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Abstract. Due to the heterogeneous structure of the public sector the
achievement of interoperability is a key challenge for comprehensive elec-
tronic Government. Service oriented architectures lay the foun dation for

exible application integration and process-orientation through Web se r-
vice composition. Semantically enriched Web services promise to increase
the level of automation and to reduce integration e�orts signi�cantly. In
this paper we present an approach for semi-automatically supporting
the design of data 
ows between semantically described Web services
which are making use of di�erent ontologies and data representations.
The approach includes a rule-based mechanism for user-transparent me-
diation between ontologies. In order to validate the approach we have
implemented a prototypical Cross-Ontology Semantic Web Service Com-
position Tool to be used in eGovernment scenarios spanning multipl e
application domains.

1 Introduction

Today XML-based standards such as WSDL, SOAP and BPEL are widely used
for describing, composing and invoking Web services. These technologies repre-
sent the foundation for establishing syntactical interoperability between di� erent
applications. The necessary steps for composing services are primarily done man-
ually. In a �rst step appropriate services have to be selected from hierarchical
repositories1 whereby the speci�c category for each service needs to be known
a priori. Having chosen appropriate services a user needs to understand their
implicit semantics in order to design the control 
ow and the data 
ow.

With respect to the multitude of services participating in a process the data

ow modeling, i.e. the parameter assignments between the activities, may be a
time-consuming task and it requires the user to have and extensive knowledge
about the underlying type representations.

In particular, when composing services from di�erent application domains
(e.g. citizen registration and vital records) comprehensive data type transforma-
tions have to be added manually due to the existing di�erent data representations
in di�erent domain standards.
1 UDDI, ebXML



The idea of bringing implicitly de�ned service semantics to an explicit level
by providing machine understandable Web service descriptions with formally
de�ned semantics promises to support the composition process. The long term
vision is to enable dynamic goal-oriented service composition and to use pow-
erful inference engines and matchmaking mechanisms in order to automate the
whole composition process including discovery, composition, execution and in-
teroperation of Web services. As it has been argued in [FST2006] on the road
towards this goal still many problems need to be solved whereby each further
step can increase the level of automation.

Electronic Government is an ideal testbed for Semantic Web research due
to the heterogeneity of information space with the challenge to achieve inter-
operability and process integration. At the same time the eGovernment domain
exhibits a high degree of formality in key areas imposed by laws thus encour-
aging the application of Semantic Web technologies based on formal modeling
and description logics. Semantic Web technologies represent the foundation for
achieving the vision of a knowledge-based, user centric, distributed and net-
worked eGovernment [Mg2006].

2 Integration of eGovernment Services

EGovernment is the use of information and communication technology to pro-
mote more e�cient and user-friendly public services. Due to the heterogeneous
and distributed nature of the eGovernment domain the integration of appli-
cation is a crucial issue. Providing public services often involves a multitude
of public agencies which are using highly-specialized applications. Service ori-
ented architectures in general and Web service technologies in particular are the
foundation for 
exible application integration and for implementing processes
spanning multiple organizational domains and applications.

Today, in order to ensure interoperability, eGovernment applications provide
standard Web service interfaces including well-de�ned message sets. In fact,
in various countries national interoperability frameworks impose XML schemes
and Web service interfaces for exchanging data between administrations. An
example for such a national e�ort is the Danish eGovernment initiative which
focuses not just on the de�nition but also on the reuse of base types and XML
domain data structures [BN2003]. A key achievement of the initiative is the
"InfoStructureBase" 2, a shared repository for the XML-based schemas. In Ger-
many due to its federal structure the approach is less centralized. Although
there are some initiatives like OSCI-X•OV3 there is just a limited central con-
trol. Furthermore interoperability is just ensured within domain boundaries,
e.g. through OSCI/XMeld (information exchange between registration o�ces)
or OSCI/XJustiz (XML Schema exchange standard for legal authorities), but
these standards do not assure cross-domain interoperability. Even more di�cult
than establishing XML standards for one country is to achieve interoperability
2 http://isb.oio.dk/info
3 http://www.osci.de



between di�erent countries. In cross-organizational and cross-border eGovern-
ment processes services of various public agencies from di�erent domains and
with di�erent areas of operations are involved. In such scenarios the lack of
semantic interoperability results in enormous integration e�orts.

The online order of a birth certi�cate, as illustrated in �gure 1, demonstrates
the integration problem in a cross-organizational scenario. The process includes
a service for handling the payment of the birth certi�cate fee, a resident reg-
istry service for checking the citizen input for consistence, a vital records o�ce
responsible for issuing the birth certi�cate, and a statistical o�ce to which t he
vital records o�ce reports its activities. Assuming the lack of a digital signature
infrastructure the output of the birth certi�cate order is still a paper-based birth
certi�cate.

In the given scenario the domain standard employed by the resident registry
uses a di�erent data representation for names and addresses than that used by
the vital records o�ce. While in the one domain an address might be a complex
type consisting of di�erent attributes for given name, surname, street, street
number, etc. and in the other domain standard the address concept might be
modeled as a complex type that contains just one single attribute for street and
street number all together.

Fig. 1. Internet order of a birth certi�cate.

It is a fact that most eGovernment data exchange standards are being de-
veloped independently from each other and that in di�erent eGovernment appli-
cation domains the requirements for information granularity di�er signi�ca ntly.
Therefore it is not feasible to address this problem by introducing a global on-



tology or a global schema. In order to serve best for intra-domain integration
domain standards need to evolve independently from each other.

In the following chapter we present a composition approach that provides a
mechanism to ease semantic interoperability for inter-domain integration while
at the same time preserving the independence of domain-speci�c standards. The
presented concepts are based on the research e�orts undertaken in the SATINE4

project. As part of this project an architecture and a toolkit for supporting semi-
dynamic service composition in a semantic-based interoperability infrastructure
have been developed [FT2004].

3 Cross-Ontology Semantic Web Service Composition

Usually Web service input and output parameters are described by means of
XML Schema types which are de�ned in domain-speci�c XML standards. But
with regard to the composition of services the use of XML Schema yields to
signi�cant obstacles. As it has been argued in [Kl2000], the static type bindings
do not allow for polymorphism; in particular XML Schema lacks inheritance re-
lations to be exploitable for matching. Therefore as the �rst step of our approach
the domain speci�c schemas are lifted to an ontology level. Instead of describ-
ing input and output parameters of Web services by means of XML Schema
types the parameters are being described by concepts which have been de�ned
in domain-speci�c ontologies. These ontologies are backed with formal logics
thus enabling applications to infer facts which have not been explicitly stated.

Combining domain-speci�c standards with upper ontologies for Web services,
such as OWL-S [OWLS], and WSMO [WSMO] Semantic Web services can be
wrapped around already existing Web services.

In order to handle the variety of data representations re
ecting di�erent
granularity requirements semantic interoperability can be achieved by using the
concept of semantic bridges [Ma2002]. Semantic bridges are used to describe
the relations between distinct concepts de�ned in di�erent ontologies which are
not shared but which intuitionally have an equal or similar meaning. Further-
more semantic bridges de�ne mappings, i.e. a translation between these concepts.
However, such transformations can not be expressed directly in common ontol-
ogy languages like OWL. Therefore we use a rule language for de�ning semantic
bridges. Such a declarative approach has two main advantages. The absence of
technical transformation code increases maintainability of the bridges. Further-
more the use of a rule language does not only allow for describing relationships
but (given a suitable inference engine) also for performing the transformations
between related concepts.

In the following, the approach is illustrated based on the example of two OWL
class de�nitions (Address and PostalAddress ) which, although representing the
same concept, have been de�ned independently in separate ontologies:

4 This work is supported by the European Commission through the IST-1-002104-
STP SATINE (Semantic-based Interoperability Infrastructure for Integrating Web
Service Platforms to Peer-to-Peer-Networks) project



<owl:Class rdf:ID="Address">
<owl:equivalentClass>

<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">

<owl:Restriction>
<owl:onProperty>

<owl:Property rdf:ID="hasStreet"/>
</owl:onProperty>

<owl:cardinality
...

<owl: Property rdf:ID="hasStreetNumber"/>
...

<owl: Property rdf:ID="hasName"/>
...

</owl:Class>
<owl:Class rdf:ID="Name">

...
<owl: Property rdf:ID="hasGivenName"/>

...
<owl: Property rdf:ID="hasSurname"/>

...
</owl:Class>
--------------------------------------------------- --
<owl:Class rdf:ID="PostalAddress">

...
<owl:Property rdf:ID="hasStreetAddress"/>

...
<owl:Property rdf:ID="hasRecipient"/>

...
</owl:Class>

The semantic bridge is illustrated in �gure 2. It uses rules for mediating
between these two representations of an address. Domain standard S1 (e.g. a
standard for citizen registration) de�nes the address attributes with a �ner gran-
ularity than S2 (e.g. a domain standard for building application) does. Applying
the semantic bridge rule shown in �gure 2 an instance of typeAddress is fur-
nished with additional properties e.g. with hasStreetAddress combining the
values of theAddress properties hasStreet and hasStreetNumber by means of
string concatenation. Likewise hasRecipient is constructed by concatenating
the properties hasSurnameand hasGivenNamefrom Name.

Having the class de�nitions on hand an OWL-DL reasoner is now able to
classify the instance as being a member of the de�ned classPostalAddress
since all required properties (including hasStreetAddress) are present. Thus, in
the scope of a process any service requiring aPostalAddress can now use this
instance as it is polymorph of type Address and PostalAddress . The concept
of de�ned classes in OWL follows the concept of facet classi�cation, i.e. a class



is de�ned in terms of its properties. Any individual featuring such a speci�c set
of properties is then classi�ed as an instance of the class.

Fig. 2. Semantic Bridging

Using rules for describing semantic bridges enables expressive mappings in-
cluding one-to-one, one-to-many, and many-to-many. A signi�cant bene�t of the
presented approach lies in its e�ciency: Semantic integration of speci�c stan-
dards has only to be done once on a domain level rather than repeatedly for any
service composition, i.e. on the application level. When applying the approach
in combination with existing ontology mapping tools [Bi2005,ES2004]to semi-



automatically de�ne the semantic bridge rules manual integration e�orts can be
reduced substantially.

The concept of cross-ontology Semantic Web service composition is illus-
trated in �gure 3. For each domain, experts de�ne a domain ontology besides
existing domain XML Schema standards. These domain ontologies are utilized
to describe the input and output parameters of Semantic Web services which
are wrapped around WSDL-based Web services with XML Schema described
parameters. In order to de�ne semantic bridges between di�erent domain on-
tologies the various experts need to share their knowledge (right hand side of
�gure 3).

Fig. 3. Cross-Ontology Semantic Web Service Composition

Having established the basis for semantic interoperability semi-automatic
tool support during the composition process is given in the following way (left
hand side of �gure 3): A matching engine performs the reasoning over semanti-
cally described relationships (such as inheritance or equality between concepts),
thus enabling the composition tool to make recommendations for suitable as-



signments between output and input parameters of di�erent services. In the
background the composition tool applies the semantic bridges. Consequently,
for a user di�erent data representations become transparent.

Many matching approaches, such as the one described in [Pa2002], require
concepts to be derived from the same ancestors or to be explicitly declared
as semantically equal in order to be matched. Applying the semantic bridges
helps to overcome this weakness by normalizing the di�erent representations of
Web service parameters. After the normalization process conventional matching
mechanisms can be utilized.

4 Implementation Issues

In order to validate the presented approach a composition tool has been de-
veloped. In our prototypical implementation we have focused on composition
support for the design of data 
ow in service sequences. The eGovernment Web
services are wrapped by Semantic Web services, i.e. OWL-S service descriptions
have been developed on top of the existing WSDL-based descriptions. Several
domain-speci�c XML standards have been modeled as ontologies which are used
to describe the concepts of input and output parameters. In conjunction with
the prede�ned semantic bridges these service descriptions represent the input for
our composition tool. The implementation includes apart from the composer, a
matching engine, a deployment engine, and an execution engine for the coor-
dination of the composite process. For processing the OWL-S descriptions and
for service invocation the Jena framework and the Mindswap OWL-S API were
used. The semantic bridges are modeled by Jena rules and are processed using
the Jena framework and the Pellet OWL-DL reasoner to implement the matching
during design time and mediation at execution time. The data
ow as designed
by the user is also described by means of Jena rules. In both cases rules can be
implemented as forward chaining rules where triples in the rule head are inferred
if the body matches directly. Thus no backtracking is needed and complexity is
limited to checking all bodies iteratively until no more rules are �red. Within the
rules built-in procedural primitives are used in order to transform di�erent data
representations. These built-ins may be extended easily thus allowing for expres-
sive transformations including the creation of new individuals. As future work
we are planning to integrate Semantic Web services into the rules (by means of
built-in primitives), hence allowing for transformations which can only be made
by using external information, e.g. transforming a zip code to a postal district.
The output of the composition tool are a proprietary XML-based process exe-
cution plan, rule-based data
ow descriptions, and an OWL-S description of the
composite service. The OWL-S description is grounded by means of a generic
WSDL Web service which acts as an interface to the execution engine.

Figure 4 shows a screenshot of the prototypical composition tool captured
during the matching process. The semantic bridge which is applied to enable
the matching corresponds to the example presented in 2. As it can be seen in
the screenshot, thehasAddress property of the SWS1 output is classi�ed as



being an instance of both classes,PostalAddress and Address. Thus, despite
the heterogeneity of the underlying data models it is identi�ed as a potential
input for SWS2.

Fig. 4. Semantic Web Service Composer

5 Conclusion and future work

We have presented an approach for supporting the process-oriented integration
of heterogeneous eGovernment Web services. During process modeling any trans-
formations between di�erent data representations is done transparently for the
user. This is being achieved by semantically bridging independently developed
domain standards by means of logical rules which describe the relation and the
transformation of concepts from di�erent ontologies.

We think that the presented concepts have several bene�ts. Firstly, the se-
mantic integration is shifted from the application level to the domain level, thus
it has to be done just once rather than for each single service composition. Fur-
thermore the absence of technical transformation code eases the maintainability
of the semantic bridges.



By using a rule language for representing the semantic bridges not only the
concept relationships can be described but also inference engines can use the
rules in order to perform the necessary concept transformations at composition
design time and at composition execution time.

The concept of semantic bridges has been used in several approaches for Se-
mantic Web service integration5. These approaches implement semantic bridges
as separate transformation components (e.g. as external services). Hence the
semantic bridge information can not be directly integrated into the inference
process. In our approach an inference engine while reasoning over input output
parameters directly makes use of the rules that constitute a semantic bridge.

So far, in order to achieve a proof of concept we have just focused on sequences
of services. To describe more complex processes additional control 
ow structures
need to be supported. In order to be able to use robust and mature execution
engines a mapping from our proprietary process execution plan to the widely-
used Business Process Execution Language (BPEL) is planned as future work.

The main challenge in this respect is to �nd a suitable mapping between
di�erent abstraction levels: While at design time ontologies and rules are used
for data representation and mediation BPEL execution engines make use of XML
Schema types and XSLT transformations.

5 mediator services in WSMO [WSMO], translator services in Mindswap composer
[EB2004]
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