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Abstract

Semantic web is an extension of the current web which is envisaged to offer a
machine readable information space, where intelligent engines perform sophisticated
tasks that can help in managing the massive and complex information on web. The
shift towards the use of semantic web and semantic information is important in many
areas including E-commerce enterprise applications. However, major issues remain
particularly in terms of semantic information grouping, maintenance, storage and
automated reasoning and retrieval support that is required for the verification, ranking
and validation of E-commerce products and services. Moreover, many E-business
and E-commerce approaches are deficient in a number of ways. These include the
~ lack of semantic guidelines for building websites into a business, lack of semantic
information search and real-time information leading to a lack of appropriate levels of
interaction between the customers and the entrepreneur. Hence, the main aim of this
research is to develop a framework for semantic information search and discovery in
E-commerce enterprise applications. The proposed framework offers a new approach

for semantic grouping, storing, retrieval and ranking of information semantically.

Thus, to achieve its aims the research work started with an investigation into existing
E-commerce websites and their evaluation using a software quality model which
showed that many sites suffer from a lack of appropriate information linkage and real-
time interaction that are required for building semantic E-commerce systems and for
information searches. To address these issues a semantic architecture including a
semantic layer with an intelligent network based engine is proposed and implemented
in this thesis. The architecture supports an automated semantic grouping and retrieval
system and produces semantic ranking of information while continuously checking
the information semantically and suggesting possible enhancements to the user. The
experimental evaluation results, using a case study based on an E-commerce business
application, demonstrated the benefits of the approach particularly in terms of
semantic search and sema"ntic ranking of the products. Moreover, although this
information search approach was applied in the- context of E-commerce it is generic

which makes it appropriate for many online applications and websites.
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Chapter 1 - Introduction

1.1 Historical Background

During the last decade the internet has rapidly evolved into the main medium of
communication and information exchange. Its use has spread into almost‘every aspect of
society, ranging from entertainment to commerce. Today the internet and other forms of web
technologies provide access to information and are used by millions of people around the
world. The web is considered the most popular medium of communication; even for the
laymen it is easy to publish or access information. According to a survey made by Pingdom
(Pin09), it is estimated that there are around 1.4 billion internet users worldwide, and
approximately 210 billion e-mails are sent each day, which this does not include spam e-
mails. The number of websites added during 2009 was 31.5 million (Pin09, Won10). The

internet growth has been massive and it is continuously expanding.

However, the internet had a humble beginning as part of a research project at the
Massachusetts Institute of Technology (MIT) in the early 1960s (Kle61, Kle62, Kle64). It
began from the research work on packet switching at MIT and then the Defence Advanced
Research Project Agency (DARPA) undertaken by Bolt, Beranek, and Newman (Lic68, Law67).
The development of the internet is linked with the cold war. In 1957, when the Soviet Union
launched Sputnik 1, the first satellite, into space, the United States of America was alarmed,
that this could mean that the Soviet Union could launch bombs into anywhere on earth. These
concerns in the US military did lead to the establishment of DARPA in 1958. DARPA’s first
priority was to protect American research in technology, safeguarding information against a
space-based missile attack and thus taking a technological superiority over the Soviet Union.
As part of these efforts DARPA appointed Joseph Licklider as the head of the new
Information Processing Techniques Office (IPTO) and his job was to create programs and
develop technologies to protect the US against space-based nuclear attack which was the first
direct contribution to the development of the internet (Lic68, Ste08, Mit97). It was Licklider’s
vision to have a countrywide communications network, and therefore DARPA asked
Lawrence Roberts, who was doing research with networks, to carry out further development

in this field. Thus, Roberts founded the ARPANet (Advanced Research Project Agencies



Network) architecture based on the new idea of packet switching (Law67). The ARPANet
first went live in October 1969, with communications between the University of California in
Los Angeles (UCLA) and the Stanford Research Institute (SRI). The first networking
protocol used on the ARPANet was the Network Control Protocol (NCP) (Cro70, Kle69). In
the late 1960’s it was even named as Resource Sharing Computer Networks. Later in 1970’s

it was generally considered as the inception of the internet.

Although the ARPANET was established only in 1969, it is generally regarded as the
forerunner of the present day internet and its first successful demonstration took place of the
International Computer Communication conference (ICCC) in Washington in 1972. The
placement of the initial ARAPANET sites at research institutions and universities were
regarded as ground-breaking research. The key services the first sites provided were: UCLA -
Network Measurement Centre, SRI - Network Information Centre, UCSB - Culler-Fried
interactive mathematics. The initial presentation of ARPANET in Washington paved the

foundation for the development of present day internet and the web.

In 1974, TCP (Transmission control program/protocol) was formed and later it was
developed into TCP/IP protocol, which is still the standard used today (Vin74, Vin78). In -
1990, the National Science Foundation took over management of what was then called the
NSFNet, and significantly expanded its reach by connecting it to the CSNET in universities
throughout North America, and later to the EUnet throughout research facilities in Europe.
With NSF's free-thinking management and the internet growing popularity, the nature of the
internet changed quickly. In 1992, when the U.S. government began pulling out of network
management, commercial entities offered internet accéss to the general public for the first

time.

In ‘1980, Tim Berners Lee at the European Organisation for Nuclear Research (CERN),
Switzerland, built ENQUIRE, a personal database for people and software models, and also
to experiment with hypertext (Ber96). New information in ENQUIRE had to link with an
existing page. In 1984 CERN had taken seriously the problem‘of information exchange and
presentation, that is physicists from around the world had to share information, with no
common machines 'and no common presentation software. In 1989 Bernard Lee made a
proposal based on a large hypertext database with typed links (Ber92, Ber96). This projéct
had generated little interest and later, asked by Mike Sendall, Bernard Lee tried to implement

his system on a newly acquired NeXT workstation (Ber94, Ber96). Several names were



proposed such as Information Mesh, The Information Mine or Mine of Information, but the
name World Wide Web was accepted (Ber96, Ber99).

According to Berners Lee (Ber 98) the web is an abstract information space. Within this
space one can navigate and seemingly move around the world of information. The World
Wide Web (WWW) is global information medium which users can navigate, read, write,
publish, and retrieve information by the use of internet. The term is very often used together
with the internet and therefore the World Wide Web is often mistaken for the internet or the
other way. The World Wide Web is only a service over the internet which is a large number
of networks grouped together and capable of sharing information (networks of networks).
The networks are made up of computers and cables, which can be seen and therefore it is
physical. But Vinton Cerf and Bob Kahn (Vin74) tried to make the concept more informative
by sending around little "packets" of information around the network. Vinton pointed out that
a packet is a bit like a postcard consisting of an address that is capable of identifying the

destination and be delivered around the world.

The internet can be used by different types of programs such as e-mail, video C(')nferencing,
streamed audio channels, voice over IP etc. These programs are able to encode information
and use protocols and languages to coinmunicate with each others. The web, however, is an
abstract space of information or imaginary space of information. For example over the web
we may find information of various kinds such as sounds, pictures, videos and documents.
The connecting links between the websites are hyperlinks. The web is unable to communicate
without programs and protocols and it cannot exist without the internet, in fact it made the

internet more informative and interesting.

1.2 Challenges

The internet and web massive growth have lead to the expansion of information technology
itself. However, the web was originally designed purely as an information space useful for
humans and processed by machines. One of the most difficult part of this understanding is
that most of the information on the web is designed for human consumption (Ber98, Ber01).
This means that the automatic integration of information from across the web and
meaningfully linking information between computers remain a challenging task. Moreover,

many of current web technologies are not able to efficiently integrate information about the



real world real objects, relationships and abstract concepts e.g. people, publications and the

relationship between them (Sha05, Euz02).

The internet and other forms of web technology are continuously evolving and indeed have
massively influenced the society, and the instant and easy availability of information is also
revolutionising the peoples' imagination and lifestyles. However, the immense growth and
availability of information makes it increasingly difficult to find and extract meaningful
information. As pointed out by Petra Wilson (Pet02) “trying to get information from the
internet is like drinking from a fire hose, you don’t even know what the source of the water
is.” As a result, unpredictable expansion of the internet is taking place, because of the high
demand for information by the humans (Oec08). However, the overload of information can
create a number of problems including the accuracy of information, trust and authorship,

origin of data etc. (Cra09, Pet02).

These problems, including scattered information and the question of trust, have affected the
web usage, particularly the behaviour of search engines. For example a search engine
crawling over stored information would not know how to effectively interact with sites,
indeed search engines cannot penetrate deep into the pages and see what is trustworthy,
reliable and meaningful. This is due to the fact that the traditional/current search engines use
an Information Retrieval (IR) technology based search which is purely on the occurrence of
the word in documents. Google, augment this in the scenario of web with information about
the hyperlink structure of the web (Guh05). Google like searches are often based on Crawler-
based search engines, that means this search engine can create its lists automatically and it
will crawl or spider the web and come up with listings and then the user has to search through
what the search engine has found. Another category of search engine is the human powered
ones, which rely on humans to submit information that will be indexed and catalogued, and
only the input information is indexed. These search engines can only produce the output from
its index. The user search result can be narrowed or manipulated, the user is not searching the
web, and rather the search engine searches the previously stored information from a giant
database. As a result the user sometimes receives links which are not active, working

anymore or broken links.



Moreover, the question of trust is leading to the meaning of information and the enormous
volumes of data over the net increasingly make it difficult to access, present and maintain the
information. In fact, computers have no reliable way to process the information (Pet02, Ber

01).

The scattered information and the question of trust over the internet experienced by the
present day internet users were already under consideration when the paper by Bernard Lee,
Hendler and Lassila containing a vision of the future of the internet was published in
Scientific American in 2001 (Ber01). In this vision, ‘The Semantic Web’ was described as
going to bring structure to the meaningful content of the web pages, and thereby sophisticated
tasks for users would be performed by software agents and the scattered information problem
would be solved. The semantic web was not considered a separate entity, but as an extension
of the current web that would bring structure to the meaningful content of web pages, thus,

computers become much better able to process and understand the data.

The World Wide Web Consortium (W3C), since its establishment, is trying to improve,
extend and standardize the web, and they have developed a number of languages tools and
other applications [W3C04]. However, it is also noted that semantic web technologies are
still developing and it is early to predict the web’s future (Sea09). Clearly, the future of the
internet will be different from the present day internet. The information provided on the
internet needs to be contextualised in order to be used more feliably by an automated

information processing system.

In this thesis, a new framework and architecture for semantic information provision and
management for the web is proposed. The information is associated with contextual semantic
information which is provided in a machine readable and understandable format. This will
allow the information to be self organising and be able to recognize its contéxt and meaning.
This is in analogy to the early network structure of a self organising network. In this
approach, the semantic information can be used to find and establish links between
information on relevant sites. Thus, improving traditional search by placing structured,
machine understandable information in objects (web pages linked to objects). This self
organising information linkage allows the automatic gathering of information about
entities/products/services within a local environment as well as globally on the web.
Furthermore, the semantic information can be used to adapt of individual’s needs by

Ieorganising the site and providing a specific semantic display of say products and services.



Ultimately, this thesis makes a significant contribution in development of semantic search
and discovery approaches which could be used as the basis for a self organising hyper-

information system.

However, in order to develop the new framework and architecture for real-time information
searching on the internet and the web, it is necessary to define the architecture and
technologies. It is also important to investigate technological functions and its various usages.
When making use of the existing technologies and functions, the first priority is to establish
the adaptations required to develop an efficient single point framework and architecture for
real-time information search web sites. Moreover, to be able to develop the framework a
number of architectural principles and design concepts need to be considered and the criteria
for evaluating and designing websites should be defined. Furthermore the adaptation of the
proposed framework and architecture to attain real-time semantic information search websites

should be investigated.

Thus, the thesis aims to contribute to this stream of research regarding the use of semantic
information searches on the Internet. Moreover, of particular interest to this research is the
identification and description of the current position of the web in the business industry (E-
commerce) and its search results. As will be discussed in this thesis, the real-time semantic
information search methods described in this research refer to any organisations and concerns
both the use of semantic téchnologies and the semantic information search within an
organisation. The research is done by using a qualitative and evaluative study on semantic
information search methods for the logical and semantic conclusion of the findings and

results. The qualitative data is analysed and discussed in order to reach the research results.
L3 Structure of the Thesis
The thesis is structured in the following manner:

Chapter 2 starts by considering the network infrastricture and communication protocols
which are the fundamental blocks on which the internet and the web are built. Then, web
languages including the mark-up languages and architectures including the tree tier systems
are discussed. The different types of web sites are then considered showing some of the
advantages and limitations of some existing sites. This is followed by reviewing E-commerce

Systems with particular emphasis on their design aspects. Then, a brief discussion on



information search and the issues of information overload is presented. Finally, a summary of

the chapter is presented.

Chapter 3 starts with a discussion of the definitions and architectures commonly used to
describe semantic web. Then, the knowledge representation languages and their contribution
in the designing of a semantic web site and a number of common patterns that these
languages follow are also discussed. This is followed by descriptions of semantic web
documents and formation. Web services and their potential semantic links are then discussed.

Finally, a summary of the chapter is presented.

Chapter 4 starts with a brief discussion of the approaches commonly used for the evaluation
of websites which are normally based on one or more aspects of the quality characteristics.
Then, the software quality factors which can be used for the evaluation of websites for their
semancticity are considered. This is followed by proposing a quality model which is then
used for the evaluation of some leading E-commerce websites. Moreover, some specific
quality characteristics directly related to the indentified quality factors are considered
together with the different types of websites structures and their impacts on quality

characteristics. Finally, the chapter’s findings are summarised in the conclusion section.

Chapter 5 starts with a discussion of the meaning of the semantic information together with
semantic encoding and indexing, which explain and define, using examples, the approaches
used in web application techniques particularly in terms of indexing web based objects and
information according to the user relationship and the semantic information search. The
semantic architecture which can be used for the implementation of the proposed approach is
then presented, together with some descriptions of semantic items relationships and
processes. This followed by a discussion of a self organising hyper linking system. Finally,

the chapter’s findings are summarised in the conclusion section.

Chapter 6 starts by presenting a more suitable definition of semanticity, in the context of
artificial intelligence on which the new approach has evolved. Then, the intelligent engine in
the semantic layer is described together with all the required processes. Neural Networks are
then briefly described and the choice of a network based intelligent engine is rationalised.
The probabilistic network of the engine together with the ways how the connection weights

are calculated are then presented. followed by examples on how the approach may be used in



an E-commerce system for semantic information search and discovery. Finally, the chapter’s

findings are summarised in the conclusion section.

Chapter 7 presents the integration of the proposed framework and architecture together with
the indexing, semantic storage, semantic search and semantic display concepts. It starts with a
discussion of E-commerce systems and the requirement for product E-catalogues/lists, then, it
carry on with a description of the components of the system, conducts an experimental study
with the aim to evaluate the system using a case study based on a retail E-commerce business
application, and it presents the results and analysis of the evaluation. The chapter concludes
with a summary highlighting the results of the experimental study and showing the

significant benefits of the new approach.

Chapter 8 concludes the thesis by specifying the main contributions of the work. It gives a
summary of the work done as well as its evaluation results. It also outlines possible research
areas that can be carried out in future work and identifies some guidelines and directions of

future semantic information research.



Chapter 2 - Internet and Web technologies &
Applications

2.1 Introduction

The fast growth of the Internet during the last few years has been one of the dramatic changes
in the world. In 1999 Andy Grove (Gro99) was convinced of the idea that in five years time
or so, all global companies will be internet companies. In fact, the prophetical statement of
Andy Grove (Gro99) was fulfilling in few years time, because the adnancement of internet
has become a global phenomenon and has paved the way to do business and other
transactions regardless of their interests. This advancement has brought new internet

technological applications in businesses and communicating knowledge and information.

There have been plenty of attempts to improve the quality of internet and websites and many
approaches, architectures, technologies have been developed and deployed in the last few
years and still developing and deploying. Some are focused on technologies and
infrastructures and others are focused on software tools and architectures. Initially, the new
developments were driven by the massive improvement in IT network infrastructures
including new communications hardware and protocols. However, this is now combined with
the development of new languages such as mark-up languages and new design tools as well
as improvement in data storage and retrieval and new software architectures. All these
development contributed to the development of the web. Therefore this chapter reviews the

recent developments that have led to the popularity of the web.

This chapter starts by considering some of internet communication protocols which are the
fundamental blocks on which the internet and the web are built. Then, web languages
including the mark-up languages and architectures including the tree tier systems are
discussed. The different types of web sites are then considered showing some of the
advantages and 11m1tat10ns of some existing sites. ThlS is followed by reviewing E-commerce
Systems with particular empha31s on their desxgn aspects. Then, a brief discussion on
information search and the issues of information overload is presented. Finally, a summary of

the chapter is presented.



2.2 Protocols, Web Services and other Techniques

Protocols are necessary methods of communicating within the networks. The computer
programs concentrate on communicating with each other in terms of standardised protocols
(Ido08). The quality of web networks is stated in terms of protocols, and it is difficult to view
the web pages without the assistance of protocols or one would suffer the problem of not
viewing the content of the web page properly. It is also difficult for the programmers to
communicate with the network and relate with organisations without the proper use of
protocols. Therefore, incorrect use of protocols can cause chaos and problems in the web-
system. A solution is to use more robotic protocols in terms more understandable to system
processing. One such approach is to find ways for describing and implementing new
protocols (Ido08). The new protocols have the task of enterprise application integration (EAI)
and cross-organisation integration (B2B). Though EAI and B2B are related, they vary in their
details. EAI is mainly working on a single administrative domain and it can be removed at
any time and replacing it is also possible, whereas B2B is extended to customers and
therefore removal can affect the customers. The frequent change of the protocol can create
problems within the system. EAI and B2B can be mistakenly understood as similar, however,
both of them differ, and therefore they require different technical strategies to deal with them
(Ido08).

SOAP (Simple Object Access Protocol) and WSDL (Web Service Description Language) can
overcome the problems of B2B and EAI. SOAP exchanges XML based messages over
computer networks, and it uses HTTP.SOAP to form the web services stack, and it provides
the basic messaging framework for building up more abstract layers. Many types of
messaging patterns are in SOAP, with the most popular one being based on the Remote
Procedure call pattern (RPC). The function of sending messages is quite dynamic, in which
one network node sends a request message to another node and the server quickly responds to

the client (Don00, Dan02).

SOAP works on the internet application layer and as a transport protocol; it also tunnels other
protocols. SMTP (Simple Mail Transfer protocol) and HTTP (Hyper text transfer protocol)
are application layer protocols used as transport for SOAP. HTTP works well on today’s
internet communication architecture, and SOAP works well on network firewalls. SOAP also
is used widely with the HTTPs though it is similar to HTTP; it also uses an encrypted
transport protocol underneath (E1f02, Don00).
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In order to describe the web services there are description languages such as WSDL (Web
Services Description Language), which is an XML based service description that lays down
the descriptions on how to communicate with the web services. WSDL describes services as
collections of network endpoints. It gives an XML format for documents. Though the
collection of ports defines the particular service, the port is only defined by associating with
network addresses with a re-usable binding. Each of these messages are abstract descriptions
of the data being exchanged and port types are abstract collections of supported operations.
Thus WSDL is often used in combination with the SOAP and XML Schema and it can
provide web services over the internet. The client programme can connect to the web and see
what is in the server by using WSDL and the client can make use of SOAP to call on the
function of the service (Edo05).

The critics of SOAP point out that SOAP is, being degraded as a framework. Its goals have
changed so drastically that the word SOAP went from being an acronym for Simple Object
Access Protocol to being merely a meaningless name. It is becoming a syntax to a framework
from an RPC (The Remote Procedure Call) protocol to an abstract, one way messaging

environment (Nik04).
2.2.1 HTTP

In order to access and display of information between any two systems over the internet, the
hyper text transfer protocol (http) is developed as the standard communication protocol for a
distributed collaborative hypermedia information system over the internet (Yve03). The W3
consortium defines that the transaction over the internet consists of four basic phases which
are the connection, request, response and close phases (Yve03). In the first phase, the web
user establishes a connection with the http server. When the connection is established the
communication begins and the user sends his/her request to the web server. The request
specifies the protocol, object, and the responding method. The server will respond according
to the user’s request, otherwise it will send back an error message. As a response to the

request, the browser displays the object and the connection is closed.
2.2.2 URL

Uniform Resource Locator (URL) is the addressing system which is used to describe, locate
and identify the type of files or servers. In addition to the address of a particular web page,

the Uniform Resource Locator consists of the protocol, domain name, path and file name, and
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even the information of what protocol to use for handling a file and the location of the
resource. The addressing definition is considered as the most important part of the URL, the
information in it defines the method for transporting or handling a file over the Internet. After
identifying the protocol, the web browser would know which port and server it is talking to
for the information, then it directs to the selected hyper link. HTTP, FTP, Telnet, news, etc.
can be specified by the URL to access resources from the Internet. The location of the server
hosting the file that the hyperlink is directing to (domain name) is identified by the URL and
is also included in the function of a URL. For example a meaningful company can be located
by looking at its URL, say http://www.shop.co.uk or IP address for this company could be
“175.675.75.119” which refers to the same web server address. The URL also specifies the
pathname or filename which the hyperlink is pointing to. When specifying the path to a file, it

is normally separated by forward slash, which separates each directory.
2.3 Security and Integration Issue

The complexity of E-commerce and E-business compels the protocols to cope with new
security issues. IP protocol has many weaknesses, and that enables attackers to break the
security of internet communication. IP spoofing is an area where IP fails. The attackers
pretend to send data from an IP address other than the proper address of the source server. In
return, the destination server will send information back to the addressee. This is due to the
lack of encryption and authentication. Packet sniffing (Electronic Eavesdropping) is another
issue requiring more vigilance. The packets on the network can be under attack. If the card is
put on promiscuous mode, it can collect all the packets that are on its way and this is mainly
done where there is an Ethernet-based network. IP is also vulnerable to session-hijacking. In
order to overcome these problems IPSec (Internet Protocol Security) was created by Internet
Engineering Task Force (IETF) with three IP extensions: authentication header (AH),
encapsulated security payload (ESP) internet key exchange (IKE), with two mode operations

such as tunnel mode and transport mode (Dim00, Bur02).

It is important to realise, however, that there is no guarantee as to whether other protocols,
such as IPsec, provide a better service to the internet, than other IP protocols (Bur02). For
this reason, investigations exist to prove, for example, the limitations of IPsec. Many are
complex and not completely mature, incompatible with NAT (Network Address Translation),

dynamic addressing is not well supported, and there are interoperability issues. There is no
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centralised dynamic management system to handle security issues and it lacks functional and

recognised PKIs (public key infrastructure) (Chr07).

The traditional method of communicating over the net has gained wide popularity. Despite
this, worries and concerns have been raised over the construction of a simplified
communication system and the technical and commercial correctness of the approach. The
invention of too many protocols in the future might cause confusion in the commercial as
well as the telecommunication community, because the communication must be simplified
and straightforward so that it can overcome any security, consistency and reliability
problems. Usually, in order to tighten the security, new protocols and methods are invented
which are inevitably too complicated for the ordinary customer/entrepreneur. For example,
involving multiple vendors into a cohesive solution integration application has been a
challenging issue, thus integration involves both in-depth application programming, interface

knowledge of the systems and peer to peer integration between each system (Jor07).

Point to point communication also does not appear to be satisfying in an expected way.
Alternative methods will, for example, use enterprise application integration (EAI) and
efforts have been developed to overcome the complexity of merging different systems by
creating a common layer to manage these integrations thereby simplifying each component
system (Jor07). However, the simplified method of enterprise application integration has also
created problems in the industry such as being complex to create, and difficult to maintain

and upgrade (Jor07).

Although the intention was for an integration system technology independent of the
traditional method, concerns have been raised that such independence would not be possible.
For example, if new communication and information technology is introduced, then the
communication, data transfer, capturing etc. cannot be possible unless a new set of protocols
and layers is invented or created in line with the new technology. Moreover, if new
technology permits the client to do new ways of communication and commerce, or to do"
things differently, then that communication mode is different and presumably it uses new
technology. As a result, its protocols must also change. Thus,.if an entrepreneur uses a new
technology, and wants to continue with the E-business, then it must produce a new set of

protocols and layers for communication (Rom08).
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Therefore, many organisations and industries are adopting new approaches to integrate
business systems such as service oriented architectures (SOA) (Cla07). SOA is not a product
or technology; it is a technique for designing large, enterprise applications. Service oriented
architectures are dependent on a number of open standards: Web services, SOAP, XML and
HTTP (Tho06). These will help the software developers view their applications as services
and to call other systems (Cla07). Moreover, Uncle Bob (Unc07) pointed out that SOA is
supposed to confiscate the core business functions and its practices into independent services
without frequent changes and they are glorified functions. These services are performed
through presentation programs. The presentation programs are meant to present and accept
data from various users. Furthermore, Rich Seeley (SEE06) noted that the Digital Business
Architecture emerges from SOA. There are concerns about the usefulness of SOA, other web
sérvices and techniques. In one enquiry, for example, it was noted that SOA has two
limitations in Synthetic SOA transactions; complex transactions are hard to imitate and

problems tend to get hidden in the background (Ora09).

In another investigation, it was cited that one cannot distribute all functions in an application,
and therefore there is doubt that SOA is not able to distribute all functions by itself and it can
limit the service orientation (Rme07). These findings are confirmed by the use of the SOA
architecture in a business environment, in which effort has been taken to improve SOA so
that it is close to some of the technologies generated by the existing SOA usage. It is
important to realise, however, that there is confusion as to whether other architectures and
techniques provide a better business service than the SOA architecture. For this reason,
technologies exist, for example, which can enable E-business in a similar way to SOA, and it
was concluded that better results are found by moving to other techniques which are close to
SOA (And08). Even today, investigations are on the way to find the consistency, reliability

and security of SOA, other web services and other techniques (Hel07).

As a result of such issues, new technologies are emerging in E-business environment and new
E-business architectures are proposed, for the purposes and improvements of reliability,
consistency and security. The new approach is based on the conclusions that a single
technology based E-business solution would not overcome all the existing limitations of E-
business and E-commerce (Hel07). Different types of web services or collaboration of

different technologies are therefore required (Hel07).
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2.4 Web Languages and Architectures
2.4.1 Mark-up Languages

A Mark-up language is able to structure text and multimedia documents and includes
hypertext links, then connects between documents for use on the World Wide Web. In the
late 1960’s the idea of developing a structured mark-up language was necessary for various
aspects (Gol90, Oxf02) for example the need to describe the contents of a document which
include the heading, separating the logical elements of the document, specifying the
processing functions which are to be performed on the same elements (Jae03). A Mark-up
language is not simply used for word processing but for data structuring both texts and
multimedia. As the web and Internet developed, mark-up languages have also developed,
because a single mark-up cannot overcome all the needs required for human communication.
But, mark-up languages set a common structure for processing, executing, displaying and
presenting the content of a document with many benefits, for example it is easier to learn
similar languages. The most commonly used mark-up languages are explained in the

following sections.
2.4.1.1 HTML

HTML (Hypertext Mark-up Language) was developed by CERN (European Organisation for
Nuclear Research) (Yon02). Since SGML (Standard Generalized Markup Language) is a
complex language (Oxf02) and it was developed before the widespread use of the Internet, it
was deemed too complex to develop documents for the web; therefore HTML was developed
mainly to become an application profile for SGML. HTML was developed as a simple
language, which defines the content of a page, headings, lines, paragraphs, tables etc. It is
able to display information on both hypertext and multimedia, and this information can be
exchanged between computers in global interoperability. HTML can present a document
structure and it is capable of visual presentation (Rob06). The hypertext technology makes
the web more efficient. It is a presentation format that allows clients to view information and
it can be linked to other documents as hyperlinks. Hypertext documents are created using
HTML which also allows the user to navigate from one section to another. Table 2.1 shows

an example of HTML tags used in a web page.
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<HTML>

<HEAD>
<TITLE></TITLE>
</HEAD>

<BODY>
<H3>homepage</H3>
<P></P>

</BODY>

</HTML>

Table 2.1 HTML tags used in a web page

24.1.2 XML

The Extensible Mark-up Language (XML) is a meta language as well as a mark-up language,
which contains a set of rules for creating document formatting languages for different
applications such as application oriented description languages, for example WML (Wireless
Mark-up Language) for WAP and GML (Geography Mark-up Language) for dealing with
geographical data such as geometry and attributes. Therefore this is a language setting a
standard for the exchange of data over networks. As a Meta language it is able to describe
another language, and as a Mark-up language it is also capable of describing information for
example storing, processing and transmitting information according to the types of
applications (Gir00). SGML is the parent language for both HTML and XML, all these
languages use tags to explain, present and interpret the contents of a document as shown in
Table 2.2. XML is used with HTML, and they complement each other, however XML can
deal with some of the features which HTML cannot deal with.

<?xml version="1.0"?>

<!-- A simple document -->

< business>

<title>XML, Servlets &amp; JavaServer Pages</title>
<company business="grocery">

<name>shop</name>

16



<store>London</store>

<address>14 High Street</address>

</company business>

<day>05</day>

<item>orange</item>

<detail>Orange is imported from South America, and sold in London.
</detail>

</business>

Table 2.2 XML Example
2.4.2 Three Tier System

A three tier application separates a networked application into three logical areas such as a
client user interface tier, a server-side information process tier often known as the middle tier
and the remote tier with a database management system (figure 2.2). The client-user tier
manages presentation. In a web application, data is requested by the browser and is sent there
from the web server to display. Tier two is responsible for business logic processes. Tier
three process the data, from where the data is stored. In a web application tier three is
responsible for the back-end database management system (DBMS). Three tier systems are
easier to deal with, modify and maintain, because of the separation of presentation, business

logic and data processing.
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Figure 2.1 A three-tier application (Ram00).

In the three tier model, the presentation layer can be the browser which can interact with the
user by HTML. In the web page there will be a provision for the user to enter information and
submit the information to the server by making use of web page scripts. The values of the
scripts on a web page can be passed to the server for processing. All submissions and
requests are passed on to the server through the browser. The web server is the middle tier
and the application layer. The web server generates HTML documents and sends them to the
user. To access the database, the web server contacts the data layer through a server side

script.

2.4.2.1 JAVA Servlets

Java Servlets are JAVA based server-side software components and servlets are protocols and
platform independent. JAVA servlets are compiled to platform neutral byte code that would
be loaded dynamically into the Java enabled web server. This is independent and therefore
not specifically attached to the client server protocol. However, Java Servlets are used with
HTTP. Java enabled servers will load the servlets and displays on Java virtual machines. Java
servlets do not make use of any graphical user interface, because they run on servers. Servlets
Tesponds to HTTP requests from the user and reacts according to the users’ need. In most of
the graphical user interface programs, Java servlets and applets are used, servlets run within
the server and are analogous to applets that run within a browser. The user sends requests

from client applets and carries the requests to the appropriate DBMS.
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2.4.2.2 PHP

PHP is a scripting language mostly used with server side applications and automated dynamic
web pages. It is easy to use with HTML. In comparison with other scripting languages PHP
is unique in several ways for example the code is generated from the server which makes data
processing fast and the user gets a response efficiently and quickly. The webpage
‘us.php.net’ explains the historical development of PHP. PHP/FI, which means Personal
Home Page or Forms Interpreter, was developed by Rasmus Lerdorf in 1995 and named as
personal home page tools ( Ben03, sha02) initially it was only a set of Perl scripts for tracking
accesses to Rasmus online resume. Later Rasmus wrote a C implementation to communicate
with databases, and the users are able to develop simple dynamic web applications. In 1997
PHP/FI was officially released as PHP/FI 2.0 and several thousand users have installed this
version of PHP/FI. Though several people contributed to the code, it has largely remained as
a one man project. PHP 3.0 was the first version that is very similar to the PHP that we have
today. It was developed by Andl Gutmans and Zeev Suraski in 1997 (Ben03). One of the
common strengths of PHP 3.0 was its extensibility features; it also provides the end users
with infrastructure for lots of different databases and protocols. It was renamed as PHP-
Hypertext preprocessor. PHP 4 was released in 1998, and later in 2004 PHP 5 was released
with new features. PHP code can be easily parsed at the server into html and then sent back to
the browser which will understand the html tags and it will display the webpage. The three
main applications of PHP are server-side scripting, command line scripting and writing

desktop applications (Meh10).
2.4.2.3 Database

Database can be defined as a collection of data or information organised in such a way for
ease of use and speed of management, search and retrieval. This is also known as the data
bank. A number of database systems exist for example biographic databases, which provide a
record of an item and information about an item, for example author, title, subject,
Organisation, full-text databases which give the full-téxt of a publication, sometimes an
entire book is stored and its citation is given, image database which collects and stores
images, for example CNN collects imégés, audio information, MP3 files and the combination
of the above, meta-databases are there to provide the user with searching facilities for data,

the user can search for content that is indexed by other databases (Hun98, Jem10, Joh10).
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The Database Management System (DBMS) is one or more software programs which supply
functionality to users for developing, using and maintaining a database. DBMS can define,
populate, create and manipulate data or databases for different types of functions and
applications. DBMS make use of structured query language (SQL) to access or retrieve
information from the database. DBMS is well advanced and it has got many advantages such
as data abstraction, data independence, transaction model, handling data on several
transactions (concurrency control), and robustness for handling crash recovery. There can be
many data connectivity applications, for example ODBC (open database connectivity), a
database access method developed by Microsoft corporation. ODBC can access any data
from any application, regardless of its database management system. ODBC makes use of a
middle layer database driver to do this function, between the application and the DBMS. The
purpose of this layer is to translate the application's data queries into commands that the
DBMS understands. On the other hand Java Database Connectivity (JDBC) works with Java
programs and it is a Java API that can execute SQL statements. JDBC makes it possible to
write a single database application that can run on different platforms and interact with
different DBMSs. The next sections will explain how these internet technologies are used in
present day information communication web services, web applications, information search

and its presentation over the net.
2.5 Types of Websites

Today’s society depends increasingly on the internet to access and retrieve information,
millions of people "surf" the Web every day. Therefore the websites have to be created and
maintained to meet the expectations of people. This expectation of people can be maintained

only by securing a proper communication service.

The main concerns of the business leaders and organisations are, therefore, to build a good
information communication service over the Internet. The information communication
service can be established by building a good website and thereby improving the efficiency of
electronic business. The information communication service ensures the competent nature of
an organisation, and the efficient information communication service assures more revenue

and thus makes an organisation competitive in today’s online market.

A well designed system should have uninterrupted information thus making the service

compatible and efficient. Most of the problems connected with web sites are related to
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insufficient information or not being able to find the right information. Difficulties in finding
the material or service, poor site layout, incorrect content etc. are examples of the problems

generated by the inefficient information communication service.

The popular medium of conducting business on the net adapted by industry can be seen as the
World Wide Web which is a hypermedia-based-system (explained in the previous section) for
browsing Internet sites. The World Wide Web (WWW) is the hypertext-based graphical
interface to worldwide resources. It uses the internet as its communication network. The
most commonly used service of the internet is the electronic mail service. Behind the rapid

growth of internet use, the web plays an important part.

There are a number of ways to describe electronic business. The term "E-business" was
coined by Lou Gerstner, CEO of IBM (Rim09). According to Queens-land government
(Que05) it can be defined as the conducting of business on the internet. It not only includes
buying and selling but also servicing customers and collaborating with business partners. It
can also be defined as any business process that is empowered by an information system
(Rim09). Today, this is mostly done on the basis of technologies. Therefore, electronic
business can be defined as the efficient and dynamic selling and buying of goods online,
servicing customers and collaborating with business partners on the Internet. However, there
are different types of existing websites with different approaches to E-business which

discussed in the following sections.

2.5.1 Information Website

The brochure or the information websites are only accessed by the surfer. As the name
signifies it can only be viewed. The information cannot be downloaded, however can be
saved on a per page basis. This type of website is the simplest, and is widely used over the
net (Tar05, Rob07). The brochure web sites usually contain information about the business,
its products or services. There are many features of brochure websites as they are a kind of
advertisement and provide an assurance on the net that the company is active and it is doing
business over the net. Similarly, brochure websites expose the company to the target
audience. Therefore, a well designed brochure website can increase traffic to the business and

increase the sales potential. Thus the brochure website can provide a good image of the

business.
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However, these sites have their limitations in supplying real time information. According to
Chris Ramsey (Chr05) information websites severely restrict their functionality, expansion
opportunities and the ease with which they could be modified. It is not easy to update the

website code.

An information website can sometimes be misleading when it is attached to a search engine
and its consequences may be severe especially on health related subjects. Health related
information is widely accessed on the internet with millions of people regularly access the
internet for health care information and there are massive number of sites that offer health
related information. These clearly require methods and tools to improve the quality of
information on the websites. Tools include codes of conduct, quality labels, user guides,
filters, and third party certification. These tools are necessary for the developers to filter
content and help consumers become discerning users of information (Pet02). The technology
mainly used by the information website to make the information accurate is a filter. It can be
applied manually or automatically to accept or reject the information based on controlled pre-
set criteria words. By using these tools online users can organise their access to the internet
according to quality and relevance of information related to a particular audience. The data is
reviewed, classified and the descriptions are stored in a database (Pet02). Criticisms of
relying on the reputation of such an information website will include lack of technology,

quality over information (Med01).

2.5.2 Interactive Websites

Interactive websites provide standards-based cross curricular web resources designed to
enhance online learning opportunities. These sites interact with the user usually through
cither a text-based or graphical user interface (Jef08, MohO1). In an interactive website the
user can browse and download information. Even software graphics and other multimedia
information can be requested and downloaded. Chat rooms and message boards are other
forms of interactive sites. Interaction can happen in many ways. Video and audio interactions
are mostly used in chat rooms and message boards. Fill-in-blank interactions are often used in
education and learning. The customers are often asked to pick up a topic and fill in the blank.
The website guides the customers through a good number of websites. The web resources are

used for activities and that is in the learner’s interest.
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Another way of interacting is through visualisation tools, in which people can communicate
in a workplace environment (Jos04). A number of organisations that have attempted to use
such tools and techniques, however, have found them to be unsatisfactory or individually
underperforming, since each technique has different strengths, capabilities and weaknesses
(Ing05, Joh06). As a result, some information website’, interactive website’ and graphical
website approaches attempted to incorporate the best features of the available pfogramming
languages/tools, such as flash and java applets (Mar04). One example of such a technique is
visualisation which incorporates a number of different methods and programmes relating to
visualisation in interaction, information and data (Mar04). For example, Newsmap voyage

and Diggybigspy are trying to visualise and map the information.

Newsmap allows the website to reflect the continuously changing landscape of the google
news-news aggregator. The traditional treemap space-constrained visualisations of
information are used by the newsmap tool to divide information into quickly recognisable
bands which helps the visualisation algorithm to permit the display of large amount of data
gathered by the aggregator. This can provide chances to reveal underlying patterns in news
reporting across different environments and cultures. Newsmap doesn’t replace the
googlenews aggregator, however it demonstrates visually the relationships between data and
the unseen patterns in news media and it accentuates the bias. It won’t display an unbiased

view of the news (Mar04).

Voyage is an RSS (Really Simple Syndication) which is a family of web feed formats used to
publish frequently updated work, such as blog entries, news headlines, audio, and video in a
standardized format. An RSS document is called a "feed", "web feed” or channel (Dan99). If
an RSS feed added to a user’s format sites, voyage will lead to all the information, this
capability is already a built in feature of flash which is capable of providing a 3D effect for
news content. One of the useful functions is that RSS can provide a view option which lists
all the items for a feed to the subscriber. This can build up into a library of information,

helpful for research or blog post. It can also update the news because of the RSS feed.

Diggbigspy is another technique for arranging popular news stories at the top when people
dig them, and the bigger stories have more digs (Vit07). Although such approaches have been
influential and encouraging, discontent with visualisation techniques in general is leading to a
re-examining of their performances. Programming firms and individuals require certainties,

but changing information and therefore data capture techniques provide less accuracy with
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real-time semantic information. Well organised programming depends on the availability of
real time semantic information, well defined data sources, and consistent information
accuracy tools. However, the programming cannot catch up with the real time semantic
information because the information is always changing and it is dynamic while
programming can be static. As a result, by the time the programme finishes, the information
has also changed, and a gap has appeared between the tools and methods used in the

programming techniques and the real-time semantic information.

There has also been a tendency to come up with complex programming techniques with little
novelty in real time information, with the result that the models and tools are less likely to be
applicable to the real time semantic information. Examining these websites shows that
without accuracy and consistency to the global as well as the local businesses, tools and

methods may fail to come up with real time semantic information (Geo08, Ste06 Mel02).
2.5.3 Virtual Websites

One of the designing techniques on the web is to create a virtual reality. According to
(Mar05) virtual webs are a building boom on the web that is still continuing. It is the
technique of providing the user with the feeling of real cities, towns or shops on the web.
This is constructed with digital bricks and mortar. Many thousands of people are using these
virtual cities to carry out everyday activities like shopping, relaxing and meeting friends.
Virtual cities are widely used on the web. The virtual designers divide virtual webs into three

categories or groups.

a) Web Listing Virtual Cities are web sites which describe themselves as virtual cities, but in
reality are merely on-line guides, menus and listings. They are often created solely for
advertising purposes, particularly for tourism promotion, and make no attempt to represent
the built form of cities. Many examples are available, a typical example being "Virtual

Brighton & Hove" (Bri04).

b) "Flat" Virtual Cities use "flat" maps of cities or buildings as an interface to further
information. A good example is Virtual Bologna which is making use of stylised town map
with familiar landmarks and buildings as a graphical interface making it more realistic to

detailed online information (Mar98).
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c) 3D Virtual Cities are another concept which uses virtual reality with 3D technologies to
model and construct the cities, towns and villages to varying degrees of accuracy and realism
(Zsz09, Mar98, Qvo02). The virtual cities provide the user with more real time experience
which can enhance the user shopping experience. The digital cities also give the user a
genuine sense of living in an urban environment. To achieve this task the designers must

make use of all the tools and technologies with realistic user interactive interface (Mar05).
2.5.4 Graphical Real Time Websites

In order to make the web more accessible to all categories of people the designers use more
graphics and images. The web can become a better looking place, only when the designers
make use of the interaction techniques, tools and other media formats (Pau0S5). These
websites are very common on the net and almost all organisations and business firms make
use of these design techniques to make the site realistic. Most businesses today depend on
these three categories of website designing models. It is clear therefore, that there is a need
for a new, improved approach to E-business and websites that meet all the necessary factors

identified.
2.6 E-commerce Definitions and the Designing of a Site

Electronic commerce (E-commerce) simply means doing business over the Internet. It is an
action which is performed beyond geographical limitations and is not bound by time; it
interchanges data between the customers and owners. E-commerce is used to make business
efficient and quick. In most, if not all, E-businesses a special subset of terms can be
identified. It can be named basic business models. According to.Michael Rappa (Mic07)
these business models are mostly discussed but least understood. Theophilus et.al (The03)
listed several categories of commercial activity on the intemet. These models include B2B
which is the commercial activity between two or more business organisations. B2C involves
businesses and consumers. C2C simply means Consumer—to-Cdnsumer business activity.

C2B can be understood as Consumer to Business e-commerce.

The prime element in E-commerce is the website and an important aspect of delivering
goods/ services to customer needs is the ability to interact. Good E-commerce sites can be
designed and maintained by understanding customer needs. A good E-commerce site also

fqnns an essential basis for effective E-business, and it can be defined as:
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E-commerce = Input through internet/website decides output per unit interaction.

In the case of website designing, input can be readily identified but the output is not quite
certain. For a website, suitable input may be decided by its business. Output cannot be
decided unless it goes online. Websites differ from one to another on account of their
business, however, the functionality and objects of an E-commerce site cannot differ. For
example an E-commerce system must have objects such as a shopping cart, login/register,
help, account/order, search, link back to home page and links to merchandise. These are the
functions of inputs which enable the site to run. Websites’ content may differ and each
website system is developed according to its business. Content may differ, however, the
objects are the same. As a result, it is possible to add the contents of the site later, and
therefore contents of the site can be left out until the end of the site designing or at the
updating phase. Therefore, it is very difficult to estimate the output of the site. The output of
the site can be determined through the interaction by the customer or the users. Website

designing, therefore, takes into consideration the content and the objects of the site.
2.6.1 Design Aspects

E-commerce site design may also be defined as the interface for browsing products at
different levels, including local and global navigation. Site navigation is given on account of
the adopted business processes. The business processes of the site are the decisive factor in
selecting the interface for browsing products, for example, the hierarchical navigation, linear
navigation, grid navigation, modular navigation, webbed navigation and mixed navigation.
Website designing is a decisive element in representing the business for a number of reasons.
For example, it can indicate good or poor business and can be used to evaluate the
effectiveness of business processes. Since the designing of a site is an important factor in
determining the quality of a business, it is therefore essential to choose the interface for
browsing products according to the business model. E-commerce site designing also forms an
essential and important baseline for best E-commerce. Indeed there is a large variation in E-

commerce sites in terms of design, between the best, average and worst.

Moreover, good E-commerce sites should also be concerned with the kdesign of a good
shopping cart. For the E-commerce system, there are many traditional business factors that
Must be incorporated into the shopping cart, and these include -easily finding the

products/services, placing/adding the products into the basket and checking out. After
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identifying the traditional business factors, the shopping cart design itself is often the most
difficult part in the E-commerce system. As a result, there are many errors that can occur
when designing a shopping cart, including naming the cart, finding the item, adding the item,
viewing the shopping cart, visual feed back of the shopping cart’s content, the option to
replace the items, checking-out desk with registering option, creating an account, shipping
address, billing address and reviewing the entire contents of the shopping cart. To avoid
errors when designing the shopping cart, one can either develop a site that considers all these
traditional business factors, placing and naming them accurately or make use of shopping cart
software in estimating the feed-back from the customers. It is important to note that a good
shopping cart system should be designed and used to make the E-commerce system function

properly and to run the E-business smoothly.

The E-commerce system design must take into consideration different types of E-shopping
cart, for example, the intelligence of the shopping cart, its ease to maintain and modify as
well as the cost. The shopping cart cost estimation is only a proposal and it can fluctuate at
any time once the system is kept running (Bar0l). The list of requirements for the E-
commerce determines the cost of the shopping cart. For example, features, hardware,
software, consultants and licensing fees. Therefore, before designing an E-commerce
shopping cart it is important to compare between the best E-shopping cart, such as ASP
(active server pages), CGI (cookie shopping cart), java shopping cart and java script shopping
cart. The designer has to make comparisons for and between shopping carts, which can be
split into best-effective shopping carts (which are fast and easy to set-up and maintain, easy
to customise, supported by major browsers, visual interface, supporting large and small E-
commerce) and non-effective shopping carts (which are hard to set-up, hard to maintain,
slow, waste bandwidth and system resources, browsers that do not support cookies, and are
hard to customise (Bar01). The most effective shopping carts are used to design smaller and
larger E-commerce systems with a specific scenario, and are also useful for organisations to
adopt those shopping carts with easy maintenance and cost effective criteria. The ASP
shopping cart can be considered as the most popular and widely used. The ASP shopping cart
itself cannot satisfy all the features of most effective shopping carts. The shopping carts are
used to design three classes of E-commerce sites: large, medium and small; Since the cost of
maintenance and the ability to deal with thercustonller/s varies depending on the class of the |

E-Commerce, the shopping carts should be chosen accordingly.
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Other issues concerned with the designing of E-commerce sites are transactions that simplify
the purchase, negotiation, and post-purchase experience (Paw01). These transactions reflect
the E-commerce ability of simplifying the selling and buying of items. During the designing
process of the site the products/services should be well explained and the links are clearly
marked between the parent and child. Designers may be compelled to follow a pattern of
designing structure to allow simplicity of selling and buying of products/services. While
designing the site the designers make use of a designing model to overcome the transaction
problems. One of the most popular approaches is hierarchical functioning which relates the
customer to the site content, thus the navigation buttons within the site make the transaction

easier. A typical example is shown in table 2.3.

[Home-Return-View Cart-Account-Help-Search

Table 2.3 examples of navigation buttons

The designing of an E-commerce site is concerned with the navigation bars to locate the
products/services, forward/backward navigation and hierarchical navigation to make the

tfransaction easier.

The design approach can be used to influence the customer which requires certainties in
selling and buying the products/services. The best E-commerce sites depend on the ease of
locating of products/services, the avaiiability of real time information, and on well defined
specifications and consistency of products and services. However, in certain cases
inconsistency and non-accuracy appears between what real-time information can provide, and

what the E-commerce site requires.

Another issue in the designing of an E-commerce site is the interactivity which allows real-
time interaction with sales and service representatives creating online communities of product
users (Paw01). However, there has been a tendency to design increasingly complex E-
commerce sites with little interactivity for example with little interaction with sales, service
representatives and supply channels. Research in this area has shown that without interaction
with the sales and service representatives, E-commerce sites may bring less revenue to the
organisation (Kay07). There is evidence, too, that smaller busingsses with more interactive e-
commerce sites may produce revenue that far exceeds their competitors (Day07). Designing
interactive E-commerce sites may also use different business approaches such as B2B, C2C
and B2C,
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Thus, to address the design issues of E-commerce sites a number of technological
improvements have been suggested to enhance the existing websites such as interactive
catalogues, content management without IT assistance, 3-D modelling (Ant08,Deb06).
Moreover, a number of interactive features can also be used which include advanced
compression for fast streaming, live chat, plug-and-play enhancement etc. (Deb06). In facts
statistics show that interactive features keep visitors on a site longer and convert more visitors

into buyers (Deb06).

The designing of an E-commerce site is mainly dependent on the nature of the business, and
therefore the organisation or business should know what sorts of E-commerce site they
require, what features they need in their site, what interaction they need, and what
information they need to communicate to ensure that the site is used effectively and

efficiently.
2.7 Search Engines and Information Search

The web activities groups, services groups, technologies and the semantic web groups are
working toward the development of a web ‘(Semantic Web) of distributed machine
understandable data and is trying to improve the quality of web searching (Guh05). Indeed
using the current common web technologies it is still not easy to define and link information
in a way that it could be used for more effective discovery, finding of information,
information searching, information cooperation and informatioﬁ exchange. Therefore it is
believed that the semantic web will be able to solve the problem by creating a web which will
contain not only media objects, (web pages, images, audio clips) but also information on
things and objects which are properly linked (Guh05). However due to its complexity, there
are various problems for finding information on the current web, such as publishing
information on various issues. In a world where anyone can publish anything, a lot of what

gets published cannot be trusted (Guh05).

Moreover, due to the present nature of the web there can be large problems with web
searching. For example the anxiety of the information searcher could increase as a result of
the heterogeneity and the large amount of information available in the web; this can lead to
various other problems such as web database selection problems, (which search engine to
select and the limitations of the search engines) information overload (how to select the large

amount of data retrieved by the search engine) and query coordination (how to search for
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internet technologies network structure and protocols, mark-up languages, the three tier
systems, databases, the application layer and the information communication services as they
are all relevant to this thesis. The chapter also considered the different types of websites

identifying their purpose, advantages and limitation.

A particular attention was paid to E-commerce systems in term of their design aspects. In this
respect the chapter described how E-commerce sites require careful planning and
development if they are to be achievable in terms of semantic, real-time information
requirements. The designing and development of the site require good planning in order to be
semantic, to give the effect of real-time semantic items, and the modifications to the site
should enhance the semantic structure of the E-commerce. There are plenty of approaches to
make the E-commerce site more accurate and real-time, including the virtual E-commerce
site and the visual shopping cart models. Improving the quality of the E-commerce system
includes applying various methods of visual presentation of items and zooming techniques.
Altogether, these approaches have never adequately enhanced the E-commerce semantic

structures and no one structure can be considered to be better than its counterpart.

Moreover, the way organisations/businesses use webpages to communicate with their
customers and other clients and to provide information is very important with information
search playing a crucial role in the whole process. Thus, this chapter identified some of the
issues in web search, information overload etc., briefly reviewed the existent methodologies
that are being used in information searches and has introduced the concept of semantic
information search that will be employed in this research. Although, the semantic web and
semantic concepts are becoming more popular; they have captured the attention of many
industrialists as well as researchers, however many semantic technological issues as well as

application methods still have to be resolved.
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Chapter 3 - Semantics and Knowledge

Representation Languages

3.1 Introduction

According to the Encyclopaedia Britannica (Bri09) the word semantic comes from the Greek
‘onuavtikdg’ significantly originating from sema which means sign. It can be defined as the
study of ‘meaning.” Semantics is more evident in the science of linguistics, where the study
of meaning is based on the historical and psychological significance of words and terms. The
word "semantic" is one of those words people sort of understand, but not completely. Like
"humility," it is a word that is hard to pin down. Most people do not really know what it
means, which is ironic because it means meaning (meaning of, or relating to meaning Vin
language). In the view of Timothy Falconer (Tim03) in computer science, ’mark-up’
languages are considered as a type of linguistics. It helps to mark up documents semantically
which, in mark-uﬁ semantics, means that it is concerned with the meaning of an element, and
how that element describes its content (MclI01). In contemporary web design, the mark-up
languages help to give a meaning of some sorts to an element. However, the internet and the
web researchers and technologists might have felt the need for meaningful information over
the net, incorporating more semantic information with information searching. Though
Bernard Lee (Ber01) called for the re-construction of the web into semantic web (SW) there
Wwas no common agreement on the definitions of semantic web, probably because of the

ambiguous nature of the word ‘semantic’ which means ‘meaning of meaning’.

Therefore, this chapter will concentrate on explaining the reality of semantic web and all its
elements as well at its architectures. It also describes a number of knowledge representation
languages and technologies that may be used in the context of semantic websites. However,
there are far too many languages, groups and technologies to be discussed in a single chapter,
therefore only some of them, which are the most active and ‘commonly used with semantic
website development, are considered. Furthermore, semantic web formation, semantic

documents as well as web services that are linked semantically are briefly discussed.

33



This chapter starts with a discussion of the definitions and architectures commonly used to
describe semantic web. Then, the knowledge representation languages and their contribution
in the designing of a semantic web site and a number of common patterns that these
languages follow are also discussed. This is followed by descriptions of semantic web
documents and formation. Web services and their potent.ial semantic links are then discussed.

Finally, a summary of the chapter is presented.
3.2 The Terms ‘Semantic’ and Semantic Web

The definitions of semantic web and its developments are undergoing continuous evolution.
The current popular definition refers to semantic web as a web of machine understandable
information, in some ways like a global database. Bernard Lee describes the semantic web as
the extension of the present day web which implies that the future web would be machine
understandable information over the net (Ber01). Probably this could be the reason he called
it the ‘semantic web.” Furthermore, according to Todd et al. (Tod05) commonly used XML
tags and schemas have proven to be inadequate solutions, because the meaning is only for
humans, and machines would not need any meaning. Solving the alignment problem is the

first step to semantic interoperability.

Moreover, in the opinion of Bernardo Cuenca Grau (Cue04) the semantic web is the
extension of the World Wide Web and it would be able to use data and semantic definitions -
which are processed by computer programs. He also argued that the future web would
combine existing web technologies with knowledge representation formalisms for
infrastructure, so that data could be processed, discovered and filtered effectively (Ber05). On
the other hand, Stefano (ste00) defines the semantic web as a network of knowledge other
than today’s web; the future web is able to define meaning of words and therefore can be

defined as a network of information (Ste00).

In 2006, Bernard Lee (Ber06) gave a new definition of semantic web which is based on 1)
data interoperability for applications and organizations, 2) a set of interoperable standards for
knowledge exchange, 3) an architecture for interconnected communities and vocabularies.
Bemard Lee even stated the importance of Artificial intelligence (AI) for the semantic web,
in his view “SW is not Al and Al is not SW; Al is a field, SW is a project, SW needs Al and
SW owes to AL SW used much from AI and SW must and should be a great playground for
Aland Al projects should use SW to interoperate” (Ber06).

34



In the above definitions one should get an idea that the semantic web is evolving and
developing in various ways, however it is also possible to miss the original vision of the
semantic web. Interestingly Bernard Lee himself was not using ‘web’ in his recent definitions
any more (Ber06). Instead he used the phrases, machines, applications on organisations an,
architecture for communities and vocabularies that means he is concentrating more on

concepts, applications and architectures.

However, all the definitions are concentrating on meanings and languages. For the necessary
purpose of this research, we consider the following semantic definitions: “Semantic Web is a
mesh of information linked up in such a way as to be easily processable by machines, on a
global scale” (Sea09). This is one of the most efficient ways of representing data on the
World Wide Web, or as a globally linked database. The rationale behind the semantic web is
that it needs to find a solution to use the data on a large scale, because at the moment there is
no global system for publishing data in such a way that it can be easily processed by anyone.
For data processed in HTML, and at times HTML hides the data, and therefore in some
contexts, it is difficult to use this data in the ways that one might want to do so, for example,

major football statistics, train times, coach arrivals, local community events etc (Sea09).

In the Semantic Web ‘data’ itself becomes part of the Web and is able to be processed
independently of the application, platform, or domain. This is in contrast to the World Wide
Web as we know it today, which contains virtually boundless information in the form of
documents. We can use computers to search for these documents, but they still have to be
read and interpreted by humans before any useful information can be extrapolated.
Computers can present us with information but can’t understand the information well enough
to display the data that is most relevant in a given circumstance. The Semantic Web, on the
other hand, is about having data as well as documents on the Web so that machines can

process, transform, assemble, and even act on the data in useful ways (Alt08).

The Semantic Web is generally built on syntaxes which use URLSs to represent data, usually
in triple based structures i.e. many triples of URL data that can be held in databases, or
interchanged on the World Wide Web using a set of particular syntaxes developed especially
for the task. These syntaxes are called "Resource Description Framework" syntaxes (Sea09).

The main components of the semantic web are:
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(Ber06) brings some important adaptations. In V4 we can still see the URI and Unicode
which are similar to the previous versions. The aim of Unicode is to uniquely identify the
characters in all the written languages by assigning a unique number to each character. By
assigning a unique numeric value and name for each character it extends ASCII (American
Standard Code for Information Interchange). A URI (Uniform Resource Identifier) is defined
as an extendable, compact string of characters which identifies a resource. The resource could
be physical or an abstract. For example the standard URI specification of the IETF (Internet
Engineering Task Force) is RFC3986 (Ber05). The resource is something with an identity and
it could be even at a conceptual level. Therefore the resource always remains the same
(constant) even if the content changes over time, thus it becomes the semantic web
identification problem (SWO03). The identifier is an object and it refers to something with
identity. For URI, the object is a sequence of characters, ideally Unicode, with a restricted
syntax. Whereas the URLs (Uniform Resource Locators) are a subset of URI that particularly
identify resources by making use of their network location rather than specifying the resource
by name or by other attributes. URL is a compact string representation of the location for a

resource that is available through the internet (Ber94).

In layer 2 of the V4 of the architecture the Namespaces is omitted and only XML is specified
on this layer. In layer 3 an additional description of RDF. is included, which is Data
interchange where as in V3 it was named RDF core. RDF-S still resides above RDF..
However SPARQL is included which provides a mechanism to query RDF data and resides
above the RDF. In order to efficiently extract information from RDF store a query language
is necessary (Fra04, Dan04, W3C03, W3C05, Stel0) therefore the W3C has developed
SPARQL which can be used in conjunction with a common protocol, so applications can
access and combine information from across the Web (W3C05, W3C06, Qui08) In Layer 4,
the Ontology Layer, OWL replaces the caption Ontology and Rules, with “Rules: RIF” (Rule
Interchange Format) being introduced. Rules remain the same level as OWL in V4 (OWL is
the W3C recommendation that are used for the creation of ontologies). In layer 5 the
Unifying Logic replaces Logic Framework and Proof is lifted to be above Rules: RIF and
Unifying logic, thus residing above both the Rules: RIF and Unifying Logic. The purpose of
this layer is to assist with the integration of different formalisms. At present Trust resides
above the Proof and it is in Layer 7 of the architecture. In addition a new layer is added above
the Trust layer by the name “User Interface & applications’ that seems to represent the notion

that all applications and user interfaces of the Semantic Web will reside above all other layers |
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and it is just above the Trust Layer. The vertical layers in V3 the Digital Signatures and
Encryption have been replaced with a single vertical layer called Crypto. Unlike previous
versions Crypto no longer starts on top of XML layer but resides alongside of all layers
except Trust. Crypto is not yet clearly defined and perhaps it is a combined layer reflecting

the security needs of the Semantic Web architecture.

However, it is the knowledge representation languages that give meaning to the web.
Multiple languages play a role in the semantic web architecture. As per the semantic web
definition, the languages play a part to exchange meaning and knowledge to the web content.

The next section explains knowledge representation languages.
3.3 The Knowledge Representation Languages

A knowledge representation language can be defined as any language that is used to represent
knowledge. It can be understood in five distinctive ways. According to Randall Davis et al
(Ran93) a knowledge representation (KR) is most fundamentally a surrogate, a substitute for
the thing itself, used to enable an entity to determine consequences by thinking rather than
acting, i.e. by reasoning about the world rather than taking action about it. It is a set of
ontological commitments, i.e. an answer to the question: “In what terms should I think about

the world?”

It is also a fragmentary theory of intelligent reasoning, expressed in terms of three
components: (i) the representation's fundamental conception of intelligent reasoning; (ii) the
set of inferences the representation sanctions; and (iii) the set of inferences it recommends.
Moreover, it is a medium for pragmatically efficient computation, i.e., the computational
environment in which thinking is accomplished. One contribution to this pragmatic efficiency
is supplied by the guidance a representation provides for organizing information so as to
facilitate making the recommended inferences. Finally, it is a medium of human expression, |

ie. a language in which we say things about the world.

The process of tracking information requires a knowledge representation language. It is
Sometimes the case that knowledge representation languages. are not used properly and
therefore the knowledge cannot be transferred accurately. In semantic websites there are two

Primary languages that are used to represent the knowledge. They are RDF and OWL.
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3.3.1 RDF (Resource Description Framework)

The Resource Description Framework (RDF) is a language for representing meta-data or
information about resources on the Web (W3C04). It also standardises the definition and
usage of meta-data, and in the context of Semantic Web it helps to capture the data from web
resources. Therefore RDF supposed to exchange meta-data about resources between
applications without loosing the meaning. RDF language is used in a sentence that is really in

URIs. Each RDF sentence has three parts: a subject, a predicate and an object.

As shown in figure 3.2 <http:/www.CISMpapers.org/kingston.html> has an author (creator)
and its value is Teaching Staff. This RDF statement describes the first URL as a subject. The
subject is the ‘http://www.CISMpapers.org/kingston.html’ and the object is the phrase
‘Teaching staff’. The predicate is the word creator, which relates the subject to the object.
Therefore, in this example the RDF statement states that “CISMpapers are authored/created
by Teaching Staff.” RDF statement can point out to anything. In fact, RDF adheres to the
principle ‘anything can speak anything about anything.’

///k Subject
g hitp/Amww.CiSMpapers.org/kingston.htrml

\

(Predicate]
http:/Amww.ClSMpapers.org/elements/creatorhtml
h 4
CSpject ]
{ http:l/www.CISMpapers.org/author/TeachIng_staff.html .
Figure 3.2 RDF Statement Graph

3.3.2 Ontology

The terms Ontology derived from the two Greek words ovTog which means of being or to be,
existence and Aoyio, which means to reason, therefore Ontology can be defined as the study
of the nature or being, reality or existence, or reasoning about existing things (Ken03). The

word Ontology originally used in philosophy where it means the study of the nature of
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existence (Gru93) and it is traditionally remained as part of metaphysics. Ontology is a recent
introduction into the computer science and a numerous number of definitions have been
proposed (Las01), (Gua97). The most common definitions of Ontology is “An ontology is an
explicit and formal specification of a conceptualization” (Ant04), “content theories about the
sorts of objects, properties of objects, and relations between objects that are possible in a
specified domain of knowledge” (Cha99). In this sense Ontology “include a vocabulary of
terms and some specification of their meaning” (Usc98). -Ontology therefore attached to a
domain where it describes the relationships, existing entities groupings such as relationship
within a hierarchy etc. and their meaning in terms of concepts and relationships. For the
purpose of this study we are dealing with Ontology and its usage in semantic web. In
semantic terms, it is the existence of classes, properties attributes and their relationships in

Semantic Web.
3.3.2.1 Web Ontology Language (OWL)

OWL stands for Web Ontology Language, and it is built on top of RDF. Web Ontology
Language (OWL) was designed to be compatible with the architecture of the Web
particularly Semantic Web (McG04). OWL provides constraints applicable to classes and
properties (McG04, Hef04). OWL is intended to be used when the information contained in
documents needs to be processed by applications, as opposed to situations where the content
only needs to be presented to humans (W3C04). OWL can be used to explicitly represent the
meaning of terms in vocabularies and the relationships between those terms. (McGO04,
Hef04). This representation of terms and their interrelationships is called ontology (W3C06).

OWL is therefore used to process information on the web. OWL has three sub languages:

OWL Lite supports those users particularly considering and essentially in need of a
classification hierarchy and simple constraints (W3C04). For example, while it supports
cardinality constraints, it only allows cardinality values of 0 or 1 (W3C04). It is also noted
that it should be simpler to supply tool support for OWL Lite than for its more expressive
relatives, and OWL Lite provides a quick migration path for thesauri and other taxonomies
and also provides a minimal useful subset of language features (McG04, Hef04). Properties
can be made optional or required in OWL Lite. OWL Lite also has a lower formal complexity

than OWL DL
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OWL DL (Description Logics) supports those users who want to express themselves
maximum while retaining computational completeness and decidability (W3C04). In this
case all conclusions are well guaranteed to be computed and all computations will finish in
finite time. OWL DL includes all OWL language constructs, but they can be used only under
certain restrictions (W3C04). For example, while a class may be a subclass of many classes, a
class cannot be an instance of another class. OWL DL is so named due to its correspondence
with description logic, a field of research that has studied the logics that form the formal
foundation of OWL (Sea06).

OWL Full The complete OWL language is named OWL Full to differentiate it from the
subsets and is intended for users who want to maximise expression and the syntactic freedom
of RDF with no computational guarantees (W3C04). For example, in OWL Full a class can
be considered simultaneously as a collection of individuals and as an individual in its own
right. OWL Full also permits an ontology to augment the meaning of the pre-defined (RDF or
OWL) vocabulary. It is noted that any reasoning software will not be able to support
complete reasoning for every feature of OWL Full (Sea04).

3.4 The Semantic Web formation

The real semantic web formation consists of semantic aspects as well as web aspects
(McG04). Semantic aspects may be limited in a normal website, and must be identified and
defined, so that appropriate web solutions within these limits can be formed. The process of
describing a semantic web requires the collection of semantic data. It is important that

semantic aspects of the site are not forgotten during the planning stage.
3.4.1 Methods and Languages

A number of methods, semantic languages and tools are used in designing a typical semantic
website. Semantic languages, as explained in previous sessions, provide the primary
elements, since they are always required to build a semantic site. The efficient languages used
to represent knowledge on the web are, therefore, essential to a semantic website formation.
One way of distinguishing the efficient web language is by its compatibility on the
construction of a web page and its representation; even a basic web language can be

distinguished according to this criteria.
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Another important element in designing semantic websites is the ‘knowledge based system’
(KBS) (Dav08), which has a major impact on semantic websites. KBS records all the
sensitive information which could be critical to the success of the semantic website. This
includes storing, retrieving and modifying information on the web. KBS also includes all
basic information such as code-oriented programs, debugging codes and all information
regarding the running of a business (Dav08). One example of a knowledge based system
database for Semantic Web is DLDB-OWL (Yua04) (Description Logic, Relational
Database- Ontology Web Language). Since there is a need to ensure consistency and
scalability between the web and the reality of the information, the effectiveness of the
database should be tested against a set of criteria, which may include attributes such as
reliability, scalability, security, information retrieval, efficiency, maintaining cost etc
(Yua04). The data may be quite sensitive or invaluable, however information is valuable and

therefore it is necessary to safeguard the information on the semantic web.

Another important factor which helps in the understanding of the semantic web is the design
itself, which contributes to the semantic website formation. By measuring the design method
one could identify the real semantic web over the net. The design method which is used in
each semantic website will equally be a decisive factor in finding the site on the web, for
example, through the usage of the syntax. One important characteristic to consider in the
design is the basis of decision making processes, for example, what language will be used?

What database? What Semantic documents? What archiving? etc.

Moreover, the number of semantic documents reflects the semantic nature of a web system.
For example the query “rdf filetype:html” identifies more than 38 million HTML documents
(LiD06) . According to the queries run on 12 May 2006 by Li Dingl and Tim Finin, it was
estimated that there are between 107nd 109 Semantic Web documents online,” (LiD06).

3.5 Semantic Documents

Documents are used to analyse and verify the quality of a semantic web. Documents express
the meaning of a website, and the semantic collection of information. The semantic
documents which are hosted on the website of an organisation can be seen as measuring the
Semantic nature of the site (LiD06). The prime success of a semantic web design model lies
in its ability to project the organisation meaningfully to the public. Also in line for

consideration are the semantic documents used to design the site. Semantic documents are an
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important factor allowing both measurement and expressing the semantic nature of the site.
The semantic documents are mainly measured according to the performance of the site, target
audience for example consumers. In order to classify the semantic documents over the net,
each website needs to be analysed. Various methods are used to analyse the semantic web
documents. For example, bootstrapping, google-based meta-crawling, bounded HTML
crawling, RDF crawling, Inductive learner and Swoogle Sample dataset can be used for this

purpose (LiD06).

Quality assurance of the semantic web is made through the harvesting techniques (Jan03).
However, the harvesting processes are not authenticating many websites as semantic,
although they claim to be semantic in nature. “The dataset SWO6MAY resulted from
harvesting data between January 2005 and May 2006 has 3,675,153 URLs, including
1,448,504 (40%) confirmed as SWDs (Semantic Web Documents), 13% confirmed as non-
SWDs, 9% unreachable URLs, and 38% unpinged (not yet visited) URLs. The confirmed
SWDs are from 162,245 websites are 279,461,895. Although SW06MAY (Semantic Web
Ontology) is much smaller than the Web with its 11.5 billion documents, it is much larger
than any existing datasets, Eberhard reported (Ebe02) 1,479 valid SWDs out of nearly
3,000,000 URLSs (2003) OntoKhoj reported 418 Ontologies out of 2,018,412 URLs after 48-
hour crawling (2004) DAML Crawler reported 21,021 DAML files out of 743,017 URLs
(LiD06).

The semantic web ontology usage is also needed to be measured. In an evaluation is carried
out in (LiDO06) to prove the percentage of semantic ontology which is currently used over the
net. Dataset SWO6MAY resulted from harvesting data between January 2005 and May 2006,
which contributes 83,007 SWOs including many unintended ones, such as (i) instance data
with unnecessary class or property definitions or references, e.g. 55,565 (66.9%) PML
documents (Proof Mark-up Language) from onto.stanford.edu, and 882 (1.1%) semantic blog
documents from lojjic.net, and (ii) instance data that has unnecessary instances of
owl:Ontology, e.g. 4,437 (5.3%) publication metadata pages from www.aifb.uni-karlsruhe.de
and more web portal metadata pages from ontoware. org. Therefore, the “true” number of
SWOs in dataset SWO6MAY is just 22,123 (26.7%) SWOs after removing the “unintended”
ones. Moreover, this number can further reduce to 13,012 (15.7%) since there is much

duplication (LiDO06).
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It is important to note that there is often a difference between the website and the semantic
web and the actual designing of the site. The semantic website can be seen as a website to
achieve control over business, it can be meaningfully placed over the net, and measured and
analysed in terms where the website is not meaningfully expressed. It all depends on the
document usage. Research (LiD06) has proven that only 13% of semantic web documents are
found over the net which may be due to many factors, including ignorance of the semantic

web, delays in the designing processes, poorly achieved designing, etc.

It has also been proven that it is difficult to estimate accurately the semantic nature of the site,
and to measure the semantic documents over the net. Research proves that many sites which
are claimed to be semantic, in fact, are not semantic (Mar06). The documents used to control
and design a semantic web can also be measured and classified. The next section describes

the groups and technologies involved with the semantic web.
3.6 Groups and Technologies

A number of semantic web service groups and approaches are available for a business
project. Semantic web services groups, the primary web service provider, are essential to a
business information service, and in finding new solutions to business. One way of
identifying a group is by their technology, and even the most advanced group can be
distinguished according to this. One grouping, for example, includes the semantic web
interest group, which is a forum to support developers and users of Semantic web
technologies such as RDF and (W3CO01). This group helps developers to create vocabularies
and applications to support web data and it also combines harvesting, syndication, metadata

and web service techniques (W3CO01).

Web modeling-based approaches are used to automate web services mediation, choreography
and discovery. The WebML group was created by researchers in the data base group of the
Dipartimento di Elettronica e Informazione at Politecnico di Milano (WebOS). This group is
based on WebML language. The ESSI WSMO working group, part of the ESSI Cluster
safeguard the research and its development initiatives in the field of Semantic Web Services
and semantic web which lies in between SEKT, DIP Knowledge Web, and ASG research
Projects (Mac07).
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The Digital Enterprise Research Institute (DERI) Group’s aim is to mechanise the
interoperability of a system (Mac07). They argue for and try to achieve the mechanisation

through the self description of data and its processes incorporating the semantics (Mac07).

Within a semantic web business, different groups have different approaches. For example, the
DERI group based its solution on the WSMO conceptual framework for semantic web
services. However, DEI (Department of Electronics and Information) is based on well

established software Engineering methods (Dei09).

The achievements of each group depends on their technology, therefore technology has a
major impact on the semantic business. Technology covers all the semantic web services,
from the designing phase to the running of the system. The efficiency of the technology is
based on its reliability, integrity, security, consistency etc. Moreover, the architecture of
implementing a technology is very much important, also it varies according to different
languages and ontology, for example, special artefacts have to be created during the design

time phase to apply WSMX (Mic05).
3.6.1 Web Service Execution Environment (WSMX)

The Web Service Execution Environment (WSMX) is a reference implementation of WSMO
(Web Service Modelling Ontology) using the WSML (Web Service Modelling Language)
family of languages (Mic05). DRI (Digital Repositories Interoperability) rooted its solution
on the specifications of WSMO (Rom05) and is based on the web service modelling
framework (WSMF). Fensel & Bussler (Fen02) states that WSMO solves the integration
problem of web services by describing the services semantically and thus removes ambiguity

with regard to the capabilities of a web service and the problem that is trying to solve.

Since WSMX is an execution environment, it provides dynamic service discovery,
conceptual framework, mediation, ontology language, architecture and invocation of
semantic web services (Mic05). Therefore, WSMX uses WSMO as its conceptual model and
it defines its own execution semantics, architecture, and implementation (Arm05, Mic05,
Lau04).
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3.6.2 WEBML

WebML (Web Modeling Language) language is a high level visual notation for complex data
and process centric web applications (Ste07). WebML provides a notation for specifying the
complex web sites at the conceptual level. It provides the conceptual modeling of web
applications under distinct orthogonal dimensions, it is built above a data schema and it
describes the data content such as the structural model, composition model, navigation
model, presentation model and personalisation model (Mac06). The WebML data model is
the standard Entity-Relationship (E-R) model extended with Object Query Language (OQL)
constraints (Ste2004)). In specific technological settings WebML is able to bring forth a site
implementation, however, it is independent of both the client side language (application to
users) and of the server side platform (bind data to pages). A model driven approach is also
associated with WebML, thus it can be made available to build complex sites by way of
defining a novel generation of CASE tools. It also supports the advanced features, for
example, multi device access, personalisation, and evolution management (implemented in

ToriiSoft, a pre-competitive web design tool suite) (Ste04).

WebML uses its well defined semantic for a project, and therefore it is capable of mapping
between the model of persistent business objects and a relational data source. WebML
language is extendable and permifs customised operations and units. For example, it is
implemented in the CASE tool WebRatio (Mac05). It generates the complete code of the
application in SQL queries, Java and JSP code and Struts files for J2EE platform. It is
possible to change the styles of an application. The design scenério is equipped with the
facility of automatically producing complete and high quality documentation for the project.
The wizard also allows the user to choose from predefined patterns and thus it provides the
facility for generating a set of pages, units and links and inserting them into the model. These

units and sub-pages inserted into the pages, always refer to the master pages.

3.6.3 The Interoperability Problems

The challenge of modeling the web service mediator with ‘WebML is explained by
webml.org/sws (Web05, Tiz07) as follow: The mediator bridging the gap between the
Process and the data required and the process and the data offered create a data model. In

order to overcome the problem of mediation problem is the designing of the RosettaNet
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message with the extended E-R model. This created a purchase order entity to store basic

details of each order.

A partner entity to model business partners that are involved in the order is also explained. A
product line item entity to model the product lines composing each order is an entity to keep

trace of the current order.

For each activity required by the WS mediator a proper chain of WebML operations are
designed. Once the message is received its order ID is checked against the existing ones. If
another order is found with the same ID an error is returned, if no order with the same ID is
found, the order is stored by the XML in unit by means of a proper XML adapter. Finally an
acknowledgement (ACK) message is sent back to the client. The buyer is selected and a
SOAP message is sent to the CRM (Customer Relation Management System) legacy system.
The obtained customer ID is stored. Buyer and receiver are selected and a SOAP (Simple
Object Access Protocol exchanges structured information) message is sent to the
CreateNewOrder operation. The obtained Order ID is stored. For each line in the order a
SOAP message for the ADDLine operation is composed and sent fo the Moon legacy system.
A CloseOrder message is also sent to the moon legacy system. For each LineConfirmation
received, the original line is selected in the data and its state is updated according to the
confirmation message. If confirmation has been received, the RosettaNet purchase order

confirmation message is created and sent to the blue Rosetta net client.

There are differences and similarities between WSMO and WebML. The DERI follows the
WSMO and expresses mainly four elements such as explicitly modelling goals, Web services,
and ontology. While WebML is based on the modelling of the web mediators, the internal
logics of the services and the visual diagrams which represent the execution chains are used
to define them. It also gives little emphasis to the design of the goals and of the other
semantic aspects. However WebML supplies semi-automatic extraction of WSMO goals and

web service behaviour from the designed models and the designer will refine them later |

(Mac05).

WSMO and WebML are concerned with data models, for example domain speciﬁc
knowledge and data schema exchanged messages in instance level. WebML speciﬁes the data

model by way of describing domain data structure as on Entity—Relationship (E-R) or UML |
class diagram., WebML-OQL is used to model the'doma‘in. Though the logic rules are not
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explicitly supported, the expressive power of the model is close to WSML-flight which is an
F-Logic (frame logic) programming variant branch of WSML for modeling process
ontologies. WSML (Web Service Modeling Language) uses a fully fledged ontology
language with rule support. In modelling the ontology SWS-challenge does not make use of
complex rules. However in terms of expressiveness both DERI (Digital Enterprise Research
Institute) and DEI (Department of Electronics and Information) data models are quite similar.
For example WSMO makes use of WSMT and WSMO studio and WebML uses the
WebRatio CASE tool (Mac05).

Though the two groups namely, DEI and DERI based their concepts on webservices, the
process modelling techniques differentiate between DEI and DERI; DEI-Cefriel models
Moon orchestration with software engineering, and DERI makes use of ontology based

abstract state machines for specified orchestration (Dum06, Tiz07).

In DERI the orchestrated service is not aware of any incoming or outgoing RosettaNet
messages. It specifies messages in its native ontology and it is up to the Data Mediator to
resolve and mediate data heterogeneities between the service requester and service provider
(Mac05). Both differ in data mediation and tool support. WSMO Choreography modelling
still need modifications and it has to be matured just like the other business process
modelling offered by other platforrhs (e.g. WebML graphic process modeling) (Tom07).
These two approaches are not capable of modelling Web systems properly at higher levels of
abstraction and to make relationship efficiently with models of the business model and

processes (Rac04).
3.6.4 WebML+

WebML+ is an extension of WebML developed by Da{lid Lowe & Rachatrin (Rac07) in
which the developers can express the core features of a system at a higher level. It will not
really commit developers to detailed architectural designs. The core functionality of this
system is to define both the internal and external information flows within a web system

(Rac04).

This is an architectural level specification language and defines web systems based on an
extension of WebML. It claims that it can decompose the information into WebML models
and thereby affords the opportunity to link the abstract system modelling to the detailed

design model in WebML, which can provide a better view of architectural information than
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the typical site maps which are in use (Rac07). It also claims that it can connect between the

information and functional perspectives of a system.

It is certainly clear that the use of web services and modelling have to be improved in various
levels and stages than those derived using the early semantic systems such as WebML or
WSMO (wsmo.org). In WebML, for example, a model of the website is constructed, and
monitoring techniques are implemented to check the performance. As long as the website is
in use continuously it should demonstrate dynamic and consistent results. Therefore, if the
website performance differs substantially from the goal (capability) level, then the website
has probably changed in some way. The expected semantic results are determined against the
semantic items on the web. The current website is being checked to see the semantic
performance. Thus, any website that is below the semantic capability must be examined. By
this technique, the efficiency of each semantic website can be determined. For example the
semantic items of a website may be dynamic, but may require enhancement to meet the

semantic standard.
3.7 Summary

This chapter started by with a discussion of the meaning of the term “semantic” in an attempt
to present some definitions and characterisations of semantic web. Therefore, it has presented
the historical evolution of the word “semantic” and semantic web. After considering the
architectural issues in semantic web the chapter has reviewed several knowledge
representation languages and examined their use in semantic web and their associated
processes. Moreover, the review continues with architectural issues particularly in term of
web services, their interoperability problems and the potential semantic links of web services.
Overall, this chapter provides some background, in terms of basic concepts, definitions and
technologies to the work presented in this thesis, which has influenced the proposed

architecture in Chapter 5, as well the choice of the used technologies particularly in chapter 7.
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Chapter 4 - Web Sites Semantic Nature

Evaluation

4.1 Introduction

Despite the massive increase in the number of websites representing public as well as private
sector enterprises, many still suffer from a number of limitations and problems such as poor
navigation and design, inaccuracy of available information, poor meaningful linkage of
information etc. which semantic web is trying to address. The purpose of this chapter
therefore is to propose a quality model with specific quality factors/metrics, and to conduct
an evaluation of existing websites, mainly E-commerce sites, using the identified metrics in
order to assess the many aspects that effect their quality and semanticity, with the aim of

designing a new approach that addresses those limitations.

Although several attempts have been made to improve the quality of websites, over the years
many concerns have been raised with the construction and technical correctness of the used
approaches (Bril0, Son08, Hea02, Sch01, Nie00), particularly in term of functionality, for
example, the location and choice of the function buttons and the information accuracy behind
those buttons or navigation tools. Moreover, the distinction between global and local
navigation in the functional buttons is not always very clear. Functidhal points sometimes do

not appear to be leading to the real-time information in an expected way.

There are also limitations in the usability of websites; a poorly designed site with poor
navigation can make the use of the site difficult. In fact, many well established businesses
may find it difficult to find a place in E-marketing due to the fact that their sites are poorly
arranged or designed (Nan05). These include interaction with the customer and providing
sufficient information regarding the products and services. Moreover, the reality (real time
data) and relationships of presented information are also major issues. The relationships are

made meaningful by the accurate location and presentation of websites functions.

Apart from the individual quality factors, functionality, usability etc., mentioned above other

important factors are included in the proposed quality model. It is clearly that in order to
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produce a broad quality evaluation of a website many different quality factors and
characteristics need to be considered. At the highest level software quality factors such as
usability, functionality, correctness etc. are considered, however, the relative importance of
these factors varies depending on the sector in which a site is operating and the intended
users/customers. In this work the evaluation is done in the context of E-commerce therefore
additional factors reflecting this sector, needs to be considered. Moreover, in the context of
this work it is important to get an idea of the potential semanticity of a website, which means

some factors to reflect semantic issues need to be included.

This chapter starts with a brief discussion of the approaches commonly used for the
evaluation of websites which are normally based on one or more aspects of the quality
characteristics. Then, the software quality factors which can be used for the evaluation of
websites for their semancticity are considered. This is followed by proposing a quality model
which is then used for the evaluation of some leading E-commerce websites. Moreover, some
specific quality characteristics directly related to the indentified quality factors are considered
together with the different types of websites structures and their impacts on quality

characteristics. Finally, the chapter’s findings are summarised in the conclusion section.

4.2 Quality Factors for Website Evaluation

The evaluation of the quality and the type of services offered by exiting or newly constructed
websites requires the identification and the definition of the corresponding quality
factors/characteristics such as usability, functionality, correctness, integrity etc. In order to
analyse the nature of existing websites, this section starts by reviewing some of the traditional

and current trends in websites evaluation.

The evaluation of websites for their quality of service has been considered in a number of
papers ( Spre08, Kim05, Goo87, Dra99, Wol03, Zha01) Goodwin proposed an approach to
evaluate a website purely based on its functionality in order to meet the users’ requirements
Le. giving them the ability to perform the necessary tasks (Goo87). However, Daren et.al
suggested the use of Kano’s Model of Quality as a theoretical framework to evaluate the
websites (Shil0, Eme04, Dra99, Kan84) Kano’s model divides products, services and quality
into three levels based on customer expectations such as expected, normal, and exciting
(Kang4, Lil05). According to this approach it is argued that websites evaluation should be

carried out according to the quality of service received by the customer. Ivory and Hearst
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proposed that website evaluation falls into three areas such as testing, inspection and inquiry
(Ivo00). This implies that qualitative and subjective information can only be unveiled through
user testing, heuristic evaluation and other methods. However, a large number of researchers
seem to agree that website evaluation is mainly based on usability and performance (Mat10,
Dial0, Wil08, Bra00 Sch99). Moreover, many of the existing approaches do not take into
consideration real time information, linkage of information, social-cultural aspects etc.
Therefore in the following sections an extended number of quality parameters will be

considered with special emphasis on semantic web evaluation.
4.2.1 Quality Model

A quality model links together and defines the various software metrics and measurement
techniques that can be used for software projects. In this work the adaptable quality model, or
ADEQUATE for short (Hor09, Kha05) which provides a set of standard quality factors, is
adopted. The model is adaptable to different projects and includes some global key quality
factors (KQF) as well as locally defined factors (LDF) which can be adopted for specific
business needs (figure 4.1). In this way, the KQFs represent a common set of criteria that can
be used for cross comparisons, whilst the LDFs retain the ability to allow local tailoring. The

LDFs are not a replacement for the KQFs. Instead, they define additional quality criteria.

KQF1 KQF2 ... KQF7
Key Quality FLctors | ‘ GLOBAL
Locally Defined Factors LOCAL
| .
LDF1 LDF2 ... LDFn

Figure 4.1 Global and Local Quality Factors

There can be many factors, in total eight factors have been identified, which are considered
important to evaluate websites. These factors are interactivity/functionality, usability,
Correctness, integrity, real-time information, information linkage? customer care and socio-
cultural aspects. No other factors are included in the model. The first four are typical quality
factors used in many software projects including web development. The real-time

information and information linkage are important from semantic web review and finally
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customer care and socio cultural aspects are very important from user/customer point of view

particularly for commercial websites.

In the context of the semantic information search, interactivity/functionality is seen as the
ability of a semantic web to function and to interact with the customer and the entrepreneur.
This is included as an important factor in semantic information search systems. Almost all of
the identified approaches include a reference to interactivity and functionality. In order to
offer goods and services to the customer, the site has to be accurate, reliable and the goods
and services must be clearly presented in real time. A site with poor interactivity/functionality
will not target the desired customers. The interactive nature of any E-commerce site must
have a functional stability in real time. As Paul Rand (pau05) states functional stability has
two components: getting things right at the design time and then keeping things functioning

smoothly over time.

Another factor is usability, which is defined as a website’s ease of use. If a website is not
easy to use, then it is less likely to be semantic. From this fact alone, usability is a very
important for semantic information search. Navigation and ease of use is an issue which
needs to be addressed by all E-commerce sites. The customers want to know what they are
doing, for example, providing sensitive data such as credit card information and other
personal information. The real time information regarding the navigation is an essential factor

for a good E-commerce site (Fot04).

Another area of consideration is correctness which is defined as the capability of a website to
meet and support its functional objectives. Correctness is described in the semantic
information search as the ability of a website to meet and assist its objectives and targets
without terminating. Moreover, the accuracy of information has to be checked and the
information updated regularly to make sure the business is running in real time. The

customers cannot tolerate slow downloads and terminating pages (Pau05). |

Integrity in a website is defined as the ability of a website to perform honestly and truthfully,
therefore the website has to defend its customers at any cost. Customers are really important
assets to a business and if the information is not secure in some fonn or another, then there is
the risk to integrity. Therefore, security is considered as part of a website integrity factor

Which should be given a very high importance.
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The real-time information is also an important factor and it is involved in a website’s running
time, and therefore this should be considered with higher priority, as should the reality of
information required-to run a semantic information search system. Its value is constituted by
providing the functionality of information, and is determined by evaluating the functionality
of a site. For example, each button representing information is real or non-real i.e.

representing the accuracy of information at various viewing points.

Information linking is one of the major issues of semantic web (Jaf07). If the information is
not linked properly it would be difficult for the semantic web to generate meaningful results
to the information seekers. This is very important considering how hard it is to find relevant

(meaningful) information over the web.

Customer care is another factor that needs to be considered. The website has to be appealing
to its customers; it also has to create a visual opportunity to interact with the customers.
According to Bob Baxley (Bob03) web design has to offer constant visual and functional
confirmation of the user's whereabouts and options, via graphic design, navigation buttons, or -
uniformly placed hypertext links, as well as to be able and prepared to respond to the

customers’ inquiries and/or comments.

Socio-cultural aspect is also important in delivering products and services (ste09). The
interface designers of the web sometimes fail to understand the socio-cultural aspects of
‘different ﬁationalities because cultures within some countries are very different. Sacred
colours in the Judeo-Christian West (e.g., red, blue, white, gold) are different from Buddhist
saffron yellow or Islamic green. Subdued Finnish designs for background screen patterns
might not be suitable in Mediterranean climates, in Hollywood, USA, or Bollywood-India.
These differences go deéper than mere appearance; they reflect strong cultural values and

need to be understood without falling into the trap of stereotyping other cultures (Aar00).

Many other quality factors can be included in the model; however, based on current
experience énd previous research work, the factors discussed above are the important ones
and require further evaluation. Moreover, in line with many software quality
factors/parameters cémmonly used in software projects, people tend to resist plans which
evaluate many pafameters, ‘due to limited resources or -tight schedules. Based on
previous researgh‘(Hor09, Kha05);, the number of key factors should be kept between

three and eight. Clearly,v the quality factors set were chosen for their obvious importance.
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However, it is accepted that only empirical validation across a large number of
projects can determine the completeness of this set. The parameters used to evaluate the

websites are shown in figure 4.2.
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Figure 4.2 Quality factors

In summary the quality factors were chosen to help in determining the reliability, in the
broader sense, of websites and in identifying the weaknesses and strengths of E-commerce

sites and thereby substantiating their validity.

4.3 Website Evaluation

A number of websites are considered for the evaluation using the quality factors discussed in
the previous section. Five company websites are chosen, mainly because they are in active
United Kingdom E-business market (Figures 4.3-4.7). They do business in different sectors

such as retail, motoring and insurance, financial services, and electronic equipment suppliers.
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Figure 4.8 an example score profile for TESCO
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Since websites aim to be unique, designers try their best to achieve that by modelling their
structures. A structure represents the method of navigation which decides how the navigator
looks at the businesses for example it would be easier for the navigator to find the whole
elements of the website in an interdependent and orderly way that means easy navigation
from one page to another. An example is the linear structure which means that websites are
organized in sequences i.e. to go from one page to another in a particular order. Thus, visitors
of a site must follow the web pages in a predefined order (sequence) as shown in figures 4.29

and 4.30.

Page1 | Page2 | | Paged | ' Paged | 5! Paged

Figure 4:29 Linear structure in sequence

Page1 || Page2 |gq | Page3 || Paged | q | Page5b

Figure 4:30 Linear structure in a predefined order

Page 1 — Page2 —" Page 3 Paged4 K ——> Pageb

Figure 4:31 Linear reciprocal structure

Moreover, reciprocal navigation as seen in figure 4.31 allows the navigator to move back and
forth between the pages for example from a shopping cart check out the customer can go

back by using back clicking option. The linear structure is commonly used for photo

galleries, shopping check-out etc.
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may also reduce the inaccuracy of the real-time product. In fact any structural formations are

capable of accepting real-time information.

In summary, the accuracy and reliability of information is dependent, therefore, on the
effectiveness of the E-commerce structure chosen. The reliability and the semantic real-time
information, however, present a problem in E-commerce. It is always true that sending real-
time information on the website can cause problems, but it is not always clear that the
accuracy of real-time information on the web is also problematic (Zol05). There exists
confusion, too, between sending real-time information as a means of inspiring confidence in
the customers, and a means of finding the customers. Furthermore, structural approaches
which confuse the customers, in which the websites send information pretending to be real-
time and accurate, may be unreliable and inaccurate. It is therefore important to consider
structures which can support semantic flow of information that take into account the quality

parameters discussed earlier.
4.5 Semantic items evaluation in E-commerce systems

The semantic items/products/services on the web may be defined as meaningful ones. The
evaluation an E-commerce site for its semanticity requires a thorough analysis of its products
or services (Jon07, Mau04, Car99). For example, to find a meaningful item over the net the
customer can send few queries about the product and gather all the necessary information
including its origin, make, description etc. However, in order to have a meaning a product
must have a relationship to other products, services etc. P. Bouquet et.al (Bou04) describes
additional parameters which were considered most important for semantic querying such as
ontological distance which encodes the ontological effort that determines the semantic
relation between two concepts, lexical distance which determine if two words denote the
same concept, type of relation which is the coordination rule which represents a semantic
relation between two complex concepts. Therefore, there are many factors associated with the
measurement of the semantic items on the net, (Ant05) such as querying information on the

item, viewing, and affiliation of the item (Law98).

In the E-commerce system, adding or updating any item might involve altering or modifying
the E-commerce website. Typically, the change takes place whenever new services/items
come to the market. However, the change might be exploited to give the impression of

Semantic items on the market. Semantic items may be defined as the meaningful items or
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original items of a website which can help in improving the accuracy of information or other
meaningful services, (Ore05) or to adapt the items to changed circumstances. Items depend,
therefore, on the ease with which a website system can be updated when deficiencies of

information occur, and can be improved or to provide real-time information to the customer

(Ore05).

However, items/services updates take place when new items/services occur, defects are
encountered with the existing items/services, new items are hard to find, or the site cannot
communicate with the database. Updating items is often viewed as a difficult task and a
costly time consuming event, because it is often more demanding than any other E-commerce
work. This is due to the number of questions placed on the E-commerce manager and the site
developing team such as: How are the new items/services to be inserted into the existing
system? Where are they going to be placed? What kind of modifications may happen? Does
the existing code need to be changed or replaced? Even good and well maintained E-

commerce site sometimes might not be able to place new items/services in the right place.
4.5.1 Items/Products and Web Structures

In examining the semantic items on E-commerce sites, it is interesting to note the types of
items/services typically appearing on each page, where they are located, and whether the
visibility of information is accurate. It is consideration of these issues that the web designers
must take into account when designing an e-commerce (Ore05). As explained in the previous
section, common approach is to arrange items/services in hierarchical fashion, where
customers navigate by clicking down, up, across the hierarchy, from a given item in order to
locate the real item/s and/or services. For example, in the hierarchy illustrated in figure 4.33,
the items dress shirts, casual shirts; short shirts can be described as the children of item
‘shirts,” and shirts is the child of clothes. In this figure the first level of visual expression is
the “clothes’, the second level is “shirts, jeans’ and the third level of visual expression occurs

as dress shirts, casual shirts, short shirts, fashion denim, flare and boot cut.
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the E-commerce site developers get tempted to build more complex site pages with more

unique features. The sites are often checked to add new features in each level.
4.5.2 Items Evaluation ‘

The quality model presented earlier (section 4.2) contains some generic factors, for each of
these factors a number of specific characteristics can be identified, for example usability or
real time information can be identified with characteristics such as visual expression. Other
factors such as item interactivity/functionality can be identified with item linkage and item

behaviour.

The semantic expression of the class of items- visual expression, locating the product, item
linkage, item behaviour are easily described in the same way at either the first or second level
of representation. In order to assess the presentation levels for their visual expression, item
linkage and item behaviour it is important to consider a number companies in the same
sector, so an appropriate comparison can be made. Thus, a number of experiments were
carried out on five major companies involved in E-commerce and working in the same sector,
retail clothing, such as Next, Gap, Debenhams, M&S and T M Lewin. The companies have
been evaluated using the quality characteristics discussed above and the findings, which are

discussed below, are summarized in figures 4.27, 4.28, 4.29, 4.30.

Visual expression: At the first level of presentation of items, sites provided low visual
expression, which was illustrated through the common use of labels to help the customers
reach the ‘hierarchical categories’. At the second level, most of the sites provided links to the
third level again with moderate visual expression at this level. At the third level, most of the
sites provided a very high visual expression, and most of these sites reached the final stage of
visual expression at this level. However, the remaining sites were led again to very high

expression at the fourth level with most of the sites terminating at this level.

Item Linkage: Most of the sites show no item linkage (very low) at the first level, and at the
later levels the linkage is shown through images. At the second level, a number of sites are
given item linkage but it is considerably low; this means that most of the sites are either
bypassing the second level to the next level (third or fourth) or item linkage is not shown at

this level. At the third and fourth levels item linkage is relatively moderate. The example of

item linkage is shown in figure 4.40.
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TItem behaviour: Sites show very low item behaviour at the first and second levels. At the
third level item behaviour is high and it is very high at the fourth or final level as shown in

figure 4.36.

Low Visual expression :I High Visual expression
Low Item linkage l High Item linkage
Low Item behaviour l High Item behaviour

Figure 4.36 Score profile for Level ‘1’

1 2 3 4 5
Low Visual expression 1 High Visual expression
Low Item linkage I High Item linkage
Low Item behaviour L High Item behaviour

Figure 4.37 Score profile for Level ‘2’
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Low Visual expression High Visual expression
Low Item linkage * High Item linkage
Low Item behaviour —I High Item behaviour

Figure 4.38 Score profile for Level ‘3’

5
Low Visual expression I High Visual expression
Low Item linkage l High Item linkage
Low Item behaviour 1 High Item behaviour

Figure 4.39 Score profile for Level ‘4’

It should be realised that the items, visual representation is gradually revealed at each level.
Most of the E-commerce sites terminate at the third level, therefore denying an ample chance
to show item behaviour in the fourth level. Visual expression and the item linkage in the

fourth level are closely related to each other, and the item behaviour therefore shows too little

variation from the others.
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incorporate item behaviour, good design practices and real-time information flow. This
should also target and remove the defects of visual expression of items on the site, remove

the deficiency of real time information, while maximising customer satisfaction.

The use of techniques and site modelling approaches in E-commerce also forms an important
part of any good E-commerce site designing methodology. A recently used technique is the
‘item behaviour’, which attempts to create real-time items over the net as shown in figure
4.41. Therefore, item behavior can be influenced by many factors, say of a shirt this will be

colour, size, price, quantity etc. (Tor06).

The stability of visual expression and the item behaviour can only be effectively achieved
where the item really exists which may not always be the case. For sites that need
specifications of items that no longer exist, a designing technique should be used to overcome
the problem of items specifications. The approach involves placing the images of the item,
coding the item with a roll-over function and a fill colour function, selecting the most suitable
option set and showing the item with expression from the item chosen. There is no guarantee,
however, that the selected item will match the original. Even where a duplicate of the original
exists, problems can arise in the selection. Some approaches, therefore, focus on reducing the
differences between the original and the duplicate by placing one of the original item’s
picture on the site and thus creating other functions over the picture. As a result, it is argued
that mimics on the E-commerce site are not required. Moreover, keeping the originality of an

item may involve substantial re-organisation of an E-commerce site.
4.6 Conclusion

Having considered the quality aspects of common websites, particularly E-commerce sites,
and the limitation of some of the existing approaches, this chapter presented a quality model,
with a number of quality factors, which was used to evaluate a number of businesses with
active E-commerce systems. Customer satisfaction greatly depends on the identified factors,
which are expected to perform well when the data is semantic. The model defines some
fundamental factors that influence and maintain the quality of websites, therefore impacting
their users/customers satisfaction. Indeed, the model evaluation has produced a variety of
responses, which showed satisfactions in some areas but not in others; however some overall

satisfaction/un-satisfaction trends were identified.
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After considering the quality factors at the highest level, the specific characteristics of the
some of the factors together with the potential sites structures, which have impact on the
quality of websites, were considered. An evaluation using the identified characteristics were
conducted which has shown the impact of the structure and layers of websites on some of the
quality characteristics. In fact, the semantic nature of the E-commerce site can be improved
by configuring a structure, in which the customer can easily navigate from one point to the
other (e.g. from the general to the unique information), which can improve site usability. To
enhance the real-time information it should be noted that the flow of uninterrupted
information is necessary in E-commerce and that there is no reason to separate semantic
information from real-time information. Semantic information is meaningful information and
it is difficult to retrieve without appropriate information linkage. A good design approach,
effective communication model, integration of real time item information and real time visual
expression, can all contribute towards creating and modeling an effective semantic E-
commerce system which can help in addressing many of the quality issues identified in this

chapter,
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Chapter S - Defining a New Semantic

Framework

5.1 Introduction

The aim of semantic real time information searching and discovery is to solve the information
matching problem by defining real-time information search and discovery semantically and
thereby providing a potential solution of the interoperability problems faced by many
websites and web services. Therefore, it provides an opportunity to develop and maintain
real-time semantic information websites, real-time semantic information search, self-
organising and hyper linking architectures. This new approach uses semantic web as its
theoretical model and defines its own frame work and architecture for real-time semantic

information search and automatically self-organising semantic web.

The semantic approach will enable the automatic integration of information from the
semantic web and Internet. Thus it will form a self-organising system with hyper linking
information network. The goal of the new approach is to provide significant advantages to
information searchers and in the broader sense to semantic web. This is achieved by way of
providing greater, efficient and real-time access to semantic information, and the
development and incorporation of more semantic information over the web and the Internet.
Moreover, the realisation of a new semantic approach should take into account incorporation

the the following components:

Self-organising: The effective and efficient integration of semantic information in the new
approach, requires that the links and information on the web pages (content) such as things,
people, documents, objects and concepts and their relationships are to be individually
identified. The self-organising mechanism of the new approach will be able to do this by

identifying the individuality (uniqueness) of a ‘product or thing' and its relationships.

Hyper linking: The self organising part of the new approach is to be able to automatically
Process or integrate semantic information, which means it has to be ‘hyper linked' properly.
The key features or concepts of the things, must be represented in a simplified way so that

machines can process the information easily. Thus it will become 'data’ linked with 'defined
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data' (meta data). It will explain the interconnection between data, for example the way a
piece of information is related to others, this can be done with combined ontologies, in order

to link 'data’ more accurately and precisely.

Information Network: The linked real-time semantic information will form an 'information

network'.

This chapter starts with a discussion of the meaning of the semantic information together with
semantic encoding and indexing, which explain and define, using examples, the approaches
used in web application techniques particularly in terms of indexing web based objects and
information according to the user relationship and the semantic information search. The
semantic architecture which can be used for the implementation of the proposed approach is
then presented, together with some descriptions of semantic items relationships and
processes. This followed by a discussion of a self organising hyper linking system. Finally,

the chapter’s findings are summarised in the conclusion section.

5.2 Semantic Information

The semantic information can be defined as any information which carries ‘Semantic' which
means “meaning of meaning or pertaining to meaning”, and it has to relate to 'something,' (as
explained in chapter 3). The Information is represented by an abstraction or noun which
means 'it is about something.' The data must carry news, facts or details of entities, objects etc
therefore information must be attached to 'something.’ Thus, for the purpose of this study we

can define 'semantic information' as 'meaningful information.'

In this respect, the semantic information should present an efficient way of defining,
managing and integrating the meaningful data on to the web, based on the current world
experiences of things and objects. Therefore, it could be applied to the web by the
meaningful integration of 'data’ which is linked with meta data (data about data). This
semantic information will be able to form the basis of semantic web. However, such an
integration of data into the web requires the designing of the web page or web documents
with semantic information (meaningful information linking pages). This can be achieved by
incorporating semantic languages, such as RDF/RDFS, XML or XML schema (Bro02, sta04,
Gom04) into web pages.This will help in encoding semantic information which is extracted
from real life objects (Figure 5.1), therefore generating meaningful data over the web that is

Semantic by nature.
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Figure 5.1 Encoding Semantic Information

Semantic web is formed using semantic content, which is described by semantic languages,
and ontologies. Semantic information is formed by the semantic content, for example things,
people or concepts and their relationships. The meaningful content that can be generated on

to the web can form a semantic web.

In fact, semantic information in the real world always exists, for example ‘an object’ and its
semantic (meaningful) content with well established relationships with other objects.
However, when it comes to the web, it is not always possible to establish such relationships,
because of object representation and the absence of proper use of semantic content on the
web and the Internet, therefore W3 consortium has taken the lead to establish semantic

(meaningﬁll) information searches over the web (Bal05).

3.2.1 Semantic Content Encoding

In recent years, the amount of information on the web seems to be exponentially growing, but
Most of the semantic information being discovered or retrieved is ambiguous. This is due to

the employed retrieving methods and techniques, which sometimes fail to discover the
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semantic information relationships and the process complicated semantic information

handling.

Keyword/
Graphic

Search . .
Encoded Semantic Information

Wformaﬁon Address
RDF
Product Name — XML URLs
Additional Contact
Y Details Location
>

Search Engine
Indexing semantic
Information L

Figure 5.2 Semantic content encoding

The process of encoding semantic information on web pages in meaningful manner requires a
search engine with efficient semantic indexing (Figure 5.2). The search engine contains
additional information which is relevant to each page, its content and its semantic
relationships. Moreover, semantic languages such as RDF and XML can be used to create
semantic web content. In the semantic web content there is 'semantic information' which, for
example, consists of the product and its additional details, for example 'dietary' requirements
Or a person’s shopping history. This relationship again semantically relates to its more other
semantic information/relationships, such as address, name or contact details of the company
Or person. 'Semantic content' is directed towards the 'URLs' which point towards the
'semantic content' generated by XML, RDF. The search engine can bring up 'semantic
information which is contained in each URLs. The client or user can make use of 'keywords'

or 'graphic search' to facilitate the search to find semantic information over the semantic web.

Although some of the existing markup languages sometimes failed in helping to retrieve the
Semantic information, using XML and RDF can help in overcoming the information encoding
problems. XML and RDF encoded semantic information can be easily made available for
human processing and therefore the computer can easily display the semantic information in
an appropriate way. XML documents normally use a simple syntax as shown in table 5.1

Wwhich is self-explanatory.
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<?xml version="1.0" encoding="1S0O-8859-1"7>

<,..>

<<

<. </>

< <>

S U </...>
<...>

Table 5.1 XML document tree

The first line in this encoding document shows XML declaration- the XML version and the
character encoding used in this document. For example this document identifies the 1.0
specification of XML and it uses ISO-8859-1 character set. The next line shows the root
element of the document and the following four lines describe the child elements of the root.

For example:

<fanta>

<to>supplier</to>

<from>fanta</from>

<heading>new arrival</heading>

<body>this is to let you know about our new products</body>

</fanta>

Table 5.2 XML elements

And the last line describes the end of the root element that is the </fanta> (table 5.2). From
this example it is easy to assume that the XML document contains information ‘from fanta to
supplier’. XML encoding must be properly nested and each element must have a closing tag

as shown in table 5.3,
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<root>
<child>
<subchild>
</subchild>
</child>

</root>

Table: 5.3 XML element with a closing tag

XML documents should have a single tag pair to define the root element. All other elements
should be nested within the root element. All elements can have sub (children) elements. Sub

elements should be in pairs and correctly nested within their parent element (table 5.4)

<fanta>

<name> orange </name>
<ingredients>

<substance> orange </substance>
<place> S.America {/place>
</ingredients>

</fanta>

Table 5.4 Fanta. XML

The following examples show the XML document and the DTD (Document Type

Definition):
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<IELEMENT fanta (name, ingredients*)>
<IELEMENT name (#PCDATA)>
<IELEMENT ingredients (substance, place)>
<IELEMENT substance (#PCDATA)>
<IELEMENT place (#PCDATA)>

Table 5.5 fanta.dtd

DTD files must contain a list of declarations enclosed with the characters <! and >. There can
be four types of declarations, which are distinguished by the following keywords: ELEMENT
(element type declaration), ATTLIST (attribute-list declaration), ENTITY (entity
declaration), NOTATION (notation declaration). An example of a document structure is

presented below:

<IELEMENT fanta (supplier+, ingredients, details?)>
<IELEMENT supplier (#PCDATA)>

<IELEMENT ingredients (#PCDATA)>
<IELEMENT details EMPTY>

<!ATTLIST details lang CDATA #IMPLIED

contents (name | address) "contact">

Table 5.6 Fanta element declaration

In the element type declarations, the structure of the individual elements in the document
must be described. For example: <!ELEMENT element name (content model)>. Elements in
Table 5.6 can be illustrated using a simple Entity Relationship (ER) Diagram as shown in
Figure 5.3.
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Figure 5.3 Diagram for ‘fanta’

The ER diagram shows the ‘fanta’ relationships with entities, which relates fanta, ingredients
and supplier. These three entities are linked by the makes and supplies relationships which

correspond with to the following:
<!..The DTD..>
<! ELEMENT FANTA (fanta*, ingredients*, supplier*, makes*, supplies*).

Fanta is the root element of the DTD. The five entities are the sub-elements of the root
element. In this example each entity has particular properties (attributes) in the Entity
Relationship model (ER). For example ingredients entity is described by ingredient’s name

and place. Entities with attributes are represented in an XML DTD as:
<'ELEMENT INGREDIENTS (Name, Place)>

The following hierarchy diagram of the FANTA DTD (figure 5.4) illustrates the concept

more clearly.
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Figure 5.4 The Hierarchy diagram

Figure 5.4 show ‘FANTA’ as the root element with three nodes or children which is seen in
layer 2. The nodes “Description”, “Ingredients” and “Supplier” are the entities. The
relationships can be presented using ‘makes’ and ‘supplies’ are the relationships. The DTD of

layer 2 of the *fanta’ can be seen as follows:

<IELEMENT DESCRIPTION (NUMBER, FLAVOUR, COLOUR)>
<IELEMENT INGRDIENTS (NAME, PLACE)>

<IELEMENT SUPPLIER (NAME, PLACE)>

<IELEMENT MAKES (LINK)*>

<IELEMENT SUPPLIES (LINK)*>

<IATLIST FANTA type CDATA # IMPLIED>

<!ATLIST INGREDIENTS type CDATA # IMPLIED>

<!ATLIST SUPPLIER type CDATA # IMPLIED>

<!ATLIST MAKES type CDATA # IMPLIED>

<!ATLIST SUPPLIES type CDATA # IMPLIED>

Table: 5.7 The DTD of FANTA layer 2

The ER links are represented in table 5.7, such as “makes” and “supplies” which specifies
how nodes are linked. The cardinality attribute of the link element records the cardinality

ratio of the ER model. The declaration would be: <!ATLIST CARDINALITY
CDATA#REQUIRED>

The third layer has different types of nodes, which corresponds to the three entities in the ER

diagram. The element declaration of the different types of nodes in layer three can be seen as:
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JELEMENT NUMBER (#PCDATA)>
<IELEMENT COLOUR (#PCDATA)>
<[ELEMENT FLAVOUR (#PCDATA)>
<JELEMENT NAME (#PCDATA)>
<IELEMENT PLACE (#PCDATA)>

Table 5.8 Third layer with different types of nodes

5.2.2 Indexing

As the semantic contents and their relationships are rapidly growing, the demand for semantic
indexing is also an increasing phenomena. Encoding semantic information, require the
development of efficient semantic indexing and searching techniques. This can be achieved
by using, the semantic information, to index ‘product, additional details and contact

information etc.” The semantic content of an identified entity will serve as its unique features.

<IDOCTYPE supplier [
<!IELEMENT supplier EMPTY>
<!ATTLIST supplier
supplierno ID #REQUIRED
Location ID CDATA #REQUIRED
Location Address CDATA #REQUIRED >
<!ELEMENT fanta (supplier*)>
>
<fanta>
<fanta supplierno="id1001" Location ID="101" LocationAddress="London 101"/>
<fanta supplierno="id11002" Location ID="102" LocationAddress="Kingston 102"/>

</fanta>

Table: 5.9 XML Indexing with element IDs

In table 5.9 every supplier element has a unique ID assigned by the supplierno attribute value.

It is an assumption that an XML parser would lift this information to build an index table,

which consists of supplier elements and their ID values.
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Index Table Key Value Node

B 1

i = " " <supplier>
Suppliemo= d1001 . . .
uppliem ! <supplier suppliemo="id1001"./.>
<supplier supplierno="id11002".. />
Supplierno= "id1002"

<supplier/>

Table: 5.10 Index table for IDs in an XML document

This conceptual index table can be accessed by various APIs such as:
XmlDocument.getElementbyld() and XPathNavigator.MoveTold() methods, or the XPath
id() function.

One of the advantages of this, is that there is no need to define the complete content model
for the document in DTD—In order to define the IDs it is only necessary to declare an

element and its ID attribute. For example, the above document can be defined in the DTD as:

<?xml version="1.0"?>

<!IDOCTYPE fanta [
<IELEMENT supplier ANY>
<!ATTLIST supplier

supplierno ID #REQUIRED
>

>

<fanta>
<supplier supplierno="id1001" LocationID="1001" supplierAddress="London. 101"/>
<supplier supplierno="id1002" LocationID="1002" supplierAddress="Kingston 102"/>

</fanta>

e,

Table 5.11 Document Defined DTD

The path expressions are able to select nodes from the XML document. The following

tXample shows the path expression and their effects.
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fantastore: selects all the child nodes of the fantastore element

/fantastore : selectsroot element fantastore (If the path starts with a slash ( /) it always

represents an absolute path to an element.)
fantastore/fanta :selects all fanta elements’ children from fantastore
//fanta; selects all fanta elements from the whole document

fantastore//fanta: selects all fanta elements that are descendant of the fantastore element, from

the fantatore element

//@london : selects all attributes that are named london

Table 5.12 Path expression with effects

5.2.3 Indexing Relationships

As in any other document indexing, the approach presented in this work requires the use of
one of the indexing methods for indexing and retrieving semantic information (Luy05,
Ram06 ). For example XML Queries are used to navigate data by regular path expressions

such as XPath /fanta//supplier[@location="London”]).

The approach is based on hash tree access (Sri04), using per node or per document
identifiers, descendant/ancestor search (graphical search), element search by using keyword,
incremental update and looking after the size of indexing such as entry number and entry
size. The hash tree search is suitable since cross searching as well as parent to children based
search is needed. In this approach every path and entity and its relationships are selected for
indexing, so that the data guide has to be done with same sequence of labels. Every path in

the data base should have only one corresponding path in the data guide. For example:
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Figure 5.5 Hash Tree Access
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Figure 5.5 shows the indexing and search using hash tree access, also shows that each node is
identified by an identifying number, and it goes from ancestor to descendant and also allows
cross search descendant to ancestor (graphical search). However, keyword search is not
necessary at this point and each time the node looks for updates and the insertion is

incremental.

3.2.4 Local and Global Indexing Relationships

In order to integrate and establish relationships between entities within a local or a global (on
to the web) environment, the first step will be to identify entities and relationships of products
services etc. Then, the identified entities and their relationships are classified and labeled.
The itemised entities and their relationships can be then stored on a database. In order to
facilitate the correspondence between entities, tags can be used. The tagging system can
notify of the available products and their relationships. Therefore, the non-related products or

services can be easily identified or updated.

The entities relationships can be expressed using Entity Relationship Diagrams and coded
using languages such as XML as shown in figures 5.6 and 5.7 for a “Fanta” and its

relations/associations.
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Figure 5.6 Relationship for “Fanta” and “Supplier” Entities

Figure 5.6 shows a simple relationship between entity ’Fanta’ and the entity ’supplier’
together with the relationship type “supplies” as an association entity, which can be reflected
in the database, making it easier to establish entity relationships. Whereas, figure 5.7 shows
that the ancestor (‘Fanta’) is relating and establishing relationships with other children

(nodes) such as ‘ingredients’, ‘supplier’ and ‘additional information’.

<fanta>

<name> supplier </name>
<location>

<place> london </place>

<arca> kingston </arca>
</location>
</fanta>
T <fanta>
<fanta> Y <ingredicnts>
ddi in> contact </additionali b > orange </sub
<supplier> » Fanta = |—————® <place> S:America </place>
<name> Antony </name> </ingredients>
<address>13, Kingston </address> </fanta>
</supplier>
PP <fanta>
</name>
<additionalin> company name
</fanta> :
</additionalin>

<make>

<by> cococola </by>
<located> Uk </located>
</make>

</fanta>

Figure 5.7 Relationships between the ancestor and other nodes

However, when entities and their information are on the web (global environment) encoding
of information from web pages will be required, so that the system will be ready to index the

Pages. This indexing will take place according to the entity relationships. After the indexing
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of pages, the system will be capable of automatically discovering new information
semantically on the web. Discovering, encoding and integrating the content according to the
relationship of information provide the real-time semantic which should be stored in a
database. These processes allow data to be defined clearly from the web (semantic

information), so that the sources of information can be understood easily.

The new information and content builds up the relationships between objects and things, the
discovery of new information from the web is performed by the meta data, which includes
meaningful information with its relationships. This can be done using XML schema or RDF

or RDFS as basis of semantic webs.

Storage
Web page
Database /
Indexing Semantic
Information
Y
Middleware Indexing Semantic
ti
Information Web page
Semantic Search Engine
Indexing Semantic i
Information 5
]
‘ A :
, '
4
Front End
Web page

Querying Web Page

Figure 5.8 Querying and indexing semantic information

Figure 5.8 shows a web page querying the database where the database index content
constituted from various web pages according to context and meaning and the links to web
page. Figure 5.8 also illustrates the semantic search engine behaviour, which is activated

Whenever it receives the input from the web page creating/updating the database using

100



content indexing from various web pages. The database is updated by the semantic engine,
which constantly queries data from web pages using 'keywords' phrases or relationships of
objects or persons. In fact, the semantic search engine is expected, after many iterations, to
create a semantic cross layer, which denoted as Semantic Layer, of semantic indexed
information and semantic link network that are stored in the database (figure 5.9). This covers
all the discovered semantic information relationships, object relationships, grouping and

classification etc.

Semantic Indexed Information Semantic Indexed Information

\\ b /
\\ Ve
/ Semantic Cayer Semantic Indexed Information

\\ /
e \\

Semantic Indexed Information

‘n e / ‘n
Semantic Indexed Information
d

p

A

Senf'nantic Indexed Information
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Figure 5.9 Semantic Layer Cross Linking Encoded Semantic Information

In summary the new approach is based on providing information on various objects and
things, thus it can overcome the problem of 'information mishandling and misleading' and
ensure that even the layman is able to use this new system of search, without knowing about
the "product or thing' or to master a special 'keyword' for searching. The approach is also
based on 'real-time,' therefore it can handle complex situations and queries, and it is able to
‘Zather' new information which will be able to explain 'objects and things' for the end user,

for xample it allows information to come (attached) with the ‘objects, things or products' .
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5.3 Semantic Architecture

The implementation of the approach discussed earlier the construction of new semantic
information architecture as shown in figure 5.10. This semantic real-time information
architecture has a number of major components. The first component is the user input or
query, which is looking for some relevant information. In the second component of the
system is the semantic search and indexing engine. The third component is the intelligent
engine looks for semantic information from the stored semantic data (depositories) but also it
can find information from active real time web page contents and perform ontologies updates.
The fourth component, is the semantic layer which consists of semantic data (meta data) and
the 'semantic information.' The fifth component, is the data depositary (database) where the
updated semantic information is stored. The sixth component, the semantic display where the
systems answers the initial search questions according to the ranking of information 'semantic

relation.'
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Storage —
Database Link

Network
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v |

[ ]
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Semantic
Ontology > Query /Engine
and indexing
[ 2
Products
Ingradients

L

Establishing the link

Information i Query
# - Relationship[l_inks____J

Semantic
display Query

Figure 5.10 Semantic information architecture
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When the information search begins, the query engine seeks new information from the
semantic layer. The semantic layer includes the semantic database, which contains the pre-
discovered information and the database for establishing new links. The semantic layer sends
the search results to the query engine and then the query engine connects to the intelligent
engine. The intelligent engine establishes a relationship between the semantic content and
links to the query. If the intelligent engine is unable to find the semantic information from
local depositary, it looks for new information and its relationship from the web contents, once
it is found, then it will connect with the semantic layer and the semantic layer updates the
information in the database. Thus, a number of processes are running in the background,
using either local depositary or global web pages, which ensure that the nearest response to
the initial query is semantically displayed i.e. with additional semantic information and/or

semantic ranking.

For example a semantic product search, for say‘diabetics’ can be readily specified as product
+ diabetics, where the term diabetics is the query term and product is the class, which are
required factors for rearranging shopping for diabetic products. Similarly, in other complex
queries, the semantic product search is expected to be very efficient. For example, when
asking for low calorie products in a shop in which multiple products are involved, the query
can be specified as product + low calorie. It will bring up all the products with specified
calories. In order to get maximum satisfaction from queries, each of the required product +
keywords must be chosen, which means that the query results are semantically related to each
other. This includes ranking of information such as dietary products for instance diabetic.

When the user looks for the product, the system itself searches for information which is

carried within the semantic web application layer.

5.3.1 Examples of Semantic Item Relationships and Processes

Search engines are the most popular applications on the web but, they still have plenty of
Toom for improvement. The approach proposed earlier is intended to augment and improve
raditional search result by clearly identifying semantic relationships between products,
services etc. As explained in the previous section, the user can explicitly make a query to the
search engine for more information on a product/service. For example, when the user

Specifies the keyword “soft drink’ for a product, the user/customer expects the query results
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to be examples of soft drinks as well as additional related information that might be relevant

to the user.
_—Additional Information
Dietary
Source of production
Additions
Product N Price, who made it
]
Details
Class —m
1
Class
mv‘[ v Product
Soft Drinks . .
o Producer | Contacts
Information | Dietary dentification No y_ [
Non
concentrate
Orange

Figure 5.11 An Example of Product Information Relationship Diagram

An example of a semantic relationship is shown in figure 5.11 with detailed information on
the products in term of their semantic information relationships. This can be extended into a
meta data model, with a product which is unique together with additional information such
as dietary , source of production, ingredients, price, by whom and when it was made. In order

to facilitate the semantic search, the data storage has to be semantically arranged as shown in
figure 5.12.
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Figure 5.12 Diagram for semantic arrangement of product information

The implementation model will be based on the meta data which aims to enhance the
semantic information search for particular 'product/object,’ since it is produced out of
semantic information (meta data). In order to search for a 'product/object,' the user needs to
interact with the semantic real-time information search architecture, through the process
“Searching”, is shown in figure 5.13. The whole process starts with the user input or query,
which is looking for some specific information, using keywords such as “Orange soft drink”.
The 'searching' process starts, using the architecture described earlier and finally the answers
to the initial search are displayed semantically, according to the ranking of information

together with any additional semantic information.

Look for product kevword
(/w P> Orange soft drink | y
J (Query) '
ser -
JQesults - Searching
| Semantic Display
WFanta
2.Tropicana| Additional
3 Justjuice | Information Semantic information
]

Figure 5.13 semantic query process

An example of semantic display where the search comes up with the current semantic

information of a product is shown in figure 5.14 which show the actual product presentation

according to user requirements-search.
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Figure 5.15 Self Organising Hyperlinking Information System

Figure 5.15 shows the real-time hyperlinking of semantic information, and+the semantic
database with its semantic contents as well as the automating link. The system automatically
scans the existing semantic data and establishes links and relationships with the global pages.

It will then create three types of linking structures:

* Semantic information, that index the meaningful information provided from the user

query.

* Hyperlinking, automatically linking local information with global pages, according to

the relevance of the search.
* Ranking of information results, that stores the 'semantic content' of each web page.

The hyperlinking system can retrieve semantic content from the global pages with links being
grouped only by semantic information. Searching the 'semantic contents' and linking by the
‘intelligent engine' can be defined as a set of links called L={L1,L2,L3,........... Ln} where each
L' refers to any stored link of 'object, thing or person' and is noted by a 'class’ that are
extracted by the meta data from the page ( content within a link). In the 'intelligent engine’
(see section 5.3) each semantic item refers to a semantic content and URLs which encodes
and establishes the relationship between global pages. For example a link 'L1" expresses a
semantic relationship between semantic content of a class 'Class1' and another class ‘Class2’

and is associated with a connection number or weight, for identifying the strength of their
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relationship . This will also help to identify and differentiate one class content from another

one (chapter six explains the weighted value for identifying each item from the class).

3.5 Conclusion

In this chapter, the different aspects of semantic real-time information search were
considered, and an indexing architecture that discovers and integrates information using self
organising hyperlinks was presented, which can help in locating semantic information more
accurately. The semantic real-time information search approach is based on a powerful
semantic frame work and architecture that can automatically self organise and establish
relationships according to the semantic search, among semantic content, and thus creates a
semantic network of hyperlinks. On account of this new frame work and architecture, we
have given an example of a semantic display, with semantic information (as explained in
section 5.1) for examining the feasibility of this new approach, and particularly focusing on
semantic real-time information search, and identifying uniquely the information attached to a

product.

Using the proposed framework the search starts with keywords, representing say products, as
input and the system generates results which are closely associated with the semantic product
in terms of semantic metadata. The semantic product, incorporating the user requirements,
searches for the semantic information. The intelligent engine looks for matching information
and products, and presents the results to the query engine from the data layer. There are a
number of other features associated with this new approach. A key feature is that a
customer/user can easily search for information, just by clicking the object (product) itself.
Each product has additional information associated with it which can be ranked such as
dietary information, source of product, ingredients, manufacturer, when was it produced,
price etc. Moreover, the approach will enable complex queries, thus allowing the search for
complex answers on each product. This information could be used to rearrange the site
according to user requirements (represented by semantic meta data), which will enhance the

user experience.
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Chapter 6 - Semantic Layer with an Intelligent

Engine

6.1 Introduction

The current state of Internet and websites were reviewed in chapter 2 and 3, with the
evaluation of some existing sites conducted in chapter 4 where it was observed that existing
approaches fall short of satisfying the need of the Internet and website user. Therefore a
number of semantic approaches were proposed to bring structure to the meaningful content of

the web pages.

This chapter describes a new approach to semantic real-time information search which seeks
to combine some existing approaches whilst resolving many problems of semantic real-time
information search. This is done by introducing semantic real-time (entities) items/products,
so that semantic web can be both semantic to an E-business, and can offer fully fledged E-
commerce architecture for any businesses and organisations for real-time information search.
This approach enables an overall semantic nature of E-commerce entity/product to be
determined, which can then be identified on the web. Unlike existing attempts, techniques
and approaches, this semantic real-time information search is derived from real-time life
experience and items/products. Indeed, the approach provides a solution to one of the basic
problems in evolving semantic E-business or semantic information searches by automatically

establishing semantic links between entities and attributes and, these relationships.

This chapter starts by presenting a more suitable definition of semanticity, in the context of
artificial intelligence on which the new approach has evolved. Then, the intelligent engine in
the semantic layer is described together with all the required processes. Neural Networks are
then briefly described and the choice of a network based intelligent engine is rationalised.
The probabilistic network of the engine together with the ways how the connection weights
are calculated are then presented. followed by examples on how the approach may be used in

an E-commerce system for semantic information search and discovery. Finally, the chapter’s

findings are summarised in the conclusion section.
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6.2 Semantic Web and Artificial Intelligence

The semantic web definitions and aims reviewed in the previous chapters indicate a potential
future transformation of the web. However, there have been little suggestions in the wider
literature of how this is going to be achieved or what is meant by “future web would be
machine understandable information over the net.” (Dan 05, Ber01) Having considered the
existing definitions of semantic web together with the suggested quality factors for the
evaluation of semantic web (chapter 4), and the semantic architecture developed in Chapter 5,
a more appropriate definition of semantic web in the context of this work is “Semantic web is
a meaningful integration of semantic items/products/services and their attributes that together
constitute semantic information and which can be interpreted by machines for humans”.
Thus, it is essential to consider the logical reasoning aspects of the web, so that machines can
easily deal with the semantic information for human understanding as included in the
definition. Therefore, we need to add some forms of intelligence into the new approach which

has lead into the consideration of artificial intelligence (AI).

Artificial intelligence, also known as synthetic intelligence, is a branch of science and
engineering which studies and designs intelligent machines, in particular, intelligent
computer programmes (Jos05, Luc00). It is also often used to describe the property or
characteristic of machines or computer systems that demonstrate intelligence through
learning, reasoning, planning, communication, knowledge and perception, as well as the
physical ability to move and manipulate objects for example in robotics (Int09). There are
many branches of artificial intelligence such as, Expert System, Machine Learning, Neural
Network, Data Mining, Knowledge discovery, Natural Language Processing, Robotics,
Computer Vision, etc. (Ari09, Tho08, Jin01, Mir98, Kor90). Semantic web applications will
require many of the characteristics of Al, i.e. learning, reasoning etc for their effective
implementation. Therefore, having considered semantic web and artificial intelligence we

Proceed to propose the architecture of the intelligent engine in the new approach.

6.3 Intelligent Engine in the Semantic Layer

Although existing semantic techniques show that different opinions of semantic web may
exist, they lack comprehensive guidelines as to how to handle the semantic information by
machines (Sam10). Only in handling this semantic information, however can semanticity

truly be achieved. This ability to handle such information requires a new approach, and thus
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constitutes the basis for the semantic real-time information search and discovery. The new
approach is based on the semantic definition presented above and incorporates an intelligent

engine which is expected to:

1. Link the semantic information from the local databases and the online websites

(globally).

2. Identify the essential semantic information (semantic items/products/services) required

for a semantic web.

3. Link the individual semantic items/products/services in order to achieve semantic

information search.
4. Intelligently create new relationships between the semantic information searches.

5. Meet overall quality factors which can be used as a standard of excellence evaluation for

the semantic web and information search.

The intelligent engine is incorporated into the semantic layer to form the core of the
architecture of the system, as discussed in Chapter 5, with logical reasoning and learning
abilities. It can also potentially be incorporated above the RDF and XML layers in existing
semantic web architectures (Ber06) in order to make an intelligent and smooth processing of

semantic information between layers (figure 6.1).

Intelligent Engine

Extracting Semantic Contents

[ Semantic [ndexing

and Linking
XML+ XML Schema _
Semantic Information Retrieval
Semantic Results
RDF + RDF Schema

Figure 6.1 The Semantic web layer
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The intelligent engine is there to extract semantic information and its contents. It is also
responsible for automatic linking and storing of semantic information, semantic indexing,
producing the semantic results and semantic information retrieval from various source such

as websites, databases, search engines.

The lower layers of the semantic web (consisting of XML, XMLSchema) are much
standardised, whereas the middle layers (RDF, Ontology) are still at the developing stage
(Kat10, Ber04, Hor05). The upper layers, consisting of ontology vocabulary, provide logic
that needs to be much more developed and these layers are still being researched (Jam09,
Tor09, Pat04). The new approach can contribute well to the layers of the semantic layer
architecture, since only the RDF and XML layers are heavily used. As discussed earlier it
also will contribute to the reasoning part of the semantic web and can play a major role in

indexing and querying of data by asserting semantics.
6.3.1 Ontology for the New Approach

Ontology describes the relationships between existing entities groupings such as relationships
within a hierarchy etc. and their meaning in terms of concepts and relationships within a
domain. The new approach uses the semantic database to store pre-discovered information
(semantic data) and any kind of new data determined dynamically, as results of a search in
the semantic system, are recorded by a logging process. The data within the semantic
database can be used for establishing historical suggestions and establishing entity
relationships and learning for creating ontologies. Establishing links with Metadata, is carried
out by recognising the data related to a specific entity (specific image) from the semantic

database.

The intelligent engine stores the resulting links inside the entity header for dynamic data sets.
The goal of storing these resulting links inside the entity header is to give the user the
Opportunity to view the semantic links; therefore providing an easy way of sharing and
Publishing data or maintaining entity relationships by mapping the ontology with the

Previously discovered ones stored in the database.

As mentioned earlier, an ontology describes meaning of a domain including a finite set of
concepts and their relationships or relationship between the concepts. This can be illustrated
ina semantic metadata describing the content of a website, e.g. an E-commerce web site with

customer, product, and E-selection are typical concepts, and which uses “keywords” attached
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to a document in the website to identify the concepts. The concepts and their relationships are
graphically presented in Figure 6.2 as an “E-selection Ontology” where ellipses are classes
and rectangles are properties. Using this ontology an E-selection is made from a company by
a customer. Each E-selection includes a product, with its price, which belongs to a product
group and relates to other products. Each customer transaction is recorded in the company

system.
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Figure 6.2 An E-selection Ontology

6.3.2 The Learning Process

As explained in chapter 5, the major activity of the new system is performed by various
indexing and recognition methods. Pre-discovered data from the semantic layer could be used
to determine the historical background of the user and entities. These dataset will also serve
the system in the decision making process. The pre-discovered data also helps to retrieve
informatjon semantically established in the semantic layer. This can be achieved in two ways,
the first one is to retrieve information according to the query that the user has entered and by
logging the query in to the system, which will also help the system to determine the historical
activity of the user. The second will retrieve information regarding the previously established

entity relationships that are semantically related to each other. Thus, the learning process
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relies on the use of historical data and requires the use and the application of artificial

intelligence techniques in order to produce meaningful information.
6.3.3 The Links

The semantic layer (figures 5.9 & 5.10) implies a connection link network for establishing the
semantic relationships between items as well as ranking the semantic strength or weight. This
means that some sort of links exist between a large numbers of items at least between those
that belong to the same class. This can be easily represented by a network link model where
each link has a weight representing the strength of semantic relationship, with weight say
equal ‘0’ implies no link whatsoever and weight equal ‘1’ implies a very strong semantic
link/connection. In fact the intelligent engine function is to manage the link network and its
dynamic configuration. The intelligent engine can be constructed using some of the Al
techniques mentioned in section 6.2, however due to the nature of problem at hand neural
networks are well suited for this type of applications, thus some form of neural network
seems to be an appropriate approach for the implementation of the intelligent engine of the

 seiantic architecture described in chapter 5.
6.4 Neural Network

An artificial neural network (ANN), also called a simulated neural network (SNN), or
commonly just neural network (NN), is an interconnected group of artificial neurons that uses
a mathematical or computational model for information processing based on a connectionist
approach to computatidn (Hir08, Ham90, Mor90) (figure 6.3). Neural networks consist of
non-linear adaptive computational processing elements called neurons. They are capable of
changing their structures according to their internal or external information. The output (¥) of
the neural network is connected with its input (x), based on its neurons with the synaptic
weight (w) connecting each neuron within a neural network, and threshold (7). The synaptic
weight is very important since the activation of the network depends on it. The neural

network is an interconnected group of nodes akin to the vast network of neurons in the human
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brain (Bel03). A neural network is known by its neurons, network paradigms and learning
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Figure 6.3 The Artificial neural network
6.4.1 Adapting Forward Network for Semantic Relationships

For the purpose of this study we adopt a network with various weights for the construction of
the intelligent engine with the responsibility of making connections and links between entities
and potentially re-organises the network accordingly. As shown in figure 6.4 the neural

network with input, output, neuron body, connection points and weighted values.
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Figure 6.4 An Artificial Neural Network

An example showing how a simple neural network can be used for the purpose of

establishing a relationship between entities and their output is shown in figure 6.5.
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This network illustrates the relationships between entities and creating neuron body and
supplies the output. In the first layer two neuron bodies are formed from the given input and
passes on to the second layer to form one neuron body that produces the output. Figure 6.6
shows simulation of a neural network, input values propagate through connection weights

and neuron bodies and produces output which is based on the activation functions, built-in

Figure 6.5 Relationships Network

bias as well as the input accumulators.
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Figure 6.6 Propagation of the input values
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During training network error values are given in the outputs and these errors are propagated
backwards through the network resulting in the modification of weights and biases in neuron
bodies, connections and links (figure 6.7). The error calculation can be presented as the
difference between the actual output and desired output which can be accumulative (Cha06,

Abu85, Rum86).

|
\.
|
| >—“’#‘WT,‘::?:”; !M o ,
e ! Supplier | ! Ingredients b .rCreates body ! !
-~ Input——+—————1 SRS S S S B | L0 i ?
| i | i [ S — B
| | TAdditional W comact 11| %
§ i information| “° B \
i N H i i
| T e PN
I | \__—,—. ,‘—Outp{‘;t#—fw—— ﬁ'*l — Welng];
s | OO
| | — ——— ‘ t K [FCRS S S
— e [ T Weight 09 !

Figure 6.7 Backward error propagation
6.5 The Intelligent Engine

This section defines the real-time semantic information search with incorporated neural
network forming the core of the intelligent engine, of the semantic architecture, which
connects the query engine, database for semantic information storage (pre discovered) and
database for establishing new links (figure 5.10). When the information search begins, the
query engine begins searching for new information from the semantic layer. The semantic
layer includes the semantic database which contains the pre-discovered information and the
database for establishing new links. The semantic layer sends the search results to the query
engine which then connects to the network in order to establish a relationship between
semantic content and linking. If the network finds new information or its relationship from
the semantic web contents, then it will connect with the semantic layer which updates the

information in the database.
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6.5.1 Semantic Link Layer

The intelligent engine architecture is based on a probabilistic network for establishing entity
relationships. It is composed of layers and contains different sets of nodes as shown in figure
6.8. The layers of the network are composed of the items/products which are capable of
accepting the inputs. Its main function is to calculate the weight of items/products links and
connects them accordingly. Once, the connection starts with accepting the input nodes the
system itself establishes semantic connections and ranks them according to the semantic
strength. Thus, the semantic connection and ranking is unique, and each time the user
searches for information the strength of the links increases and they become more semantic.
The probabilistic network is established on account of semantic information search for
example when searching using different ‘keywords’ it establishes the semantic connections

and links between them.

Figure 6.8 The probabilistic network topology

The connection weight is assigned according to the strength of semantic relationships which
is established by the user’s query and is associated with the semanticity of the ‘input words.’
The output is produced according to the strength of the meaning (semantic) associated with
the input. This implies that the keyword in the query corresponds to the connection weight
with the highest semantic and therefore in this way the output and the input nodes are

semantically connected. A visual example the strength of connections is represented in figure
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6.9 which clearly shows that there a strong connection between “Fanta” and “Orange”, a

weaker link between “Fanta” and “Sprite” and a very weak link between “Fanta” and “Shirt”.
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Figure 6.9 Strength of the Connection

The calculated weight therefore represents the strength of connections between two or more
entities, keywords, images etc. For example, when a user is searching for an entity, a list of
semantically connected entities is found and ranked according to their weights. However,
considering that the proposed approach is aimed at web applications particularly in E-
commerce it is important to give the administrators or business managers the ability to
emphasis certain relationships between available entities/products. This will give the business
the ability to promote certain products when customers are searching for related ones. Thus,
the new approach will take into account not only the link weight that is established as a result

of historical usage i.e. occurrences but also the manager/administrator defined weight.
6.5.2 The Criteria for Establishing Semantic Relationships

The network topology represents the semantic relationships between the entities and their
semantic connection points. The semantic connections and links between entities vary
according to the weight of each connection. In fact, the weight of the connection determines
the semantic nature of each connection with each entity attempting to semantically connect to
some other entities. The weight value, however, depends on the frequency of the occurrences
of entities and potentially a pre-defined weight which establishes/estimates at the initial stage
the strength of the relationship of two or more entities. The occurrences and their contribution
to the total weight are done dynarhically by the system, while the pre-defined weight
contribution is defined by the user, i.e. is subjective. Both weights can make contributions to

assigning to the total weighted value as given in equation (6.1)

W =R xWp,+ (I-R) xOp . equation (6.1)
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Where W is the total weight that defines the strength of the link between two entities,

Wore s the pre-determined weight of the link which can be defined by the users based on their

experience with the considered entities,
0, is the weight defined by the system using the normalised frequency of occurrences

0 )
0,= ——— equation (6.2
max O) quation (6.2)

O is number of occurrences, max O(x) is the maximum value of occurrences
R € [0,1] is the ratio of the pre-detfined weight and the normalised occurrence.
Thus, when:

R = 0, the total weight is defined by occurrences only
R=1, the total weight is defined by the pre-defined weight only

Any other values of R imply that both occurrences and pre-defined weight contribute toward

total weight.

The pre-defined weight is given according to the connection established by the user. If the
user makes connections and links semantically, a connection weight (pre-defined weight) will
be assigned according to the user’s view of the strength of the semantic connection. The
highest semantic element gets the highest weight and this will define the semantic connection

between two or more entities.

For the purpose of this study we adopted a network with various weights for the construction
of the intelligent engine with the responsibility of making connections and links between
entities and potentially re-organises the network accordingly. As the approach is based on
forward networks for semantic relationships there is a clear need to define the connection
weight which, in line with other neural or probabilistic networks, is based on history and
learning strategy. While this still applies in the proposed intelligent engine by representing
the weight using the normalised occurrence On in equation 6.1, an additional weight Wpre

(pre-determined weight) has been introduced in this work to reflect the users’ needs and to
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allow the users to modify the weight according to their business requirement for example
marketing a new product By giving its connection high weight (strong relationships to all
main products). Moreover, a ratio of the pre-determined weight and the normalised
occurrence (R) has also been introduced again to give the user the flexibility in defining the

total weight W which defines the strength of items/products relationships.

When implementing the approach a weighted value index is considered which help in storing
the weighted value which is created from occurrences, ratio and the predefined value of
products and their properties in the product list in the value field of the index. Thus, if a user
is searching for women’s ‘dress’, the ID path leading to the specific relationships is retrieved

from the weighted value index.

In the product weight index, the unique product weight of products is stored in the product
list. The occurrences, ratio and predefined value of each product element are stored in the
pre-defined and weighted value fields of the product. Thus, when a query id made regarding a
product, all related indexed products are displayed according to the strength (weight) of their

relationships.
6.6 Experimental Evaluation

As discussed earlier there is a need to identify the semantic strength (weight) of individual
links between various entities. For this purpose a number of experiments based on “google
search” results are used, where the search for specific entities is exploited in order to establish
their semantic relationships. This is done by considering a variety of entities and defining the
weights of their relationships. In the first experiment the weights of the relationships are
dynamically determined i.e. are based on occurrences only. Then, the weights are calculated
using a pre-defined factors as well as dynamically defined ones i.e. a combination of the two
weights. Finally, some of the entities are considered to have strong relationships, therefore

their weights are pre-defined only.

The experimental evaluation starts by considering one-to-many relationships i.e. relationships
between one item say “shirt” and many other items such as “trousers”, “suit”, “tie” etc as
shown in figure 6.10, with the aim to establish the strength of their relationships, thus
establishing a level of semanticity. The strength of the relationships is based on their weights
which is calculated using equation (6.1) that take into account the occurrences, the pre-

defined weight and their ratio. In the experimenfs the ratio of the pre-defined and
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6.7 Conclusion

This chapter started by discussing the applicability of some artificial intelligence techniques
for the establishment of semantic relationships of different entities, with particularly
emphasis on probabilistic networks. An intelligent engine in the semantic layer was then
presented together with the choice of a network topology for its design. The probabilistic
networks of the engine together with the ways how the connection weights are calculated

were illustrated and a number of experiments to evaluate the approach were conducted.

The investigation into probabilistic networks for semantic real-time information search and
discovery was focused on the weighting factors that define the strength of the semantic
relationships between different entities. The presented approach takes into account both
system determined and user defined weights, as well as the ratio between the two weights in
its determination of the total weight that defines the strength of the semantic relationships.
The user defined weight can be applied when a local E-commerce business, with its products
and services and its own data storage, needs to define the relationships between its
products/services according to its business logic and the potential profits, which can be done
by setting the relationships at input stage (or even get them modified at a later stage), but

which also can be modified automatically according to usage.

The conducted experiments show the impact on the total weight of the individual weights, it
also show that results from system only determined weight and user defined weight can vary
considerably, therefore a combination of both would be recommended, however, the final
decision should be driven by the business case and the potential benefits. The business can
use its local database, and well as entities available globally on the web, which is considered

in the case study presented in Chapter 7.
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Chapter 7- Integration and Evaluation

7.1 Introduction

Although the massive growth of web technologies and E-commerce has provided continuous
access to information which is used by millions of people across the world, E-commerce is
still facing many issues and challenges that require research, developments and
improvements, especially from the semantic E-commerce point of view. A number of theses
issues were discussed and considered in the previous chapters and a semantic architecture
framework was proposed in chapter five, some aspects of which particularly the intelligent
engine were presented in chapter six with some initial evaluation of the proposed network

based engine.

This chapter presents the integration of the proposed framework and architecture together
with the indexing, semantic storage, semantic search and semantic display concepts. The
integration of the new approach is carried out using a number of technologies and concepts
that were discussed and reviewed in chapters two and three. In order to evaluate the potential
‘of the approach a discussion on E-commerce as a background is considered and then a case
study is constructed to support and evaluate the new approach, together with results from’“k

applying the approach particularly in a local environment.

The chapter starts with a discussion of E-commerce systems and the requirement for product
E-catalogues/lists, then it carries on With a descﬁption of the selected business and E-
commerce application. This is followed by a description of the components of the employed
system which comprises the query interface, semantic engine and semantic display and
storage. Then, the semantic data store where the product lists are stored and the advantages of
storing and retrieving the lists using the new approach are highlighted. The application of the
approach is then described particularly in terms of the products semantic relationships and
semantic display which can be applied in local and global environments. Then, an
experimental study is conducted with the aim to evaluate the system using a case study based
on a retail E-commerce business application. The results and analysis of the experimental
evaluation are then presented. The chapter concludes-with a summary highlighting the results

of the experimental study and showing the significant benefits of the new approach.
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7.2 E-commerce and the Web

Nowadays online business is becoming very common and is supported by the availability and
accessibility of the web. Websites involved in online business are usually known as E-
commerce or online shopping sites. As Chris Ramsey (Ram05) stated these websites are there
to advertise goods and services and thereby promote corporate identity by selling the
products, services and other goods. Thus, E-commerce websites have in the short and long
run to be able to satisfy their customers/users. This requires the sites to have many functions
such as maintaining products/services lists/catalogues, pricing information and shopping cart
function etc. as well as secure transaction mechanisms. E-commerce systems should also
have the ability to provide specific information to the customer by creating the data
electronically before the actual purchase which allows the customer to look for and evaluate
the product and print/download the information. E-commerce systems should also enable

storage of customer information and supply the customer/s with a reference number etc.

- However, it is hard for a customer to relate to many of an E-commerce site’s pages if they are
represented by poor structure and poor relationships between available products/services. A
solution is to define E-commerce features in terms that are more understandable to the
customer (see chapter four). One such approach is the Merchant Server Architecture (MSA)
(Nic02). The essence of the MSA architecture approach is based on the function of product
presentation which is done through using the product information from an electronically
produced catalogue and/or order submission etc. This technique -involves listing and
presenting the product information. Another technique is the SET (Sécure Electronic
Transactidn) architecture (Set97, NicOZ)/ which involves adding an electronic payment
function fo ‘the merchant server model. Open Market commerce architecture is another
te’ch;lique (Rob00) which includes functions for product presentation, listing of product
information from an electronically produced catalogue, order entry and submission,
electronic payment and customer service. Another architecture which is designed for B2B E-
commerce is known as Open Buying on the Internet (OBI) (Ste00, Tru03, Sin09). This
approach provides an opportunity for the buying organisation to select a supplier, browse the

supplier’s catalogue and place an order confirming the productren‘t‘ry and payment.

It is clear however, that the use of product lists/catalogues form the core of all approaches as
- well as most -ovnline‘:business‘es. Therefore, in this work a case study based on the E-

commerce product list is constructed, which will incorporate some of the above discussed
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features, to further demonstrate the semantic information search and retrieval approach and
architecture presented in the previous chapters. The product list is created and stored in a

database and is displayed on a site for various products and services.
7.3 Case Study: Product List in E-commerce Systems

The product list in E-commerce is one of the most important concerns of the E-business
community as it is the main link between the customer and the entrepreneur. An entrepreneur
is the one who sells products on the web. Customers need to browse the products before
making any purchase which is true in both real retail environment or online, on the other
hand entrepreneurs need to keep track of the products including quantity (available and

sold),variety, types etc. In all cases a product list must exist and all products must be stored.

However, as the Internet community grows, the growths of E-commerce problems also
increase and therefore E-commerce systems require continuous improvements and
technological developments especially from the search engine point of view and information
storage. Entrepreneurs and online customers are the two main players of E-commerce, and E-
commerce is expanding because of these two major players. In every E-commerce
application and fechnological usage, one of the major topics of discussion and research is that
of the storage of data and the safe as well as the efficient retrieval of the data. The stored data
provide information about the business (products/services) and the customer including

customer information, payment, card information, ID, delivery and invoice information etc.

The majof concern of this thesis is the ‘information search and retrieval’; therefore product
lists are rsigniﬁcantly important since as mentioned above they are crucial for the entrepreneur
and for the kc‘)nline customer. E-commerce community is very much dependant on product lists
which have to be reflected in both the database as well as the user interface. The database
stores the information and the customer retrieves the information from the user interface. In
order to enhance the entrepreneur and customer satisfaction the efficiency of information
search ‘an»d retrieval over the product lists is very important. Therefore in this work we deal
with product lists and indexing in semantic language format such as RDF, XML and other
ontology formats sé that information can be stored and retrieved semantically. The product
lists can be indexed and stored in the semantic database in the format of text, images, audios,

videos etc. The product lists are to be identified, classified and indexed in such a way so that
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semantic queries can be easily performed. The semantic query should be able to retrieve all

the semantic information which is necessary for the user and the entrepreneur.

Semantic product lists are the main concern and most important components of semantic E-
commerce systems, as they are the main connecting links between the customer and
entrepreneur. The customer searches the product list for specific products and is the potential
purchaéer of products. The traditional and current way of storing data is through a database
management system, where the data is stored and retrieved later by way of a keyword search.
In chapter five we have explained the various types of indexing and product listing. A
semantically stored product list has also to be retrieved semantically, indeed a product might
naturally and semantically belong to a group (base class) of same/similar products and/or be
semantically related to completely different products (figure 7.1). This process will help the

data to be semantically sorted for the end user.

D Na‘me Relation ID Weight
Makes
Product Relationship
Belongs
Group
ID [IName

Figure 7.1 Products relationships

To enhance customer satisfaction, semantic search and semantic products must be made
available to the customer and they should be easily accessible by the user. As we have
explained in the preirioﬁs chapter an intelligent system which includes the semantic database
where the data is indexed and stored, is necessary for efficient retrieval of data. Indeed in 'the
previous chapters we have been explaining about the semantic information, semantic storage
'of information, the: semantic link between data and semaﬁtic retrieval of data. The real time

semantic information search and discovery are mainly dependant on all these components.
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will return all the semantically defined relationships of products. In this new approach the
user makes the query and the results will be displayed in the semantic display (see section

7.5.4).

S }

—p  Query Ll SearchEngine | »| Local Storage

ys l
Semantic Display |

Figure 7.3 The high level view of the system

Global Storage
(Web)

7.4.1 The Process

The whole process of the new approach starts with the initial query by the user. In order to
search for a 'product/list,’ the user makes the query in real-time in the query interface of the
system. The search begins assisted by the intelligent engine “Search Engine” as shown in the
figure 7.3. The search engine looks for some specific information first in the local storage. If
the information is not found the searching process looks for information globally i.e. using
global storage. Finally, answers to the initial query are displayed semantically that is
‘semantic display’, according to the ranking of information together with any additional
semantic information. Searching locally and 'globally using semantic search intelligent engine
is carried out as discussed in chapters five and six i.e. the indexing and retrieval of semantic
information according to this new approach can be applied to two categories. Firstly it can be

applied locally, and secondly the search engine techniques are used to retrieve information

globally within an enterprise or sector.

The relationships between products and their strength are defined using the approach
presented in Chapter 6. However, as the number of products grow storing their relationships
may become an issue,v therefore relationships weights are updated dynamically according to
usage, whether the weights were initially defined or not. This is achieved by linearly
increasing or decreasing the weights according to usage. Moreover, if usage drops the weight

might become static, which is allowed for a period of time, after which it is decreased in
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proportion with the time scale defined by the system. Finally, a threshold weight is set below
which it is assumed that no relationships exist. In addition the current implementation takes
into account personal occurrence that is based on personal choice i.e. the occurrence weight is
not only based on the common occurrence that was generated by many users as was done in
chapter six. Therefore, the occurrence weight defined in equation 6.1 is now influenced by
two factors, the O, representing personal choice, i.e. the personal occurrences of entities
services etc. and their frequency, and O, representing common occurrences by many users. In
the absence of personal occurrences (choices) only the common occurrences are taken into
account. However, as the frequency of personal occurrences (queries) increases the
contribution of O, also increases automatically. This follow the same relationship between the
user defined weight and occurrences as shown in equation 6.1. It is expected that personal
choices and their frequencies to be available either on the user/customer local environment or

in the user profile which can be stored within the E-commerce system.

7.4.2 Semantic Storage.

The storage and retrieval of semantic information is handled in a similar way using local and
global enterprise storage. That is based on storing the products, products groups and their
relationships using an entity relationships diagram which is, in its simplest form, shown in
figure 7.1. Thus, information about products, the relationships between products, association
a product with a group, groups of products and group relationships are all recorded and
stored. It is expected that products belonging to the same group will have strong

relationships.

7.4.2.1 Local Storage

Thé‘ local storage in the chosen business scenario (retail clothing business) is used to store the
local information needed by the business which ié primarily»the product list. This gives the
business the ability to directly assigning the products rélationships and their strengths at input
stage; clearly only if this bﬁngs benefits to the system. Although such an assignment is
subjective it should be based the business’s experience and history, and its marketing
strategy. This will allow the flexibility to deliberately direct users/consumers toward

products, which is similar, although more powerful, to what businesses for. example

supermarkets use to display their products.
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However, still the approach discussed earlier will be applied which will take into account the
occurrences, but the local business has the ability to manipulate the various weights that
contribute to the total strength of the products relationships. Thus products relationships and
links are constructed by following pre-established links. The user sends a request and query
answers are sent in the form of semantic information. The relationships between the products
used in the query are determined by the weighted values which will express the semanticity

between them.
7.4.2.2 Global Enterprise Storage

In such a business environment clearly queries are initially directed to local storage that is
local business, which is very much driven by the type of business to be carried out. However,
if products are not available in the local store it is commonsensical to extend the search
across the enterprise. A logical extension is to allow global products, on the web, to be
available to local customers. This might take the form of B2B or simply directing customers
to other E-commerce sites which is the approach adopted in this work. Obviously, such
directions are expected to bring commercial benefits to the local business. The proposed
framework can accommodate the global extension as discussed in chapters five and six. In
this case the meaningful pre-established links are joined to create the global links, which are

established throughout the web.

Giobal links can be established according to users’ queries and these links then respond to a
particular query submission which includes keyword, graphical image etc. These links are
then automatically indexed and can be stored locally. In this new approach the storage
problem can be solved by linking connection numbers between the products/groups of
produéts. The semantic connections established by the new approach makes the system
uniquely different from any others in that the existing search engine approaches present all
the links connected with say a keyword. However, these connections might or might not be

semantic, in fact many, if not the majority, of connections do not present any meaningful

relationships to the searched keyword.

7.5 Evaluation

As mentioned in the introduction of this chapter the integration and evaluation of the new
approach'réquire the- use of a number of technologies, concepts and development tools,

including. the use of programming and scripting languages as well as databases, many of
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which were discussed and reviewed in chapters two and three. In fact, different parts of the

system architecture might require different tools as shown in figure 7.4.

j JavalVB/ serviets/ASPNET Web service f

i

Semantic engine A
Components <
// .\\—/ \\

Semantic rules Semantic languages
> Leaming/ reasoning model ¢
A »
Database [RDF graph, XML, OWL and other files

Figure 7.4 System architecture and tools

The system consists of three layers. One of the most important benefits of using such a multi-
layer architecture is that the system becomes more adaptable and flexible. Furthermore, the
layers can be mapped to the generic three tier architecture, discussed briefly in chapter 2,
which is divided into three main components — “user interface tier”, “middle tier” and
“remote tier”. The “user interface” tier provides a physical medium for a software solution to
engage with an end-user. The “middle tier” component is responsible for business logic
processes and rules incorporating business, technical and data access logics. The “remote

tier” component gives a data storage and data management facility.

7.5.1 User Interface

The first layer in 7.4 is “user interface” which is a physical présentation medium, which gives
a meané to interact Withv users (i.e. doorway). This presentation medium (web browser)
interprefs and organises its interfaces (i.e. a presentation layout) according to instructions
provided by the middle layér in the form of a standard protocol. It also delivers information
entered by énd;usérs to the other layers and returns the output to the end-user. A number of

_technologies can be used for this layers Java, VB.NET etc. VB.NET is being used in the work
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to develop the interface to the retail business (see for example figures 7.5 and 7.6). Moreover,

queries can be made either using keywords or graphical presentation of the items.

For example — a customer wants to access his account at a shopping web site. At a client side,
a web browser (i.e. the “user interface” component) sends a customer login information to a
web server. At the server side, the “middle tier” component accepts this incoming
informétion and an instruction is then sent back to the user interface (e.g. invalid username

and password, access has been granted, etc.)
7.5.2 Semantic Engine layer

At the core of the middle layer is the semantic engine components offering an encapsulation
of business, technical and physical requirements into one viable software solution. These
requirements are integrated into three different types of tiers — Presentation, Business and
Data Access tiers. These tiers are able to act as an independent single unit. This layer governs
how an entire solution should behave via a predefined business flow process, as well as a
specific business consideration such as a provision setting of a content management, a service

level agreement (SLA), etc.

Now let us consider an example suggested in the presentation tier (above). A business tier
makes a query of a user account via a data access tier, which is based on a data access request
received from a presentation tier. Subsequently, the business tier replies an “access denied”

instruction because it has discovered that the customer has not renewed his annual

subscription.

The semantic engine layer consists of semantic components such as handlers. The semantic
rules‘supported by semantic languages and models and the learning process also takes place
at this layer. The users will interact with this layer through the interactive interface. Semantic
components will be responsible for receiving the request from the users and forwarding them
to the next layer. The semantic engine layer is also responsible for receiving the results from
the semantic layer and forwarding them to the user. In this layer VB is also used, however,
since this 1ayér is separéted from the interactive interface layer, the interactive interface layer

can be used with any other technologies if needed.

.7.5.3 Data Storage
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A “data storage” component is a physical data store medium for an “application structure”
component. A database management system (DBMS) is often used for this purpose.
Typically, a standard driver (gateway) such ODBC and JDBC is used to establish a
connection between “data storage” and “application structure” components for a data
retrieval and storage operation. The data access tier (remote tier) provides an information
management facility for an “application” component. The user interface and middle tiers use
this tier for a data manipulation service (e.g. a facility for the application to make a query of
the stored information, which could be in the form of SQL queries). Moreover, since local
and global storage can be applied in a similar manner, in this experiment only local storage is

used.

The “data storage” component is where the product lists are stored and indexed semantically
using XML. The XML format can help in improving the efficiency of information search and
discovery. One of the advantages of storing product lists in the XML format is that it is able
to hold the raw and structured data and it will enable the web users to manipulate and
generate the data in accordance with their representatlon The product lists can be exchanged
in XML format, and it is easy to the existing database systems to manage and deal with
XML. For example it is possible to make use of relational databases for storing XML
documents, so that the information can be described in hierarchical, structured tree type
relations fwhich would give plenty of room for storing, querying and publishing information.
The data stored according to semantic connections and the query will produce only the
semantically connected product lists. This is done dynamically by learning the predefined
data from the database and storing it within an entity (as explained in chapter five). Thus, the
product iists are ofganised and semantically connecte(i into a hiérarchy of categories or
classes an\d sub classes, (parent child relationships) and have many levels. These parent child
relationships are represented by XML format. XML is capable of explaining the type of data

stored in a product list. Thus the class properties are explained in a more semantic and

flexible way;

Customer satisfaction is achieved by way of establishing a semantic relationship between
“entities (products), and thus the customers are able to identify the products efficiently. The
queries are formulated according to the semantic connection and availability of products and
therefore the product lists are generated accurately and semantically. Since the new approach

makes use of a probabilistic network (chapter six) it can also use historical data to predict the
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Adapting the new approach for the current application for information searches is relatively
straightforward. The results show that the approach can establish entity relationships
semantically and it can prepare a semantic search within a business or an organisation over
the web. By using this approach, semantic data can be retrieved, discovered and displayed
accurately and semantically. Therefore there are clear benefits from using the approach not
only for businesses but also for the customers/end users. Moreover, although the approach
was evaluated for a particular E-commerce application it is generic enough to be used in
other applications and online businesses and it can serve as a frame work for designing future

semantic websites.
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Chapter 8 — Conclusions and Future Work

8.1 Conclusion

The primary aims and contributions of this thesis are the design, construction, and evaluation
of a new framework for semantic information search and discovery in E-commerce oriented
applications. The work which was carried out to achieve these aims, as well as the results of
the work, was reported in the previous chapters of this thesis. In this section the achievements

and conclusions which have been previously drawn will be summarized.

The research began by a background overview of internet and website technologies and their
applications particularly in E-commerce. This includes reviewing the internet technologies
network structure and protocols, mark-up languages, the three tier systems, databases, the
different types of websites etc. A particular attention was paid to E-commerce systems and
their design aspects which require careful planning and development if they are to be
achievable in terms of semantic, real-time information requirements. Moreover, some of the
issues in web search, information overload etc. were identified, the existent methodologies
that are being used in information searches were briefly reviewed and the concepts of

semantic information search were considered.

Next, the thesis has investigated the meaning of the term “semantic” in an attempt to present
some definitions and characterisations of semantic web. Therefore, it has presented the
historical evolution of the word “semantic” and semantic web. After considering the
architectural issues in semantic web, several knowledge representation languages were
presented and their use in semantic web and their associated processes were examined.
Moreover, the review continues with architectural issues particularly in term of web services,
their interoperability problems and the potential semantic links of web services. Overall, the
literature review provided some background, in terms of basic concepts, definitions and
technologies to the Work presented in this thesis. The review also identified some of the
issues with existing approaches, particularly in information search and linkage, which can

affect the quality of service provided by online systems.
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The quality aspects and issues of common websites, particularly E-commerce sites, were
considered, the limitations of some of the existing approaches were discussed and a quality
model, with a number of quality factors, was proposed. The model defines some fundamental
factors that influence and maintain the quality of websites, therefore impacting their
users/customers satisfaction. Indeed, the model evaluation, using a number of businesses with
active E-commerce systems, has produced a variety of responses which showed satisfactions
in some areas but not in others; however some overall satisfaction/un-satisfaction trends were
identified. After considering the quality factors at the highest level, the specific
characteristics of the some of the factors together with the potential sites structures were also
considered. An evaluation using the identified characteristics were conducted which has
shown the impact of the structure and layers of websites on some of the quality
characteristics. Thus, improving the quality factors/characteristics can contribute towards

creating and modeling an effective semantic E-commerce system.

Furthermore, some specific aspects of semantic real-time information search were
considered, and an indexing semantic architecture that discovers and integrates information
using self organising hyperlinks was proposed, which can help in locating semantic
information more accurately. The semantic real-time information search approach is based on
a powerful semantic frame work and architecture that can automatically self organise and
establish relationships according to the semantic search, among semantic content, and thus
creates a semantic network of hyperlinks. There are a number of other features associated
with this new approach. A key feature is that a customer/user can easily search for
information, just by clicking the object (product) itself. Each product has additional
information associated with it which also can be ranked. Moreover, the approach will enable
complex queries, thus allowing the search for complex answers on each product. This
information could be used to rearrange the site according to user requirements which will

enhance the user experience.

However, the semantic architecture requires the application of some artificial intelligence
techniques for the establishment of semantic relationships of different entities. Thus, an
intelligent engine in the semantic layer was proposed together with the choice of a network
topology for its design. The investigation into probabilistic networks for semantic real-time
information search and discovery was focused on the weighting factors that define the

strength of the semantic relationships between different entities. The presented approach
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takes into account both system determined and user defined weights, as well as the ratio
between the two weights in its determination of the total weight that defines the strength of
the semantic relationships. The user defined weight can be applied when a local E-commerce
business, with its products and services and its own data storage, needs to define the
relationships between its products/services according to its business logic and the potential
profits, which can be done by setting the relationships at input stage (or even get them
modified at a later stage), but which also can be modified automatically according to usage.
The probabilistic networks of the engine together with the ways how the connection weights
are calculated were illustrated and a number of experiments to evaluate the approach were
conducted. The conducted experiments show the impact on the total weight of the individual
weights, it also show that results from system only determined weight and user defined
weight can vary considerably, therefore a combination of both was recommended, however,

the final decision should be driven by the business case and the potential benefits.

Finally, the integration and evaluation of the framework and architecture together with the
indexing, semantic storage, semantic search and semantic display concepts, was presented.
This stlérted with a discussion of E-commerce systems and the requirement for product E-
catalogues/lists, then, it carried on with a description of the components of the system. An
experimental study with the aim to evaluate the system using a case study based on a retail E-
commerce business application was conducted, which highlighted the significant benefits of

the new approach.

8.2 Future Work

In this section we give suggestions about how the work presented in this thesis can be carried
out further. The future work which can presently be seen in this field may be classified into a

number of categories.

Firstly, it should be noted that this research study has focused on the design and construction
of a framework for ‘semantic information search and discovgry, and although some
implementation and evaluation were carried out as proof of concept, there is certainly a need
for its integration and evaluation in a large scale and complex real time dynamic web
environment. However, the obtained rgsults suggest that such a test could provide a further

proof of the proposed framework. Moreover, when fuily implemented, the proposed
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framework should be able to be operated dynamically and automatically to semantically link

information while providing aspects of personalisation in the form of semantic display.

Secondly, although in this thesis the framework and its application was focused on E-
commerce systems, the approach is designed to be generic therefore it can be applied in a
number of areas which can be specific applications such as those in health informatics, GIS

etc. or more generic applications such as knowledge management, search engines etc.

Thirdly, there are a number of further advancements which can be made to the approach,
particularly in adopting the distributing computing paradigm. During the course of this work
it was clear that using the probabilistic network (or any other intelligent engine) to work out
the many to many semantic relationships, and their stréngth, between entities/’keywords even
within a specific domain requires a huge amount of data to be processed in order to produce
meaningful information. Therefore, it will be essential for data processing to be enhanced so
that it takes as little time as possible. One of the best ways of performance enhancement is
distributing the processes associated with each request across a number of servers, instead of
doing huge processing on a single one. Therefore, designing distributed semantic web
applications so that the large scale processes can be distributed among a number of servers
will  be A very important. This, however, requires the development of efficient
strategies/algorithms for web process allocation, synchronization and data distribution among

a number of servers according to the nature of semantic web applications.

Finally, having proposed a programmed network topology to identify the relationships
between entities/keywords and quantify the weight of each relationship, a further extension
could include a similar approach using a neural network with self adapting topology and
weight calculations automatically with automatic connection on a global scale. The almost
deterministic approach proposed can be used to verify (as measurement) the work of neural
network. The neural network can be used to indemnify ontologies automatically as well as
potential relationships. Moreover, other data mining and Al techniques can be investigated
for their suitability and applicability in the intelligent engine of the proposed architecture
which might lead to the design of other and perhaps more efficient strategies to intelligently
navigate the massive data available on the web in a useful, fast, efficient and meaningful

manner.
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