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Abstract  

Currently proposed Web Service Technologies allow describing services syntactically and semantically 

such that users and software agents are able to discover, invoke, compose and monitor these 

services with a high degree of automation. Thereby, the services can be connected with an ontology-

based semantic description. Up to the present however, none of these standards defines a concrete 

and self-contained way of connecting these services among each other. 

This thesis demonstrates how web service creation and web service discovery can benefit from such 

connections among services and how these benefits can be accomplished by introducing Inheritance 

Relationships (IR) for OWL-S (OWL-S: Semantic Markup for Web Services, 2004) using ideas from 

computer science about inheritance. For service creation, this thesis provides the possibility to share 

specific elements among these services. This sharing is expected to substantially reduce the amount 

of work necessary for creating and maintaining services. For service discovery, an interpretation of 

IRs among these services is provided in order to discover service substitutes. These substitutes 

increase the choice of a service user or the availability of a specific service. 

Together with the developed prototype, the thesis demonstrates the basic feasibility of applying 

inheritance for OWL-S by illustrating several use cases. In addition, the thesis provides a basis for 

further tool development. 
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Legend of figures  

Classes 

There are two different types of a visualized class: 

an already existing class from a known ontology or 

a new class defined in this document. 

Existing class: This symbol represents an already 

existing OWL class from a known ontology Ϻ in 

most cases from OWL-S. 

 

New class: This symbol represents a new OWL 

class defined in this document.  

 

Property  

This symbol represents an OWL object or data type 

property and points to a property connection. 

 

Connections 

There are two different types of connections 

between two classes. 

Inheritance connection: This symbol means that 

the class on the left side is an OWL super class of 

the class of the right side. 

 

Property connection: This symbol means that the 

OWL class on the left side has an OWL property 

with a value from the OWL class on the right side. 

 

Instances 

This symbol represents an instance of an existing 

OWL class. The text in the symbol represents the 

name of the class the instance is generated from. 

 

This symbol represents an instance of a new OWL 

class. The text in the symbol represents the name 

of the new class the instance is generated from. 

 

Placeholder  

This symbol represents a placeholder for either: 

Ğ One or more paraphrased OWL properties 

Ğ Concrete data, e.g. email-address 
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1 Introduction  

This is a design science thesis, as described in (Bernstein, 2005). 

1.1 Current situation  

Current Web Service1 Technologies such as WSDL (Web Services Description Language (WSDL) 1.1, 

2001), UDDI (OASIS Open, 2006) and SOAP (SOAP Version 1.2, 2007) provide the means to describe 

the syntax of such a service. They lack, however, the capability to describe the semantics of these 

services which are necessary for the automation of the following service tasks: discovery, invocation, 

composition, interoperation and monitoring. 

To that end, a number of standards such as OWL-S (OWL-S: Semantic Markup for Web Services, 

2004), WSDL-S (Web Service Semantics: WSDL-S, 2005), WSMO (Web Service Modeling Ontology 

(WSMO), 2005), and SWSF (SWSF: Semantic Web Services Framework, 2005) have been proposed. 

Each of these standards allows connecting Web Services with an ontology-based semantic 

description. Up to the present however, only the SWSF discusses the connection of different Web 

Services among each other in order to reuse similar underlying elements and add additional 

relationship information. Furthermore, none of these standards defines a concrete and self-

contained way of sharing specific elements among Web Services or a concrete way of interpreting 

the relationship among these services. 

Theoretically, this sharing would already be possible in the OWL-S framework to some extent since it 

is based on OWL and OWL (Web Ontology Language, 2007) allows the sharing of its elements among 

different ontologies. The semantic Web Service descriptions are represented each using such an 

ontology and can therefore also be reused among each other by importing the according OWL 

ontologies. Practically, this underlying OWL connection is not sufficient for the domain of semantic 

Web Services in OWL-S. 

In order to optimize this sharing of the underlying elements of OWL-S Web Services among them and 

in order to benefit from the additional information of the consequential relationships among them 

caused by this sharing, a concrete definition is needed for such a connection between Web Services. 

This thesis proposes a solution for that need and calls it Inheritance Relationship (IR) for OWL-S. 

1.2 Motivation  

Shown below are the motivating tasks in Web Service creation and Web Service discovery for OWL-S 

which can be achieved using the proposed Inheritance Relationship (IR). 

The concrete benefits of these motivating tasks are illustrated in the use cases in <Section 3: Use 

cases>. These benefits are mainly derived from the benefits of inheritance in computer science in 

general, as described in <Section 4: Definition of inheritance>. The solution which describes how 

these tasks can be achieved is described in <Section 5: Solution> below. 

                                                           
1 The definition of a Web Service can be found in <Section 14: Glossary>. 
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1.2.1 Web Service creation 

In order for the OWL-S to be successful there must be a sufficient number of OWL-S Web Services 

available. Since there are competitors (WSDL-S, WSMO and SWSF) for the OWL-S framework, having 

a critical mass of concrete Web Services created is crucial for its distribution. Typically, this Web 

Service creation means nowadays to begin every time from scratch. 

A way to accelerate the distribution of OWL-S is to make OWL-S Web Service creation more efficient 

by allowing one to benefit from the work done for already existing services. Therefore, this thesis 

proposes three ways to do so: Web Service Customization, Extension and Manipulation. 

For example, as described later in <Section 3.1.3: Create CharlyAir>, a new service CharlyAir can be 

created by reusing elements of an already existing service while spending minimal effort on 

modifying it. 

These three applications of the proposed solution can be used complementary, but have 

nevertheless essential differences among each other, as illustrated in <Figure 1-A: The comparison of 

Web Service Customization, Extension and Manipulation>. Generally speaking, Web Service 

Customization allows adjusting an existing service on a high level without touching the underlying 

process flow, while Web Service Extension takes place on a deeper level and Web Service 

Manipulation on the deepest ς the latter are altering the process flow of the service which needs to 

be taken care of. Therefore, the underlying service model needs to be understood in order to change 

low-level relationships or process definitions of the service model. 

Figure 1-A: The comparison of Web Service Customization, Extension and Manipulation 

 

Web Service Manipulation: STRICT

Process flow stays 
unchanged

Change processes -

Web Service Manipulation: NORMAL

Process flow needs to be 
taken care of

Change processes
Understanding of service 

model necessary

Web Service Extension

Process flow needs to be 
taken care of

Change relationships
Understanding of service 

model necessary

Web Service Customization

Process flow stays 
unchanged

Exchange components -
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Furthermore, Web Service Manipulation can be used in two different modes: normal and strict. The 

difference between these modes is explained in <Section 5.5.5: Interpreting Web Service 

Manipulation>.  

Web Service Customization  

Web Service Customization allows reusing the service model and the corresponding grounding of an 

existing service. Additionally, individual processes from the service model can be replaced by other 

processes with compatible inputs and outputs or even deleted if and only if the process flow can be 

sustained. 

Web Service Extension 

Web Service Extension allows one to add new processes to the inherited service model. In general, 

new processes can be added in the normal way by using regular OWL-S. In the case, however, where 

the new processes get inserted into an inherited process composition, it is necessary to model the 

connection from the new processes to the inherited ones. This can be done by allowing the definition 

of new input and output bindings. Furthermore, in order to provide the ability to model new process 

flow behavior for those new processes, one can also model new control constructs for them. 

Web Service Manipulation  

Finally, Web Service Manipulation allows one to change an inherited service model on a high detailed 

level. Thereby, single effects, preconditions and result conditions (i.e. OWL-S Expressions) can get 

replaced; and in case the service model consists only of an atomic process, the inputs and outputs of 

this process can be deleted or added. 

However, when Web Service Manipulation is used, only the service model but not the complete 

service grounding can be inherited (i.e. reused) because of the caused inconsistency between the 

grounding and its corresponding manipulated service model. 

1.2.2 Web Service discovery 

Automated Web Service discovery is stated itself as a motivating task in future for OWL-S. The result 

of the service discovery, however, depends heavily on (potentially large) registries which are used to 

this end because there is yet no other way to discover those services otherwise. 

A way to discover relevant services without the need of a registry ς given a particular service ς is to 

use the proposed Inheritance Relationship (IR) in its strict form in order to find service substitutes. 

For example, as described later in <Section 3.1.4: Smooth choice increment with CharlyAir>, CharlyAir 

can be discovered as a suitable substitute for BravoAir and thereby increase the choice of a user of 

BravoAir. 

Web Service substitutes 

Once a Web Service is found, service substitutes can be discovered without any registries by making 

use of the strict Inheritance Relationship (IR) between two services. This IR is defined such that all 

inheriting services can automatically be used as completely appropriate substitutes for the service 

they inherit from ς in every situation. 
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1.3 Requirements for Inheritance Relationships (IR)  

Given the motivating tasks from above, two main parts build the requirements for the proposed 

Inheritance Relationship (IR): the requirements concerning IR Creation and IR Reasoning, as 

illustrated in <Figure 1-B: The requirements list to provide IR among services>.  

Figure 1-B: The requirements list to provide IR among services 

 

IR Creation 

First, in order to enable the motivating task Web Service creation, an IR must be able to express the 

subtasks Web Service Customization, Extension and Manipulation. Therefore, an IR description is 

needed. 

Second, since those subtasks include customizability, this IR description allows default inheritance2. 

IR Reasoning 

First, to ensure that an IR can be interpreted without conflicts, the IR must comply with some 

contracts. Therefore, it is necessary to be able to reason about whether a specific IR description is 

valid (i.e. complies with these contracts) or not. 

Second, since it is a motivating task improving Web Service discovery by finding appropriate service 

substitutes without the need of a registry, rules must exist that can automatically assure whether 

one service is such a substitute or not ς according to the corresponding IR descriptions. 

                                                           
2 See <Section 14: Glossary> 

IR Creation

IR description

ωAn IR description must be able to 
express (a) an IR between two OWL-S 
services and (b) which elements get 
inherited within this IR

Default Inheritance

ωSince the inherited elements must 
somehow be customizable, the IR 
description must maintain default
inheritance

IR Reasoning

IR validation

ωA set of rules must exist such that a 
reasoner can find out whether an IR 
description Ϻ both the syntax and the 
concrete interpretation Ϻis valid 
(without conflict) or not.

Service substitute discovery

ωA set of rules must exist such that a 
reasoner can find out that one service 
of a specific IR is an appropriate 
substitute for the other service 
according to their IR descriptions


