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1 Introduction
One of the main challenges for the IT industry today is

the integration of applications. Traditionally, integration
needs mainly occurred within one enterprise between dif-

ferent systems such as human resources and accounting.
Nowadays integration crosses the boundaries of different
enterprises. Typically integration is achieved using costly
customized solutions for every pair of applications and every
pair of businesses. This requires an enterprise to invest in
custom infrastructure for each new business partner, not to
mention the effort required on a human level to agree upon
data formats and interaction protocols. For these reasons,
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The integration of applications is one of the main challenges when building IT solutions. Integration is often achieved
using costly customized solutions for every pair of applications. Web service technologies are a set of standards that allow
software interfaces to be defined using XML (eXtensible Markup Language) as the message format and the Internet
infrastructure for message transport. While lowering costs, Web service technologies by themselves do not ensure that two
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usage of services required to perform a given business activity. Semantic Web Services enable the formal specification of
services, allowing their automated, goal-driven location and usage. The Web Service Modelling Ontology (WSMO)
provides a framework for the description of Semantic Web services which enables seamless integration through formal
descriptions, maximal decoupling of components, and strong mediation support.
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instance EAN memberOf ProductCode 
instance UPC memberOf ProductCode 
concept barCodeScanner 
canProcess ofType ProductCode 
axiom definedBy 
?scanner[canProcess hasValue EAN] implies 
?scanner[canProcess hasValue UPC]. 

the degree of re-usability of current integration solutions is
remarkably low [3].

Web service technologies [2] are a set of standards that
allow software interfaces to be defined using XML
(eXtensible Markup Language) as the message format and
the internet infrastructure for message transport. Many ven-
dors have adopted Web services, so a variety of tools for
various platforms is available. Web Services have the po-
tential of reducing the cost of integrating applications be-
cause no custom communication lines need to be built, no
proprietary messaging protocols need to be implemented,
and no proprietary descriptions of how to communicate with
applications and business partners need to be implemented
and interpreted. However, Web services technologies by
themselves do not ensure that two businesses use the same
data structures or business protocols and they do not pro-
vide the means to resolve such conflicts.

While Web service technologies focus on the technical
description of interface, the Service-oriented Architecture
(SOA) paradigm provides guidelines on how to design sys-
tems, so that the integration of new components and the
rearrangement of existing components can be simplified.
Essentially, the SOA paradigm prescribes a loose coupling
between components. The selection of a particular service
should not be limited to the design time of a system, but the
architecture enables services to be selected at runtime.
Thereby services can be distributed with an explicit net-
work component (e.g. Internet infrastructure). Web service
technologies can be used to implement an SOA. However,
Web service descriptions in WSDL are of limited
expressivity. The consumer of a service has to rely on a
human-language description of the Web service to decide
whether the Web service offers the desired functionality.
Furthermore, there is no way to cooperate if both business
partners have different interaction styles or use different
terms for the description of the (desired and offered) data
formats and functionality. Therefore, the human program-
mer needs to be kept in the loop for the manual selection of
Web services, and custom software needs to be implemented
to interact with the selected Web services.

2 Limitations of Current Technologies
In a software-oriented architecture a number of central

tasks have been identified. These include the discovery of
new services, the negotiation of specific business terms with
a given service, as well as the composition and invocation

of atomic services to achieve a more complex functionality.
This list of tasks is not exhaustive; in fact there are many
more tasks. However, we will use these to illustrate the limi-
tations of current technologies and later to show how WSMO
(Web Service Modelling Ontology) can be used to overcome
some of these limitations.

Currently the discovery of new services can be done
using keyword based retrieval or using predefined
taxonomies. While the former lacks the necessary preci-
sion for automating the process, the latter is inflexible since
the taxonomy is maintained centrally and each change or
addition requires a lengthy standardization process. Alter-
natively customers can try to find providers based on a given
interface definition, however, the fact is providers do not
use standardized interfaces, but have variations in the inter-
faces even if they offer similar functionality. Generally
speaking, we can observe three major types of differences
which hamper integration [5]:

1. Differences in Vocabularies i.e. different data for-
mats for a similar data entity such as an address.

2. Differences in Protocols which are different styles
of interaction, e.g. a synchronous reply to a purchase order
(like for a typical online shop) versus the multiple asyn-
chronous replies that occur in a RosettaNet1  Purchase Or-
der.

3. Different businesses may have differences in busi-
ness processes running inside their organization, e.g. one
business sells articles at fixed prices, whereas the other op-
erates its business according to an auction model where
multiple orders are gathered and only the most profitable
are chosen.

A higher degree of automation in the location and use
of Web services can be achieved by adding explicit seman-
tics to Web service descriptions. Such semantically enriched
descriptions are usually referred to as Semantic Web serv-
ices [7], and they are expected to enable businesses to dy-
namically locate partners which provide particular services,
and to facilitate (semi-)automated cooperation with them.
Semantic descriptions add machine-processable semantics
to data. The computer can "understand" the information and
therefore process it on behalf of the human user. The Web
Service Modelling Ontology provides a conceptual model
how to formalize the semantics of Web services.

3 Web Service Modelling Ontology
The Web Service Modelling Ontology (WSMO) [6] de-

scribes all relevant aspects related to services that are ac-
cessible through a Web service interface. Its ultimate goal
is to enable the (total or partial) automation of the tasks
(e.g. discovery, selection, composition, mediation, execu-
tion, and monitoring) involved in both intra- and inter-en-
terprise integration of Web services. WSMO has its con-
ceptual basis in the Web Service Modelling Framework
(WSMF) [5]; it refines its concepts and formalizes them as

Figure 1: An Ontology Example to Illustrate how They Can
Aid Integration. 1 http://www.rosettanet.org/



36 UPGRADE Vol. VII, No. 5, October 2006 © Novática

Web Services

ontology. For this purpose, WSMO defines four basic mod-
elling elements, namely:

Ontologies [4] provide formal and explicit specifica-
tions of the vocabularies used by the other modelling ele-
ments. Ontologies form the backbone of the Semantic Web;
they allow machine understanding of information through
the links between the information resources and the terms
in the ontologies. Furthermore, ontologies facilitate
interoperation between information resources through links
to the same ontology or links between ontologies. A key
feature of ontologies is that, through formal, real-world se-
mantics and consensual terminologies, they interweave hu-
man and machine understanding of symbols. These sym-
bols, also called terms and relations, can be interpreted by
both humans and machines. The meaning for a human is
represented by the term itself, which is usually a word in
natural language, and by the semantic relationships between
terms. In Figure 1 we give a brief example that illustrates
how ontologies can aid integration.

In that example we formalize aspects of commonly used
product codes, i.e. the EAN (European Product Number) and
the UPC (Universal Product Code). First we establish that both
are product codes, secondly we declare the concept of a bar
code scanner and one of its properties (i.e. that it can read a
certain product code). In fact it turns out that every scanner
that can process EAN product codes can also process UPC bar
codes. This knowledge has been formalized in the axiom at
the bottom of the example. Once declared, this knowledge can
be used, e.g. to determine during a purchase order process that,
although one expects an article with EAN code, one with UPC
can be accepted as well.

Web service descriptions document and formalize serv-
ices provided by businesses. As illustrated in Figure 2, differ-
ent elements describe various aspects. The value that the serv-
ice can provide is captured by its capability. Within the capa-
bility one can declare for example that a particular service sells
computer parts of certain brands. Non-functional properties
can be used to describe aspects such as average response time
or the encryption protocol used for the transaction. WSMO
provides an extensible list of such properties that are based on
common meta data standards such as Dublin Core [8].

The choreography describes how to interact with a serv-
ice provider to request the actual performance of a service,
or to negotiate aspects of its provision. A choreography de-
fines the sequence in which different activities have to be
performed; for example that for a purchase order first an
order has to be created, then a number of line items can be
added, and only after closing the order a confirmation about
the availability will be returned.

The implementation that provides the service is trans-
parent to us and not of interest for the description. We are
concerned mainly with its style of interaction and only un-
der certain circumstances with the services that are used to
provide the value described in the capability; i.e. the way a
service makes use of other services can be specified in the
orchestration.

Goals describe the objectives when searching a Web
service. They describe aspects related to the users desires
with respect to the requested functionality. Goals are struc-
tured similarly to Web services and like all other elements
of WSMO they use terms from ontologies in order to de-
fine all relevant aspects. Note that WSMO completely
decouples the objectives that a requester has; i.e. his/her
goal, from the services that can actually fulfil such a goal.

Mediators have a central role in WSMO, they enable
differences in vocabularies, protocols and processes which
may arise during the dynamic cooperation between serv-
ices to be bridged. Mediators (cf. connectors in software
architecture [1]) resolve such differences and enable seam-
less integration, overcoming heterogeneity in vocabularies,
protocols, and processes. For each type of mediation,
WSMO introduces different mediators, e.g. OO-Mediators
(OO stands for ontology to ontology) resolves mismatches
between vocabularies, and WW-Mediators focus on the
mediation between different protocols.

4 Usage of WSMO
Earlier we outlined the upcoming paradigm of service-

oriented architecture. The loose coupling between compo-
nents enables the dynamic configuration of more complex
functionality built from basic services. However with cur-
rent Web service technologies the tasks involved mainly

Figure 2: Structure of A WSMO Web Service Definition
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have to be performed manually. The different components
of WSMO can help to increase the level of automation
through their formal character and the use of ontologies that
interweave human understanding and machine processing.

Discovery: Before a service can be used in a distributed
application, it must first be located. A service capabilities
expresses the value a service provides. Unlike central
taxonomies, the vocabulary to describe capabilities is for-
malized via decentralized ontologies. Interconnections in
the form of logical axioms enable a given terminology to
be extended and refined.

Negotiation: Whenever a suitable provider has been de-
termined to serve a certain goal, it is necessary to negotiate
a specific service. This includes the establishment of trust
policies, the determination of payment method, etc. For the
purpose of automating this task, it is important that a WSMO
description not only specifies the functionality of a service
(capability), but also includes non-functional aspects such
as the price of a service.

Composition: In cases where a particular goal cannot
be achieved by means of a single Web service, semantic
descriptions can help to determine a promising combina-
tion of multiple Web services to achieve the requested func-
tionality. A clever selection of services and lightweight plan-
ning or scheduling can ease the pain of manual integration.
Composition requires not only the semantic annotation of
the overall capabilities of a service, but also a behavioural
description of how to interact with the Web service (chore-
ography) in order to achieve a certain functionality. A com-
position that has been generated can be described using
WSMO orchestration.

Invocation: After (a combination of) services have been
selected, the final step is to invoke them. To this end, possi-
ble input and output values need to be extracted from the
semantic goal description and adapted to the message for-
mats and communication protocols that are expressed in the
WSMO choreography.

We have outlined how the different components in
WSMO can be used generally within the integration proc-
ess. Let us now take a closer look into the different levels of
abstraction in the descriptions that are required in the dif-
ferent steps. We go on to provide a proper conceptual
grounding by acknowledging the difference between serv-
ice discovery (finding a suitable provider in general) and
Web service discovery (determining a specific service in-
stance and the precise parameter of an interaction). It is
important to understand that these two processes happen
on different levels; while the former can be performed on
static descriptions, the latter requires interaction with the
service provider and is therefore much more complex.

Usually, a service provider does not provide just one
specific service but rather a set of coherent and logically
related services. For instance, an airline does not only pro-
vide the possibility to book a particular flight on a particu-
lar date, but instead it will offer (and advertise) the general
service of booking flights. In order to deliver a specific serv-
ice instance, a service provider usually needs certain infor-

mation from the requester. An airline might require the name
of the person booking, the flight number, booking class,
and a valid credit card number as input information in order
to create a booking. This input data will determine which
specific service will be provided. While the general service
(booking flights) can be statically advertised in a WSMO
capability (used for discovery), the WSMO choreography
describes how to interact with the service, e.g. for the pur-
pose of negotiating a concrete flight data. Negotiation also
typically requires mediation, since the data structures and
protocols of the client have to be mapped to those of the
provider in order to interact with a provider to access, ex-
plore and consume specific services.

5 Conclusions
Current technologies require a costly and custom hard-

ware and software infrastructure for each pair of cooperat-
ing business partners. The lack of formal descriptions of
services offered by organizations hampers automation in
the location and usage of services required to perform a
given business activity. Web service technologies and the
service-oriented architecture paradigm provide a uniform
infrastructure for the provision of services leveraging Web
technologies, but they offer only syntactical descriptions
that are hardly amenable to automation. Semantic Web Serv-
ices enable the formal specification of services, allowing
their automated, goal-driven, location and usage. WSMO
provides a framework for the description of Semantic Web
services which enables seamless integration through for-
mal descriptions, maximal decoupling of components, and
strong mediation support.
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