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Some Observations on Semantic Web Service
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Abstract—Semantic web, going to be the next generation of
current web, isone of the emerging research areasin intelligent
web technology and have high potential for research. Semantic
web can be considered as a content-aware intelligent web.
Various identified research areas are reasoning, languages,
services, processes like discovery, matching, selection,
compaosition, monitoring in semantic web based system. The
composition of semantic web services is one of the most
demanding and important area because it is generally required
to compose multiple services to fulfill the needs of any single
customer. Various research problems in each of these
mentioned areas can be identified. The usage areas of semantic
web technology also need to be explored. A lot of new tools are
now developed to make thistechnology a practical one.
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. INTRODUCTION

Semantic Web is an extension of current web, in which
information is given well-defined meaning, better enabling
computer and people to work in cooperation [48]. Its basic
aim is to create a layer on the existing web that enables
advanced automatic processing of the web contents so that
data can be shared and processed by both humans and
software. It is using the concept of self-describing,
machine-readable knowledge which is accessible using
standard web programming constructs. Semantic layer
connects the different knowledge sources having explicit and
defined semantics, across the web [48]. Semantic web aims at
offering a solution, capturing and exploiting the meaning of
terms to transform current web from
information-presentation platform to a platform that focuses
on understanding and reasoning with the information [30]. In
true sense, the web today is not an ‘information retriever’ but
only a ‘location finder’. The information has to be retrieved
by the human being from the document locations shown by
theweb. Thisis due to the reason that web contents today are
not machine-processable. The semantic web here is to
remove this deficiency and to represent web content in
machine-processable form and then wuse intelligent
techniques to take advantage of these representations [1].

In this paper we will put light on some of potential areas of
research in semantic web and some open problems in this
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area using our observations and surveys from the literature.
We have done a rigorous study of the literature of various
areas of semantic web and enumerated the results in a very
concise form into this paper. So this paper mainly covers our
observations on following points:

- Various potential areasin the direction of research in
semantic web have been identified and a concise
observation which is highly beneficial for research is
provided for each area.

Some of the open research problems identified by us
in different research areas like semantic web
reasoning, various processes like selection,
composition etc. and the areas of applicability are
enumerated.

Various approaches, tools and technology that can be
helpful in mentioned research areas are aso
discussed.

The paper has been structured as: apart from introduction
in Section-1, Section-Il covers a brief and concise view of
some of the potential areas in semantic web research,
Section-111 covers our observations on each one of these
areasincluding the possible areas of applicability. Section-1V
covers various potential open research problems in different
mentioned areas, Section-V gives an overview of various
tools, approaches and technologies that can be useful in this
research and paper has been concluded in Section-VI.

Il. POTENTIAL AREAS OF RESEARCH

In today’s scenario, as semantic web is still to its infancy,
the various potential areas of research in this field can be
related to the infrastructure, languages, resources,
applications, client devices [14], semantic web reasoners,
and , semantic web services. Each one of these is briefly
described in following paragraph showing there relation to
each other.

Semantic web infrastructure is required for identifying,
locating and transforming resources safely. Languages like
Extensible Markup Language (XML) [40], XML- Schema
[51], DAML (DARPA Agent Markup Language) [34], and
Web Ontology Language (OWL) [31] etc. are required for
expressing the contents of the semantic web. They are used
for representing the description about the contents of the web,
which is then used for automating the processing on web
contents. Various tools like knowledge bases acts as the
resources of infrastructure, which have knowledge
represented in the form of ontologies and metadata and is
used to feed the other parts of complete infrastructure.
Semantic web applications are the various client required
applications which uses different semantic web resources.
Client devices provide platform for semantic web
applications to run. Semantic web reasoners are used to
sanction semantics to languages. They aim at inferring new
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facts from existing known facts. Reasoning in semantic web
languages enhances the expressive power, understahility,
operationability, and ontological representation. Semantic
web services (SWSs) are self-contained, reusable software
components, which can be used independently to fulfill a
need or can be combined with other semantic web servicesto
carry out a complex aggregation.

[11. OBSERVATIONS ON SEMANTIC WEB RESEARCH AREAS

A rigorous literature study on some of identified areas of
research like web based expert systems [45, 46], semantic
web reasoners & languages [47], semantic web services,
semantic web service processes and semantic web service
composition has been performed. A briefing of these
observationsis as enumerated below.

A. Semantic Web Reasoning

It has been found that various reasoning models and
reasoners, based on the description logic [4], F-logic
(http://flora.sourceforge.net, 2005) and other approaches
such as: Approximation Technique [16], CLP (Conceptual
Logic Programming) [17] and Statistical Methods [23] have
been developed for reasoning with the ontological
representation of knowledge.

Various semantic web reasoners can be broadly classified
into four generations. The first generation of the reasoning
models was KL-ONE [9], KRYPTON [10], and KANDOR
[35]. These were developed in early 80’s and are having
weak expressive power and reasoning services. The next
generation of reasoning models based on description logic
was developed in around 90°s. The reasoning models in this
generation are Classic [8], LOOM, BACK [41], FLEX [42],
KRIS [2], and CRACK [11]. The reasoning models of this
generation have more expressive power and reasoning
services. DLP [36], FaCT [5], RACER [19], and Pellet
(http://www.mindswap.org/, 2003) are considered to be the
third generation reasoners. However, the recent reasoners
like CEL [44], Cerebra [44], KAON2 [33], MSPASS [21],
and QuOnto are of general use these days.

It has been observed that most of the reasoners provide
complete or almost complete reasoning support and an
average number of reasoners have incomplete support to
reasoning. It has been observed that, al of the third
generation reasoners like DLP, FaCT, FaCT++ [3], RACER,
PELLET; mostly all of recent reasoners like CEL, Cerebra,
and KAON2; some of the second generation reasoners like
CLASSIC, KRIS [2] and CRACK and a few of first
generation ones like KANDOR have complete/amost
complete reasoning support. But most of the first generation
reasoners like KL-ONE, KRYPTON and second generation
reasoners like LOOM, BACK, FLEX, and KRIS have
incomplete reasoning support. It has been observed that most
of the reasoners are supporting description logic only and a
very few number of the reasoning models support not only
the description logic but also the other logics like F-Logic
and Modal logic. It is also observed that, maximum of the
reasoners are supporting CommonLisp and other languages
like InterLisp, SmallTalk and Prolog. An average number of
the reasoners are supporting or implemented in languages
like C/C++, Java, OWL, DAML+OIL, DAML-ONT [52],
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and OIL [37]. But, till only very less number of the
reasoners is there which support DAML-S [29] and OWL-S
[28].

B. . Semantic Web Service Processes

Semantic web based systems are much more beneficia
than their standalone counterpart. They not only have
benefits provided by the internet technology, but also the
semantics provided by the Artificia Intelligence techniques.
Due to the internet technology also, these systems provides
mainly following added advantages:

Internet is readily accessible and so easy reach to the
users.

Common multimedia interface provided by the
browsers.

Portability of the internet based applications.
Availability of the several internet compatible tools.

Semantic web based systems are used for providing
services to the clients for satisfying their requests. These
semantic web services have modular structure and can be
published, located or called (invoked) through the web. The
different services can aso be combined with other
homogeneous or heterogeneous services to form complex
web applications. So the interfaces, properties, capabilities,
and effects of semantic web services are encoded in a
machine-understandable form to allow an easy integration of
heterogeneous services.

Satisfying the client request involves various processes
like discovery, selection, composition, monitoring,
assessment, prediction, and orchestration etc., because
semantic web based systems usually consists of a lot of
services, out of which one or more of appropriate servicesare
to be used for satisfying client request. So here discovery is
used for showing the users with the services that can be
possibly used to perform a certain task. However, it depends
on the reachability of servicesand the device that auser plans
to perform the services with. Sometimes services are offered
for a variety of devices automatically adapting the content
involved. Discovery isgenerally an automatic step performed
by the user’s device. This is the process of locating the
services suitable for atask. Service selection is the process of
selecting the most appropriate service(s) among the available
services suitable for a task. It is the step of deciding which
service(s) to use to finally perform the task. For example,
there may be services performing similar goals or performing
same goals but offering different objects, at different costs &
quality levels, and then this process is used to select the one
that is closest to user’s intention [6]. But in some cases, the
requested task can not be fulfilled by the single available
service. Then service composition is used to aggregate the
services to build a complex application which can fulfill
client’s requirements. Orchestration of services provides
control structure for getting the functionalities of services by
aggregation of other web services. It refers to the executable
process, which can interact with both internal and external
web services. Orchestration provides an open, standard —
based approach for connecting web services together to
create high level business processes. It is also supported by
various standards like WSCI (Web service Choreography
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Interface), BPEL4AWS (Business Process Execution
Language for Web Services), and BPML (Business Process
Management Language). These standards reduce the
complexity & hence the cost of orchestrating web services
and increases efficiency & accuracy of processes [38]. Also
the tools for choreography provide the interface for
interacting with the web services so that functiondlities
provided by it can be consumed.

C. Semantic Web based Systems Applicability

Web based systems are applied in various disciplines like
Engineering ([7], [43], [56], [12]), Management ([27], [24],
[15], [13], [25]), Medicine ([50], [20], [26]), Education ([53],
[54], [32], [18]), and Agriculture ([39], [22], [49], [55]) for
providing intelligent support to the human being. The
systems in engineering domain can help in various purposes
likeindustrial automation, communication, computation, and
aeronautics, while management systems are usually applied
for helping in human resource, strategic planning, finance,
design and training. Systems in medical domain are used for
providing assistance in medical consultation to diagnosis. It
is observed that the engineering and management is the
maximally explored domainsfor applicability of the semantic
web.

I1l. OPEN PROBLEMS

A lot of work has been done in different areas like
semantic web languages, reasoners, semantic web services,
its processes and applications by many researchers to move
towards development of this next generation of web.
However these needs to be further explored.

However variety of reasoning methods are available, but a
lot of are required;, because varieties of methods are
necessary for different applications, as quality of the work of
reasoning methods vary with the problem. The techniquesfor
various semantic web processes like discovery, selection,
composition, monitoring etc. can be further explored for
improvement or development of new ones. The work can be
done towards proposing the improvement of existing or
development of new techniques. A large number of
researchers have worked towards development of different
service composition techniques for aggregation of available
service components to generate composite services which
can fulfill the client needs. These techniques propose a
number of implementation methods for composition. Some
of them can be applied in context of a particular problem and
some can be applied in a general way. For the success of
semantic web, the semantic web service composition plays a
vital role; as most of the client requests require service
composition to perform. Soit isan interesting and demanding
area and can be extensively explored towards more quality
composition.

These different semantic web related technologies like
semantic web languages, reasoners, services or service
composition can be further explored in various application
areas. It has been observed that web based system in different
discipline like engineering, education, medicine, agriculture,
and management has been developed. These disciplines can
also be explored for semantic web applications and especially
in the area of education; it seemsto be very less explored.

IV. TooLSAND APPROACHES

Various Java based software tool s and packages, and XML,
DAML, OWL or other semantic web languages handling
tools can be used in thiswork. Aswork require working with
different semantic web languages like XML, DAML, OWL
etc. for representing the knowledge and description about the
services and other web contents in a machine processable
form, and then using that description in whole semantic based
system, so interfacing between the programming languages
like Java & its related tools and packages and the semantic
web based tools & languages may also be required. Work
may use various semantic web language editing, developing
and, manipulating tools. Jena and Protégé are out of some of
the popular tools available for describing the ontologies. For
describing the concepts in research work, apart from Java,
some other programming languages like C/C++, Visua
Studio or Microsoft .Net packages may also be used.
However, as Java provides more robustness,
platform-independence, and web-support, so the use of it and
related tools seems to be more useful. Various service
specific tools like for specialized matching may also be
required for materializing the work.

The reasoning work can be performed in the approaches
based on general descriptive logic, F-logic, modal logic or
combination of multiple methodologies. The work can be
implemented using approaches based on generally used
composition  approaches like manual, automatic,
semi-automatic, user-controlled, or specifically template
based, workflow based, declarative, Al (Artificial
Intelligence) planning, ontology or instance based, however
an appropriate hybrid of these seems to be more working.

V. CONCLUSION

Semantic web as alayer on the existing web is an open and
demanding research area. There are a lot of open problems
related to the semantic web reasoning, services, languages,
processes and infrastructure, the research on which canhelpa
lot in materializing the semantic web or can provideahelpin
further research. The potential areas discussed and some
open problems elaborated can be highly useful to the
researchersto get a start in the research as well as to proceed
with their existing work in the field. The tools and
approaches described can provide akick-start to the starter in
thisfield.

REFERENCES

[1] Antoniou, G, Harmelen, FV, 2004. A Semantic web primer, Chapter 1,
pp 2-3. The MIT Press Cambridge, Massachusetts L ondon, England.

[2] Baader, F, and Hollunder, B, 1991. KRIS: Knowledge Representation
and Inference System. SIGART Bull., 2/3, 8-14.

[3] Baader, F, Calvanese, D, Giacomo, GD, Fillottrani, P, Franconi, E,
Grau, BC, Horrocks, |, Kaplunova, A, Lembo, D, Lenzerini, M, Lutz,
C, Maller, R, Parsia, B, Patel-Schneider, P, Rosati, R, Suntisrivaraporn,
B, Tessaris, S, 2006. Formalisms for Representing Ontologies: State of
the Art Survey, TONES.

[4] Baader, F, Cavanese, D, McGuinness, DL, Nardi, D, Patel-Schneider,
PF, 2003. The Description Logic Handbook, Cambridge University
Press.

[5] Baader, F, Horrocks, I, Sattler, U, 2001. Description Logics for the
Semantic Web.

[6] Bake, WT, Wagner, M, 2003. Towards Personalized Selection of Web
Services, Budapest, Hungary.



(7

(8]

(9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]
[29]

[30]

International Journal of Computer Theory and Engineering, Vol. 1, No. 1, April 2009
1793-8201

Bardina, JE, Thirumalainambi, R, 2005. Distributed Web-Based
Expert System For Launch Operations, In: Proceedings of the 2005
Winter Simulation Conference, M. E. Kuhl, N. M. Steiger, F. B.
Armstrong, and J. A. Joines (eds), 1291-1297.

Borgida, A, Brachman, RJ, McGuinness, DL, Resnick, LA, 1989.
CLASSIC: A structura data model for objects. In Proc. Of the ACM
SIGMOD Int. Conf. on Management of Data, 59-67.

Brachman, RJ, 1979. On the epistemological status of semantic
networks. In Nicholas V. Findler, editor, Associative Networks,
Academic Press, 3-50.

Brachman, RJ, Gilbert, VP, Hector, J, 1985. Levesque. An essential
hybrid reasoning system: Knowledge and symbol level accounts in
KRYPTON. In Proc. of the S9th Int. Joint Conf. on Artificia
Intelligence (1JCAI1°85), 532-539.

Bresciani, P, Franconi, E, Tessaris, S, 1995. Implementing and testing
expressive description logics: Preliminary report. In Proc. of the 1995
Description Logic Workshop (DL’95), 131-139.

Demmin, AT, Zhang, D, 2003. A Web-Based Expert System for
Vehicle Registration, |EEE, 420-427.

Duan, Y, Edwards, JS, Xu, MX, 2005. Web-based expert systems:
benefits & challenges, Elsevier, Information & Management, 42,
799-811.

Euzenat, J, 2002. Research challenges and perspectives of the semantic
web, |EEE Intelligent systems, pp 86-88.

Far, BH, Koono, Z, 1996. Ex-W-Pert System: A Web-Based
Distributed Expert System for Groupware Design, Pergamon, Expert
Systems with Applications, Elsevier Science Ltd, Great Britain, 11/4,
475-480.

Groot, P, Stuckenschmidt, H, Wache, H, 2005. Approximating
Description Logic Classification for Semantic Web Reasoning,

www.cs.vu.nl/~holger/Papers/groot_etal-05.pdf.

Heymans, S, Niewenborgh, W, Vermier, 2004. Semantic
Web Reasoning with Conceptual Logic Programs in
Antoniou G & Boley A. (eds): RuleML, LNCS3323,

Springer Verlag, Berlin, 113-127.

Ho, KKL, Lu, M, 2005. Web-based Expert System for Class Schedule
Planning Using JESS, |EEE, 166-171.

Horrocks, |, Tobies, S, 2000. Reasoning with axioms: Theory and
practice, In Cohn et. a. (eds) Internatinal Conference on Principles of
Knowledge Representation and Reasoning (KR’2000), 283-296.
Huang, MJ, Chen, MY, 2006. Integrated design of the intelligent
web-based Chinese Medical Diagnostic System (CMDS) —Systematic
development for digestive health, Expert Systems with Applications,
Elsevier.

Hustadt, U and Schmidt, RA, 2000. MSPASS: Moda Reasoning by
Translation and First-Order Resolution. In Dyckhoff, R. (eds),
Automated Reasoning with Analytic Tableaux and Related Methods
(TABLEAUX 2000). Lecture Notes in Artificial Intelligence
1847, Springer, 67-71.

Jensen, A, Ball, PS, Thysen, |, Pathak, BK, 2000. Pl@ntelnfo® — a
web-based system for personalised decision support in crop
management, Computers and Electronics in Agriculture, Elsevier, 25,
271-293.

Kant, S, Mamas, E, 2005. Statistical Reasoning — A Foundation for
Semantic Web Reasoning,
ftp.informatik.rwth-aachen.de/Publicationss CEUR-WS/V ol-173/pos p
aper6.pdf

Kim, W, Song, Y U, Hong, JS, 2005. Web enabled expert systemsusing
hyperlink based inference, Expert Systemswith Applications, Elsevier,
28, 79-91.

Kumar, R, Midha, PS, 2006. An intelligent web-based expert system
for analysing a company's strategic PDM requirements, International
Journal of Product Lifecycle Management (IJPLM), 1/3.

Li, D, Fu, Z, Duan, Y, 2002. Fish-Expert: a web-based expert system
for fish disease diagnosis, Expert Systems with Applications, Elsevier,
23, 311-320.

Li, S, 2005. A Web-enabled hybrid approach to strategic marketing
planning: Group Delphi + Web-based expert system, Expert Systems
with Applications, 29, 393-400.

Martin, D et a., 2007a. OWL 1.0 Release,
http://www.daml.org/services/owl-s/1.0/.
] Martin, D et a. 2007b. DAML-S 0.7 Draft Release,

http://www.daml.org/services/daml-s/0.7/.

McGuinness, DL, Fikes, R, Hender, J, Stein, LA, 2002. DAML+OIL:
An ontology language for the semantic web, | EEE Intelligent systems,
pp 72-80.

(31]

(32

(33]

(34]

(39]

(36]

(37]

(38]

(39]

[40]
[41]

[42]

(43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52

(53]

(54]

(59]

(56]

- 45 -

McGuinness, DL, Harmelen, FV, 2004. OWL Web Ontology
Language

Overview, http://www.w3.ora/TR/owl-features/

Méelis, E, Andres, E, Budenbender, J, Frischauf, A, Goguadze, G,
Libbrecht, P, Pollet, M, 2001. ActiveMath: A Generic and daptive
Web-Based Learning Environment, International Journal of Artificial
Intelligence in Education.

Motik, B and Sattler, U, 2006. A Comparison of Reasoning
Techniques for Querying Large Description Logic ABoxes. Proc. of
the 13th International Conference on Logic for Programming Artificial
Intelligence and Reasoning (LPAR 2006), Phnom Penh, Cambodia.
Pagels, M, 2006. The DARPA Agent Markup Language,
http://www.daml.org/.

Patel-Schneider, PF, 1984. Small can be beautiful in knowledge
representation. In Proc. of the IEEE Workshop on Knowledge-Based
Systems, 1984. An extended version appeared as Fairchild Tech. Rep.
660 and FLAIR Tech. Rep. 37.

Patel-Schneider, PF, 2000. The DLP Experimental Description Logic
System and Propositional Modal Logic Satisfiability Checker,
http://www-db-out.bell-labs.com/user/pfps/dip/, website last updated
Jan, 2000.

Payne, T and Tamma, V, 2005. Towards Semantic Web agents:
Knowledge Web and AgentLink, Cambridge University Press, UK,
The Knowledge Engineering Review, 20/2, 191-196.

Peltz, C, 2003. Web services orchestration, Hewlett-Packard
Company.
Potter, WD, Deng, X, Li, J, Xu, M, Wei, Y, Lappas, |, 2000. A

Web-based Expert System for Gypsy Moth Risk Assessment,
Computers & electronicsin Agriculture, 27 /(1-3), 95-105.

Qion, L, 2007. Extensible Markup Languages, World Wide Web
Consortium, http://www.w3.org/XML/, last modified, 05/2007.
Quantz, J and Kindermann, C, 1990. Implementation of the BACK
system version 4.

Quantz, J, Dunker, G, Bergmann, F, Kellner, |, 1995. The FLEX
system, KIT-Report 124, Fachbereich Informatik, Technische
Universit at Berlin, Berlin (Germany).

Rong, R, Brooks, D, Fu, G, Eichen, E, 2000. Web-based Expert
System for Automated DSL Loop Qualification, |EEE, Session Four
Web-based Management, 201-214.

Sattler, U, 2007. Description Logic Reasoners,
http://www.cs.man.ac.uk/~sattler/reasoners.html, fetched on Feb 19,
2007.

Sandeep Kumar, Mishra, RB, 2007. Web based Expert System and its
components, International conf. on research in management and
technology, 2007.

Sandeep Kumar, Mishra RB, 2008a. Web based Expert Systems and
Services, Accepted in Journal of The Knowledge Engineering Review,
Cambridge University Press.

Sandeep Kumar, Mishra RB, 2008a. Semantic Web Reasoners and
Languages, under process in Journal of The Knowledge Engineering
Review, Cambridge University Press.

Schwartz, DG, 2003. From open is semantics to the semantic web: The
Road Ahead, |EEE Intelligent systems, pp 52-58.

Shaalan, K, El-Badry, M, Rafea, A, 2004. A multiagent approach for
diagnostic expert system viatheinternet, Elsevier, Expert Systemswith
applications, 27, 1-10.

Shang, Y, Shi, H, 1999. A Web-based multi-agent system for
interpreting medical images, World Wide Web 2, Baltzer Science
Publishers BV, 209-218.

Sperberg-McQueen, CM, Thompson, H, 2000. XML Schema, World
Wide Web Consortium , http://www.w3.org/XML/Schema, Last
modified April, 2000.

Stein, LA e a., 2000. DAML-ONT
http://www.daml.org/2000/10/daml-ont.html.
Tam, EK, Badra, F, Marceau, RJ, Marin, MA, Malowany, AS, 1999. A
Web-based virtual environment for operator training, |EEE
Transactions on Power Systems, 14/3, 802-808.

Terveen, L, Hill, W, Amento, B, Mcdonad, D, Creter, J, 1997.
PHOAKS: A System for Sharing Recommendations, Communications
of the ACM, 40/3, 59-62.

Thomson, AJ, Willoughby, |, 2004. A web-based expert system for
advising on herbicide use in Great Britain, Computers and Electronics
in Agriculture, Elsevier, 42, 43-49

Zhang, S, 2002. A Web-Based Expert System on Computer Aided
Process Planning, International conference on Control and Automation
(ICCA -2002).

Initial  Release,

International Association of
Computer Science and Information Technology
WWW.IACSIT.ORG


http://www.cs.vu.nl/~holger/Papers/groot_etal-05.pdf
ftp://ftp.informatik.rwth-aachen.de/Publications/CEUR-WS/Vol-173/pos_p
http://www.daml.org/services/owl-s/1.0/
http://www.daml.org/services/daml-s/0.7/
http://www.w3.org/TR/owl-features/
http://www.daml.org/
http://www-db-out.bell-labs.com/user/pfps/dlp/
http://www.w3.org/XML/
http://www.cs.man.ac.uk/~sattler/reasoners.html
http://www.w3.org/XML/Schema
http://www.daml.org/2000/10/daml-ont.html

International Journal of Computer Theory and Engineering, Vol. 1, No. 1, April 2009
1793-8201

Kuldeep Kumar iswith Department of Computer Science and Engineering,
University Institute of Engineering and Technology (UIET), Kurukshetra
University, Kurukshetra-136118, India. His current areas of interest include
Semantic Web, Web-based systems, and software engineering.

Sandeep Kumar is with Department of Computer Engineering, Institute of
Technology, Banaras Hindu University (IT-BHU), Varanasi, India-221005.
He has done hisBTech in information technology (Hons) and Gold Medal of
the university and has completed his PhD course work in computer
engineering with the best grade point from IT-BHU. He has many years of
experience as a software engineer aswell asteaching staff. He has presented
several papers on national and international levels and has also authored
multiple of books. He is the member of review and editorial committee of
various international publications such as WASET, WSEAS, and ORS. His
current areas of interest include Semantic Web, Web-based systems,
multi-agent systems, knowledge-based systems, and software engineering.

- 46 -



