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Abstract-Web services are remote methods can be invoked through open standards such as Simple Object Access Protocols. The increasing web
services in the repositories makes the selection process very complex. The same can be extended in forming the composition of web services.
This research focuses on the semantic web service selection and composition through design and implementation of a framework. The proposed
framework is an ontology based service selection approach and the selected services are participating in the composition process. This approach
deals with semantic search, which uses Quality of services for service selection and composition. The entire framework is implemented with

semantic web technology and the performance of the system is observed with domain specific ontologies.
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. INTRODUCTION

Business processes are made easy by means
ofService OrientedArchitecture (SOA) and Service Oriented
Computing (SOC). SOA is the basic concept for distributed
computing, Internet Marketing (IM) and social networks and
isdepicted in the Figure 1. SOA provides a platform for
sharing functional type resources called web services. Web
services are remote methods or APIs or software
components can be treated as machine-processable
interfaces. These web services can be used for accessing and
processing the data in the distributed environments. Web
services are enabled with great features, it supports
interoperability and provides greater and easier integration.
To demonstrate all these features it is necessary to
implement two important tasks namely service discovery-
selection and service composition. These tasks can be
achieved by means of greater efforts, because there exists
vast number of services are available in the repositories. The
service discovery-selection process starts with processing
the UDDI which consists of syntactic description for the
web services and are categorized using the prefixes [1].
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Fig 1. Service Oriented Architecture (SOA)
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Other standards such as WSDL and SOAPwere
Web Service Description Language (WSDL) describes the
web services and make it as a machine-processable entity
and Simple Object Access Protocol (SOAP) handles the
messages between the requests and responses, commonly
conveyed through the use of HTTP and XML [2-4]. Service
descriptions are plays a vital role in the web service
discovery and composition. It took participate in the
automated solutions [5-7]. These descriptions can be
classified as syntactic and semantic. Syntactic based service
descriptions are distributed across the domain.It can be
processed by either syntactic or semantic approach, in which
input and output parameters are fetched and matched in all
the phases of the designated framework as a central activity
[8-15].

The communication between the heterogeneous
machines through the message are depends upon the
richness of the service descriptions and this enables the
automation of the various processes of the framework such
as service discovery, service selection and invocation. The
richness of the descriptions should be maintained throughout
the life cycle of the framework. There is a strong
dependency between service fetching and matching but the
research in development and implementation of these tasks
are being carried out independently.The performance of the
discovery or the web service search engines depends upon
the following parameters such as well-defined interfaces and
categorization of the web services. When the number of
services are increased in the repositories will increase the
discovery and composition time. This time can be
minimized and the efficiency of the composition can be
improved by adopting appropriate algorithms in the
discovery engine. To implement fuller automatic system one
should understand and use the complete semantics of the
web service. These semantics improves the automatic
features such as verification, simulation, configuration,
Supply Chain  Management (SCM), contracting and
negotiation of services.
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The conventional web contents are static and
syntactic that focuses on issuing dynamic contents and the
interaction among them. World Wide Web(WWW) and the
WWW Consortium (W3C) suggested that a software system
which supports interactions between the machines in a
distributed environment. The inherent of the current web is a
Semantic Web (SW), which makes the information retrieval
process easier in-terms of searching, finding, extracting the
contents, if they are semantically described.Semantic web is
quite interesting then the syntactic webs.It can have different
definitions, according to Tim Berners-Lee:

The Semantic Web is an extension of the current Web in
which information is given
well-defined meaning, better enabling computers and
people to work in cooperation.
... aweb of data that can be processed directly and
indirectly by machines [16].

In syntactic web if I am searching for “What is
semantic web?” in google its giving 62, 60,000 results in 71
milliseconds, but how about the relevancy of the results is a
big debate. Some pages containing relevant information and
some of them are not. Sematic web provides the solutions to
this issue using the key conceptsbe organized as layers,
which is described in the following Figure 2. Resource
Description Framework (RDF) is the backbone of semantic
web, it describes the data on the web by which it gives an
abstract model to define the knowledgeandit conveys the
meanings among them. The key components of RDF are
statement,subject, object and predicate enables the web
resources integration through which they become machine
understandable.
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Fig 2 Semantic web layers

Web services in the semantic web are required to
be discovered, selected and composited. Web services have
four types of operations request response, notification,
solicit response and an event. The earlier two operations are
synchronous and the latter two are asynchronous operations.
The above said operations are influenced by various
parameters. The objective of this research is to provide an
integrated framework for the web services composition in
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the semantic web by considering the Quality of Services
(QoS) and finding the optimal solution.

The entire article is organized as follows, Section-I
discuss the introductory concepts of the web, semantic web
and protocols used. Section-Il describes the semantic web
services, the need of service selection, composition and the
challenges. Related work is explained with the background
of the research in the Section-1l1.Section-1V evaluates the
proposed approach with the obtained results. The conclusion
and the future work is discussed in the Section-V.

Il. OVERVIEW OF SEMANTIC WEB SERVICES
Syntactical approaches do not describe the QoS
parameters as part of the Web Service (WS) description,
whereas semantic standards OWL-S can describe the QoS
concepts. UDDI can be extended to specify the QoS
description proposed by Ran [17]. Well defined semantics
are used to describe the Semantic Web Service (SWS),
which enables them as a machine understandable entity [18].
OWL-S is a web ontology language for web services,
recommended by W3C, which can be used for developing
and annotating semantic web services. OWL integrates the
concepts of RDF and new definitions to express the
concepts. The existing web service descriptions can be
extended to enable the semantic features over WS with the
help of OWL-S.Consideration of UDDI entities plays a vital
role in the conversion from syntactic into semantic
descriptions. These entities are described in the Figure 3.

0 Web Services p Semantic Web
L i UDOI,WSDL,SOAP.., Services
WSMO,OWL-S...
* 4
1
'
:
www Semantic Web
Static URLHTMLHTTP.. ~~~% ROFROFS0WL.,
Symtactic Semantic

Figure 3. Syntactic vs Semantic web services

OWL-S is a language used to annotate semantic
WS through which an unambiguous model can be
developed. There are number of languages such as SemTag,
SHOE, AeroDAML, SEE available to annotate
WSs.Bouchiha et al explained various annotations languages
[19] and the architecture is given in [20]. There are four
types of semantics in WS  Data/Information,
Functional/Operational, =~ Non-Functional/ QoS  and
Execution semantics [21].OWL-S is also providing an upper
ontology services for semantic web. Upper ontology used to
describe the classes and properties of a WS. Sub ontologies
of OWL-S upper ontologies are shown in the following
Figure 4.Reasoning and selections to the Information
Retrieval (IR) are the two important concepts required by
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the semantic WSs for the OWL-S, WSMO and SWSF
frameworks are used
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Fig 4. OWL-S Upper ontology

Service

2.1 SEMANTIC WEB SERVICE COMPOSITION (SWSC)
The service composition process starts with service
matching and the service discovery.

2.1.1 SERVICE MATCHING

The semantic service-matching algorithm compares
the semantics of a desired service with the available services
and selects the appropriate service using various matching
approaches such as logic based semantic selection, hybrid
semantic selection and adoptive hybrid service selection.
This matching process takes place either inside or outside
the semantic framework. The following table describes the
tools that implements various matching approaches is
described on the Table 1.

Table 1: Matching Approaches-Overview

S.No | Category | Tools
Logic .
1. OWL-S, iMatcher, SPARQLENT
based
5 Hvbrid SCMAL,OWL-S, SLRIite, XSSD,
' Y OPPOSUM, ALIVE,EMMO
3 Adoptive | OWLS-MX3, ISem, OWLS-
' hybrid iMatcher2
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2.1.2  SEMANTIC SERVICE SELECTION (S3)
Plethora of test patterns were developed by computing the
measures like processing time (runtime), precision recall and
so on. These patterns are described based on the formalisms
OWL-S and SAWSDL and test platforms. The results of the
evaluation process for the S3 is fully depends upon the Test
Collections (TC) such as OWLS-TC and SAWSDL-TC.
Semantic Evaluation At Large Scales (SEALS) project
provides numerous challenges to S3".

2.1.3 CLASSIFICATION OF SwWsC

Service composition is the process of combing the
web services from the available service to create value
added services, and then the composite services are called
composite services [28]. The composition process can be
implemented in two ways namely syntactic and semantic.
The following Table 2 shows the classification of web
service composition approaches and its features, Table 3
describes the languages available for composition and Table
4 lists the limitations of the QoS composition approaches. It
will be helpful for the proposal of new approaches. Most of
the approaches are based on workflow model and Al
planning.

Workflow approaches may follow by either static
or dynamic workflow generation. Static workflow model
process its tasks based on the abstract model, which
specifies the set of tasks and their data relations. In a
different, the dynamic workflow models select the
composite services automatically based on several
constraints such as data dependency preferences and so
on.EFLOW is an example for static workflow process model
[29] and Polymorphic Process Model (PPM) is hybrid
process model that it combines the features of both static
and dynamic process models [30]. SHOP2 is an Al planning
based automatic composition tool [31].Most of the WS
compositions are achieved through the Al planning methods
in which a planning can be described as a five tuples <S, S,
G A >
Where,

S-is set of states

So& G are initial and goal states given by the Service
Consumer’s (SC) request contained in the query (Q)
A-is set of services in the repository given by the
Service Providers (SP)

r- is a function changes the state of a service that is
changes from initial state to goal state using input
parameters and produces output parameters [32].
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Table 2. Composition approaches and features
Features
.-y . a)
Composition 2
approaches €
> S 8
[<5] 4 —
3 g - a
2 S | 2] £ | & g e El
o £ O o = o 22 9 > S
= X o 5 o o £ E S | £ =
£ = | E S | E e | 28| 3|3 3
S || £E|&g| 5|3 |82|8|g |& 2
< 3 A g | & & =< | O | & o &
ASTRO + v X v - X v X OWL-S
ConGolog * v X v X X * X OWL-S
Haley + v v X NA v 4 4 v SAWSDL
SHOP X v X + - X + X OWL-S
SWORD + X X X - X X X XML
TLPLAN v + v + +, - v + 4 4 OWL-S
v" Supported, X- Not supported, + Partially supports, + Proactive, - Reactive
Table 3 Composition languages
E | E_|® | B 2 g 5
=, c B2 S 3 >
c c o c % o —
o S = [ 2 < > =y
B o= o2 S o= p 1z ©
S g 28 | 25 = £ 8 5 2 2 o
I o = 0o = .= Lo | S = g} 9 S
> 2 3 s 5 SIS 38 o & S5 s S
2 < © © T O S = c c 8 = S F==>
< L =] ° o 2 o D © o > D S o =3
_uw =0 =3 xS = o L wn m » 3
BPEL4WS SS SS WS IS SS NS NS SS
BPML IS SS NS SS SS NS NS PS
WS-CDL SS NS SS IS S NS NS NS
WSCI SS NS SS SS SS NS NS PS
DAML-S SS SS NS IS SS SS NS PS
SS-Strong support PS-Partial support
S-Support IS-Indirect support
WS-Weak support NS-No support
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Table 4. Limitations of QoS composition approaches

.No | Limitations of QoS Compositions

Syntactic QoS based description [22]

QoS constraints & metrics is not sufficient [23]

WSOL- no QoS specification of demand, QoS metrics are developed [24]

WSLAs are described syntactically [25]

Ontology based QoS-WS description are can be inaccurate & incomplete [26]

IS e IR I el IO

ontology [27]

Unary QoS metric constraints can be expressed and QoS matching is manual and OWL-S extended by means of QoS

2.1.4. SEMANTIC MATCHING OF QOS PARAMETERS

We propose a brand new approach to achieve the
QoS matching degree between a service requester and a
service provider. We calculate the QoS parameters from
both the semantic and numerical components. Step 1 is to
calculate the semantic matching degree of QoS parameters;it
will be introduced in the following segment 3. Step 2 is to
calculate the numerical matching degree of requester and a
service provider [33]. QoS ontology is used that can assure
the QoS semantic consistency, in which the I/0O parameters
standards might be substituted through Qos concepts, the
I/0 domain ontology taxonomy tree may be substituted
through QoS ontology taxonomy tree. If there are many QoS
parameters, we are able to use the QoSWeight attribute of
our QoS ontology to calculate for each parameters fee.

1. RELATED WORK

Fig 5. SWSC Framework

Web service composition is a set of atomic web services
operates together to achieve a task. We have proposed a
framework called Semantic Web Service Composition
(SWSC) to compose web services based on the QOS
semantics given in the Figure 5, which uses OWL-S based
and hierarchically integrated resources contains QOS
attributes that is non-functional attributes. The objective of
this framework is to provide a composition file consist of the
service calls in which each abstract service can have the
same structure as that of OWL-S service. The following
figure shows the architecture of the proposed framework
performs various operations such as OWL-S convertor,
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service composition planner, QoS service selection and
service composition. The entire operations are summarized
as follows:

1. Initially web Service Provider (SP) loads the
services into the service registry
1.1. OWL-S convertor converts WSDL files into

semantically  described contents tomake
machine processable.

2. QoS broker retrieves the QoS parameters from
semantic repository and calculates the WSRF
values and then update the same into the semantic
repository

3. Service Consumer (SC) sending the service request
details which contains the QoS details and abstract
composition plan details

4. Service selection module uses QoS attributes and
applies the Matchmaking operations on the
semantic repository

5. Selected services are the inputs for the service
composition module, where the relationships
between the selected services are determined and
proposed composition is obtained.

3.1. MATCHMAKING

Matchmaking process can be achieved in-terms of
three compare operations input-output matching, functional
matching and QoS matching called non-functional
matching. Matching can be formally defined as follows:

Let S be the set of web services in the service
repository and R be the requesting web service then the
matching operation function (M) of the repository server
will returns the set of all the web services (Ws) which are
compatible with the matching function M(R) :M(R )={Ws €
Slcompatible (Ws, R) }.It implies that the descriptions of
the web services (WD;) and (WD,) are also compatible:
Compatible (WD, WD,) < - (WD; NWD,E 1).Matching
results may belong to one of the five categories are as
following [44]

Exact-if web services (Ws) and request ® are equivalent
concepts then the match can be defined as Ws =R

Plugin-If Web service (Ws) includes the Request (R)
RSWs

Subsume- If a request R is a superset of Ws :WscR
Intersection- If the intersection of web service Ws and
request R is capable = (Ws M RE1)

Disjoint- if the Request R is not existing in the Ws
WsnREL
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3.2. QOS ONTOLOGY

Different QoS ontology have been proposed to
improve the web service selection process based on the
nonfunctional attributes. For example DAML-QOS [34],
QOSOnt [35], OWL-QL [36], OnQOS [37], QOSMO[38],
QOHOnNt [39], OSQS[40]. OWL-S profile ontology
describes four types of information such as service details,
functional descriptions-Input, Output, Preconditions and
Effects (IOPE)of a service classification information details
about a service and nonfunctional details which includes
QoS . The following list describes the OWL-S profile
ontology

<!-- |OPE --I>
<profile:hasInput
rdf:resource="&getMegaPixelProcess; #model"/>
<profile:hasOutput
rdf:resource="&getMegaPixelProcess;#pixel"/>
<!-- end of IOPE -->

Algorithm: ConceptDOM(C4, C,)

Input :C;and C, are the two concepts defined in QoS
ontologies and x,y € (0,1) and x>y
Output :Matching results between two concepts C, and
C,
begin
If(C,=C,) then
return (1)
else if (C, subsumes C, ) then
return (x)
else if (Cy subsumes C,) then
return (y)
else return (0)
end

Algorithm: inputDOM(lp Ig)

Input  :lpand Iy are input parameters
Output :Input parameters degree of match
begin
inputDOM=1;
foreachiinlp
findrinlg
m=Max(ConceptDOM(r,i))
if (m>0) then

inputDOM= inputDOM*m;
else
return (0);
return (inputDOM)
end
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Algorithm:outputDOM(Op, OR)
Input  : Opand Og are input parameters
Output :Output parameters degree of match
begin
outputDOM=1;
foreach o in Op
find r in Og
m=Max(ConceptDOM(o,r))
if (m>0) then
outputDOM= outputDOM*m;
else
return (0);
return (outputDOM)
end

QoS parameters are defined by the service consumers (SC).

LetQe{0n G ... On}
Where,

Q is a set consists of nonfunctional parameters, may include
quantitative and qualitative values. QoS attributes can be
normalized by using the equation Eq(2).

D;i =[low; high;], Di =< qy, Qa, ............. On>

' q: -(qt 'Ilﬁllw

”(_), c (.)US Increment
((],- )mn\ - (‘,.' )"“"

L"'H-[I.f'\', (‘I, )=4 (‘/, )m.n =, ”Q) c g)usfk\ruv::'n,'
“II )HLI\ = (q-' )HIIII
l ,’ ‘(!l ."HJ\ 3 (‘/l )l‘ll‘ll
............................ Eq(2)
Algorithm: gosSSEARCHDOM ( Qg Qp)
Input  : Qpand Qg are input parameters
Output :QoS parameters degree of match
begin
qosSEARCHDOM=0
for each q in Qg with value V then
qosSEARCHDOM+=WS; (V)
return (qosSEARCHDOM)
end
Where,

S; is a aggregate functionfor QoS S;:D; — [0,1]
Normalized weight function Y < ;> , Wi=1, W; is
relative weight

Aggregate matching degree:Degree of Match= W; x
inputDOM + W, x outputDOM + W, qosSEARCHDOM
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3.3 SERVICE COMPOSITION

Composition plan can be described using either as
data flow composition or control flow composition. In data
flow composition approach, the relation between the input
and output messages are considered to find the dependency
between the services and then composition plan is generated
at run time. Whereas in the control flow composition
approach describes the order of execution of the web service
to find the composition plan at run time [41][42].

The service composition module gives a composite
service using the following steps

1.Gets the SWSs details from the OWL-S service

profiles

2. Find the relation between the services based on

the Input-Output parameters

3. Sort the services based on the matching criteria

4. Find the composition services

5. Compare with the abstract composite plan

6. Provide the normalized results to the service

requesters.

3.4 WEB SERVICE DEPENDENCY RELATION MATRIX
(WSDRM)

The relation between the web services can be
expressed by matching the /O parameters of the web
services. The Dependency Relation Factor (DRF) can be
determined by the relations between the two random web
services.

Definition: Let N e the number of web services in the
repository and N x N be the dependency relation matrix. The
DRF obtained between w; and w; can be calculated by the
equation:

DRF (w, wj= | wi.0 nwj.l|

3.4.1 COMPOSITION GRAPH GENERATION

Composition graph can be generated based on the
Service Request. An SR consists of input and output
definitions that is parameters of a candidate service. The
origin and destination of the service composition plan can be
identified by the DRF and the weight of each edges can be
calculated by means of QoS attributes. Finally, the desired
directed composition graph is generated, shown in the
Figure 6.

V. RESULTS AND ANALYSIS

The framework performance is tested with tours
and travel web services and results are obtained from
various phases of the composition framework to get the
feasibility of the proposed approach. Initially the
composition request is given in the form I/O parameters and
QOS attributes. An abstract composition plan (ACP) is
formed based on given details. The ACP gives a template
for the composition engine. Comparing Semantic net
services is obviously a hard mission a first step in this path
changed into made by way of Petrie et al. [43].The
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definitions of initial and goal ontologies are making the
composition process in an easier way. The similarity
measures are used to select the web services.

Ontologies are created to define a domain, based on
the ontology specification multiple services are selected
using the QoS attributes. Framework gives the composition
plan as a connected graph. One or more services belongs to
the same category but with different QoS values. The
composition plan can be modified to obtain a normalized
plan. The number of services in the composition plan may
vary according to the QoS attributes that we are considering
optimization. Table 5 shows the Normalized QoS values for
selected services. Figure 7 describes the number of services
selected for a specific request.

¢

| SelectTransport |

!

‘J SelectFlight |

|

\ GetMedicalFlightAccount |

!

|’ GetMedicalTransportAccount ‘

!

‘} BookMedicalTransportla ‘

|

| BookMedicalFlight |

}

BookNonMedicalFlight

Fig 6. Composition plan

Table 5. Normalized QoS values for selected services

Execut
. ion Pri | Availabi | Reliabi
Service Name . - .
Durati | ce lity lity
on
SelectTransport 15 8 0.69 0.55
SelectFlight 17 8 0.79 0.98
GetMedicalFlightAcc 17 8 0.49 051
ount
GetMedical Transport 15 9 0.65 0.56
Account
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BookMedicalTranspo 16 10 |05 0.55
riA

BookMedicalFlight 15 9 0.65 0.56
EtookNonMedlcalFllg 15 9 0.65 0.56

4.5
51 57 53 > T 54 5 58 53 510

Fig 7. Matching services for a request

V. CONCLUSION

In this work, a semantic web service composition
framework is presented in order to generate a composition
plan by considering the QoS attributes. The proposed
approach is realized in the semantic web service
composition system called Semantic Web Service
Composition (SWSC). The objective of the work is obtained
due to the number of web services increasing every day and
are needed to be searched, selected and composed from the
repository, which consists of pool of services. The SWSC
accepts initial ontology, goal ontology and the QoS
parameters  of  the  services.  The  designated
frameworkproduces list of services and obtains the relation
between them. The selected services are composed based on
the DRF and then composition plan is generated. The
feasibility of the SWSC is verified through a set of
experiments and the results shows that it is an efficient
approach to generate a QoS based composition plans. The
future of the work is to improve the performance of the
framework by minimizing the execution time and
optimizing the composition plan through the selection of
appropriate services.
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