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Abstract. The evolving technologies of Semantic Web and Web services are 
providing new means for application integration frameworks. The need for se-
mantically enriched information exchange over the flexible environment of the 
internet provides a valuable enhancement to traditional methods and technolo-
gies for Enterprise Application Integration. However the utilization of the Se-
mantic Web and Service Oriented Architecture (SOA) is not as straightforward 
as it appears and has specific limitations and inefficiencies due to the fact that 
is was not originally designed for that purpose. This paper presents a methodol-
ogy that aims at the exploitation of these two technologies and the definition of 
an ontologies based enterprise application integration framework (ONAR).  

 
 
 
 

1   Introduction 

The application integration between heterogeneous applications such as ERP systems 
between companies as well as B2B environments in general is a challenge that has 
been confronted with a plethora of technologies and methodologies. In our research 
[1] we have seen that the key aspect in from simple integration to more complex cases 
[2] is the semantics. When we refer to the semantics we signify the meta-information 
that describes the exchanged information.  



Service oriented application integration (SOAI) as it is presented in [3] exploits the 
capabilities for the functional description of web services that are used for the actual 
integration. This paper presents our work on the creation of an integration framework 
based on SOAI that utilizes Semantic Web Technologies [4] in order to enrich the 
semantics of the exchanged information.  

The Ontologies Based Enterprise Application Integration (ONAR) Framework [5] 
utilizes web ontologies to create semantic conceptualizations of the business concepts 
that exist inside an application. This conceptualization is used for the creation and the 
registration of the Web services in a UDDI based registry.   

 
Fig. 1. Ontologies Based Enterprise Application Integration (ONAR) Framework.  

2   Conceptualizing Information System using OWL Ontologies 

Ontologies are used for the formal definition of concepts in a given domain. However 
the utilization of ontologies for software component definition is not as simple as the 
definition of concepts alone. Research on this domain as presented in [6] and [7] 
shows that the utilization of the ontologies requires some modification in the princi-
pals of the frame-based ontologies languages. The state of the art ontologies lan-
guages are presented evaluated in [8] and [9], but even a purely frame-based logic is 
still insufficient as there are important differences principally with respect to object-
oriented modeling. Of course ontologies were not designed for software engineering, 
and thus their utilization for this purpose requires creating a semantic layer that will 
describe and define the technical infrastructure of an application.  

Our work has focused on creating associations between the conceptional models 
and the application logic. To facilitate this we have developed a graphical tool (fig. 1) 
that enables the creation of the conceptual models using ontologies and associating 
these models to the actual system resources.         

 



 
 

Fig. 2. Ontologies based Information System conceptualization using ONAR Concepts and 
Services Designer  

2.1 Definition of Logical Entities  

Following the OWL [10] frame based logic, the concepts that represents a logical 
entity inside the application are defined by an OWL class. The entities inside the 
ONAR conceptualization methodology inherit all the features of the OWL classes. 
However their semantics changes in order to be adapted to the semantic description of 
a system resource.  

Inheritance is permitted allowing some class features to be inherited from one class 
to another. The relation between the parent class and child classes follows the same-
rules that both object oriented engineering and frame-based logic supports, however 
multiple inheritance is not permitted. This constraint is due to the fact that in complex 
information system polymorphism of some concepts will unduly increase the com-
plexity of conceptualization.  

In our approach, the conceptualization of the system is not application centric but 
integration centric. This means that the creation of a conceptualization is developed 
and the need of the integration and not regarding the structure of the system. This 
increases the reusability of the concepts definition that can be reused in different 
cases. 

Entities are allowed to have properties that correspond to OWL datatype proper-
ties. A property can belong to more than one entities and is contrary to the usual prin-
ciples of object oriented modeling. This principle derives from the frame based logic 
of OWL ontologies and extends the object oriented engineering where a property 
belongs to only one class. 

Finally both entities and properties are enriched with notional properties like lexi-
cal descriptions, the ability to define the inverse of a concept and the ability that a 
property can potentially be derived from another property. These enrichments are 
used to increase the inference for the semantics of the concepts and their properties 
inside a model following the OWL principles.         



2.2 Defining Relations between Entities 

Apart from the definition of entities and their properties, our work has focused on 
creating semantics in the relations between concepts. The existing semantics of rela-
tions that are expressed in object oriented class diagrams in UML or Entities Rela-
tions (E-R) diagrams pose limits to the semantic two concepts may have at the logical 
level. Therefore using the four types of relations (object relations) that are defined in 
OWL we have adjusted these relations types in order to increase the inference capa-
bilities of the conceptualizations. We have followed the OWL logic and syntax hav-
ing the two (or more) entities that participate in a relation divided into:  

a) Domains of the relation: that is consisted of the concepts that consist of the 
area of definition of the relation. 

b) Ranges of the relation: that the domains concepts of the relation can receive 
values from. 

 
More precisely we have used and adjusted the following relations between entities: 
 

• Functional relation: where the domain concepts instance can be related to 
more than one instance of the range concepts. 

• Inverse Functional relation: where the range concepts instances can be 
related to more than one domain concepts instances. 

• Symmetric relation: 1 to 1 relation between the instance of the domain 
and the range concepts. 

• Transitive relation: we have defined transitive property as an inferential 
symmetric property to facilitate the logical allocations of concepts. 

 
However we have to limit the syntax of OWL which permits the existence in a re-

lation of more than one concepts as ranges and domains. In our approach (in a rela-
tion) if the domains contain more than one concept then the range should be defined 
from only one concept and vice versa. This ensures that in the association of the logi-
cal model to the system resources will not create indeterminism.      

3 Associating logical entities to information system repository 

One of the most important results of our work is the association between the logical 
model and the repository of the system. In our early attempts we have tried to extend 
OWL in order to include mapping mechanisms. However we have discovered that the 
new “extended OWL” syntax will be too complicated and it will mix up semantic 
with syntactic issues. This of course would decrease the reusability of the conceptu-
alizations. 

Therefore we distinguish the conceptualization into two ontologies that are:  
a) The conceptualization ontologies based on OWL that define semantics as-

pect of the conceptualizations. 



b) The association ontologies that association the conceptualization ontology 
to the repository of the application. 

 
 The disassociation between the semantic and the syntactic description has as the 

following results:  
a) To increase the reusability of the conceptualizations ontologies: The same 

conceptualization ontologies can be used to different information system. 
b) To reduce cost of maintainability when changes happened in to the applica-

tion repository. 
c) To enable the creation of common vocabularies that can be shared between 

heterogeneous applications. 
In our work so far we have achieved the application of the ONAR framework to 

relational databases but where the goal is to support any type of repository including 
application servers.         

4 SOAI using semantic conceptualizations 

The creation of a Service Oriented Architecture that will implement the integration 
between the applications is also based on the semantic conceptualizations. In fact the 
ONAR framework software components (Web services) are based on the conceptu-
alization schema (the set of the conceptualizations) of the application. This strong 
relation between the conceptualizations and the web services server is the actual in-
novation compared with other existing approaches [11][12].  

The ONAR integration process is the methodology that should be followed in or-
der an integration case to be defined and implemented using the ONAR framework. 
The process consists of the following phases: 

a) Conceptualization phase where the entities that need to participate in the 
integration case are conceptualized to shared conceptualizations (OWL on-
tologies). The set of the conceptualizations create the conceptual schema of 
the integration.  

b) Association phase. The conceptual schema is associated to the information 
systems repositories that participate in the integration. 

c) Design phase. In this phase using the conceptual schema the definition of 
the software instances takes place.  

d) Deployment phase where the software instances are implemented as soft-
ware components (Web services) and deployed. 

e) Publication phase. The framework uses a UDDI registry enriched with 
OWL-S profile features (from semantic invocation) to publish its software 
instances. Using the semantic meta-information that the conceptual schema 
provides the framework publish information regarding the utilization of the 
web services. 



4.1 Designing web services based on the conceptual schema 

In our work, the whole web services design creation and their registration to the 
UDDI registry is related to the conceptual schema. The design of the software in-
stance is the process where elements of a conceptualization are used to define the 
input and the output of the Web service. The design of a web service consists (figure 
3) of its syntactic definition and its semantic description.  
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Fig. 3. Designing Web services using a conceptualization Ontology  

The syntactic definition defines the input and the output as well as the behavior of the 
Web service. This definition is based one conceptualization of the conceptual schema. 
Starting from one basic entity the Web service designer can use all the concepts that 
are necessary for his definition. The syntactic definition (ONAR Service Model) of 
the service contains all the semantic and syntactic relations between the basic entity 
(primary concept) and the secondary concepts. The ONAR Service Model [5] is an 
XML document that contains a conceptualization ontology and an association ontol-
ogy of the functionality of a Web service. 
The reason of having a new definition document for the syntactic definition of the 
service, apart from maintenance purposes, is to increase the portability of the web 
services. We have implement the necessary functionality that enable us to automati-
cally generate the source code (C#) of a Web service based only to the conceptualiza-
tion ontology the association ontology and the ONAR Service Model. Therefore if 
two applications share the same conceptualization ontologies but have different struc-
tures (different association ontologies) they can exchange Web services. 

4.2 Creating semantic description for supporting SOAI  

The Web Service Definition Language (WSDL) is used to describe web services at 
the technical level. However the use (or consumption) of a web service requires first 



the technical implementation and an understanding of its functionality. The capabili-
ties of the WSDL at this level are limited as it was not designed to serve this purpose. 
Instead other protocols have been produced in order to support Web services discov-
ery and description.  
Our work has been based on M.Paolucci attempts [13][14] to integrate a powerful 
UDDI discovery and categorization mechanisms with the semantics of OWL-S [15]. 
We have extended UDDI using OWL-S elements in order to include semantic de-
scription of the web services. Apart from the ONAR service model that a service 
designer defines with the definition of the behavior of the web service (Inputs, Out-
puts and effects), the designer should describe the web service behavior at the seman-
tic level.   
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Fig. 4. ONAR Service Publication 
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3. The parameters of the service: Special features of the services that do 
not belong to a particular categorization schema. 

 
 Inside the Service Publication Profile we have also included the elements of the 

Service Model (Inputs, Outputs and Effects). These elements that are parts of certain 
conceptualizations carry also semantic descriptions that are also registered to the 
UDDI registry.  

These semantic descriptions of the web service leverage the semantic discovery of 
the web services reducing the errors of incorrect usage of the web services. This is 
considered essential for effective SOAI solutions regarding the number of the web 
services required to support complex integrations and the complexity of each Web 
service.     

5. Extending UDDI registries to support semantics 

 
In order to include semantic meta-information to UDDI registries we have ex-

tended both the UDDI and OWL-S profiles. Our work was based on M.Paolucci work 
in this domain and also some recommendations from [16]. The ONAR Service Publi-
cation Profile is based on OWLS profile syntax with some additions that can be 
summarized (further information can be found on [5]) as follows:  

 
a) Enhancement of the OWL-S input and OWL-S output class in order to define 

the related classes and relations. 
b) Enhancement of the OWL-S Service Category and Service Parameter is order 

to exploit all the UDDI description capabilities 
c) Additional Models to support OWL-S concepts like Input, Output, Effect, 

Actor and Service Parameter 
 
This integration between the UDDI and OWL profile leverage the search capabili-

ties that can be based on concepts of conceptualizations. We have developed a search 
facility (figure 5) that enables the user to choose semantic filters in the level of class 
properties or relation between classes apart from the typical UDDI inquiry. The 
search can use both of the techniques lead to more accurate results. 
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Fig. 5. ONAR Service Publication Profile   

6. Conclusions and future work 

The efficient handling of a large number of web services and the expressiveness in 
the description mechanisms that define the functionality of the web services are con-
sidered the major problems in SOAI. Our approach based on a common vocabulary 
that consists of web ontologies presents a solution that has been applied in a series of 
projects[5] and improves the efficiency than ad hoc SOAI. 

Our framework provides a set of administration mechanisms [5] that facilitate the 
manipulation of the web services. These software components provide overall moni-
toring of the web service in order to reduce the cost of maintenance of the integration.     

Based on the evaluation results of implemented test cases, we intend to enrich the 
expressiveness of the description mechanisms of the web service. Our experimenta-
tions focus on the improvement of the inference capabilities of the search mecha-
nisms. In order to achieve this we are working on the integration between OWL-S 
profile and UDDI. The publication of the web services in our framework that is based 
on the conceptual schema should automatically publish the semantic meta-
information that carries from their conceptualization ontologies.  

Finally we are currently working on amending our web services search facility in 
order to exploit the semantic meta-information that has been published to the public 
registries. 
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