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ABSTRACT

The data available on the World Wide Web is assumed to be
humongous and infinite. Search Engines have emerged to be
integral tools of information retrieval from the web. The
current search engines available process queries and produce
results based on the location and information occurrence on
the web pages providing unsatisfactory results [8]. Web 3.0
and the semantic web incorporated data on the web in
machine readable form providing better search results. This
paper introduces a semantic search framework named
Semantic Search Framework using Semantic Web Services
(SSFSWS) built on service oriented architecture (SOA)
targeted to enhancing search responses. The framework
consists of semantic search providers offering semantic search
services. The semantic search services are composed using the
depth first search algorithm. The semantic search services
offered rely on the RDF data and its corresponding Ontologies
built to provide search responses. An OWL2 language namely
SROIQ-DL is considered to build the ontologies and represent
complex description logic that exists in the RDF data. The
framework also introduces effective caching strategies
adopted to improve response times. The framework
introduced provides ranking schemes based on the ontology
relevance scores of the responses observed. A prototype
implementation of the SSFSWS is discussed and its benefits
over the existing semantic search engine are clearly discussed
in this paper.
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1. INTRODUCTION

The explosive growth of the World Wide Web (WWW) [1]
has provided extensively large amounts of data available.
Search Engines which provide information from the WWW
based on the queries have become vital tools. The major
shortcoming of the current search engines is that the search
results provided are not always true as there exist’s no relation
derivation from the search queries and the presented search
results. The foremost initiative of the semantic web [6] is to
broaden the current human understandable data on the www
by encoding some of the semantics of resources in a machine
understandable form. On achieving representation of the www
data in a machine understandable form provides newer
avenues of more additional functionalities and advanced
application on the web. Semantic Web application would be
able to process information, search for information, integrate
and present the information of these applications in a
meaningful manner. Resource Description Frameworks (RDF)
was introduced as the database of the semantic web [2] by the
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World Wide Web Consortium (W3C). The Web Ontology
Language (OWL) [3] was introduced to represent the relations
and the semantics exhibited by the RDF database in a better
machine understandable format. The framework proposed in
this paper utilizes the SROIQ — DL [9] an OWL?2 [4] ontology
description language for better machine understandable
knowledge representation. The OWL2 ontology utilized in the
proposed framework is also effective in handing logical and
conditional search queries as discussed in the future sections
of this paper. A desired feature of semantic search is its
capability to provide additional informative results when
compared to standard search engines. Standard search engines
available provide results based on the information available
with a web page on the other hand semantic search provide
information contained in the web page along with some
relational aspect functions which improves the search results
provided. An additional feature of the semantic search engine
is its ability to provide for refined user preferences for further
search criteria based on the current search criteria.

The semantic web is envisioned to facilitate integration of
data available across various web applications, web servers
through semantic web services [6] [7]. The semantic
information available with the service providers is in the RDF
format. Additionally the ontologies built based on the RDF
data provide shared concepts and relations using either OWL1
or OWL2 ontology description languages. We define such
service providers as semantic service providers. To facilitate
additional descriptive logics amongst the entities the
framework described in this paper considers OWL2 when
compared to its predecessor OWL1 which provides limited
support. The interoperability of the semantic information
available with the web applications is a fundamental
requirement which leads to providing semantic search as a
service apart from additional semantic web services for
applications. Semantic Web Services are similar to
conventional web services which provide machine to machine
interaction over the www between a web server and a web
client. Semantic web services use markup languages to
provide data in a machine readable form with all the relational
details (ontology details). The SSFSWS introduced in this
paper provides a semantic search environment built on service
oriented architecture (SOA). The architecture of the SSFSWS
is as shown in Figure 1.

The remaining manuscript is organized as follows. Section 2
of the paper discusses the literature review undertaken and the
work of fellow researchers. The next section introduces the
SSFSWS in which the semantic search providers, the
semantic search application and the depth first search
algorithm adopted for semantic web service composition is
discussed in detail. Section 4 of this paper discusses the
experimental study undertaken and the conclusion and future
work is discussed in the last section of the paper.
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Figure 1: SSFSWS System Architecture

2. LITERATURE REVIEW

The semantic web envisions the web content to be in a
machine understandable form. Representation the web content
in the RDF form has been standardized by W3C [2].
Searching the RDF web content put forth the existence of
semantic search engines [21]. Early attempts by researchers
[10] to semantically alter the search queries to provide better
search responses were introduced. Researchers have proposed
search engines based on the RDF knowledge bases
[11][12][13]. Ontologies based semantic search engines
proved to provide higher accuracy [14] [15] [16]. Hybrid
techniques for providing better search results have also been
studied during the course of the research work presented here.
In hybrid techniques in addition to RDF data Ontologies
extracted are also used to provide for better search
environments. [17][18][19]. It could be concluded that hybrid
techniques perform better than the other classes of semantic
search engines hence the SSFSWS utilizes a hybrid technique
of providing search responses based on the RDF data and the
Ontologies extracted [20]. The framework discussed in this
paper considers the semantic search provided through web
services [22].

Ranking of the semantic search results have been achieved
using various techniques like extended information retrieval
techniques [23], interpretations [24], file rank matrices [25]
and concept based ranking [26]. Form the study it can be
concluded that ontology based ranking mechanism would be
idyllic. The framework proposed in this paper considers an
Ontology Relevance Score based ranking system. Image
Search based on semantics is considered as a hot topic of
research currently [27][28]. The future work of the SSFSWS
proposed in this paper could be considered to support image
based search.

3. SEMANTIC SEARCH FRAMEWORK
using SEMANTIC WEB SERVICES

This section of the paper discusses the SSFSWS framework
proposed. The SOA chosen enable us to realize the framework
using a modularized approach. The SOA shown in Fig. 1
could be considered as a complex system of p:g
dependencies. Where p represents the services offered and
g represents the applications offered by the SOA system. In
SOA an application may need multiple service offerings or
varied applications need similar services or similar
applications may be provided by varied services. The
SSFSWS utilizes a similar application of semantic search
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provided by the n semantic search providers hence it could be
said that the SSFSWS depends on the availability of the
semantic search application offered by the n semantic search
providers. Semantic web service management tends to be
cumbersome if it is done manually. In order to automate the
semantic web service management we need a common syntax
and a common semantic service description to interoperate.
The W3C have standardized the syntax definition through the
Web Service Description Language (WSDL) [29]. Semantic
Interface Description language adopted by the SSFSWS is
OWL-S [30]. Let us consider a set of all semantic concepts S
defined as
S¢c = {sci,sCZ,sCS, ......... sca}

Where s represents the at™ semantic concept. The S¢, is a
concept derived from the RDF 7. € R; knowledge base
(KB) and the ontologies o, € O derived from the RDF
knowledge base R.. In other words

Seq = fc(r‘:a’ Oca)

Where o, = fo(Rc,7;,) fo Represents the ontology
building function using SROIQ (DL) . The ontology building
function extracts all the related concepts and axioms of 7
present in the RDF KB R, .The SSFSWS represents a
complex SOA hence the RDF R data set is available with
nt" semantic service providers. The RDF data can be defined
as Rc= Rci U Rez U Rez Ut Ry

Where R¢cy # Rez # Rep
Re = {1, 0Ty v Tey o YU AT, Moy e Tepn)
U {1, 0 Teppr o Tenad

The ontologies extracted or the ontology knowledge base
could be defined as O =0¢; U O¢p U ... U ... Ocp
where O, the ontology set available with nt* semantic
service provider. The locally available ontologies could be
defined as O¢, < R from the above definition it is clear
the ontologies available with semantic service provider n may
not contain all the possible concepts, relations and axioms as
the complete RDF set Rcis unavailable with the
n'" semantic service providers. This is the problem that
exists in the current semantic search deployments available.
The purpose of the SSFSWS is to overcome the short comings
by using efficient searching algorithms and semantic web
service compositions.

3.1 Semantic Search Providers

The semantic search providers in the SSFSWS provide
semantic search web services which support the semantic
search application. The semantic search providers are defined
as PR = {Pry, P15, P13, e ... P13y }
where Pr, is the nt" semantic search providers. The system
architecture of the semantic search providers is shown in
Figure 2.
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Providers

Each semantic search providers possess the RDF KB. The
RDF KB could be represented as
RKB = { kal' rkbz, ka3, ka4_, PR .rkb-r}

Where rkb,. is the r" RDF data record available with the
semantic search provider Pr;, € PR.
The RDF data is usually embedded in XML documents as
they support segment declaration using tags. The RDF data
usually is enclosed within tags represented as < rdf: RDF >
and </rdf:RDF > [31]. The RDF records are said to
consist consists of triplets [32]. Based on the concept of
triplets the record rkb,. could be represented as

rkb, = <trkb,,, ,trkb, prd trkb.

Where trkb, . is the subject triplet, trkb
predicate triple and trkb

Tob]
rord is the

" obj represents the object triplet.

The concepts extracted from the RDF KB include some
complex relations that cannot be represented in RDF alone
hence the SSFSWS presented here adopts representation of
the ontologies through SROIQ Axioms due to its benefits [9]
as compared to SHOIN. A brief summary of the syntax and
semantics of the SROIQ is as shown in Table 1.
The KB of the semantic search providers which constitute of
both the RDF KB and Ontology KB are humongous in nature
and size. A search executed on huge databases would affect
the response times due to numerous disk read and disk write
operations involved in the semantic search. To compress the
knowledge base and create cache the SSFSWS utilizes a
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Axioms
Complex Role PER p' € R!
Inclusion
Disjoint Roles Disj(Sy,S; sinsl=9
Concept Inclusion CcED clcp!
Concept Assertion C(a) al e c’
Role Assertion R(a,b) {a,b) € R!

hierarchical data ordering algorithm.
The ontology KB of r RDF data records is defined as
OKB = { Okbl, Okbz, 0kb3, Okb4, e e e Okbr}
Name | Syntax | Semantics
Concepts
Atomic Concept A Al(given)
Nominal {a} {a'}
Top Concept T A
Negation —-C aAlyct
Conjunction cnD c'np’
Existential 3R.c {x|R!(x,C") # @}
Restriction
Min Cardinality =nS.C  {x| I S'"(x,C") II=n}
Exists Self 3S.Self {x| < x,x > S}

Tablel: SROIQ Rules Semantic Equivalent

Let the cache of a concept s, which represents

the at® semantic concept be represented as CaChesca =<,
Tew €cq >

where r,_is the number of relations of the concept and

ec, represents the number of edge concepts. It is evident that
greater the number of concepts and greater the relations that
exist larger is the KB size increasing the number of disk
operation for a semantic search. The number of occurrences
of a concept in an ontology is directly proportional or
equivalent to the number of relations 7. of a concept. Also it
can be stated that for a constant m is equivalent to a function
of the number of relations ( frum - ) 7, Of @ concept s. and a
function of the edge depth (feqg_apen) OF @ concepts, .

fnum,r(rca) X fedg,dpth(rca) ~m

Alsor,, ~ YiZP'm/x =~ mf ™1/xdx = mlnm
From the above equation it is clear that even if the number of
relations r,_ of a concept s._increase the cache size does not
increase by a great extend. Generally the concepts require
2S5yni¢ Storage space per concept (s, ). The space utilized in

storing the cache defined above is given byZTCa( 2+

fnum_r(rcu) ) = Sy + InSyey)

Where Sy.;; is the space required to store the same concept
S¢,- It is considered that only one entry of a 5., concept is
allowed in the cache. In order to compare the normal caching
strategy with the caching strategy used in SSFSWS the
comparison ratio is defined as

25y (1+ " 50)
2Syen In Syen
Hence the proposed caching strategy improves the storage
space utilization by approximately 50% . The access cost for
the caching strategy is defined as

ACostcache = X {req: faumy(eg) < t}fnumr (rca)

= 1/11’15(][” + 1/2

- J‘Sutil Sutil
Sytu/t fedg_dptn

dfeag apen = Sutyn Int

Where fnum_r(rca) ste fedg_dpth(rca) 2 SUtil/t

The probability of AProb finding the concept s in the
knowledge base is defines as AProbcqche = Int/InSy.
The access time of the cache to search for a concept s, within
the knowledge base with a probability AProb¢,cp. is defined
as ATimecqcne = APTrobegene 108, ACOStegche

+ (1 - APrObCache )(logb ACOStCuche + 1)

55




= logy ACostcacne + (1 — AProbegache)
Where b represents the branching factor of the ontology tree.
The cache created based on the RDF KB and Ontology KB is
encoded in a binary format for faster access.

The ontology relevance score is a ration between the
query concept and the response concept based on the
ontologies constructed. The ontology relevance score is used
by the Semantic Search Application in ranking the search
responses received by thensemantic service provider
considered in the SSFSWS. The semantic query SS, could be
defined as a set of concepts and relational operators. The
semantic search web service offered supports queries
containing Boolean operators like AND ,OR,NOT ,+,—,""
commonly available with the major search providers. ss, =

< SCSSQ ’RCSSQ >

The semantic query ss, could be represented as a
p X q matrix where p represents the number of concepts
queried for and q represents the number of relations, logical
operators and special characters defined for querying amongst
the p concepts. The semantic response sszis a set of
responses and the corresponding ontology relevance score
defined as ssp =< sg,, ,ORSg >

The semantic response ssy could also be represented as
a r X rmatrix where ris the number of responses obtained
for the semantic search query ssy. The ontology relevance
Xr Srssg 2 55Q

score is defined as ors, SSp, SSg) =
Rusp (S50, SS&) lssgll lisI

To represent the ontology relevance score to a scale of
0 to 1. Normalization is considered in the SSFSWS hence the
ontology relevance score could be defined as

’

orsp,, (ssq, ssg) = Sresy » 50

S.
Where s, "= —%

Sr

The semantic search providers could be considered as the core
of the SSFSWS architecture. The providers discussed in this
section not only rely on the RDF KB to provide effective
search queries but also rely heavily on the Ontologies KB to
provide effective and accurate search responses. The semantic
search provider’s not only incorporate effective hierarchical
caching strategies enhancing query response time but also
provide relevant query responses. In addition to the query
responses the search providers also provide ontology
relevance scores associated with each query responses
enabling effective ranking when multiple semantic search
responses are composed.

3.2 Semantic Search Application

The semantic search application is a user interface which
accepts user search queries represented by SS, . The SSFSWS
accepts logical, conditional and simple term based search
queries. The response of the search is represented as SSi. The
semantic search application provides the search responses
SSr by using semantic web service composition techniques.
The depth first search based semantic web service
composition algorithm is discussed in the next section of this
paper. The semantic search response not only consists of
search responses but additionally provides the ontology
relevance score used in ranking the search responses i.e.
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higher the ontology relevance score greater is the rank of the
search response. The semantic search application also
provides the ontologies constructed after consuming the
semantic services provided by the nsemantic service
providers. The provided ontologies are constructed by the
possible concepts and axioms obtained post the semantic web
service composition. This enables the SSFSWS to provide
better semantic search results and overcome the drawback
currently prevalent in the semantic web search sphere
(discussed in the previous section of this paper).

Let us consider semantic concept set Scand two concepts
S¢, € S¢ and Sc, € Sc. There exists 4 possible relations

amongst concepts s¢_and Sc, - The possible relations could

be defined by using the subsume represented by Sbg,,, and
defined as Shgym : (S¢ X Sc)~ {T, F}

Where T represents the conditional true relation and
F represents a conditionally false relation. Using the above
definition we could define the first possible relation between
the concepts s._and Sc,, as

Sbeum ( Sy Sc,) =T Holds if and only if the semantic
concept s._is a generalization of the semantic concept Scy -
Also then it could be stated that the semantic concept scyis a
specialization of the semantic concept s, .

Sbsum(scy, Se, ) =T Holds if and only if the semantic
concept s, is a specialization of the semantic concept s, .
Also then it could be stated that the semantic concept s is a
generalization ~ of  the  semantic  concept s

If the semantic concepts s._and the semantic concept Sc, are
not related then Sbsum( Sc scy) =F and Shg,n (scy,
Scx)= F. If the semantic concepts s. and the semantic
concepts., ~ are equal then Sbsum( Sc scy) =T and

Sbsum(scy, Se, ) =T.

The generalization, specialization and the subsume Sbhg,m
relations are transitive. Let us consider a parameter p, of the
semantic service provider Pr,and a parameter p, of the
semantic service provider Pr, . If the parameters p, =
pythen the semantic web service could be called if
only Sheym (P, Pryy) = T. It could also be stated that the
parameter p, requires less or equal data than the
parameter p,, .For the semantic web service composition
required there is no requirement for a demarcation amongst
the concepts and the semantic concepts. Let’s define a set of
semantic web services available with the semantic search
application as follows
SWSpy = { SWSpy,, SWSpy,, wus ve v . SWSpr }
where swsp,. represents the nth semantic web service
offered by semantic service provider Pr,.

Each semantic web service offered by semantic service
provider Pr, required a set of inputs denoted as SSQpr,, and if
the set of inputs is provided in an orderly fashion the semantic
web service provides a set of output concepts denoted
by SSRp,, and SSRp,, € Sc- The depth first search semantic
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web service composition algorithm discovers the semantic
web services available Swsp,. . On successful execution of the
semantic web service execution algorithm the next semantic
web service i.e. swsp,, could be processed only if the
execution of the previous swsp,, (provided with the input
parameters ssq,,. and the output concepts SSRp,, are obtained
in response) is processed successfully. Let the depth first
search based semantic web service composition be
represented as Compg,,s (Swsp,) then the semantic web
service composition is said to successfully process all the
requests if

Compsys (Swsp, ) & VX € s5q,. 3Y € SSq,,
P Sham(X,Y) A VX E $SQp,Z €1{2,3,...,m)
3Y € SSg,, U SSRpy, U e USSR,
t Sbsym(X,Y) A VX € ssp, U ..U ssg, U SSg,,

t Shaum (X, Y)
Let fesws represent a semantic service provider search
function based on a concept S which provides all the set of
semantic ~ web  services available defined as
fspr(Sc) = Swsp,
Also it could be stated that

Vs, € fopr(Sc) 3 SSRp,, € SSg,
: Sbsum (SC /SSRpra )

The semantic search application is an interface which
provides the search criteria to the composed services the
results obtained are then there by provided to the user. On
receiving the user’s semantic search query SSjthe
application of the SSFSWS performs the semantic web
services search function fssys . The web service offerings
amongst the varied semantic service providers are obtained by
the advertisement process invoked by the fgq,, 5. Based on the
semantic web services offered and the user query appropriate
web services are selected. The selected web service offerings
Swsp, are composed using the semantic web service
composition function Comps,,s ( Swsp, ) . On completing the
composition the semantic web services are invoked by parsing
the required user parameters SS,. The results obtained are
aggregated and ranked based on the ontology relevance score.
Higher is the ontology relevance score higher is the rank. The
ranking could be easily achieved using any sorting algorithm.
Let the semantic web search response set be defined as

SSr = { SSRp,, 155Rp,, SSRpyys -+ SSRp,, }

Where SSRp,, Tepresents the semantic search response
received from the n'" semantic service provider for a given
query set SS, . As stated earlier the semantic search algorithm
available at the semantic service provider’s end, provide the
result page info, the ontologies behind the search, the
ontology relevance score. Based on this argument
SSRp,, could be defined as

SSRp,, = {rlsSRPrn \T2SSRp, 1T3SSRp, - TmSSRp,, }

Where 7,,5sg,, represents the mth search result received
n

from the n" semantic service provider for a given query
setSSq .

International Journal of Computer Applications (0975 — 8887)
Volume 55— No.7, October 2012

The semantic web service composition is an important entity
of the semantic web search application. The next section of
this paper discusses the depth first search algorithm utilized in
composing the semantic web services Swsp, offered by the
n semantic service providers.

3.2.1 Semantic Web Service Composition
Using Depth First Search Algorithm

The semantic search framework SSFSWS introduced in this
paper utilizes the depth first search algorithm for semantic
web service composition. The dept first search algorithm is
selected for the sole purpose of quicker responses it offers and
it is computationally lighter when compared to other semantic
web service composition algorithms . The web service
composition function introduced in the earlier section of this
paper Compg,s ( Swsp, ) receives the set of semantic web
services Swsp, over which the composition has to be
performed. The semantic web services composition is
performed using the depth first search algorithm. Let us define
a function fs,5_ps which performs the depth first algorithm
is defined as

fsws—-ps ( $Sq ,SSg ,SWStmp ,d¢ ) = sws

Where ss, represents the input query set, ssp is the desired
response, Swsey,,, represents the current temporary semantic
web services identified, d. represents the current depth and
sws represents the resultant semantic web service identified.
The fsws—_ps is solved by the following algorithm

Step 01: START

Step 02: For Each Var; € ssg

Step 03: For Each swsp, € fsp,r(Sc) = Swsp,

Step 04: Initialization SSRympy = SSR

Step 05: For Each Var, € SSRymp

Step 06: IF 3Var; € ssg, : Sbgm(Vary, Vars)
Step 07: SSRemp = SSRemp / Var,
Step 08: End IF

Step 09: End For Each

Step 10: For Each Var, € SSQemp

Step 11: IF 3Vars € ssq,, : Sheym(Vary, Vars)
Step 12: SSRemp = SSRemp Y Var,

Step 13: End If

Step 14: End For Each

Step 15: SWSimp = SWSpr @ SWSimyp
Step 16: IF ssg,,, = {}

Step 17: Return sws;py,

Step 18: End IF

Step 19: ELSE

Step 20: IF d. < dmax

Step 21: SSRupp =
fsws-ps ( 550 + SRy » SWStmp ,d. + 1)

Step 22: End IF

Step 23: IF swsgmp #1{}

Step 24: Return swsypny,
Step 25: End IF

Step 26: End ELSE

Step 27: End For Each

Step 28: End For Each

Step 29: Return {}

Step 30: END

Where Var, ,Var,, Vars, Var,, Vars represent temporary
processing variables and d,,, 4, represents the maximum depth.
The semantic web service composition function denoted by
Comps,,s ( Swsp,. ) is realized using the following algorithm
Step 01: START
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Step 02: Initialization d,,q, = 2
Step 03: DO

Step 04: SWSemp = fows-ps ( S55Qpy, + SSRpr,, REN! )
Step 05: Amax = Amax + 1

Step 06: While Swsep, #{}

Step 07: END

The Comps,,s composes the semantic web services from the
back. In each iteration of the DO - WHILE loop the
algorithm checks if a service within the Swsp,. could provide
the service requested for. In the proposed framework
SSFSWS we use the composition algorithm to identify the
semantic service providers offering the semantic search web
services to support the semantic search application.

The SOA architecture considered for the SSFSWS is
described in this section of the paper. The SSFSWS is
designed to provide appropriate search responses. The
SSFSWS relies on the RDF KB and the Ontologies KB
housed as the KB component of the semantic web service
providers for provisioning of the search responses. The
semantic search web services offered by the service providers
are composed using the depth first search algorithm. The next
section of the paper discusses the prototype implementation
adopted to realize the SSFSWS.

4. CASE STUDY AND EXPERIMENTAL
EVALUATION

This section of the paper discusses a small case study
undertaken to prove the functional feasibility of the SSFSWS.
The case study considered a popular semantic corpus
Edubase2 [33][34][35]. The Edubase consists of the records
of the educational establishments in England and Whales.
This corpus is maintained by the Education Department of the
United Kingdom Government [36]. The Edubase2 corpus is
huge and in order to construct an SOA architecture the
Edubase2 data was split into three categories namely
establishments offering primary education , establishments
offering secondary education and educational establishments
offering higher education and collegiate education. Each
corpus resulting from the classification discussed is
considered as the RDF KB of the semantic search providers.
The SOA adopted to demonstrate the functionality of the
SSFSWS is as shown in Figure 3.
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The Microsoft .Net platform 4.0 is considered for the
development of the case study presented here. The three
semantic service providers offering the semantic search web
services were developed on the ASP.Net platform. The web
services offered were composed using the depth first search
algorithm. The semantic search application was developed on
a Windows Presentation Platform using C#.net and Extensible
Application  Markup  Language (XAML) as the
implementation language. The ontology viewer which
basically is an interface application to display the ontology
graphs resulting from the search query was also developed
using C#.net and XML. Most of the research work done in the
area of semantic search preferred a Java based platform for
implementation this is a major motivation to develop the
SSFSWS on the .Net Platform.

The RDF KB obtained from the Edubase2 corpus consists of a
total number of 66655 records of various educational
establishments in England and Whales. A comprehensive data
of nearly 218 concepts per school were provided. The corpus
on splitting in the terms of the type of education levels
provided consists of 24167 establishments offering primary
education , 5099 providing secondary education and 37389
establishments offering higher education. The RDF KB
housed in the three semantic search providers was considered
to build ontologies and represent the relations using SROIQ —
DL. The number of relations extracted based on the RDF KB
housed with each semantic search service providers is as
shown in Table 2.
The number of RDF Records available with each of the
semantic search providers is shown in the Figure 4. The
average number of relations extracted was found to be around
121. Figure 5 shows the number of relations extracted based
on the RDF KB available with the semantic service providers.

Number of Number
. RDF of
SolLEtan Uyjpe Gl Records in Relations
Corpus Extracted
HIGHER EDUCATION 37389 3663441
SECONDARY EDUCATION | 5099 764476
PRIMARY EDUCATION 24167 3653042

EDUCATION RDF KB - SECONDRY RDF KB —HIGHER

EDUBASE2 RDF
RDF KB - PRIMARY
EDUCATION e

A" SEMANTIC  onToLOGIES ' SEMANTIC l
b 'ONTOLOGIES
kv SEARCH KB SEARCH B b QJ SEMANTIC

SEARCH

ONTOLOGIES

PROVIDER :
4 PROVZIDER q PROVIDER :
3

SEMANTICWEB
SERVICE COMPOSITION

USER SEARCH QUERY

SEARCH RESULTS + ONTOLOGIES +
RANK+ ONTOLOGIES RELEVENCE
\,/ SCORE

{4 SEMANTIC SEARCH APPLICATION

ONTOLOGY VIEWER

J SEARCH RESULT RANKING

Figure 3: Case Study Architecture Based on EDUBASE

Table 2: RDF KB and Ontologies KB Statistics

01)10000 ~ NUMBER OF RDF RECORDS IN

CORPUS
55000 -
30000 - = NUMBER OF RDF
5000 - RECORDS IN CORPUS
L
£0000 -
35000 -
80000 -
S5000 -
-]
Z 0 -

HIGHER SECONDARY PRIMARY
EDUCATION EDUCATION EDUCATION

TYPE OF EDUCATION

Figure 4: Size of the RDF KB Available with the Semantic
Search Providers
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The semantic search application supports ontologies built
using the SROIQ — DL language. A sample ontology obtained
after performing the search is shown in Figure 6. The
presented case study is compared with the existing semantic
search offered using Edubase/Edubase2 corpus maintained by
the Education Department of the UK Government. [37][38].
The existing semantic search available online provides no
support for relational queries and supports no logical or
Boolean operators in the search query. The SSFSWS case
study developed over comes these drawbacks and supports
logical queries, Boolean operator based queries and queries
using special characters. In addition the proposed SSFSWS
also provides the ontology view of the response obtained for a
query. Ranking the search results based on the ontology
relevance score provides more legitimate search responses to
be provided to the users.

NUMBER OF ONTOLOGY
40000p%=1 ATIONS EXTRACTED

9 = NUMBER OF
= 3000000 - RELATIONS
O 32500000 - EXTRACTED

000000 -
500000 -
000000 -

500000 - -
0

HIGHER SECONDARY PRIMARY
EDUCATION EDUCATION EDUCATION

TYPE OF EDUCATION

NUMBER OF ONT
RELATIQNSEXTRA

Figure 1: Number of Ontology Relations Extracted to
form the Ontology KB

Figure 6: Ontology View Generated at the Semantic
Search Application

5. CONCLUSION AND FUTURE WORK

This paper introduces a SOA based semantic search
framework named SSFSWS. The SSFSWS constitutes of
semantic search providers offering semantic search web
services and a semantic search application. The semantic
search web services are composed using the depth first search
algorithm. The semantic search responses in the SSFSWS are
based on the RDF KB and the Ontologies KB constructed
using the SROIQ — DL web ontology language. The search
response times are optimized by adopting hierarchical caching
mechanisms. In addition to optimizing the response times the
SSFSWS also provides support for ranking based on the
ontology relevance score. The ontologies constructed post the
semantic web service composition are also provided as a
semantic search response enabling users better graphical
representation and analysis for the search query provided. A
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prototype implementation of the SSFSWS is also discussed
and its advantages over the existing semantic search solutions
based on the EDUBASE?2 are clearly put forth. The future of
the SSFSWS could be considered in providing support for
image based search and also improving the semantic web
service composition algorithm.
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