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ABSTRACT 
Keywords:  

Semantic Web, Software Agents, Web Ontologies, Ontology 
Mapping (Alignment),   

Ever increasing complexity of software systems, and 
distributed and dynamic nature of today’s enterprise level 
computing have initiated the demand for more self aware, 
flexible and robust systems, where human beings could 
delegate much of their work to software agents. The 
Semantic Web presents new opportunities for enabling, 
modeling, sharing and reasoning with knowledge available 
on the web. These opportunities are made possible through 
the formal representation of knowledge domains with 
ontologies. Semantic Web is a vision of World Wide Web 
(WWW) level knowledge representation system where each 
piece of information is equipped with well defined meaning; 
enabling software agents to understand and process that 
information. This, in turn, enables people and software 
agents to work in a more smooth and collaborative way. In 
this thesis we have first presented a detailed overview of 
Semantic web vision by describing its fundamental building 
blocks which constitutes famous layered architecture of 
Semantic Web. We have discussed the mile stones Semantic 
Web vision has achieved so far in the areas of research, 
education and industry and on the other hand we have 
presented some of the social, business and technological 
barriers in the way of this vision to become reality. We have 
also evaluated that how Semantic vision is effecting some of 
the current technological and research areas like Web 
Services, Software Agents, Knowledge Engineering and 
Grid Computing.  In the later part of thesis we have focused 
on problem of ontology mapping for agents on semantic 
web. We have precisely defined the problem and categorized 
it on the basis of syntactic and semantic aspects. Finally we 
have produced a survey of the current state of the art in 
ontology mapping research. In the survey we have presented 
some of the selected ontology mapping systems and 
described their functionality on the basis of the way they 
approach the problem, their efficiency, effectiveness and the 
part of problem space they cover. We consider that the 
survey of current state of the art in ontology mapping will 
provide a solid basis for further research in this field. 
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Chapter No.  1 
 
Background and Motivation 
 
 
“The Semantic Web is not a separate Web but an extension of the current one, in which 
information is given well-defined meaning, better enabling computers and people to work 
in cooperation.” 
Tim Berners-Lee, inventor of the World Wide Web 
 

 

Summary  
 

This chapter describes the background and motivation for the subject of our thesis. 
It describes particular research questions to narrate the problem statement and presents the 
overview of the approach employed in this thesis to find the answers for these research 
questions. In doing so we have sketch an overview of our current web, some of its 
limitations and challenges for next generation computing needs. Then we present the 
Semantic Web vision by describing its fundamental components and layered architecture 
introduced by Tim Berners Lee. Also we present some basic hurdles in the way of this 
vision to become reality. In the end we describe how Semantic Web vision is making its 
impression upon some current technological and research areas like software agents, web 
services, grid computing and knowledge management.  
 
 

1.1 Background 
 

Then traditional view of information systems as tailor-made, cost-intensive data 
base applications is changing rapidly. The change is fueled partly by maturing software 
industry, which is making greater use of off-the-shelf generic components and standard 
software solutions, and partly by on-slaught of the information revolution. In turn, this 
change has resulted in new set of demands for information services that are homogeneous 
in their presentation and interaction patterns, open in their software architecture and global 
in their scope. The demands have mostly come from applications domains such as e-
commerce and banking, manufacturing, training, education, bioinformatics, and 
environmental management [4].  
 
Future information systems will have to support smooth interaction with a large variety 
of independent multi-vendor data sources and legacy applications running on 
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heterogeneous platforms and distributed information networks. Metadata will play a 
crucial role in describing the contents of such data sources and in facilitating their 
integration. Also the information systems of the future are supposed to support 
interactions involving navigations, querying and information retrieval, and will have to 
be combined with personalized notification, annotation and profiling mechanisms [4].  
 
All these challenges and demands give rise to a vision of next generation information 
system where data and application are well defined and self explanatory, information is 
equipped with proper annotation and where human beings could delegate much of their 
work to software agents.  
 

1.2 Motivation 
 

To answer the challenges described in previous section scientists have presented 
the vision of Semantic Web, which is an extension of current World Wide Web (WWW) 
infrastructure. We consider semantic computing as future of today’s enterprise level 
information systems where academic research would leverage its potential to meet 
industry demands. On semantic web research and technological areas like software 
agents, web services and grid computing would meet with powerful semantic mark-ups to 
bring a new information revolution. Our motivation in this thesis is to understand this 
vision in more detail and to evaluate its promises and challenges.  

1.2.1 Our Current Web 
 

The current web WWW has well over 11 billion pages [1, 18], but the vast 
majority of them are in human-readable format only (e.g., HTML). As a consequence, 
software agents [2] can not understand and process this information, and much of the 
potential of the Web has so far remained untapped.  WWW is primarily a document 
centric communication service focused on the needs of human users using browsers [3, 
pp06]. WWW can be characterized by following of its properties [19], 
 
A Digital Library: 

Current web is a digital library of documents (present in the form of web pages) 
interconnected by a hypermedia of links. 
 

An Application Platform: 
Current web is a common portal to applications accessible through web pages, and 
presenting their results as web pages. 
 

A Platform for Multimedia and News: 
WWW is platform for multimedia and news. It provides news, sports and 
entertainment channels everywhere in the world. 

 
A Business Platform: 

WWW is platform for businesses like ebay, Amzone, Forex etc.   
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1.2.2 Problems with Current Web 
 

Although WWW is truly incredible and it has provided features and benefits that 
have changed our world completely [3, pp03]. However, current web technologies are 
clearly insufficient to supports today’s dynamic, distributed and robust computing needs. 
New web technologies are required primarily to structure the information, improve 
current search mechanism and expose the semantics of the information [4, pp3].  
Following we summarize some of the major limitations in our current web that 
encourages the need for a new vision and infrastructure for the web [3,4].  
 
 
1.2.2.1  Single Document Search  

    
One fundamental problem in information representation and retrieval from our current 
Web is that, usually information could be retrieved from a single web page and a single 
document, and it is extremely difficult to collectively retrieve information which is 
spread over more then one documents and several web pages [4, p02]. 
  
1.2.2.2  Search Limited to Keywords (No semantics) 
  
Many times our search returns no results because of the reason that keywords that we 
specify are not matched in the searched documents. But this happens even if the required 
information exists in searched documents but these documents use some different 
terminology and vocabulary.   
 
1.2.2.3  Irrelevant and Excessive Information 
 
Another problem caused by the keyword based search is that; usually an excessive 
amount of information is returned as a result of a keyword based query. Most of this 
information is irrelevant and it is very difficult and time consuming to separate relevant 
information from this excessive amount of retrieved data. 
 
1.2.2.4  Semi structured Information Representation  
 
Our current web is too document-centric to support sophisticated information 
representation [3, pp04]. The most amount of information available at our current web is 
either unstructured or semi structured. The information is based on HTML based free 
format web pages which are although very much suitable for direct human use and 
information exchange but  not appropriate at all for the automated information exchange, 
retrieval and processing by software agents (machines).  
 
1.2.3 Semantic Web Vision. 
 

In response, researchers have created the vision of the Semantic Web [5], where 
data has structure and ontologies describe the semantics of the data. When data is marked 
up using ontologies, software agents can better understand the semantics and therefore 
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more intelligently locate and integrate data for a wide variety of tasks. Like the Internet, 
the Semantic Web will be as decentralized as possible. Such Web-like systems generate a 
lot of excitement at every level, from major corporations to individual users, and provide 
benefits that are hard or impossible to predict in advance. Decentralization requires 
compromises: the Web had to throw away the idea of total consistency of all of its 
interconnections [5].  
Semantic web is an evolution of the current web that provides the new information 
representation features. It accomplishes the vision of Tim Berners Lee for shareable data 
on he web that is both human and computer understandable and will support variety of 
applications [3, pp23]. 
 
There is one very important thing to note about semantic web at this point; the concept of 
machine-understandable documents does not imply some magical artificial intelligence 
which allows machines to comprehend human mumblings. It only indicates a machine's 
ability to solve a well-defined problem by performing well-defined operations on existing 
well-defined data. Instead of asking machines to understand people's language, it 
involves asking people to make the extra effort on their side in making available 
information more structured and formal [6].  
 
 
1.2.3.1  Knowledge Management 
 
The semantic web will provide much more advanced and sophisticated knowledge 
management systems. On semantic web it will be possible to organize knowledge in 
conceptual spaces according to its meaning and automated tools will be available to 
support its maintenance by checking for inconsistencies and extracting new knowledge. It 
will be possible to restrict parts of a document to particular users and the current keyword 
based query system will be replaced by a more sophisticated question-answer based 
system.  
 
1.2.3.2  Business to Business and Business to Consumer Electronic Commerce 
 
The semantic web will allow the development of software agents that can interpret the 
product information and the terms of services and negotiating with each other for 
maximization of their business goals. This will result in a more robust, sustainable and 
dependable infrastructure for business to business and business to consumer electronic 
commerce. With semantic mark-ups and proper annotation of business products the 
pricing and product information will be extracted correctly and delivery and privacy 
policies will be interpreted and compared to the user requirements. Also additional 
information about the reputation of online shops will be retrieved from other sources. The 
realization of semantic web will facilitate with swift clean business partnerships. Shared 
ontologies will make possible the auctioning, negotiations and drafting contracts carried 
out automatically by software agents [3, 4]. 
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1.2.4 Semantic Web Reality 
 

Although Semantic Web offers a compelling vision, but it also raises many 
difficult challenges. Most important of it is finding semantic mapping of ontologies. 
Semantic web will not primarily consist of neat ontologies that expert AI researchers 
have carefully constructed [7]. Rather it will be a complex Web of semantics ruled by the 
same sort of anarchy that rules the rest of the Web. Instead of a few large, complex, 
consistent ontologies that great numbers of users share, there is expected to be a great 
number of small ontological components consisting largely of pointers to each other. 
Web users will develop these components in much the same way that Web contents are 
created today. Software agents will find great difficult in making an alignment in two 
different ontologies from two different domains while surfing the semantic web and 
trying to comprehend the semantic contents over it. We will discuss the problem of 
semantic (ontology) mapping, in more detail, in next chapter.   
 
 Also scientists have identified many barriers in the way of semantic web technology to 
be fully useful, adopted and implemented by individuals and business community. In one 
such effort Zack Rosen in [8] has described following technological, social and business 
barriers.  
 
1.2.4.1  Technology Barriers 

 
Even today, implementing RDF parsers is complex and difficult and the best tools are 
hopelessly slow. These are the most basic and fundamental tools the semantic web 
needs to operate and we still can't get them to work. More precisely, we are still not 
able to develop efficient and reliable Semantic Web tools which could be offered to 
vast range of the people who are currently designing and building web pages 
including those having very little technical knowledge and expertise.   
 

1.2.4.2  Business Barriers 

If the semantic web is implemented the current web industry will be intensely 
disrupted. Ebay, Google, Amazon - virtually all mainstays of web-business will have 
to significantly adjust their business and technology models. Because of this, web-
businesses are skeptical when it comes to investing, adopting, and promoting the 
semantic web.  

1.2.4.3  Social Barriers  
 
The way in which we use the web today will be greatly changed when the Semantic 
Web is implemented. The Semantic Web vision would bring the change in two ways: 
how we present information on web and how information is retrieved and processed 
from the web.  Also Semantic Web vision requires people and organization to reveal 
their semantic to knowledge representation system as huge as of WWW level. This 
fact also hurdles the adoption of Semantic Web vision especially at a time when 
security, trust and proof on Semantic Web are at their very preliminary stage. 
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1.3 Aims and Objectives 

Semantic Web vision currently is in its very prelude form. It has shown many 
promises for its future while struggling to turn from vision into reality.  Our objective in 
this thesis is first to evaluate this vision in detail, to study the stimulants that caused 
Semantic Web vision to emerge, the impact of this vision on current research and 
technological areas like software agents, knowledge management, web services and grid 
computing. Also the aim is to study the milestones Semantic Web vision has achieved so 
far and the challenges it is facing in its progress. The second main objective of thesis is to 
produce a survey of the current state for the research in ontology mapping on semantic 
web. The problem of ontology has emerged as one fundamental challenge for Semantic 
Web vision today. We consider that survey of the current state of the art in this field will 
provide a solid basis for further research in this field.  

The major goals to be achieved and research questions to be answered are as follows: 

• What are the reasons that caused Semantic Web vision to emerge and evolve? 

• What are the basic hurdles in the way of Semantic Web vision to become a 

reality, and adopted by individuals and business community? 

• What is the problem of ontology mapping and how it can be categorized?  

• What is the current state of the art in research field of ontology mapping problem? 

• What are the future prospects for Semantic Web vision, where it is going to work 

and where it would not? 

 

1.4   Report Overview and Approach 
 

Qualitative research methodologies and in particular desktop evaluation technique has 
been applied for the purpose of writing this thesis and to perform the scientific research 
for this sake. The report has been divided in four chapters; following part of this section 
provides an overview of the structure of the report,  
 
 
Chapter-1 Background and Motivation 

 This chapter primarily presents the background and motivation for the subject of 
thesis. It describes particular research questions to narrate the problem statement and 
presents the overview of the approach employed in this thesis to find the answers for 
these research questions.  
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Chapter-2 Introduction: Problem of ontology Mapping 

 This chapter describes the problem of ontology mapping or semantic 
interoperability. It categorizes this problem on the basis of structural and semantic 
aspects of problem. Then it discusses some current solutions and ongoing research work 
in this field.  
 

Chapter-3 Ontology Mapping: the state of the art 

 This chapter presents the state of the art in the research of ontology mapping and 
produces a survey for them. It presents some selected ontology mapping systems and 
describes their functionality on the basis of the way they approach the problem and the 
part of problem space they cover. 
 
Chapter-4 Semantic Web: from vision to reality  

This chapter concludes the thesis by discussing challenges and opportunities 
ahead in the way of semantic web vision while it will become reality. It answers 
questions about its state of the art and argues about the challenges the semantic web 
vision is facing today. Also it highlights bright prospects for its future of Semantic Web 
vision.  
 

1.5 Basic Components of Semantic Web: XML, RDF and OWL               
 

Three important technologies for developing the Semantic Web are already in 
place: eXtensible Mark-up Language (XML), Resource Description Framework (RDF) 
and the Web Ontology Language (OWL) [5]. 
 
XML lets everyone create their own tags: hidden labels that annotate Web pages or 
sections of text on a page. Scripts, or programs, can make use of these tags in 
sophisticated ways, but the script writer has to know what the page writer uses (means) 
each tag for. In short, XML allows users to add arbitrary structure to their documents but 
says nothing about what the structures mean [5].  
 
Thus we need some mechanism to express the meaning of each tag, or construct in 
general, and this meaning is expressed by RDF, which encodes it in sets of triples, each 
triple being rather like the subject, verb and object of an elementary sentence. These 
triples can be written using XML tags. In RDF, a document makes assertions that 
particular things (people, Web pages or whatever) have properties (such as "sister of," "is 
the author of") with certain values (another person, another Web page). This structure 
turns out to be a natural way of describing the vast majority of the data processed by 
machines. Subject and object are each identified by a Universal Resource Identifier 
(URI), just as used in a link on a Web page. (URLs, Uniform Resource Locators, are the 
most common type of URI.) Verbs are also identified by URIs, which enables anyone to 
define a new concept, a new verb, just by defining a URI for it somewhere on the Web 
[5].  
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The triples of RDF form webs of information about related things. Because RDF uses 
URIs to encode this information in a document, the URIs ensure that concepts are not just 
words in a document but are tied to a unique definition that everyone can find on the 
Web. For example, imagine that we have access to a variety of databases with 
information about people, including their addresses. If we want to find people living in a 
specific zip code, we need to know which fields in each database represent names and 
which represent zip codes. RDF can specify that "(field 5 in database A) (is a field of 
type) (zip code)," using URIs rather than phrases for each term [5].  
 
However, to realize the Semantic Web vision, it will be necessary to express even more 
semantics of data [3]. RDF and RDFS is just one layer in the “layer cake” of Tim 
Berners-Lee: 
 
 
 

 
Fig 1.  Berners Lee’s Semantic Web Layer cake [5] 

 
 
Solution to this problem is provided by the third basic component of the Semantic Web: 
collections of information called ontologies.  In philosophy, an ontology is a theory about 
the nature of existence, of what types of things exist; ontology as a discipline studies such 
theories. Artificial-intelligence and Web researchers have used the term in their own 
context, and for them ontology is a document or file that formally defines the relations 
among terms. The most typical kind of ontology for the Web has a taxonomy and a set of 
inference rules [1]. The taxonomy defines classes of objects and relations among them. 
For example, an address may be defined as a type of location, and city codes may be 
defined to apply only to locations, and so on. Classes, subclasses and relations among 
entities are a very powerful tool for Web use. We can express a large number of relations 
among entities by assigning properties to classes and allowing subclasses to inherit such 
properties. If city codes must be of type city and cities generally have Web sites, we can 
discuss the Web site associated with a city code even if no database links a city code 
directly to a Web site [5].  
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The OWL Web Ontologoy Language [6] is a W3C standard language for defining and 
instantiating Web ontologies. OWL ontology may include descriptions of classes, 
properties and their instances. Given such an ontology, the OWL formal semantics 
specifies how to derive its logical consequences, i.e. facts not literally present in the 
ontology, but entailed by the semantics. These entailments may be based on a single 
document or multiple distributed documents that have been combined using defined 
OWL mechanisms [3]. 
 
1.6 Semantic Web and Agents                
. 
 

Agents or software agents are computational entities that act on behalf of some 
person or some other agents in an autonomous fashion. They perform actions with some 
level of pro-activity and intelligence [9]. Software agents will play a very crucial role on 
semantic web. They would find possible ways to meet user needs and offer the user 
choices for their achievement. Much as a travel agent might give some one a list of 
several flights to take, or a choice of flying as opposed to taking a train, a Web agent 
would offer several possible ways to get what one need to get done on the Semantic Web 
[7]. The real power of the Semantic Web will be realized when people create many 
programs that collect Web content from diverse sources, process the information and 
exchange the result with other programs. The effectiveness of such software agents will 
increase exponentially as more and more machine-readable web content and automated 
services become available [2].  
 
The agents will also perform automated annotation on semantic web. Since the semantic 
web does not replace the current one, but is an extension of it. The chaos of the Web 
today is its power. Semantic Web, the web of the future, continues to have this chaotic 
capability of the web today; anyone can still put anything on the Web. With automated 
annotation, agents can help to structure this chaotic web and gradually form the web of 
the future. It is not expected from web users and web masters to edit one or several RDF, 
RDFS files to annotate to their web documents; even if they can do that, of course [10].  
 
On semantic web information will be more structured, well defined and will be equipped 
with its semantics. Also all agents will have a shared and commonly understood 
ontology. This will make possible for agents to communicate and perform far better in 
centralized and particularly distributed control environments, like district heating and 
electric/information grids [11].   
 
 
1.7 Semantic Web (and Web) Services               .  
 

Today’s Web was designed primarily for human interpretation and use. 
Nevertheless, we are seeing increased automation of Web service interoperation, 
primarily in B2B and e-commerce applications. Generally, such interoperation is realized 
through APIs that incorporate hand-coded information-extraction code to locate and 
extract content from the HTML syntax of a Web page presentation layout. Unfortunately, 
when a Web page changes its presentation layout, the API must be modified to prevent 
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failure. Fundamental to having computer programs or agents  implement reliable, large-
scale interoperation of web services is the need to make such services computer 
interpretable, to create a Semantic Web of services whose properties, capabilities, 
interfaces, and effects are encoded in an unambiguous, machine-understandable form[6]. 
Web services might be one of the most powerful uses of web ontologies and will be a key 
enabler for Web agents. Recently, numerous small businesses, particularly those in 
supply chain management for business-to-business e-commerce, have been discussing the 
role of ontologies in managing machine-to-machine interactions. In most cases, however, 
these approaches assume that computer program constructors primarily use ontologies to 
ensure that everyone agrees on terms, types, constraints, and so forth. So, the agreement 
is recorded primarily offline and used in Web management applications. On the Semantic 
Web, we will go much further than this, creating machine-readable ontologies used by 
“capable” agents to find these web services and automate their use [2, 5]. The powerful 
semantic mark-ups will provide a smooth and robust mechanism for services to work 
more efficiently and get the desired adoptability from the business world.  
 
 
1.8 Semantic Grids                   
 

 
The use of Semantic Web and other knowledge technologies in Grid applications is 

sometimes described as the Knowledge Grid. Semantic Grid extends this by also 
applying these technologies within the Grid middleware. Semantic grid manipulates the 
semantic mark-up technologies to describe information, computing resources and 
services are in standard and formal ways that can be processed by computer. This makes 
it easier for resources to be discovered and joined up automatically, which helps bring 
resources together to create virtual organizations. The descriptions constitute metadata 
and are typically represented using the technologies of the Semantic Web, such as the 
Resource Description Framework (RDF). Using semantics and ontologies in grids can 
offer high-level support for managing grid resources and for designing complex 
applications that will benefit from the use of semantics and will facilitate with seamless, 
pervasive, and secure resource usage on grids [12, 13]. The Semantic Grid is an extension 
of the current Grid in which information and services are given well-defined meaning 
through machine-process-able descriptions which maximize the potential for sharing and 
reuse. This approach is essential to achieve the full richness of the Grid vision, with a 
high degree of easy-to-use and smooth automation enabling flexible collaborations and 
computations on a global scale [14]. 
 
 
 
1.9   Knowledge Management and Semantic Web              .  
 

The semantic web technologies have shown new horizons to the field of 
Knowledge Management, and the Semantic Web can be a very promising platform for 
developing future knowledge management systems [15]. The powerful mark-ups and 
annotating tools like RDF and OWL has provided a more efficient, formal, robust and 
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WWW level huge knowledge representation systems. The main benefit is high 
improvement in the precision by searching for knowledge, as well as the possibility to 
retrieve a composition of knowledge sources which are relevant for the problem solving.   
 
Semantic mark-ups have also facilitated in some other related fields like e-learning [16] 
and personal modelling [17]. These areas have also benefited from the high expressive 
power, formalism (machine readability), reusability of ontologies and other semantic web 
technologies.     
 
1.10 Conclusion                   
 

We conclude this chapter with thought that there are a variety of challenges in 
representing information on the web and there are increased demands and expectations 
for making information available both for humans and software agents. Human being 
wants to express their information in a more natural way, whereas software agents require 
specific formal representations. A satisfactory solution to web information representation 
requires minimizing the investment that humans must make, while still satisfying the 
software agents demands [3]. Semantic Web vision has been emerged as an answer to all 
these demands by presenting an extension to our current web in which information is 
given well-defined meaning, better enabling computers and people to work in 
cooperation [5]. This vision not only involves linking documents, as our current web do, 
but also enables software agents recognize the meaning of information in those 
documents. Thus the semantic web provides a vision for the web of next generation by 
superseding HTML and XML based web with the use of more advanced technologies 
like RDF and OWL in a layered fashion[4, pp16].  
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Chapter No. 2 
 
Introduction 
 
“The real power of ontologies and ultimately of the Semantic Web is in sharing” 
James Handler, University of Maryland, USA 

 
Summary                    
 
In this chapter we will describe the problem of ontology mapping or semantic 
interoperability. We will categorize this problem on the basis of structural and semantic 
aspects of problem. Then will discuss some current solutions and ongoing research work 
in this field.  
 
2.1 Problem of Semantic Mapping  
 
Ontology is used to describe the meaning of concepts on the semantic web [6] and as we 
have discussed earlier, the semantic web will not primarily consist of neat and coherent 
ontologies, and ontology will be considered more powerful, useful, beneficial and result 
oriented when more people will be using it [7]. Let’s consider a scenario: Michael, a 30 
year old native of the city Ronneby runs a shop to sell both old and new bicycles. He has 
developed (or has got it developed from some one) an ontology that describes, 
conditions, qualities and pricing information about his bicycles. Now the personal agents 
of his potential buyers could only comprehend his ontologies and make some business 
agreements if either they are using ontologies of some same standard or they mutually 
commit to an ontology standard. In both cases Michael needs to reveal and share his 
ontology and ontology standards with other people, but the ontology depends on the 
subject of the communication. Since the number of possible subjects is almost infinite 
and since the concepts used for a subject can be described by different ontologies, the 
development of generally accepted standards will take a long time. Also many of these 
ontologies will describe similar domains but using different terminologies e.g assistant 
professor/senior lecturer and post code/zip code [1]. Our software agent surfing the 
semantic web must be able to understand that terminologies in each of such pair have 
same meaning although they look or read different [7]. Also some other ontologies will 
have overlapping domains [2]. This lack of standardization, which hampers this 
communication and collaboration between agents on semantic web, creates 
interoperability problem and requires some ontology mapping mechanism. In order to 
integrate data from disparate ontologies on semantic web, we must know the semantic 
correspondences among their elements and must develop some ontology mapping 
mechanism [1, 3].  
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2.2 Types of Semantic (Ontology) Interoperability              

 
In the way of achieving ontological interoperability on the semantic web, we need to deal 
with following two basic types of problems [3]: 
 
2.2.1 Structural Heterogeneity 
 
Structural heterogeneity concerns the different representations of information. 
Information described by the same ontology can be represented in different ways. This is 
a problem specifically for heterogeneous databases but not for agents. In a multi-agent 
system an ontology is the basis for communication. The actual way information is stored 
by an agent is shielded from the environment by the agent [3].  
 
2.2.2 Semantic Heterogeneity 
 
The other type of semantic interoperability problem is Semantic Heterogeneity. This kind 
of heterogeneity concerns the intended meaning of described information. Information 
such as ’persons’ can be described by different ontologies. On the basis of semantic 
differences in ontologies, the semantic heterogeneity of ontologies can be further sub 
divided into following three categories.  
 
2.2.2.1  Structural Conflict  
 
This kind of problem occurs when ontologies have different semantic structures. 
Consider following examples for more clarification, in the figure 2.1 two ontologies are 
given, they both define same concept: a University, but both have different semantic 
structures (the class and sub-class hierarchy) 
 
 

• University  
o Departments 
o Research Groups 
o Faculty Members 
o Library 
o Student Cafe 
o Swimming Pool 
o Sports Clubs 
 
 
 
 
Ontology A 

• University  
o Academics 

 Departments 
  Faculty Members 
 Research Groups 

 
o Facilities 

 Library 
 Student Cafe 
 Swimming Pool 
 Sports Club 

 
                            Ontology B 

                                  Figure 2.1: Structural Conflict sin Semantic Heterogeneity 
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2.2.2.2  Naming Conflict 
 
This kind of conflict occurs when a term in two different ontologies have same meaning 
but is represented by different names (key words) i.e we have different names for same 
type of information represented by the ontologies. Consider the following pairs of 
terminologies, 
 
( Senior Lecturer, Assistant Professor ) and ( Post Code, Zip Code )  
 
The two terms in each pair have same (or slightly different) meaning but are represented 
by different names. The reasons for this kind of conflict might be some cultural, 
geographical and social diversity. It gets very difficult for software agents to resolve this 
kind of conflicts. They need some kind of background knowledge [4] or a meta ontology 
to resolve this conflict. We will discuss this issue in more detail in later chapters.  
 
2.2.2.3  Data Representation Conflict 
 
This conflict occurs due to different representation of same data (information) items. 
Following are the several reasons that cause this kind of conflict, 
 
I. Conflicts because of different units  
 
A particular terminology or a piece of information might have different number and 
nature of units in two different ontologies. For Jorge W Bush and J W Bush 
  
II. Conflicts because of different expressions 
 
In the same way a terminology might have different expression in two ontologies causing 
an interoperability conflict. For example: “Professor Rune Gustavsson, PhD” and “Dr 
Rune Gustavsson, Professor”.  
 
III. Conflicts because of different precision  
 
Also some times terminologies have different precision levels in two ontologies, this also 
cause an interoperability conflict. For example if name of a person in India is written as 
Mian Arshad Saleem (first middle last), his name in Europe would usually be written as 
Saleem, Mian Arshad (last, middle first). 
 
 
2.3 The Alignment Approaches                

 
In response to this ontology interoperability problem there are numerous efforts from 
scientists in order to develop some ontology alignment or mapping mechanisms. These 
efforts can be categorized into two broader categories [5]: 
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2.3.1 Schema Based Ontology Mapping  
 
Schema based approaches are most researched and extensively utilized methodology for 
ontology mapping. These approaches are also called structured ontology mapping 
mechanisms due to fact that they exploit schema of ontologies for the mapping purpose. 
Schema based approaches try to infer the semantic mappings by exploiting information 
related to the structure of the ontologies to be matched, like their topological properties, 
the labels or description of their nodes, and structural constraints defined on the schemas 
of the ontologies. These methods do not take into account the actual data classified by the 
ontologies rather they rely mostly on the structure of the ontology [3, 5]. 
 
 
2.3.2 Instance Based Ontology Mapping 
 
Contrary to Schema based mapping approaches which utilizes the schema or structure of 
ontologies, instance based approaches primarily rely on the actually information 
described by the ontologies. Instance based approaches look at the information contained 
in the instances of each element of the schema. These methods try to infer the 
relationships between the nodes of the ontologies from the analysis of their instances by 
finding maximum similarity measures in two ontologies to be mapped [5].  
  
2.3.2 Hybrid Ontology Mapping 
 
Hybrid ontology mapping approaches utilizes both the structure and represented 
information of ontologies for the mapping purpose. These approaches combine schema 
and instance based methods into integrated systems [3, 5].  
 
2.4 Conclusion               

 
In this chapter we have provided an over all introduction to the main topic of our thesis: 
Ontology Mapping. We first defined the problem of Ontology Mapping in terms of 
interoperability. We described different categories of this problem and discussed each 
category with specific examples. Then we described response to this problem: the 
alignment approaches and their categories. We conclude this chapter with the thought 
that Ontology alignment is one fundamental issue in semantic web vision and a big 
hurdle to for this vision to turn into reality [8]. Scientists are making their every effort to 
find a better solution of this problem. In next chapter we will provide a survey of some of 
the currently available ontology mapping systems and will analyze them critically. 
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Chapter No.  3 
 

 
Ontology Mapping: the state of the art 
 
“A single ontology is no longer enough to support the tasks envisaged by a distributed 
environment like the Semantic Web. Multiple ontologies need to be accessed from several 
applications. Mapping could provide a common layer from which several ontologies 
could be accessed and hence could exchange information in semantically sound 
manners.” 
YA N N I S KALFOGLOU,  MARCO SCHORLEMMER[1] 

 
Summary         
 

Given the vast volume of semantic web and its distributed nature it is anticipated 
that semantic web will be a complex web of sundry ontologies different from each other 
in the context of technology, geography and culture [2]. In response of this fact scientist 
have developed several ontology mapping/merging systems [3, 4, 5, 6, 7, 8]. In this 
chapter we will present the state of the art in the research of ontology mapping and 
produce a survey for them. We will present some selected ontology mapping systems and 
will describe their functionality on the basis of the way they approach the problem and 
the part of problem space they cover. We will start realizing need and importance for 
such a survey. Then we will describe the style of our survey and will provide a theoretical 
definition of ontology mapping for the readers to develop smooth understanding before 
we present our report on different systems. We also provide a categorization of mapping 
systems and methodologies which we will cover. Then we will proceed with presenting 
state of the art and will finish it with our own reflection on it. 
 
3.1 Motivation                                
 

A major problem faced today by the researchers in the field of semantic web and 
particularly ontology mapping is: there is a huge amount of assorted work developed 
from different communities who claim to have some kind of relevance with the subject of 
ontology mapping. This makes it difficult to identify the problem areas and comprehend 
solutions provided. Part of the problem is the lack of a comprehensive survey, a standard 
terminology, hidden assumptions or undisclosed technical details, and the scarcity of 
evaluation metrics [1].  Addressing these problems, we will report current state of the art 
in the research field of ontology mapping, in this section.  
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3.1.1 Survey Style  
 

Today’s research in ontology mapping includes a large number of fields ranging 
from machine learning to knowledge representation and formal theories to heuristics, 
database schema and natural language processing. Although our primary focus is 
semantic web but current application area of current work in ontology mapping systems 
is not restricted to semantic web rather it includes areas as diverse as health informatics 
[10], academic prototypes and large-scale industrial applications [1]. 
 
While reporting different ontology mapping systems and methodologies we will not 
provide a comparative review. Primary reason for not comparing the mapping system 
under a framework in that that: no such system yet exists at all [1].  But off course there 
are some very impressive efforts for developing such systems [11]. Thus our focus will 
be to present mapping systems and methodologies with their fundamental approach and 
the part of solution space they cover.  
 
3.1.2 Definition for Ontology Mapping 
 

Ehrig and Staab has defined ontology mapping as: “Given two ontologies O1 and 
O2, mapping one ontology onto another means that for each entity (concept C, relation R, 
or instance I) in ontology O1, we try to find a corresponding entity, which has the same 
intended meaning, in ontology O2” [12]. Ontology mapping is also known as ontology 
alignment, semantic integration, and ontology merging in some cases, depending upon 
the application and intended outcome [9].  
 
3.2 General Mapping Techniques  
. 
 

Davis, M [9] has categorized current research work on ontology mapping into 
three broader categories.  
 
3.2.1 Mapping Discovery 
 
Mapping discovery tries to find similarities between two ontologies and determine how 
and which concepts and properties represent similar notions? 
 
3.2.2 Declarative formal representation of mappings 
 
The work in this category deals primarily with the representation of mappings. It explores 
the ways we can represent the mappings between two ontologies perform some reasoning 
about that mapping.  
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3.2.3 Reasoning with mappings 
 
The work in this category deals primarily with performing reasoning on mapping 
between ontologies. Once the mappings are defined, what type of and how we can 
perform reasoning on these mappings? [9] 

 
While reporting the state of the art we will cover all these three categories of research 
work. 
 
3.3 The Survey  
 

In this section we discuss different selected algorithms, systems and tools 
currently under use for the ontology mapping purpose. We will cover all three categories 
discussed in previous section.  
 
 
3.3.1 Automatic Ontology Mapping 
 

F. Wiesman et al. [13] have presented a system for ontology mapping particularly 
to facilitate agent communication [15]. The mechanism provided in this system uses the 
idea of language games [14]. The mapping in this system is developed by producing joint 
intentions between two agents with their respective ontologies say 01 and 02.  
 
To establish such joint attention, agent1 produces an utterance containing a unique 
representation of a concept and instance of the concept (from his ontology 01). Agent2, 
upon receiving the utterance, investigates whether it has a concept (present in his 
ontology 02) of which an instance matches to a certain degree the communicated instance. 
To do so, agent2 measures the proportion of words that two instances have in common. 
The instance with the highest proportion of corresponding words, forms, together with 
the communicated instance, the joint attention – provided that the correspondence is high 
enough. After establishing joint attention, agent2 tries to establish a mapping between the 
primitive concepts that make up the concept. To do so, agent 2 needs an utterance from 
agent 1 and itself. Then agent 2 tries to establish associations between the different 
primitive concepts [13]. The established mapping could take following form, 
 

 
field x ← field y. 
field x ← field y, split(s), first. 
field x ← field y, split(s), last. 

       field x ← field y, field z, merge (t). 
 
 Figure 3.1: A sample mapping developed between ontologies 01 and 02 [13] 
 
Here, the operator field denotes the selection of a primitive concept where x, y, and z 
represents the primitive concepts to be selected. The operator split divides a data field 
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into two sub-fields using the separator s to determine the point of division. Following are 
some of the possible separators: ‘ ’, ‘,’, ‘;’, and TC (a type change, i.e., a change from 
letters to digits or vice versa) [13]. 
 
After having received a number of utterances, agent2 may accept certain associations as 
being correct. Agent2 has then established a complete mapping from agent1 to itself 
when it has a unique association for each primitive concept in its ontology [13]. 
 
This system makes good use of AI reasoning for ontology mapping purposes and also 
claims some good results in setup of an experiment [13].  We were not able find any 
entry of this system in EON Ontology Alignment Contest [16]. 
 
3.3.2 Glue: A machine learning Based Ontology Mapping System  
 
         GLUE [4] is considered as one of the most influential ontology mapping system 
today. It employs machine learning techniques to find mappings between two ontologies. 
Given two ontologies, for each concept in one ontology GLUE finds the most similar 
concept in the other ontology. Another key feature of GLUE is that it uses multiple 
learning strategies, each of which exploits a different type of information either in the 
data instances or in the taxonomic structure of the ontologies. To further improve 
matching accuracy, GLUE incorporates commonsense knowledge and domain constraints 
into the matching process. The approach of Glue is thus distinguished in that it works 
with a variety of well-defined similarity notions and that it efficiently incorporates 
multiple types of knowledge [4]. 
 
GLUE generates mappings through a three stage process. The first and second stages 
takes two taxonomies as input and then calculate the joint probability distribution, that is 
the degree to which some instance in the domain belongs to some pair of concepts A or 
B, for each pair of concepts. GLUE makes, “heavy use of the fact that we have data 
instances associated with the ontologies we are matching,” to determine the relations 
between concepts in the ontologies [9]. It employs a “multi-strategy machine learning” 
approach that uses multiple learners, each of which analyzes a different feature of the 
input data or ontology structure, to determine the joint probability distribution for a given 
concept. The second stage takes the results of the first and second stage general matching, 
and then refines the results through the use of relaxation labelling. Doan et al. explain this 
rationale of this technique: “Relaxation labelling is an efficient technique to solve the 
problem of assigning labels to nodes of a graph, given a set of constraints [9].  
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Figure 3.2: Glue Architecture [4] 

 
The key idea behind this approach is that the label of a node is typically influenced by the 
features of the node's neighbourhood in the graph. Examples of such features are the 
labels of the neighbouring nodes, the percentage of nodes in the neighbourhood that 
satisfy a certain criterion, and the fact that a certain constraint is satisfied or not.” 
Relaxation labelling uses “common knowledge” and domain constraints to improve the 
accuracy of the mapping. Empirical evaluation suggests that GLUE is very effective at 
producing accurate mappings [9]; it has shown a very consistence performance at EON 
Ontology Alignment Contest [16]. There are some concerns about slow speed of this 
system which requires further research to locate the proper balance between accuracy and 
speed [9]. 
 
3.3.3 QOM— Quick Ontology Mapping 
 

QOM is an ontology mapping system which emphasizes on efficiency rather then 
accuracy. Ehrig and Staab [5] argue that much research has been committed to improving 
the effectiveness of mapping at the expense of efficiency. They propose a methodology 
named as “Quick Ontology Mapping” that takes into account both the quality and speed 
of the mapping operation. This system works on the claim that, “mapping algorithms may 
be streamlined such that the loss of quality (compared to a standard baseline) is marginal, 
but the improvement of efficiency is so tremendous that it allows for the ad-hoc mapping 
of large-size, light-weight ontologies.” Building on their canonical mapping process, 
Ehrig and Staab define a “toolbox” of data structures and methods that are common to 
many mapping methodologies [9]. QOM identifies characteristics that are typically used 
in finding similarities between entities in source ontologies including Identifiers, RDF/S 
Primitives, Derived Features, Aggregated Features, OWL Primitives, and Domain 
Specific Features [9]. Next, they enumerate a set of similarity computations that are 
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common to mapping algorithms: Object Equality, Explicit Equality, String Similarity, 
and SimSet. These toolbox elements provide the basis for what they offer as a benchmark 
mapping procedure, referred to as “Naïve Ontology Mapping.” Quick Ontology Mapping 
optimizes the NOM approach. Their first observation is that the run time complexity of a 
mapping algorithm is directly impacted by the number of candidate mapping pairs that 
need to be examined [5,9]. They apply a heuristic method, which they refer to as a 
dynamic programming approach that makes use of ontological structures to reduce the 
quantity of candidate mappings in the Search Step Selection process. In the Similarity 
Computation step, QOM avoids the complete pair-wise evaluation of ontology trees and 
restricts the number of costly feature comparisons. Similarity Aggregation and 
Interpretation steps are performed once per candidate mapping and therefore do not 
impact efficiency. Finally, Iterations are performed to find mappings based first on 
lexical knowledge and then on knowledge structures [9]. QOM limits the number of 
iterations to 10 because empirical tests indicate that further iterations produce almost no 
changes. Features of this system have been summarized in [9] as follows,  
 

• Optimizing the mapping operation for efficiency decreases overall mapping 

quality 

• Labels are the most important feature for mapping.  

• Combining many feature matching approaches leads to significantly higher 

quality mappings 

• QOM shows very good results and quality is lowered only marginally 

• QOM is faster than other approaches by a factor of 10  to 100 times 

 

3.3.4 Ontology Mapping using Background Knowledge 
 

Zharko and Michel in [8] present a system which performs ontology mapping, 
which they refer to as alignment, using structure rich ontologies as background 
knowledge. This methodology   is particularly useful in scenarios where ontologies to be 
aligned have no particular structure, and it assumes to ontologies to be lists of concepts. 
Further this system assumes that the concepts have labels that contain the meaning of the 
concepts in natural language. 
 
In order to develop alignment, In a first step, a relationships is established between the 
concepts in the two lists to be mapped and a structured source of background knowledge. 
Through this relationship, the concepts in the lists acquire properties with values taken 
from the background knowledge. From this background knowledge one can induce a 
mapping between the concepts in the list by the heuristic that if two concepts in the lists 
have common properties and if they have related values for these properties, then these 
two concepts are related [8].  
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Figure 3.3: Example ontology alignment process in [8] 

 
 
Figure 3.3 describes example of an alignment process performed in [8] in medical 
environment. In this scenario a concept that describes a disease has a property 
“anatomical location”. If one disease has location “artery”, and another “aorta”, then 
these two diseases are related because according to the ontology “aorta” is kind of 
“artery” [8].  
 
We consider this approach for ontology mapping as an innovative and first of its nature 
that exploits background or domain knowledge for the mapping purpose. [8] also 
describes a setup for an experiment, where this approach was tested for real time data and 
showed very promising results.  
 
 
3.3.5 OntoMorph: Syntactic and Semantic Rewriting for Ontology 

Mapping 
 

Chalupksy in [18] realizes ontology development as a collaborative but 
independent phenomenon where merging of semantically overlapping ontologies is a 
common problem, and in response they have developed a system OntoMorph [17, 18] 
which uses syntactic rewriting via pattern-directed rewrite rules that allow the concise 
specification of sentence-level transformations based on pattern matching; and semantic 
rewriting, which modulates syntactic rewriting via (partial) semantic models and logical 
inference supported by PowerLoom. OntoMorph performs knowledge morphing as 
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opposed to translation. To quote Chalupsky: A common correctness criterion for 
translation systems is that they preserve semantics, i.e., the meaning of the source and the 
translation has to be the same. This is not necessarily desirable for our transformation 
function T, since it should be perfectly admissible to perform abstractions or semantic 
shifts as part of the translation. For example, one might want to map an ontology about 
automobiles onto an ontology of documents describing these automobiles. Since this is 
different from translation in the usual sense, we prefer to use the term knowledge 
transformation or morphing. 
 
 
 
 

 
 

Figure 3.4: Two-Pass Translation Schema in OntoMorph [18] 
 
 
An interesting technique of OntoMorph is semantic rewriting. When, for example, 
someone is interested in conflating all subclasses of truck occurring in some ontology 
about vehicles into a single truck class, semantic rewriting allows for using taxonomic 
relationships to check whether a particular class is a subclass of truck [1]. This is 
achieved through the connection of OntoMorph with PowerLoom, which accesses the 
knowledge base to import source sentences representing taxonomic relationships, like 
subset and superset assertions [1]. The OntoMorph system realizes the problem of 
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ontology mapping primarily in terms of knowledge based systems and its proposed 
solution provides a powerful rule language to represent complex language 
transformations from one knowledge base to another [17]. The OntoMorph is also 
equipped with PowerLoom KR system [18] to allow transformations based upon any 
mixture of syntactic and semantic criteria [17].   
 
Chalupksy in [18] summarizes the syntactic semantic rewriting used in OntoMorph as 

follows,  

    

• Syntactic Rewriting: 

o Pattern-directed rewrite rules  

o  Sentence-level transformation of syntax trees  

o  Based on pattern matching  

 

• Semantic Rewriting  

o  Modulates syntactic rewriting  

o  Uses integrated PowerLoom KR System 

o Based on partial semantic models  

o  Uses logical inferences  

  

Chalupksy in [18, 17] assumes syntactic rewriting as although very powerful mechanism 
to describe pattern based sentence level transformation, but  not sufficient in particular 
cases for example when transformations have to consider a large proportion of the source 
knowledge base, and that’s why make use of novel idea of semantic rewriting also.  
 
3.3.6 Ontology Mapping Using Natural Language processing (NLP) 

Techniques 
 

D Fossati et al. in [19] realizes problem of ontology mapping from computational 
linguistic point of view and have presented a natural language processing (NLP) based 
mechanism for ontology mapping. They have presented a general architecture and four 
algorithms that use Natural Language Processing for automatic ontology matching. The 
architecture presented in their system relies on instance based techniques for the ontology 
mapping purpose. The instance based techniques are the one which exploits the 
information contained in each element of the schema (of ontologies) contrary to the 
schema based techniques which develop mapping using the structure of ontologies and do 
not take into account to actual information (instances) described by the ontologies [19].  
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The matching process in this system starts its functioning with a pair of two ontologies 
which are to be mapped (aligned). The two ontologies are traversed and, for each node 
having at least one instance, the system computes a signature based on the instance 
documents. Then, the signatures associated to the nodes of the two ontologies are 
compared pairwise, and a similarity score for each pair is generated. This score could 
then be used to estimate the likelihood of a match between a pair of nodes, under the 
assumption that the semantics of a node corresponds to the semantics of the instance 
documents classified under that node [19]. Next the system produces representations of 
signatures and defines a suitable comparison metric between the signatures [19]. 
 
 
 

 
 

Figure: 3.5 Ontology Alignment Architecture in [19] 
 
 
This system utilizes four algorithms for the purpose of signature generation. Following 
we summarizes those four algorithms [19], 
 

1. Baseline Signature Algorithm:  
 

It performs a very simple sequence of text processing. It first removes HTML tags from 
instance documents, removes all punctuation from rest of the text and then tokenizes it. 
Finally, the tokens are grouped and counted. The final signature has the form of a 
mapping table  
 

Instance 
Documents 
HTML or 
Plane Text 

Node 
Signature 
Creation 

Signature 
compositio-

n 
Similarity 

Scores 

File 
System 

Word 
Net 

Ontologies 
Description (owl) 
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Token    Frequency 
 

 
 
 

2. Noun Signature Algorithm: 
 

This algorithm assumes that nouns are the words which carry most of the (crucial) 
information in documents to be compared. Thus it introduces a tagger [20] which, at the 
end of tokenization process, removes every thing except nouns. This approach suffers 
from the problem of High Specialization of Words in Natural Language. Also the fact 
that some verbs also carry critical information is ignored by this algorithm. 
 
 

3. WordNet signature Algorithm 
 

This algorithm primarily addresses the problems described in previous Noun Signature 
Algorithm. After extraction of nouns and their grouping, they are looked up in WordNet 
[21] for the corresponding synset (set of synonyms in WordNet), and the corresponding 
synset is added into the final signature in place of the noun itself. The final signature has 
the form of a mapping  

 
Synset    Value  
 

 
Where value is a weighted sum of all the corresponding synsets found in WordNet. 
 
 

4. Disambiguated signature Algorithm  
 
This algorithm endows with a disambiguity mechanism to overcome the ambiguity 
produced due to multiples synsets matches of a noun during WordNet signature 
matching. The algorithm computes a measure of the semantic distance between the 
possible senses of the target word and the senses of each of its context words (the words 
proceeding and/or following the target word), pair-wise and finally the sense for the 
target word is chosen such that the total distance to its context is minimized. The 
semantic distance between two synsets in [19] has been defined as “the minimum number 
of hops in the WordNet hypernym hierarchy connecting the two synsets”.  D Fossati et al. 
in [19] realizes this algorithm as relatively simpler and straightforward computation of 
the semantic distance using WordNet where as more sophisticated and detailed 
mechanism could be found in [22].  
 
This system is a good example for the use of instance based techniques in ontology 
mapping in which the actual information stored in the instances is utilized rather then 
schema of ontology for the mapping purpose [19]. Also we consider this system 



 36
 

particularly significant in the context of knowledge base systems to be mapped. The four 
algorithm discussed above have been evaluated using real world test data, taken from the 
Google and LookSmart online directories and it has been claimed that the results 
obtained during the experiment show that NLP techniques applied to instance documents 
help the system achieve higher performance [19]. 
 
3.3.7 PROMPT: Algorithm and Tool for Automated Ontology Merging 

and Alignment 
 

Noy, N.F. and Musen, M.A In [23] presents a system that provides a semi-
automatic approach to ontology merging and alignment. They present their algorithm for 
ontology alignment and based upon which they have developed a tool: PROMPT, which 
is available as a plug-in for Protégé [24]. PROMPT performs some tasks automatically 
and guides the user in performing other tasks for which his intervention is required. 
PROMPT also determines possible inconsistencies in the state of the ontology, which 
result from the user’s actions, and suggests ways to remedy these inconsistencies. 
PROMPT automates the process as much as possible. Where an automatic decision is not 
possible, the algorithm guides the user to the places in the ontology where his 
intervention is necessary, suggests possible actions, and determines the conflicts in the 
ontology and proposes solutions for these conflicts [23]. The implemented tool which is 
available as plug-in of protégé is primarily based upon the protégé knowledge model 
[25]. The knowledge model of PROMPT is s frame-based and it has been designed to be 
compatible with OKBC [26]. The basic components of the knowledge model are classes, 
slots, facets, and instances, which constitutes its top level. Classes are collection of 
objects with similar properties arranged in subclass-superclass hierarchy. Each has slots 
attached with it which a named binary connection between a class and either another 
class or a primitive object. The facets are named ternary connections between a class, a 
slot and either a class or primitive object. The instances are individual members of 
classes [23].  
 
The PROMPT algorithm takes two ontologies as input and guides the user in the creation 
of one merged ontology as output. First PROMPT creates an initial list of matches based 
on class names then the user triggers an operation to specify the desired objective. 
Further PROMPT performs the operation, automatically executes additional changes 
based on the type of the operation, generates a list of suggestions for the user based on 
the structure of the ontology around the arguments to the last operation, and determines 
conflicts that the last operation introduced in the ontology and finds possible solutions for 
those conflicts [23]. 
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Figure 3.6: The flow of PROMPT algorithm [23] 

 
 

Figure 3.6 describes flow of the PROMPT algorithm. The implementation of this 
algorithm, the tool PROMPT, which comes as an extension of Protégé is assists in 
merging of two ontologies into one coherent ontology in Protégé environment [23].  
 
 
 

 
 

Figure 3.7: a snapshot of PROMPT tool in protégé [23] 
 
Noy, N.F. and Musen, M.A In [23] have presented following as the fundamental  features 
of PROMPT tool:  
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• Setting the preferred ontology 
• Maintaining the user’s focus. 
• Providing feedback to the user. 
• Logging and reapplying the operations 
 

 
To check its performance, efficiency and correctness PROMPT has been evaluated 
formatively [23]. During the experiments the quality of its suggestions has been 
measured, also its utility was measured, and compared it to other ontology-merging tools. 
The results showed that PROMPT was very effective in providing suggestions: A human 
expert followed 90% of PROMPT’s suggestions. PROMPT was also very effective in its 
coverage: 74% of the knowledge-based operations invoked by the user were suggested 
initially by PROMPT [23]. Also PROMPT has shown a comparatively better 
performance when compared with other systems. Fir example for non-expert users, when 
compared to generic Protégé, it was observed that in order to be able to find all classes to 
be mapped, using generic Protégé required performing and explicitly specifying 60 
knowledge-base operations whereas in case of PROMPT user needed to specify explicitly 
only 6 operations [23]. Also when compared with Chimaera [27], PROMPT had 30% 
more correct suggestions than Chimaera did. 
 
3.4 Conclusion 
.  
  

In this chapter we have presented the state of the art in ontology mapping. Several 
works have been reviewed and some of them illustrated through examples and cases. 
Many more have been left out of this survey; it was neither feasible nor the scope of this 
study to include everything that has been done so far. Efforts have been made to include a 
comprehensive range while selecting the works. We not only considered the three 
broader categories presented in section 3.2 but also tried to select important 
representatives from diverse ranges like algorithms, systems and tools.  

 
We conclude this chapter with thought that the field of ontology engineering is facing 
some real challenges and needs more concrete and tangible work particularly in the area 
of ontology mapping. On the other hand a positive aspect is the increased participation of 
stake holders in the field of ontology engineering from more diverse domains, which 
makes this field more promising and rewarding in the future.  
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Chapter No.  4 
 

 
Semantic Web: from vision to reality  
 
Currently there are only around 200,000 URLs on the WWW that have dot-RDF, dot-
OWL, and a couple other such extensions on them. That's about 0.005% of the web; we 
have got a ways to go. 
Peter Norvig: director of search quality at Google [10] 

 
Summary 
 
In this chapter we have discussed challenges and opportunities ahead in the way of 
semantic web vision while it will become reality. We answer questions about its state of 
the art and we argue about the challenges the semantic web vision is facing today. Also 
we highlight bright prospects for its future. We have evaluated our current stand in 
Semantic Web research. We have discussed the issues related to privacy and trust for 
semantic and their impact on the way people perceive the vision of semantic web.  
 
4.1 What is it all about? 

While analyzing the very nature of Semantic Web we should always remember to beware 
of the hype [3]. Semantic Web is not some magical artificial intelligence. As the inventor 
of WWW Time Berners-Lee emphasizes that the concept of machine-understandable 
documents does not imply some magical artificial intelligence which allows machines to 
comprehend human mumblings. It only indicates a machine's ability to solve a well-
defined problem by performing well-defined operations on existing well-defined data. 
Instead of asking machines to understand people's language, it involves asking people to 
make the extra efforts on their behalf [2].  But once this vision becomes reality, the 
consequence will be immense. Just like its predecessor WWW, Semantic Web is going to 
change the way people live their life today. The “promised” application areas range from 
health informatics to air traffic control and from business to search engines. Researchers 
are expecting a rapid use of semantic (web) technologies in all variety of semantic 
application ranging from search, personalization, integration analytics and discovery. 
What is more important is that the approach to semantics need not be (and will not be) 
propositional. We are starting to find a way to exploit a range of implicit to formal 
semantics for exploiting statistical, learning, data base, knowledge base and logic/formal 
ontology based approaches.  
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4.2 Where are we standing?               . 
 
Although semantic web is still a vision, but in last few years this vision has travelled a 
long path. It has seen been struggling with a lot of challenges and at the same time it has 
been able to drew charming promises for future. In the following part of this section we, 
based upon the arguments of Jérôme Euzenat in [5] and of Ivan Herman in [3], we have 
describe current standing/achievement of semantic web in the research, education and 
industry.  
 
4.2.1 Research Standing  
  

• W3C standards for OWL, RDF and XML and active working groups for these 

and Semantic Web Services 

• Ontology alignment systems and frameworks 

• Ontology alignment API’s  

• Editors for ontology development, alignment and querying  

• Regular conferences and workshops with participant of increased number of 

nationalities and diverse geographic location  

 
4.2.2 Academic Standing  
 

• Active research groups at world’s top universities  

• Virtual institute for semantic web education (REASE) [4] 

• Dedicated master programmes and PhD studies  

• Organized curriculum and contents 

• Delivering content with semantic web infrastructure. 

• Annual Summer schools with increasing participation  

 

4.2.3 Business/Industry Standing 
 

• Incrsed participation of business and economic sector in research development 

activities of Semantic Web. The business and economic sectors includes, Health, 

Telecom, Automotive, Energy, Food, Media, Transport, Space, Publishing, 

Banking, Manufacturing, and Technology 

• Specific  example of interest from industry giants include, 
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o Oracle 10.2 providing facility to upload RDF 

o IBM refocusing itself to semantic web services from conventional web 

services 

o Jena API of HP, With HP investing more in semantic computing  

 
 

4.3 What's wrong with all this? 
 
 

The last section presented the mile stones Semantic Web vision has achieved in its way to 
become reality, and gives bright prospects in research, education and industry sectors for 
Semantic Web. In this section we present thoughts and ideas describing the hurdles and 
challenges in the way of semantic web vision. 
 
4.3.1 Are we really ready to accept? 
 
As we have also discussed previously in chapter No.1 that semantic web is going to 
change the way we use design, develop and use web technologies today. Importantly it is 
not just about changing; there are some arguments [6] which states that Semantic Web is 
going to break the internet model altogether. It demands too high level of precision and it 
tries to wrest control from the user and place it in the hands of the model maker [6]. And 
the change is two fold: way information is represented on the web and the way it is 
retrieved and processed from the web. Does the question is: are we really to accept this 
big change?  
 
4.3.2 The metadata for the metadata? 
 
Taxonomies are fundamental building blocks for the knowledge representation on 
Semantic Web. Before we can come any close to Semantic Web vision to become reality; 
we have to have a taxonomy of taxonomies that defines how taxonomies work and what 
their common terms mean and how they develop, define and disseminate their 
uncommon terms [6]. And perhaps then we would need another taxonomy for that meta 
taxonomy also [6]. This all makes it a real problematic situation and needs be addressed 
carefully.  
 
4.3.3 What about alignment? 
 
Despite the fact that there are numerous well organized and serious efforts [7] in this 
field, which have resulted some reasonable systems, frameworks and tools, ontology 
alignment is still one of the fundamental challenges Semantic Web is facing today. Core 
of the problem is very fundamental and is associated with social, cultural and scientific 
diversity in computing world.   
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4.3.4 Where is the privacy? 
 
How many of us today are ready to reveal their semantics to a knowledge representation 
system as large as of WWW? Not many off course? And the question gets more serious 
when it comes to organizations not just individuals. The idea of annotating each and 
every resource on the web requires people and organization to reveal their semantics 
which in turns brings more challenges for Semantic Web vision to achieve it adaptability 
in individuals, business and industry.    
 
4.3.5 How to ensure trust?  
 
The Semantic Web vision presumes that whoever builds the taxonomy in the first place 
knows, and can define, to everyone’s satisfaction, what they mean by the taxonomy. But 
this is not how it works in the real world [11]. People every where have different 
opinions and views about other people, events and thoughts. A hero in particular 
community could be a traitor for others, and it is not likely that an annotation produced 
by a person would be generally acceptable. Also the credibility of inference performed on 
the Semantic Web is questionable [6, 10]. 
 
Although there are some fundamental building blocks available in Semantic Web Vision 
to ensure both privacy and trust [8], but most requirements are missing and these issues 
are on the future stack of W3C and Semantic Web community [3]. 
 
 
4.3.6 Who is going to bell the cat (annotate)? 
 
The real power of Semantic Web will be unleashed when all the resources, not just the 
html pages, on the web would be properly annotated. The question is who will do this all 
annotation? And what will be the motivation behind doing this? Would the web masters 
simply start annotating all of the current web pages? Professor Jmaes Handler, an icon in 
semantic web research, in [9] realizes this hydra as a two fold chicken-and-egg problem, 
and argues that web users will not mark up their web pages unless they perceive value in 
doing so, and tools to demonstrate this value will not be developed unless web resources 
are marked up. 
 
4.3.7 Where it is NOT going to work at all? 
 
Peter Norvig in [10] urges that Semantic web technologies and particularly ontologies are 
not always feasible in all kind of environments and scenarios. Political religious and 
sensitive social issues are the places where ontologies are not going to work. People 
always have conflicting viewpoint on these issues and there is going to be an argument, 
always, over these issues. So we have to fall back and look for other approaches in these 
kinds of scenarios.  
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4.3.8 Which direction to move in future?  
 
Semantic Web vision today carries enormous achievements with it; and it has shown 
significantly consistent growth in diverse directions ranging from research to industry 
and from education to bossiness. On the other hand the challenges are also colossal, 
especially for this vision to become reality on the WWW level in near future. We realize 
that Semantic Web technologies will likely to play crucial part in semantic intranets on 
enterprise level in near future. They will facilitate enterprises to better maintain their 
systems in a more robust, self aware and formal way. Service Oriented Architectures is 
also one field where semantic mark-ups can show great potential for enterprise level 
businesses processes. The idea of self aware, self explanatory and equipped with formal 
description, services is very much central to the ever increasing complexity, and 
distributed and dynamic nature of today’s enterprise computing era, and semantic web 
services have got all the potential to answer these demands.  
 
  
4.4 Conclusion 
 
In this chapter we have discussed challenges and opportunities ahead for the semantic 
web vision. We have summarized the mile stones that Semantic Web community has 
achieved so far and the hurdles in its further progress. Based upon the discussion, we 
have presented an argument that it is unlikely to for Semantic Web vision to become 
reality on WWW scale in near future, rather semantic has great potential to play its part in 
semantic intranets for enterprise level computing.  
 
Also based upon our overall experience of thesis work and while trying to find answers 
for the our research questions, we have drawn fowling conclusions, 
 

• Semantic Web Vision is a future form of our current World Wide Web 
infrastructure and it has been emerged as a response to the distributed, dynamic 
and complex nature of current web. We have identified a number of specific 
problem and limitations in current web infrastructure which has stimulated this 
vision to emerge and evolve 

 
• One fundamental objective of Semantic Web and semantic mark-ups is to be able 

to delegate most of the tasks to software agents that we do today by ourselves on 
the web 

 
• Semantic Web vision is leaving its effects on different computing and research 

areas like Knowledge Engineering/ Management, Software Agents, Web Services 
and Grid Computing     

 
• Semantic Web vision has reached many milestone but it is still facing numerous 

challenges in the way of this vision to become reality 
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• Ontology alignment/mapping is one fundamental problem Semantic Web vision is 

facing today 
 
• Some very sophisticated research work is going on in the field of ontology 

alignment for software agents on semantic web but more is required 
 

• Current research in ontology mapping is utilizing ideas from domains as diverse 
as machine learning, knowledge engineering, automated reasoning and context 
knowledge. Current approached exploits both structure and semantics of two 
ontologies for the mapping purpose 

 
• It is unlikely to for Semantic Web vision to become reality on WWW scale in near 

future, rather semantic web has great potential to play its part in semantic 
intranets for enterprise level computing 

 
• Enterprise level service oriented infrastructures, health informatics, financial 

institutions, e-learning, smart information grids and crime control are particular 
areas where semantic mark-ups has special potential to play their role in near 
future    
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