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Abstract

Information on the web is increasing in every single second and redundancy in information is growing rapidly. The Semantic Web
is an extension of the current Web. The original idea of the Semantic Web was to bring machine-readable descriptions to the data
and documents already on the Web, in order to improve search and data usage. The Web was, and in most cases it still is, a vast set
of static and dynamically generated Web pages linked together.

Today, the Semantic Web is not only about increasing the expressiveness of Web information to enable the automatic or
semiautomatic processing of Web resources and Web pages. Academia and industry have realized that the Semantic Web can
facilitate the integration and interoperability of intra- and inter-business processes and systems, as well as enable the creation of
global infrastructures for sharing documents and data, make searching and reusing information easier.

In this present paper a theoretical attempt has been made to discuss the real world need, applications, opportunities, and challenges

of Semantic Web.
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Introduction

The Semantic Web is an extension of web through standards
by the World Wide Web Consortium (W3C). In other words,
the Semantic Web is a Web 3.0 web technology- a way of
linking data between systems or entities that allows for rich,
self-describing interrelations of data available across the globe
on the web. On the Semantic web information is described
using a new W3C standard called the Resource Description
Framework (RDF).

Agent and agent oriented technology is considered to be the
one of the rapid growing research area. There is a widespread
and ever growing interest in the potential of agent based
technologies and develops the complex and advanced next
generation software system using agents. Agent encompasses
various diverse fields of computer engineering viz. Artificial
intelligence, software engineering, internet applications,
manufacturing process and distributed computing etc.

World Wide Web (WWW) - The Concept
In 1990, Tim Berners-Lee developed the first version of his
World Wide Web program at CERN. The concept behind
Berners-Lee’s invention was to use hypertext as a means of
organizing a distributed document system. Hypertext refers to
a collection of documents with cross-references (also known
as links) between them that enable readers to peruse the text in
a non-sequential manner. In order to make the Web work on
the Internet, Berners-Lee had to develop a mechanism for
addressing documents on different machines, a protocol that
allowed computers to request documents, and a simple
language to describe the documents.
Despite its popularity, HTML suffered from two problems.
= First, whenever someone felt that HTML was insufficient
for their needs, they would simply add additional tags to
their documents, resulting in a number of non-standard
variants.

= Second, because HTML was mostly designed for
presentation to humans, it was difficult for machines to
extract content and perform automated processing on the
documents.
To solve these problems, the World Wide Web Consortium
(W3C) developed the Extensible Markup Language (XML).
XML’s syntax will seem familiar to users of HTML. This is
not surprising, since HTML is an application of SGML,
XML’s parent language. Like HTML (and SGML), XML
allows angle-bracketed tags to be embedded in a text data
stream, and these tags provide additional information about
the text. However, unlike HTML, XML does not provide any
meaning for these tags.

Semantic Web

As discusses earlier, the term “Semantic Web” was coined by
Tim Berners-Lee, the inventor of World Wide Web and the
director of the World Wide Web Consortium (W3C), which
oversees the development of proposed Semantic Web
standards. The Semantic Web is changing the way how
scientific data are collected, deposited, and analyzed. It is
regarded as an integrator across different content, information
applications and systems. It has applications in publishing,
blogging, & many other areas.

Semantic Web is about providing meaning to the data from
different kinds of web resources to allow the machine to
interpret and understand these enriched data to precisely
answer and satisfy the Web users’ requests. As a part of
second generation web it gives users of web the ability to
share their data beyond all the hidden barriers and the
limitations of programs and websites using the meaning of the
web.

Semantic web technology is built in a layered manner, i.e. it is
processed in steps, each step built on top of another. The
pragmatic justification of it is that it is easier to achieve
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consensus on small steps, whereas it is much harder to get
everyone on board if too much is attempted. For Semantic
Web, Hyper-Text Web Technologies are used. These are the
bottom layer technologies that are well known in the hypertext
web domain. These technologies are used to implement
semantic web application.

The layers of Semantic Web are depicted in figure 1 for better
understanding and illustration.
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Fig 1: Layers of Semantic Web

These layers are described as follow:

1. Uniform Resource ldentifiers (URI): URI is used to
identify the semantic web resources. This unique
identification is required so as to provide manipulation
with the resources in the top of the layers. In other words,
this layer makes sure of providing the uniform identifiers
of lots of resources. It likes the strings starting with “http:”
or “ftp:” that often find on the World Wide Web.

2. Unicode: This layer provides the uniform standards for all
kinds of languages in the world to coding characters. It
helps to represent and manipulate text in various
languages, thus enabling a bringing of the gap between the
human languages and semantic applications.

3. Extensible Markup Language (XML): XML is the
markup language that is creates the semantic web
documents in the form of structured data. XML replaces
HTML for its individual advantages. In addition, it gives a
definition on the methods describing data. These are the
middle layer technologies, most of which have been
standardized by W3Cm and can be used to create semantic
web applications. All are standardized by the W3C except
for RIF/SWRL.

4. Namespace: This layer provides many ways to
differentiate names, so the resources which have same
names and different means are still used.

5. Resource Description Framework (RDF): RDF is the
framework that is used to express data in a meaningful
way. It expresses data in the form of triples, which is easier
to express information in the form of a graph. Here reserve
specifications refer to model and syntax of RDF.

6. Resource Description Framework Schema (RDFS):
RDF Schema (RDFS) provides the schema, i.e. the

vocabulary, for the RDF to maintain a proper structure of
the document. It enables to maintain a proper hierarchy of
classes and its properties. So, it is a kind of language for
describing RDF vocabularies and has some basic elements,
e.g. Resource, Class, Property, subClassOf, subPropertyOf,
range, domain etc.

7. Ontology: OWL- Web Ontology Language (OWL) is used
to add more meaning, constraints and restriction to the
RDF representation. It expresses the semantic of the RDF
statement. It is a formal, explicit specification of a shared
conceptualization. It needs to make sure all knowledge can
be known by people and computer.

8. SPARQL: SPARQL Protocol and RDF Query Language
(SPARQL) is an RDF query language that is used for
querying in the database that is represented by the RDF.
Querying is done so as to retrieve information by the
semantic applications. These are Unrealized Semantic Web
Technologies. These are the top layer technologies that are
yet to be standardizes or are ideas that need to be

implemented to completely create semantic web
applications.
9. Rule Interchange Format/ Semantic Web Rule

Language (RIF/SWRL): RIF/SWRL is used to add rules
to the RDF data. This enables to represent information that
cannot be directly expressed by the OWL. Rules are
basically many principles or regulations between the upper
and lower in the level structure.

10. Logic Framework: It provides logic inference ability on
the knowledge of Ontology describing.

11. Proof: On being logic inference ability, give a proof on
whether a statement is right or wrong.

12. Trust: Trust for statement support, means the premises
come from trusted sources and relying on formal language
to retrieve new information. In other words, detect whether
the web information is trusted or not.

13.Cryptography: This is to ensure that the statements
coming from semantic web applications are from proper
sources and this can be implemented using digital
signatures of RDF documents.

14. User Interface: This is the top most layers that will enable
the humans to use the semantic web applications.

Characteristics of the Modern Day World

We live in a world where information and knowledge are

considered to be key enablers of business and economic

performance and critical pillars of sustainable development.

At global level the following are some of the characteristics of

the new world context:

= Globalization: Creation and consumption of knowledge
and information are made in the global context. From this
perspective the elimination of local boundaries and the
exploitation of synergies and capacities beyond local
boundaries require advanced adoption mechanisms that
permit realization of opportunities, deep understanding of
threats and strategic fit to human and social networks
towards new levels of performance.

= Networking: In our era, business and economic activities
as well as competition require new models of business
networking. Within this context, advanced documentation
of skills, competencies, business models and context based
collaboration define new demands for advanced business
and social networking at global level.
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= Shared Models: A global consensus towards peace,
development, prosperity and a better world needs to be
based on shared conceptual models that define the average
common understanding of human societies for the “issues”
that matters at global scale. And while this can be
perceived as a “too optimistic” scenario or it can be
characterized as wishful thinking case, in the Global
information Landscape shared models are required for
interoperability, exploitation of synergies and definition of
new milestones for collective intelligence.

= Collective Intelligence: The increased capacities of
networking as a result of globalization and widespread
adoption of share models has resulted to the development
of a global trend to applying collective intelligence filters
or collaborative filtering in the context of the global
information world. Such development challenges many
traditional models of business performance, marketing and
profitability.

= Open Paradigm: This is a key new characteristic of our
world. Open paradigm relates with several complementary
movements, like the ones of open source software
paradigm, open content, open access, open knowledge,
open research, open culture. The underlying idea has an
amazing capacity to support new business models and
several applications in the short and long term horizon.

Applications of Semantic Web

1. E- Business

According to Wikipedia, e-business may be defined as “any
business process that relies on an automated information
system”. E-business software solution allows the integration
of intra- and inter-firm business processes and can be
conducted using the Web, the Internet, extranet, etc. The
application of Semantic Web in the field of e-business is wide
and significant in terms of exchanging information between
different business groups for mutual or collective purposes. It
is believed to provide good semantic solutions when
information exchange is concerned.

Advantages of E-business

Semantic Web has found a prominent place in e-business in

terms of

= searching of relevant data,

= exchange of information between different agents,

= filtering of relevant information useful for finding good
business sites or analyzing new market trends,

= online advertisements,

= composition and integration of complex systems,

= multimedia collection,

= exchange of machine dialogue across the domains,

= virtual community and vocabulary flexibility, and

= Standardization.

Limitations of E-business

One of the major limitations or drawbacks in e-business is the
problem of interoperability between systems of two or more
business partners (business-to-business).Interoperability is to
be ensured for the business exchange to be effective and
efficient between business companies. Extensible Markup
Language (XML) has been used to provide the Web
interoperability for the past few years. XML is capable of
providing only syntactic interpretation, and not semantic

interpretation. It does not understand the content and meaning
of the messages being exchanged among different systems.
Semantic Web solves the problem of interoperability using
Web Ontology Language (OWL). OWL is a popular language
used for representing ontologies on the Web. It is a World
Wide Consortium (W3C) Standard and provides a strong
ontology that is used as a standard. All the services on the
Internet share the same standard for the interpretation of terms
being exchanged between them. OWL facilitates greater
interoperability of Web content.

Moreover, the software used earlier for business purposes
were hard-cored and always required direct human
intervention by changing the code and then running the script.
But with the use of Semantic Web tools and software, the
pages can be dynamically changed and highly tailored and
cost-effective results can be produced.

2. Social Networking

Social networking has become an important part of the
modern society and puts a strong impact on social, political,
educational, professional, personal, and business life.

Advantages of Social Networking

= |t connects people across the world through social
networking sites like Facebook, Orkut, MySpace,
LinkedIn, etc.

= It allows information sharing on twitter, messaging
through Yahoo Messenger, Google talk, content and ideas
sharing through blogs, discussion forums, uploading and
downloading of media, tagging, through wikis and
podcasts, etc.

= The social networking have attracted millions of users
across the globe and has become the most popular,
convenient and cheaper mode of communication.

= A lot of social networking sites are coming into the
business because of wealth being generated by these across
the world.

Limitations of Social Networking

Social networking sites or services offer the basic features, but

there are certain limitations in terms of connecting people and

content in a meaningful way.

= One of the limitations is the lack of interoperability among
different social networking sites. Suppose a person having
a profile account in one of the site wants to reopen the new
profile account in some other site, and wants the same
information in his previous account to be migrated into his
new account, will not be able to do so because the
provision is not available in social networking services. In
such a scenario, the user has tore-enter the entire
information, and update its information at two different
sites, making the process more cumbersome.

= Second limitation is the lack of privacy. In case of certain
centralized sites, the user does not have complete control
over the information they provide. Thirdly, social
networking sites do not provide relationships or
connections between common profiles of people sharing
common features liking visiting the same sites, or same
likes, and hobbies.

Semantic Web solves the problem of interoperability by

providing globally accepted semantics to share information

about people, their profiles, contents and connections through
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which they are interconnected. Security and privacy is being
preserved as data is machine-readable.

3. Knowledge Management

Knowledge management system (KMS) as a whole describes
the creation of knowledge repositories, a method for
knowledge access and sharing as well as communication
through collaboration and also enhancing the knowledge
environment and managing knowledge as an asset for an
organization.

Development of a good KMS is basically a collaborative
effort. The traditional collaboration of KMS has undergone a
revolution with the advent of WWW. The WWW or Internet
provides a knowledge repository with variety of information
from various sources and also from geographically distant
corners of the world. This makes the repository information
rich like never before but this also brings the real challenges.
These challenges, like overload of information, keyword
searching being not appropriate, integration of information
from heterogeneous sources and geographically-distributed
Intranet problems, have been triggered by the Web. In fact,
this enormous amount of data has made it increasingly
difficult to search, access, present, and maintain the
information required by a wide variety of users. This is
because information content is mainly presented in a natural
language. Thus, a wide gap has occurred between the
information available for tools aimed for knowledge extraction
and the information maintained in human-readable form.

The most critical issue in intelligent knowledge management
is how to represent and extract the semantic meaning from
information contents. Researchers have tried to address this
issue through various research areas including artificial
intelligence, information retrieval, natural language
processing, multimedia, knowledge management, etc. All
these methods ask for a smarter Web to assist in knowledge
acquisition, knowledge representation, and knowledge sharing
and distribution of human knowledge through the Web. This
requirement has been answered by Semantic Web.

Tim Berners Lee has referred to Semantic Web as an extended
Web of machine-readable information and automated services
that extends far beyond current capabilities. Semantic Web is
useful for KMS because this technology helps people to find
and correlate the information they require irrespective of their
sources and types. Semantic Web is relevant to knowledge
management because it has the capacity to enhance the speed
with which information can be synthesized manifolds. This is
achieved by automating its aggregation and analysis. Most of
the time information on the Web is presented in HTML format
but the problem with it is that this format does not provide
structure or metadata useful for effective management.
Without structure, elements of content cannot be related to
each other, and without metadata, the nature of the elements
themselves cannot be known. Semantic Web is designed to
provide these missing components. It can provide structure,
(through the use of XML tags); metadata descriptors, (through
RDF) and relationships (through Web Ontology Language).
'Ontology’ is the key enabling power in realizing the full
potential of Semantic Web technology. Ontology is not
knowledge or information. It is in fact, meta-information
which is information about information.

In the context of the Semantic Web, using a special ontology
language, the relationships between the various terms within

the information can be encoded. Ontologies provide
background information, which strengthens the description of
the data and which helps in making the context of the
information more explicit. Since ontologies are shared
specifications, the same ontologies can be used for the
annotation of multiple data sources, which include webpages,
collections of XML documents, relational databases, etc.

The use of such shared terminologies enables interoperability
between these data sources up to a certain extent. But, this
does not solve the integration problem completely, because it
is not possible for all individuals and organizations on the
Semantic Web to use one common terminology or ontology. It
is very much possible that different ontologies will appear
and, to enable interoperation, mediation is required between
these ontologies.

Ontology mediation is necessary in semantic knowledge
management for enabling sharing of data between
heterogeneous knowledge bases and also to allow applications
to reuse data from different knowledge bases. Another utility
of ontology mediation appears in Semantic Web Services. In
general, it is not necessary that the requester and the provider
of a service use the same terminology in their communication,
and thus, mediation is required to facilitate communication
between the knowledge seekers and the knowledge providers.

Challenges for Semantic Web Applications

Following are a selective list of challenges for Semantic Web

applications in close relevance to the previous discussion:

= Definition of new modes for human, knowledge and
business networking beyond local boundaries:
Traditional ~ business and knowledge networking
emphasized on a narrow perspective for the ultimate
objective of networking. Semantic Web through
Ontologies and Social networks anchors networking to
well-defined conceptual models that match information
sources and human services. By providing an infrastructure
of shared semantics and Ontologies where reasoning and
trust are “process and service oriented”, we have a great
opportunity at business level.

= Globalizing information and definition of new Contexts
for value exploitation: The provision of local information
assets at global level and the design of new contexts for
exploitation are for the Semantic Web two of the key value
proposition. The design of multiple reference levels to the
same set of information and knowledge delivers a new
level for dynamic, personalized systems.

= Delivering and integrating quality to information: One
of the main obstacles in the current web relates with a very
limited performance on the quality assessment of content.
It seems that we suffer from an enormous explosion of
content diffusion and a very poor performance on
capacities to explore qualitative information. And while
information quality is a very subjective concept, the same
moment businesses and people as customers, citizens,
patients, learners, professionals, etc require systems and
infrastructures that deliver assessment models of
information quality.

= Integration of isolated information assets: In any
context, personal, organizational or global the integration
of isolated information is a key challenge. The “value”
related with integration is always related with the inquiry.
In simple words integration has always a very concrete
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“gap” component. Individuals, Organizations, society
require integration for addressing specific performance
gaps that relate with limited capacity to build more
meaningful services.

Support of business value and co-located/distributed
business models: It is obvious that Semantic Web
evolution requires the adoption from industry. This critical
milestone implies that Semantic Web technologies can
integrated to the business models of modern organizations
and businesses. As always such a requirement challenges
the strategic fit of technologies to business perspectives.
From a business strategy point of view there is a key
demand to “translate” the key aspects of Semantic Web
technologies to business terminology. Semantics,
ontologies, resource description frameworks, etc, means
nothing to business people that have an absolute different
way to interpret business requirements.

Promotion of a critical shift in humans understanding
and interacting with digital world: Semantic Web needs
to respond to the great demand of humans to explore new
modes of interactivity with the digital world. And it is
obvious that people prefer to behave with similar
conscious and intelligent mechanisms. The soonest the
Semantic Web will prove its capacity to provide these
intelligent mechanisms the greatest its adoption and
support at global level.

Conclusion
To conclude, it can be said that Semantic Web has become the
most important part of the web without which modern web is

unimaginable.

But, it has still to overcome from its

shortcomings and face the challenges. Once it has overcome
the prevailing challenges, it will definitely set a milestone in
the history of WWW which will open the new pave for
ontologies.
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