generation of web in which
data are given well-defined and machine-understandable se-
mantics so that they can be processed by intelligent soft-
ware agents. Semantic Web can be regarded as an emerging
area from the Knowledge Representation and the Web Com-
munities. The Software Engineering community can also
play an important role in the Semantic Web development.
Modeling and verification techniques can be useful at many
stages during the design, maintenance and deployment of
Semantic Web ontology. We believe Semantic Web will be
a new research and application domain for software model-
ing techniques and tools. For example, recent research re-
sults have shown that UML, Z [14] and Alloy [9] can pro-
vide modeling, reasoning and consistency checking services
for Semantic Web.

On the other hand, the diversity of various software spec-
ification techniques and the need for their effective combi-
nations require an extensible and integrated supporting en-
vironment. The success of the Semantic Web may have pro-
found impact on the web environment for software design
methods, especially for extending and integrating different
software modeling techniques and libraries.

This tutorial will include:

� A detailed introduction to Semantic Web languages
(DAML+OIL [13] and OWL [2]) and Semantic Web
tools (FaCT[8] and RACER[7]).

� An introduction to software modeling techniques Z,
Alloy and UML and a demonstration on how they can
facilitate modeling Web ontologies.

� A combined approach to check and reasoning Web on-
tologies and related properties using the combination
of RACER, Z/EVES [12] and the Alloy Analyser [10]
tools.

� An illustration on how DAML can be used to build
a Semantic Web environment for supporting, extend-
ing and integrating various software specification lan-
guages.

2. Semantic Web

The Semantic Web is a vision with a series of tech-
nologies proposed by W3C as the next generation
web. It extends the current one by giving the web con-
tent a well-defined meaning, better enabling computers
and people to work in cooperation [1]. Resource Descrip-
tion Framework (RDF) is a foundation for processing
metadata; it provides interoperability between applica-
tions that exchange machine-understandable information
on the Web. RDF Schema provides the basic vocabu-
lary to describe RDF documents. RDF Schema can be used
to define properties and types of the Web resources. Sim-
ilar to XML Schema which give specific constraints on
the structure of an XML document, RDF Schema pro-
vides information about the interpretation of the RDF state-
ments. The DAML+OIL [13] builds on top of XML and
RDF(S) to provide a language with a well-defined se-
mantics. It has a set of language constructs, i.e., class,
subclass and property with domains and ranges, for de-
scribing a Web domain. DAML can further express re-
strictions on membership in classes and restrictions on
domains and ranges of properties. The latest Web ontol-
ogy language OWL extends DAML+OIL with 3 different
levels of support: OWL Lite, DL and Full, with increas-
ing expressiveness. OWL Lite and DL are decidable
whereas OWL Full is generally not. OWL Full can be re-
garded as an extension of RDF, while OWL Lite and OWL
DL can be regarded as extensions of a restricted view of
RDF. All OWL (Lite, DL, Full) documents are RDF doc-
uments. OWL has become W3C recommendation in early
2004.

As autonomous software agents may perform their rea-
soning without human supervision, it is essential that the
shared ontology is consistent. Ontology-related reasoning
tools have been developed recently. For example, FaCT [8]
supports automated concept-level reasoning, namely class
subsumption and consistency reasoning. RACER [7], im-
plements a TBox (concept level) and ABox (instance level)
reasoner. RACER’s functionalities include creating, main-
taining, deleting ontologies, concepts, roles and individu-
als, querying, retrieving and evaluating the knowledge base,
etc.
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3. Software Modeling Techniques

The software specification languages, i.e., Z [14]1 and
Alloy [9]2 are suitable for specifying structural properties of
software. Z and Alloy are first order declarative languages
based on sets and relations. Semantic Web can be a new ap-
plication domain for Z/Alloy as classes (sets of individual
entities) and relationships between entities are the focused
points in Semantic Web which can be directly modelled in
Z and Alloy. UML’s various diagrams can also be used as a
design tool (class diagram) to develop Semantic Web ontol-
ogy [11].

4. A Combined Reasoning Approach

Ontology reasoners such as RACER and FaCT have
been developed to reason ontologies with a high degree
of automation. However, complex ontology-related proper-
ties may not be expressible within the current web ontol-
ogy languages, consequently they may not be checkable by
RACER and FaCT. We propose to use the software engi-
neering techniques and tools, i.e., Z/EVES [12] and Alloy
Analyzer(AA) [10], to complement the ontology tools for
checking Semantic Web documents [3, 6]. In this approach,
Z/EVES is first applied to remove trivial syntax and type er-
rors of the ontologies. Next, RACER is used to identify any
ontological inconsistencies, whose origins can be traced by
Alloy Analyzer. Finally Z/EVES is used again to express
complex ontology-related properties and reveal errors be-
yond the modeling capabilities of the current web ontology
languages. We have successfully applied this approach to
checking a set of military plan ontologies.

Alternatively, if Z is used to specify the system domain
and requirement models in the first place, then Web ontolo-
gies can be generated by developing a transformation pro-
gram from Z to Web ontologies [5].

5. Semantic Web Linking Environment

If Semantic Web is successful, then it may become a
major implementation and delivery platform for many soft-
ware systems (e.g. Semantic Web Services) in the near fu-
ture and it may also effect the way how software can be de-
signed. We will demonstrate how Web ontologies can be
used to build a Semantic Web environment [4] for support-
ing, extending and integrating various software specifica-
tion languages. Furthermore, the tutorial will illustrate how

1 Z is based on set theory and predicate calculus and has been developed
at Oxford University. The use of Z for specifying software systems has
resulted in a number of successful stories, including the 1992 Queen’s
Award for its use in the IBM CICS project and the recent Praxis’ suc-
cessful commercial project on smart cards development.

2 Alloy is a structural modelling language based on first-order logic, for
expressing complex structural constraints and behaviour.

RDF query techniques can facilitate specification compre-
hension.
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