
DISCOVERY AND COMPOSITION OF WEB SERVICES USING ARTIFICIAL 

INTELLIGENCE PLANNING AND WEB SERVICE MODELING ONTOLOGY 

SAYED GHOLAM HASSAN TABATABAEI 

UNIVERSITI TEKNOLOGI MALAYSIA 



 

 

 

DISCOVERY AND COMPOSITION OF WEB SERVICES USING ARTIFICIAL 

INTELLIGENCE PLANNING AND WEB SERVICE MODELING ONTOLOGY 

 

 

 

 

SAYED GHOLAM HASSAN TABATABAEI 

 

 

 

 

A thesis submitted in fulfilment of the 

requirements for the award of the degree of 

Doctor of Philosophy (Computer Science) 

 

 

 

 

Faculty of Computer Science and Information Systems 

Universiti Teknologi Malaysia 

 

 

 

 

DECEMBER 2010  

  



iii 

 

 

 

 

DEDICATION 
 

 

 

 

 

 

 

To my beloved mother and father 
  



iv 

 

 

 

ACKNOWLEDGEMENTS 
�
�
�
�

First and foremost, I would like to thank God, the Almighty, for blessing me 

in every aspect of this dissertation. Then I would like to thank my principal 

supervisor, Assoc. Prof. Dr. Wan Mohd Nasir Wan Kadir, whose inspiration and 

guidance helped me to start off with my PhD research and his continual contribution 

and support with thoughtful comments helped me to finish it in a timely manner. I 

am grateful for the freedom he gave me in choosing research problems of my interest 

and letting me work on them at my own pace. I would also like to thank my co-

supervisor, Assoc. Prof. Dr. Suhaimi Ibrahim, for his support and encouragement.  

Moreover, I would like to thank the examiners of my PhD thesis,              

Prof. Gabriele Kotsis, Prof. Shahrul Azman Mohd Noah and Dr. Eric Pardede for 

their invaluable comments on the thesis. I am also indebted to Universiti Teknologi 

Malaysia (UTM) and the Ministry of Science & Technology and Innovation 

(MOSTI), Malaysia for funding my PhD study. 

It would be much harder to live so far from my family without my dear 

friends at Advanced Informatics School (AIS), Mazdak, Amir, Ganthan, Aminat, 

Mojtaba, Mohammad, Javad, Alaeddin, Hamed, Meysam, Usama, Mahdi, Farhang, 

Hadi, Mukhtar, and others. Moreover, I owe very much to my parents, sisters, and 

brothers who have always supported me with their endless love.  



v 

 

 

 

ABSTRACT 
 
 
 
 

In today’s Web environment, Web services are the preferred standards-based 

way to realize Service Oriented Architecture (SOA) computing. A problem that has 

become one of the recent critical issues is automated discovery and composition of 

Semantic Web services. A number of approaches have been presented to solve the 

problem. However, most of these approaches only consider discovery or composition 

of Web services but not both. In this study, an effective approach called AIMO, 

based on Artificial Intelligence (AI) planning, Web Service Modeling Ontology 

(WSMO), and Semantic Web has been proposed to tackle the problem. The main 

purpose of this study is to investigate and develop a novel approach for automated 

Web service discovery and composition. In this case, a comparative evaluation of 

state-of-the-art approaches for Web service composition approaches has been done 

and the strengths and weaknesses of those approaches have been discussed.  

Moreover a translator for interaction between WSMO and AI-planning based on 

Description Logics has been proposed. In addition, some parts of AIMO architecture 

have been tested on a practical case study, and the results based on the experimental 

validation demonstrate that AIMO provides an effective and applicable solution. 

AIMO continues to support loose coupling paradigm of SOA by separating the 

discovery from the composition of Web services. 
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ABSTRAK 
 
 
 
 

Dalam persekitaran Web pada masa ini, perkhidmatan Web adalah kaedah 

piawai yang menjadi pilihan utama bagi melaksanakan pengkomputeran Senibina 

Berorientasikan Perkhidmatan (SBP). Permasalahan yang menjadi salah satu 

daripada isu kritikal pada masa ini ialah penemuan dan gabungan perkhidmatan Web 

Semantik secara automatik. Beberapa pendekatan telah diperkenalkan untuk 

menyelesaikan masalah ini. Walau bagaimanapun kebanyakan pendekatan tersebut 

hanya menumpukan kepada penemuan atau gabungan sahaja, dan bukan kedua-

duanya. Dalam kajian ini, pendekatan berkesan yang dipanggil AIMO, berasaskan 

perancangan Kepintaran Buatan, Ontologi Permodelan Perkhidmatan Web (OPPW), 

dan Semantik Web telah dicadangkan untuk menyelesaikan masalah tersebut. Tujuan 

utama kajian ini ialah untuk menyelidik dan membangunkan satu pendekatan baru 

bagi penemuan dan gabungan perkhidmatan Web secara automatik. Untuk tujuan ini, 

kajian perbandingan terhadap pendekatan-pendekatan terkini dalam gabungan 

perkhidmatan web telah dilakukan, dan kekuatan serta kelemahan pendekatan-

pendekatan tersebut telah dikenal pasti. Penterjemah untuk membantu interaksi di 

antara OPPW dan perancangan Kepintaran Buatan berasaskan Logik Deskripsi telah 

dicadangkan. Beberapa komponen penting dalam senibina AIMO telah diuji dengan 

menggunakan kajian kes sebenar, dan hasil daripada pengesahsahihan ujikaji 

menunjukkan AIMO menyediakan penyelesaian yang berkesan dan boleh 

dilaksanakan. AIMO juga mengekalkan sokongan terhadap paradigma gandingan 

longgar SBP dengan memisahkan penemuan daripada gabungan perkhidmatan Web. 
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1 INTRODUCTION 

CHAPTER 1 

INTRODUCTION 

In this chapter an introduction to the current research is provided.  Firstly, the 

background of the problem to be solved is described. After that, the problem 

statement, and also objective, scope, and importance of the study are described 

respectively.  

1.1 Background of the Problem 

In today’s Web environment, a number of companies which are planning to 

implement the core of their business as a service on the Web are growing 

dramatically. Therefore, selection and integration of heterogeneous services over the 

Internet is considered as an outstanding issue in order to realize Web services 

applications. Current studies on the area of Web service applications are based on 

specifying them in an expressive and formal language, discovering them on the Web, 

combining them in an automatic manner, and considering security issues during all 

Web service processes. The main focus of this research is dedicated to the processes 

of discovery and composition of Web services.  

In some cases if a single Web service does not fulfill the service requestor’s 

goals, the current Web services should be combined together to achieve the goal. 

That issue has inaugurated a number of studies on the area of composition of Web 

services both in industry and academia. It is possible to consider a composed service 

as a workflow [6] which involves a collection of single services with data flow and 
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control flow. In order to automatically bind the concrete resources or services with 

the abstract nodes, the workflow-based approaches can be applied dynamically. 

On the other hand, AI-planning based approaches treat with a service like a 

software component that includes inputs, outputs, preconditions, and effects. After 

execution, the Web service alters the state of the world. Therefore, preconditions can 

be treated as world state prerequisites to invoke the service, and effects are the new 

state produced after the invocation. 

In the area of Web services, there are many studies on providing languages 

and platforms for the process of composition like BPEL4WS (Business Process 

Execution Language for Web services) [7]. Moreover, in the fourth generation of 

World Wide Web, the most prominent technology is Semantic Web services like, 

WSMO (Web Service Modeling Ontology) [9] and OWL-S (Web Ontology 

Language for Web Services) [20]. Such languages support Semantic representation 

of available Web services on the Web.  

1.2 Statement of the Problem 

Currently, majority of approaches for composition of Web services apply the 

following techniques: Theorem Proving [107], Model Checking [106], Rule-based 

Planning [105], Classic AI-planning [104], Golog [33], and HTN [103]. Some of 

them require too much human efforts; some of them neglect consideration of the 

process of discovery of Web services to support the composition process. However, 

the key to success of automatic generation of business processes in the fourth 

generation of World Wide Web, is overcoming both those processes (i.e., discovery 

and composition) in an integrated manner, which is the focus of this research.   

Nowadays, Web services are described by various Semantic Web services 

standards based on AI-planning. That is, because of expressing preconditions and 

effects of Web services as logical conditions. Using this analogy, Web services can 

be treated as planning operators to create composite Web services, such that each 
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Web service firstly converted to an operator and the goal is described as a logical 

condition. Therefore, a sequence of services can be generated by the planner.  

Although many problems on (semi-) automated Web service composition 

have been tackled by AI-planning-based approaches, yet there are various obstacles 

that have not been addressed. The most important problem which has not been 

addressed is the process of Web service discovery. In order to provide the discovery 

process, the Web Service Modeling Ontology (WSMO) can be applied to describe all 

relevant and general features related to services which are available via a Web 

service interface.  

 Another problem that has not been considered by majority of Web service 

composition approaches is security constraints of Web service composition.  For 

instance, a Web service provider may not want to proceed with requests which are 

sent by a specific IP address, or to define some additional security constraints like 

Authentication, Authorization, Access control, Privacy, Anonymity, Confidentiality, 

and Policy on the composition process. Such constraints must be taken into account 

during Web service composition.  

This research aims to provide a semi-automated approach, called AIMO, 

based on AI-Planning to combine two or more Web services together which are 

described with Web Service Modeling Ontology (WSMO) for increasing 

accessibility and facilitating their integration with respect to nonfunctional properties 

of Web services such as security and Quality of Service. The general research 

question this research has aimed to answer is: 

How to enable WSMO and AI-planning to automatically discover and 

combine Semantic Web services in order to fulfill the users’ goals? 

To address the above question, the following research questions which can 

address the problem are defined: 
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� RQ1: What is a Web service and how a set of Web services can be 

combined together? 

� What are the requirements for identifying Web services over 

the Internet? 

� How to deal with specifying the plan for the composite Web 

service interoperability? 

� What technologies are needed to support discovery, selection, 

composition, mediation and invocation of Web services? 

� RQ2: Why existing approaches for Web service composition are still 

not able to satisfy all users’ requirements? 

� RQ3: How to automatically compose the Web services via AI-

planning? 

� How to specify the Web services in AI-planning? 

� RQ4: How to enable the Semantic Web to facilitate the process of 

Web service discovery and composition? 

� How to handle differences between Web Service Modeling 

Ontology and AI-planning? 

� RQ5: How to secure the process of interoperability between Semantic 

Web services? 

Besides these questions, the following problems have to be addressed by this 

research:  
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� Decentralized Configurations: Descriptions of Web services 

standards which are produced by different organizations are different 

from each other. In fact, the structures or vocabularies which are 

being used by them might be different.  

� Service Properties: The capabilities of many Web services might be 

the same as each other. In that case, non-functional properties, like the 

Web service provider’s name or Web service provider’s credentials, 

are the only features to distinguish between Web services. Therefore, 

the non-functional properties are the key elements to make decision 

on selection of Web services during Web services composition 

process.     

� Composite Web Services:  Some of Web services are not atomic 

such that they are created from some other (either atomic or 

composite) Web services. Thus, describing and reasoning of such 

Web services have to be taken into account.  

� Efficiency: The process of making inference on available Web 

services on the Internet, like matching between their functionalities, 

has to be taken into consideration efficiently.  

1.3 Objectives of the Study 

The research objectives are mentioned based on the problem statement, as 

follows: 

� To evaluate state of the art of Web service composition approaches. 

� To investigate and develop a novel approach called AIMO for 

automated Web service discovery and composition based on AI-

planning and Semantic Web services techniques for minimizing the 
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time and increasing correctness verifiability of Web service 

composition. 

� To enable security constraints for the process of Web service 

composition. 

� To demonstrate the applicability of the proposed approach. 

� To evaluate and compare the proposed approach with other current 

approaches with respect to the related criteria. 

1.4 Scope of the Study 

When this subject was chosen, four research directions were inspired. They 

are researches in Semantic Web, Web services, Semantic Web Services, and AI-

planning. The above directions have been considered as the scope of the research, as 

follows: 

� Firstly, this research is inspired by state-of-the-art Web services 

technologies which are being investigated in academia and industry 

(like, Web Services Description Language (WSDL)  [4], Universal 

Description, Discovery, and Integration (UDDI)  [45], and Simple 

Object Access Protocol (SOAP)  [5]). These technologies can provide 

proper languages and frameworks for discovery, selection, 

composition, mediation, and invocation of Web services. The Web 

services are described in section 2.1. 

� Second, this research is inspired by the Semantic Web [18] which can 

improve the interoperability problems between Web applications. 

Normally, such problems are realized by some ontology languages, 

e.g. OWL [39] which is an XML-based language. Using this 

technology, Web services are allowed to be in agreement with 
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concepts of their own terminologies which are used during all 

processes of Web services like discovery and invocation. The 

Semantic Web is described in section  2.2. 

� Moreover, the third resource for the proposed approach is Semantic 

Web services which are the most prominent technologies in the fourth 

generation of the World Wide Web. The Semantic Web Services are 

described in section 2.3. 

� At last, this research was inspired by the approaches based on AI-

planning. As discussed in section 1.2, due to the possibility to express 

preconditions and effects of Web services as logical conditions, 

several Web service languages describe services in ways which are 

influenced by AI-planning. AI-planning-based approaches are 

described in section 3.1.1. 

1.5 Significance of the Study 

Currently, there are existing many platforms to realize Web services 

technology, such as BPWS4J  [41], .NET  [44], Web Sphere  [43], and AXIS  [42]. The 

problem which is raised by those platforms is lack of suitable tools to support 

dynamic Web service composition such that, if no atomic Web service does satisfy 

the user’s goal, the process of Web service composition might be done manually.  

As mentioned before, several different studies on Web services are trying to 

define proper languages and platforms for Web service composition such as 

BPEL4WS  [7], and also to maintain semantic representations of the available  

services over the Web like, WSMO  [9] and OWL-S  [20]. 

Nevertheless, the process of composition of Web Services still can be 

considered as a complicated task due to the following reasons  [10]:  
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� Recently, the number of available Web services is increasing 

dramatically, such that searching on huge repositories might be 

expected in future.  

� Furthermore, many Web services are establishing and updating over 

the Internet. Therefore, before the process of Web service 

composition, such updated information must be detected.   

� In addition, different organizations are developing different Web 

services. In order to describe such services, different concept models 

might be used. Nevertheless, lack of a standard language to describe 

and evaluate such services is another reason that increases the 

complexity of Web service composition process. 

 




