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Abstract

Recently the field of Web services has gained fo-
cus both in industry and academia. While in-
dustry has been mostly interested in standardis-
ation and promotion of the technology, academia
has been looking for ways to fit the technology
into other frameworks, such as the Semantic Web.
Anyway, despite of the increased academic and
commercial interest to Web services, there are
currently only few case studies available about
Web services in the Semantic Web context. More-
over, according to authors’ knowledge, there is
no publicly available study analysing which data
is currently mostly provided/required by Web ser-
vices.

In this paper we target these shortcomings by
providing a case study of semantically annotated
commercial and governmental Web services. We
analyse interaction and potential synergy be-
tween commercial and governmental Web ser-
vices. Also the role ontologies for semantic in-
tegration of Web services is analysed. Moreover,
we identify the most common data exploited by
current Web services.

1 Introduction

Recently the field of Web services has gained focus both
in industry and academia. While industry has been mostly
interested in standardisation and promotion of the technol-
ogy, academia has been looking for ways to fit the tech-
nology into other frameworks, such as the Semantic Web.
Introduction of the Semantic Web provides enormous op-
portunities for utilising Web services in knowledge-based
systems.

Web services’ research in the Semantic Web context
varies from automated annotation [4, 5, 3, 12, 10] and on-
tologies [1] to automated Web service composition [8, 7,
14, 15, 16]. While automated annotation intends to provide
methods to extract semantics from existing Web services,
research related to ontologies and Web services has focused
to the modelling of Web services. The latter has led to such
initiatives as WSMO, SWSO, OWL-S and WSDL-S.

Moreover, a lot of research is devoted to the integra-
tion of Web services into agent and P2P systems. Naturally
many articles consider semantics in P2P and agent systems.
Thus there is a lot of activity around Semantic Web services
and loosely-coupled systems.

Anyway, despite of the increased academic and commer-
cial interest to Web services, there are currently only few
case studies available about Web services in the Semantic
Web context. Moreover, according to authors’ knowledge,
there is no publicly available study analysing which data
is currently mostly provided/required by Web services and
which Web service domains are available.

In this paper we target these shortcomings by provid-
ing a case study of semantically annotated Web services.
Both commercial and governmental Web services are con-
sidered. We analyse interaction and potential synergy be-
tween commercial and governmental Web services. Also
the role of ontologies for semantic integration of Web ser-
vices is analysed. Moreover, we identify the most common
data exploited by current Web services.

Our case study is based on analysis of 493 commercial
and 96 governmental Web service operations. First, we an-
notated these operations semantically. Then simple ontolo-
gies were built to extend usage of these operations within
the Semantic Web and to support automated Web service
composition. It turned out that while ontologies enhance the
usage of the commercial Web services, they have no signif-
icant impact on the governmental Web services. However,
ontologies facilitate automation of semantic integration of
commercial Web services with governmental ones.

The rest of the paper is organised as follows. In Section
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2 we explain which Web services we selected for analysis.
Section 3 analyses the constructed Web services roadmap.
Section 4 describes the challenges, which occurred during
this research. Finally, Section 5 reviews related work while
Section 6 presents conclusions and elaborates future work.

2 Annotating Web services

The roots of the work presented in this paper are strongly
related to our previous and current work on automated Web
service composition [11, 6]. After developing a system for
automated Web service composition, we wanted to evaluate
its performance and applicability in a “real-world” config-
uration. While performing the evaluation we became inter-
ested in the current Web services roadmap. More specifi-
cally, we wanted to identify which kind of Web services are
available and which are the most common inputs and out-
puts of current Web services. A special focus was set to
analysis of potential interactions between commercial and
governmental Web services.

In order to analyse available Web services, we first an-
notated Web service operations under consideration. By
annotating we mean a process of giving logical names to
inputs and outputs of Web service operations. These log-
ical names refer to particular concepts in an ontology and
represent the semantics of data, which is exploited by Web
services. In this paper, when counting the number of re-
lations in developed ontologies, we state explicitly only the
number of relations, which represent subclass/superclass re-
lations. Relations, which represent links between Web ser-
vice operations and data, are not counted.

Although there are some tools available, which allow
semi-automatic annotation of Web services, our annotations
were constructed manually. The reason is that the current
annotation tools are not mature enough for general usage.
Additionally we had to develop new ontologies for describ-
ing data structures and relations between their fields. This
task also needs proper tools, which were not available at the
moment we started this thread of research.

Commercial Web services’ WSDL documents were re-
trieved through the list at SalCentral.com in March 2005.
From the list of available Web services we annotated most
of the available operations, whose semantics was clear. Al-
together we annotated 493 commercial Web service oper-
ations. Additionally we developed an ontology for com-
mercial Web services, which consists of 189 relations. The
overall commercial Web services domain contains 578 con-
cepts.

For governmental Web services we chose the services
from X-Road [9] project, which was initiated by Estonian
government. X-Road is a middle-tier data exchange layer
enabling government databases to communicate with their
clients. The system allows officials, as well as legal and nat-

Table 1. Annotation overview.
Domain Operations Concepts Ontology size
X-Road 96 595 128
Commercial 493 578 189
Merged 589 1149 317

ural persons, to search data from national databases over the
Internet within the limits of their authority. The system en-
sures sufficient security for the treatment of inquiries made
to databases and responses received.

X-Road project was initiated in 2001 and by March 2005
X-Road had already 41 databases providing services plus
354 institutions and companies using the services. The
overall number of available Web service operations was
687. We annotated 96 of them. The domain and the de-
veloped ontology consists of 595 concepts and 128 rela-
tions. The reason of having a larger ontology for commer-
cial Web services (compared to governmental services) is
potentially due to the larger heterogeneity of data in this
domain. While governmental Web services are centered
around queries about citizens and companies, commercial
Web services provide a wider set of Web services.

After merging X-Road and commercial Web service do-
mains, the merged domain consisted of 1149 concepts and
589 operations. 24 concepts were shared between the do-
mains. These concepts represent potential interactions be-
tween commercial and governmental services. Table 1 sum-
marises the number of annotated Web service operations,
concepts and relations in developed ontologies.

After annotating Web services and building ontologies,
we constructed graphs to visualise Web services roadmaps
for commercial and X-Road Web services. Due to the lack
of space we present here only the roadmap of commercial
Web services with ontologies. The roadmap is depicted
in Figure 1. Nodes in the graph represent concepts and
edges represent potential data flows implemented by Web
services. The size of a node shows proportionally its im-
portance in the domain—larger nodes are used by a larger
number of Web service operations. Surprisingly the topol-
ogy of the roadmap has a similar structure as the Web it-
self [2]. There are tubes, tendrils, disconnected components
and strongly connected components.

3 Analysis of the Web services roadmap

In this section we analyse the commercial Web services
domain presented in Figure 1 and X-Road Web service op-
erations domain as well as potential interactions between
them.
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Figure 1. Roadmap of commercial Web services (extended with ontologies).
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The usage of ontologies allows us to reduce the num-
ber of isolated Web services in a domain. While ontolo-
gies had no effect on X-Road domain itself, they allowed to
bind commercial Web service operations to X-Road opera-
tions. Moreover, the usage of ontologies allowed to reduce
the number of isolated commercial Web service operations
from 46 to 22. The ontologies had no effect to X-Road op-
erations because governmental Web services are more ho-
mogeneous compared to commercial ones.
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Generally governmental and commercial Web services
provide different services. Overlapping areas are related to
queries about companies/businesses and contact informa-
tion for persons and businesses. However, governmental
Web services in that area facilitate access to more sensitive
information and have therefore limited access.

3.2.1 Available commercial Web services

Most common commercial Web services are currently re-
lated to yellow pages services—locating and finding infor-
mation about businesses, persons and Internet hosts. Also
services for measuring distance between physical locations
are included in this category. The second category of ser-
vices deals with communication—instant messaging, send-
ing e-mails, faxes and SMS-es. Third category of services is
devoted to financial sector—fetching stock exchange infor-
mation, market news and performing currency conversions
are the key services here.

Naturally, there are services for general Internet search
and text translation. Related to this group are services deal-
ing with data conversion, such as mapping documents from
one format to another. Some services have been imple-
mented for getting weather forecasts, airport and travelling
information. There are also some services for arithmetics,
statistics and encryption. Services for direct e-commerce
and e-business are still in minority—there are few service
for product search, processing credit cards and package
tracking. Finally a couple of services have been published
for generating graphs, charts and bar codes.

3.2.2 Available governmental Web services

From the overall set of Web services in X-Road we enlist
here only Web services, which might be accessible for pub-
lic usage. They include Web services for checking valid-
ity of particular documents, such as driving licenses, pass-
ports, diplomas and certificates, which have been assigned

by participating institutions. Services for contacting partic-
ular persons, companies and other organisations are also im-
portant. Finally, there are Web services for checking owner-
ship of real estate properties and vehicles. By making these
services public, citizens would become able to check in-
formation related to buying/selling real estate and vehicles
without intermediaries.

Governmental Web services are characterised by high re-
dundancy. There are many Web services exploiting similar
data, both in inputs and outputs. However, a slight variation
in inputs and outputs mainly arises from regulations identi-
fying which data should be accessible to specific parties.
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Given the restrictions associated with accessing govern-
mental Web services, these Web services could be viewed
mostly as core services, while commercial Web services
could serve as value-added services. In other words, due to
the heterogeneity of the commercial Web services domain,
these Web services could be applied for customising gov-
ernmental Web services. Governmental Web services could
also be used for accessing particular persons or companies
while commercial Web services could provide generic sta-
tistical functions for facilitating this process.

Most of the currently available Web services could be
used for customising governmental Web services. For ex-
ample, instant messaging could be exploited as an alter-
native medium for accessing citizens and officials. Inter-
net search and translation can be applied for fetching more
information about companies and persons and facilitating
thereby more adequate decision making.

There is still a lot of space for additional Web services.
X-Road, for instance, could provide Web services for fetch-
ing statistics, which is essential for businesses and decision-
making. There is a strong need for commercial Web ser-
vices, which would take generic person or company data,
such as name and birth/foundation date, and return some
useful information about them.

There could also exist governmental Web services for de-
livering information, such as warnings to the citizens trav-
elling in a particular region. This information can be also
delivered to travellers by travel agents themselves. Thus
there are a lot potential for new Web services combining
governmental and commercial Web services.
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In this section we analyse, which kind of data is most
commonly exploited in the currently available Web ser-
vices. We consider X-Road and commercial Web service
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domains and the domain resulting from merging these two
domains.

3.4.1 X-Road domain

From 595 concepts in X-Road domain, 25 concepts were
involved in 10 or more operations. The most important con-
cepts were national identification code, first name and last
name. Other concepts include different dates (birth date,
event occurrance date, etc.), business registry code, address,
e-mail address, street name, postal code, country name and
code, company name and various messages.

3.4.2 Commercial Web services domain

From 578 concepts in commercial services domain, 40 con-
cepts were involved in 10 or more operations. The most im-
portant ones were user name and password followed by ZIP
code, date, license key, city name, postal code and e-mail
address. User name, password and license key are currently
most important mechanisms for controlling access to com-
mercial Web services. While governmental Web services
handle authentication at system level, commercial Web ser-
vices limit access by expecting users to provide user names,
passwords, license keys, access/account codes, etc.

Additional important concepts were country name, cur-
rency, stock symbol, message content (for instance mes-
saging, SMS and e-mails), search string, name, IP address,
URL and words to be translated. Other concepts include
weather, (US) state name, interest rate type, location, coun-
try codes, date, distance, postal address and delivery track-
ing numbers.

3.4.3 Merged domains

From 1149 concepts in the merged services domain, 64 con-
cepts were involved in 10 or more operations. Most impor-
tant of them were user name, password, national identifi-
cation code, first name, last name, ZIP code, date, e-mail
address, postal code, license key, city name, country name
and message content.

24 of 1149 concepts were overlapping between X-Road
and commercial services with ontologies. These concepts
represent the data, which can be currently directly passed
between commercial and governmental Web services. Fur-
thermore, these concepts represent the current interactions
between these two domains.

The overlapping concepts are birth date, city name, com-
pany name, country code/name, county, currency, date, day,
e-mail address, fax number, first name, last name, gender,
IP address, message content, mobile phone number, month,
name, phone number, postal code, street name, year and a
general string. In general, these concepts are mostly related
to everyday communication.

4 Challenges

While annotating Web services and building ontologies
we encountered a number of challenges, which either lim-
ited our efforts or made in some cases annotation even im-
possible. A very important factor is the usage of a wide
variety of languages in WSDL files. Although most of the
WSDL files were documented in English and the same lan-
guage was used for naming inputs and outputs, many ser-
vices contain data in other languages as well. This makes
the extraction of semantics from WSDL files difficult.

Moreover, there is often too little or even misleading in-
formation available about Web services and data fields. For
instance data field name country could be a country name in
a particular language or any available country code. There
is a general bias not to document data fields in commer-
cial Web services. While X-Road services had mostly data
fields commented, only one percent of all available com-
mercial Web services had comments for data fields. Any-
way, the situation for service and operation documentation
in commercial Web services was much better. In particu-
lar, 127 of 404 available Web services and 2443 of 3764
operations were documented.

Data with the same meaning is encapsulated in differ-
ent data types. For instance, an address may be represented
with a string or a data type containing fields for each el-
ement of an address. Furthermore, sometimes an address
contains a country name while in other cases it represents
only a street name and house/appartment number.

In summary, the main challenges are as follows:

N different languages

N lack of documentation in WSDL documents

N different data structures with the same meaning

N dynamically changing WSDL documents

N availability of WSDL documents

Therefore, in order to facilitate annotation and further us-
age of annotated Web services, developers should document
WSDL documents in a more detailed manner. Additionally,
it would be desirable to have annotations in multiple lan-
guages within the same WSDL document, or at least a tag
indicating which language is used for documentation and
naming data fields. There could also exist a sort of version-
ing system for WSDL documents such that existing annota-
tions could be modified on-the-fly.

5 Related work

Sabou et al [13] present a case study of using DAML-
S ontology for annotating semantically Web services. They
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identify difficulties of writing DAML-S services. Since pro-
grammers are assumed to have knowledge about WSDL,
SOAP and DAML, the language is too comprehensive and
knowledge-demanding for human users.

Automated Web service annotation has been considered
by Heß et al [4, 5], Burstein [3], Sabou [12] and Patil et
al [10]. Semantically annotated Web services have been
exploited by several researchers in automated Web service
composition [8, 7, 14, 15, 16]. Research on Semantic Web
services representation has led to initiatives like WSMO,
SWSO, OWL-S and WSDL-S.

6 Conclusions and future work

In this paper we extracted and analysed most impor-
tant semantic data objects in the currently available Web
services. We also provided an overview of the currently
available Web services. Both commercial and governmental
Web services were analysed. Representative set of govern-
mental Web services was selected from X-Road [9] project.

We also analysed potential interactions between govern-
mental and commercial Web services. Based on the anal-
ysis we proposed some new Web services, which could be
beneficial for businesses and governmental institutions.

Although the analysed Web services operations and con-
cepts are quite representative, we reviewed only a limited
number of Web services compared to what is currently
available on the Web. More thorough analysis needs ad-
vanced automated methods for Web services’ annotation
and analysis. Therefore our future research focus is biased
towards providing such automated methods and tools.
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