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ABSTRACT

Today Web is no more a collection of pages but a collection of services which can be collaborated over the
Internet. Composition is a process of combining two or more Web services together in order to fulfill the request.
Web Services are created and updated dynamically at run time hence it is not possible to derive service
compositions manually. Semantics is used to automate and wire services. This paper presents the need and issues
involved in semantic based Web service composition. It also provides an overview of contemporary research
initiatives towards the same. The generic framework for semantic service composition has been provided in this
paper and the languages which support Services compositions are compared with respect to several parameters.
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INTRODUCTION

A Web service is an emerging software applicatimat tan be identified by a URI, whose interface bimtlings
are capable of being identified, described andodised by exchanging XML based messages and sspgioect
communication with other services via Internet-lbapeotocols [1]. Web service is a part of Serviceefted
Computing which enables improved coordination ansoniguultiple computing platforms, applications, and
business partners. Web services are independertiglabed applications that are exposed as senaces
interconnected using Web network infrastructurehvatandards such as XML, UDDI, SOAP and WSDL. With
these standards it promises the interoperabilityoua applications running on different platfornisg. 1 shows
the ‘find, bind, and execute’ paradigm of Web seesi[1]. The registry act as a repository to sttatils of all the
existing services. With the changing user needsingle service cannot fulfil the functionality rezpied by the
user, in such a scenario several services are cmhttogether. The Services are created and updatéémand,
making it impractical to generate the service cosiins manually. Automation of Web service comgoniis a
mechanism of creating new Web services from avigllfeb services. Semantics is an essential pattfities,
which includes defining services, selection and pgosition [2].
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Fig.1 The Web Service Mode
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However the dynamic support for activities such s&svice discovery, selection and composition idl sti
challenging. The main requirement of a composisoheme is the ability to describe service capaslisuch as
Inputs, Outputs, Pre-conditions and Effects (IOPH#$us, to efficiently select and integrate integamizational
and heterogeneous services on the Web at runtinaa isnportant step towards the development of trebW
service applications. This unique requirement dbmating service compositions has attracted nurabegsearch
efforts.

Automation of Web service composition is a mechangf creating new add-on Web services from avadlabl
services automatically. This needs semantic suppditeb service description and reasoning. The s#insis an
essential part in the automation of service contfmosi Semantic Web services provide semantic desons of
functionalities and processes in achieving autosnatif processes such as discovery, selection amgasition.
The semantic Web service is a Web service wheegriat and external descriptions are in a langudgehvhas
well-defined semantics. It enables rich machineeusihndable descriptions of their capabilities lideo to ease
automation of activities such as service selectind composition. The Inputs and outputs describmivees of
concepts in the domain ontology [2]. The compogit@ocess is driven by the service request. Theeqis
decomposed into several sub-requests until a Iswvelched in which atomic services can satisfystiterequests.
This requires a language that supports Web Seodogosition and the mechanism to execute busimesegses.
Some of the existing languages include WSFL of IBMANG of Microsoft, BPEL and BPEL4WS [3]. All thes
languages have a limitation of supporting onlyistabmpositions and have no scope for semanticeesmtation.
The languages such as RDF, OWL and OWL-S are dmifemantic Web and these languages provide tilgyfac
of representing semantic information in the formdomain ontology [4].

In this paper we present a survey of several WetviGe composition approaches. A comparison of égst
schemes is established based on certain requiresroé®ervice composition. The needs, issues andkeagas of
deriving compositions have been discussed. Thergesemantic based automatic composition architects
provided for better understanding of compositiorogass. The existing composition languages have been
compared against each other on certain parametectmakes the composition scheme as effectiveasilple.

WEB SERVICE COMPOSITION

The number of Web services is growing exponentiglyecent days. The Web services act as distribdé&vice
for computation. Furthermore, by composing existiMgb services into single complex service, a ned an
effective solution can be derived. Composition iseault of inability of a single Web service to amste the
growing needs of user demands [4].

Consider the scenario of a travel agency activitgonsumer can book a ticket through a travel reg@n system
and can later have the liberty of cancelling thekedt. A travel agency Web service hence must pmvidee
operations: first of which allows the consumer ¢émd source and destination of the travel to theieer second
operation demands the service to confirm the ticked other operation provides the facility to cadnite
confirmed ticket. All these operations of travedliagency are described in a WSDL.

The travelling agency is a business process of ingok ticket, which involves executing operationssequence.
The WSDL description does not contain the sequenafroperations i.e., order of invocation. The WSides not
describe the correlations among the operations. cbineelation information is needed before linkingecations
within a business. Sequencing and correlation ofrafions creates a fundamental aspect of Web servic
composition called Business process. Legal corgraad quality of service information must be adtedhe
WSDL descriptions to automate the process of coitiposit is known as collaboration description.

Web service composition is an emerging approacte Various issues that have greater impact on servic
composition are:

Coordination

The Web service communication involves simple ist&pns and operation invocations. The compositibWeb
services requires coordination in achieving comess and consistency. The coordination makes magrakment
for the response of distributed transactions.

Transaction

Atomic transactions are core component in busiaessities; a transaction protocol is added to \tieb service
framework. It is defined for centralized and pemipter transactions.
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Context

It is any information, used in the execution of Waalyvice. The output is adjusted according to thesgnalized
and customized behaviour of the client. The infdfarasuch as a consumer name, address, locatieicedype,
hardware and software are part of the context.

Conversation Modelling
The conversation in Web service environment incduslervice discovery and binding. It used for therdmation
among parties and have middle-ware properties.

Execution Monitoring

The Web services execution is centralized or distad. The Centralised execution is a client-semedel, in
which the server is the central scheduler and otmtthe execution of the components. While in dsted
execution, the Web services exchange their exatabotext.

Dynamic
The services can add and removed at any juncturas The composition method must accommodate all the
existing services at run time.

Semantic M atching
The semantic links must be constructed betweerotliput parameters of one service and input paramete
another service. The semantic links are given ghitdiased on the degree of matching.

Semantic Evaluation
The result of a structured composition must beuatald based on the services selected in the cotiggogrocess,
providing a parameter to compare the compositisnlts.

User Request
The composition system should consider the usaragtqvhile selecting the services for compositidlhpossible
compositions must be provided along with their seticavalue.

Automation
The primary requirement is that the generationhef tcomposition result must be automated. This mggmthe
user involvement and accelerates the process diipimog a composite service that satisfies the tesgrirements.

Non-functional requirements are not directly coneer with the specific services delivered by theaeys They are
emergent system properties that can be used taiaeathe performance of a system. The non-fundtiona
requirements of the composition system are asvislio

Non-deter minism
The number of composition schemes for a requesbtiknown until run time. All possible compositionsist be
provided as output to the user.

Scalability
The number of available Web services increases eas services are added by the service providers. The
composition approach must work as effectively véttyer set of services.

Correctness
The Web services can be added and removed atmerthius, the result of composition process musiobect with
respect to the user request and all available Welices at composition time must be considered.

Performance
The performance of the semantic based automatigaesition system is measured by the time takenrid &ll
available structured compositions for the giveruesi.

Availability

The availability requirement specifies that thetegs must be available to the user, whenever the neseds the
system. The user can send the request at any time.
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Effectiveness
The effectiveness of the composition system is omealsbased on the false negative and false positiliges of
composition result. The lower values of false pesiaind false negativeness indicate higher effentgs.

SEMANTIC WEB SERVICES COMPOSITION FRAMEWORK

The architecture of the generic semantic compasiigstem is presented in Fig. 2. The service peosiddd their
service description (WSDL) file to the repositohat can be accessed by all entities. The WSDLidilparsed to
extract the details regarding a service which ide&iservice location, quality, functional aspetts €he semantic
information can be represented in WSDL files by aetically annotating them. These descriptionshefgervices
must be aligned with the domain ontology. Basedthan service request, the services that providereleired

functionalities are selected using domain ontolagicelationships. Once services are selected, adisiple

compositions are generated. Each composition iluatea based on parameters such as quality ofceersemantic
matching, execution time etc. Finally the besteslitomposition is executed by the execution engimkresult is
provided to the service requestor.

Described B
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Service Reque r - ] r_
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\ 4
Work l
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Fig.2 The Generic Semantic Web Services Composition Framework

OVERVIEW OF EXISTING WEB SERVICESCOMPOSITION METHODS

A single Web service cannot satisfy the functiagatequested by the consumer; hence there is assiecef
combining available services together. This neesl dtiracted many research initiatives efforts onbV8ervice
composition. The overview of related contemporasyearch efforts in the field of automatically corsipg Web
service are presented in this section.

Semantic M atching Based Composition

The semantic matching of the service descriptioesaghieved in Massimo Paolucci et al [5]. The isess are
selected on the criteria of semantic matching betwaescriptions of the services being requestedfamdervices
which are advertised. The services are represdrasdd on their functionality, specified as inpuatstputs, pre-
conditions and effects. An input is the informati@quired by the service to produce the output. dlput is a
confirmation that the service is executed succélgsflihe pre-conditions represent the conditiorst theed to be
satisfied for the successful execution of the serviThe execution of a service changes some condiin the
domain such conditions are described as effects.

The matching degree among the requested and abcbnpiarameters is determined by their relationghifhe

domain ontology. There are four types of match gxalag-in, subsume and fail. Match degree is exaben the
advertised and requested parameters are sameinRliegiree indicates that the advertised paramgtsubclass of
the requested parameter. The subsume match inslittzde the requested parameter is subclass ofdbertesed

parameter. Fail match type indicates no relatignaimmong the parameters.
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Model Driven Composition

The model driven composition approach provided byt B®rriens et al [6] has two aspects, service amitipn and
service composition management. In service compasia business process is created by interactitiy service
developer. In service composition management, tieraction between application developer and coitipos
system is established. It is responsible for exenwnd the management of compositions. Four stageilentified
in composition, which includes definition, schedgli construction and execution.

The abstract composite service requirement is ddfiim the beginning stage. The scheduling stages fitne
sequence and timing of service execution. The uiguolbis compositions of services selected from ibiedf

matching services are derived in construction sthgéhe last stage, the composition is presergeahtexecutable
Web service execution language.

Ontology Driven Composition

Ruoyan Zhang et al [7] describe three compositi@thads by matching interfaces, human involved casitiom
and peer-to-peer composition. The composition basedmatching interface is automatic, where the doma
ontology is used to establish the sequences ofatipes. The process is started with user inputrpaters and
services are chained until required output pararsetee reached. The goal of composition procets éstablish a
shortest sequence of services. The weights of digeserepresent semantic similarity value. Weightsassigned
based on duration, computation cost, reliability amailability.

The composition approach with human assistancevasaisers in selecting the required Web servimed builds a
composition. It considers all inputs by semanticafiatching them with all Web services. The set atahed Web
services is ranked based on the semantic matcle.vahe liberty of selecting the ranked Web servioests with
the user. In peer-to-peer composition, each pedy gmovides services, belonging to a specific damEvery peer
must belong to some community. A community is ateuof peers which satisfy services for a pardicdomain.
Each community has a master peer along with a lpaplker. The master peer of a community has dedéilke

entire master and backup peers of all communitiaskup peers are mirrors of master peers. A pddy eaceives
the service request from a user, if peer is notntiaster of the community; it escalates the reqiedis master.
Then, the master finds the communities for the estjand relays the request to the master that cotynTIhe

masters excavate which services in their commuprityide the needed result to the user.

The approach in [8] presents a formal model usiagsal Link Matrix (CLM). The CLM is a model for oggional

level composition, where the services are chainetheir semantic description. The semantic conaestbetween
the Web service parameters are significant in fogra new Web service. The CLM computes causal laric
stores them in the form of a matrix. The aim of pinecess is to discover the best suited compositegending on
the semantic links.

The Web service composition process involves thnae issues. Firstly, Web service discovery aimseathing
the user goal. The Web service selection is alstudied in service discovery step. The second adpdotfind a
work flow, which describes the interactions amoimg tWeb services. The last issue refers to intenacti
conversation and choreography management of Welicesr The three levels based architecture is pealito
counter the Web service composition challenges9in If has three modules which includes the Welvises
discovery, functional level and process level cosimn.

The Web services discovery step locates matchingcss for the specified request. This step is t&tras service
matchmaking with inputs and outputs of required WWetvice. The problem aims to discover the setest match
for advertisement services in the registry. The position at functional level picks a set of sergiom combination,
are able to satisfy the objective. This procespréslominantly combined with service discovery stdpch are
aimed to search suitable service. In process lédvelcomposed services will be executed directigti@in the goal.
Process level composition establishes a patterimiglementation.

Context Based Composition

The approach provided in Sodki Chaari et al [LOpased on the context. Context is ‘any informatiost can be
considered while segregating the state of an emfityentity can be anything such as person, lonatioany object
that is part of the interaction in Web service camination. Business application and service conswane also
entities’. A community is a container, which is atwork of Web services that are from a specific diom
Communities are defined by the community provid€@smmunities are created on the criteria of fumalo
ontology, which captures the operations, input @augut parameters.
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Goal template captures the capabilities of the estpd service. It is defined as a pattern thattifilesi the required
Web services, which are considered in the composjirocess. The flow is described with various kyoization
activities such as and-join, or-join, and-fork, fork and loop activity. The discovery process selebe Web
service community, functional constraints and mascthe goal template with context parameters. Tarstage of
the approach is that control and data flow can &tabdished manually, Web service discovery andctele
processes can be automated using mechanisms itaizas on functional and contextual parameters.

Semantic Annotations Based Composition

Semantic descriptions provide more insights oncteracteristics of the Web services, which allowises to be
discovered automatically at run time. Semantic Wetvices can be automatically composed throughusieeof
discovery mechanisms that can identify related isesvusing Web Service Description Language (WSDL).
Guliherme C. Hobold et al [11] presents an apprdactautomatic discovery and composition of sentalkitieb
services. The approach creates a graph with sereseodes and semantic matching as links. Semaatiching
uses annotated information using the Semantic Atiowis for WSDL (SAWSDL).

Using SAWSDL one can describe the semantics of ehesndefined in a WSDL. The annotations are inauide

the WSDL elements; each element is associated thihproperties and concepts of the ontology. SAWSDL
annotations can be applied to interfaces, opemtiorput and output parameters. The discovery go@egins
when the Web service of the composer is invoke@. rElquest carries parameters such as list of alailaputs, list

of desired outputs, list of desired operations, imaxn depth of compositions, timeout period and pesian to
rebuild compositions. A composition is characteti§y paths in the graph that starts with the sesviselected.
Each node is represented by a Web service andlgesare the semantic links between them.

Declarative Knowledge Based Composition

The composition method provided by Rik Eshuis €3], relies on declarative knowledge regarding semantics
of each service components. It constructs a sereichestration process that supports sequencecechaid
parallelism. The approach has two steps. First,aséim links specifying data dependencies of theices are
derived and organized in a network. Second, onea regjuest an executable composition is construicted the
network which satisfies the dependencies. The nétaan be used for different compositions.

The approach produces complex compositions fromas&m links between the services. It facilitatesisiag
knowledge about semantic dependencies in the nkttwogenerate new compositions through new requestis
modification of services at run time. The user esilis decomposed to get sub-requests until tivicesrmatching
the functionality are determined. The Conflict-@tivSemantic Link Network (CSLN) is automaticallyngeated for
the services selected. The semantic links and tdasa defined in [13] are used to generate the KLSThe
selected clusters of services are composed byidgran intermediate structure known as SDG. Th& $Dnsists
of process operators ‘AND’ and ‘XOR'. The ‘AND’ opor requires all incoming edges to be active teefo
activating any outgoing edge. It activates all thegoing edges at the same time which indicatesptrallel
execution of its parameters. The ‘XOR’ operatoruisgs any one incoming edge to be active beforwatig the
outgoing edge. It activates any one of the outgeidges, which indicates the optional executiortoparameters.
The structured composition is synthesized for a $IyGising the immediate dominator, immediate pastigator
and flow sets. The approach terminates in the flitiege since SDG is acyclic and each recursiveisathade for a
successor of the node being processed.

A Brief Summary of various Web service compositiapproaches have been provided in the Table 1. The
composition approaches have been compared witlecesp parameters such as support for contextuahpeters,
resource monitoring during execution, semantic ttasemposition using domain ontology, transactioppsut for
business activities, QoS parameters that can be tespudge performance and effectiveness of theposition
scheme and coordination among participating busipescesses.

Table-1Brief Summary of Web Service Composition Approaches

Approach Approach Context Exe_cuti_on Semantic | Transaction Q_oS_ Coordination
Support| Monitoring Support Support Monitoring

Massimo Paolucci et al. [5] Semantic based n no s ye no no no
Bart Orriens et al. [6] Model driven no no no yes esy yes
Ruoyan Zhang et al. [7] Ontology driven no no yes on yes yes
Freddy Lecue et al. [8] Semantic based ng no yes| no no yes
Alain Leger et al. [9] Semantic based no no yes no no yes
Sodki Chaari et al. [10] Context based yes yes no 0 n yes no
Guliherme C. Hobold et al. [11]  Semantic baseqg n on yes no no yes
Rik Eshuis et al. [12] Semantic based no no yes yes yes yes
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The language support is critical in Web service gosition. A comparison of languages such as BPREBIWS,
DAML, DAML+OIL [14], WSCI, WSFL and WS-CDL are sunmamised in Table 2. BPEL and BPEL4WS provide
transaction support for business collaborationdmiot support semantic representations. They wrposted by
larger number of vendors. Almost all languages supminimum collaboration of services. All thesmduages
support exceptions handling and fault correctioth possess the ability to compose Web services. DAML and
DAML+OIL support semantics representation and dpton of services. BPEL and BPEL4WS enjoys wideeap
support from bunnies community, where are DAML &id are yet to be supported by the vendors.

Table-2 Comparisons of Web Service L anguages

BPML BPEL4AWS DAML OIL WS-CDL WSFL WSCI
Semantic Support No No High High No No No
Transaction support Moderate¢ Moderate Moderate Ndde| Moderate High High
Exception handling High High High High Moderate Hig Moderate
Collaboration support Moderatg High High High Low ollerate Moderate
Business collaboration No Moderate No No No Moderat No
Software vendor support High High Low Low Moderate Moderate Moderate
Work flow control High High High High Low Moderate) Low
Role modelling Low Low No No High High High
CONCLUSION

Several Web service composition methods have bemgoged to derive reusable service composition. WIS®OL

can be annotated to represent semantic details, paeBneters which are highly useful in selectiorsefvices
against the user request. In this paper some Weitsecomposition schemes have been discussed angaced
against the requirements of effective service caitipm. The process of composition needs all sesribescription
to be aligned to the single domain ontology; it trlaes aligned so that the compositions can be deérageoss the
ontology definitions. The composition output candoeoded in any process execution languages taexde real
World services. The language support is still & ¢larly stage. OWL-S provides a means the desmmii web
services that can be represented programmaticHtlg.languages must support the semantics of Welicesrat
their interfaces and behaviour. The problem ofdbmposition of services is due to lack of suppaytrf industrial
vendors for the composition languages.
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