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ABSTRACT

Service-OrientedArchitecturesareapopulardevelopmentparadigmtoenabledistributedapplications
constructedfromindependentwebservices.Whencoordinated,webservicesareaninfrastructure
to fulfill dynamic and vertical integration of business. They may face frequent changes of both
requirementsandexecutionenvironments.Staticandpredefinedservicecompositionsusingbusiness
processexecutionlanguage(BPEL)arenotabletocaterforsuchrapidandunpredictablecontextshifts.
Theauthorsproposeavariabilitymanagement-basedadaptiveandconfigurableservicecomposition
approachthattreatschangesasfirst-classcitizensandconsistsofidentifying,expressing,realizing,
andmanagingchangesofservicecompositions.Theproposedapproachisrealizedwithalanguage
calledVxBPELtosupportvariabilityinservicecompositionsandaplatformfordesign,execution,
analysis,andmaintenanceofVxBPEL-basedservicecompositions.Fourcasestudiesvalidatethe
feasibilityoftheproposedapproachwhileexhibitinggoodperformanceofthesupportingplatform.
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INTRodUCTIoN

Service Oriented Architectures (SOA) are a mainstream development paradigm of distributed
applicationsforopenandlargenetworks,liketheInternet(Papazoglouetal.,2008;Lazoviketal.,
2006).SOAcatersforthedevelopmentofhighly-scalablesystems,whoseelementaryunitsareWeb
services.IndividualWebservicesoftenprovidelimitedfunctionalities;therefore,theyareunable
tomeetinisolationcomplexrequirements.Service composition isapowerfulmechanism,which
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coordinatesmultipleWebservicestosupportcomplexbusinessgoals.Servicecompositionsmanifest
anumberofinterestingfeatures,suchasloosely-coupling,standarddataexchanging,andprotocols-
basedapplication invoking.Asaconsequence, servicecompositionsprovideasolidsolution for
applicationintegrationinthedistributed,dynamic,andheterogeneousenvironments,andtheyare
increasinglyadoptedforsystemre-engineeringandoptimization(Sunetal.,2011;Karunamurthyet
al.,2012;Chengetal.,2017).

Whenservicecompositionsactasaninfrastructuretorealizedynamicandverticalintegrationof
businessprocesses,theymayfacefrequentchangesduetoquickly-changingrequirementsordynamic
environments.Servicecompositionsareexpectedtobeadaptiveandconfigurable,andmanyefforts
havebeenreportedtoaddressthisissue(Erradi&Maheshwari,2005;Ezenwoye&Sadjadi,2006;
Colomboetal.,2006;Hammasetal.,2015;Shengetal.,2009;Ardagna&Pernici,2007;Lalehet
al.,2017;Yauetal.,2009).Oneapproachistomakeservicecompositionsadaptableresortingto
theproxy(orbroker)pattern(Erradi&Maheshwari,2005;Ezenwoye&Sadjadi,2006;Colombo
etal.,2006;Hammasetal.,2015).Arequestmessageisfirstsenttoaproxy,themessageisthen
passedtothetargetedWebservice,finallythetargetedWebserviceexecutestherequiredoperations
andreturnstheresulttotheproxy,andtheproxytransferstheresulttotheinvoker.Thisapproach
focusesonserviceselectionorreplacementinservicecompositioninstancesatrun-time.Another
approachisbasedonannotations(Shengetal.,2009;Ardagna&Pernici,2007;Lalehetal.,2017).
Constraints,policiesorrulesofservicecompositionsarespecifiedinadeclarativemanner,andthen
predefinedgoalsaresatisfied.

A recent trend is to address the adaptation issue via modelling the variability of service
compositions (Nguyenet al.,2011;Galster&Avgeriou,2013;Wang&Wang,2013;Alférezet
al.,2014;Nguyenetal.,2016).Therearetwoways,namely,imperativeanddeclarative(Aielloet
al.,2010).Theimperativemethodfocusesontheprocedureofconstructingaprocessanddefining
fixedsetsofvariations.Forinstance,Provopisaframeworkcapturingallprocessvariantsinasingle
processmodel,whichdefinestheoptionalelementtoimplementthechangesofthebasicprocess
model(Hallerbachetal.,2008).Thedeclarativemethodfocusesonexpressingthelogicofaprocess
withoutexplicitlydescribingitscontrolflows.Pesicetal.(2007)proposedanapproachtosupport
variability of workflow systems via constraint-based models. Changes can be done by handling
constraintsandactivitiesatrun-time.Servicecompositionsresembleworkflowsystemsinthecontext
ofSOA,whilemanifestingmanynewfeatures.Supportingvariabilityofservicecompositionsisstill
notmatureandsignificanteffortsarerequiredinthisdirection.

Inourpreviouswork(Koningetal.,2009;Sunetal.,2010a),wefocusedonexecutableservice
compositionswithvariabilitydesign.WehavedevelopedVxBPEL(Koningetal.,2009)byextending
BPEL(Eviware,2007).WithVxBPEL,onecanspecifyvariationpoints,variants,andrealization
relations in a service composition (Sun et al., 2010a). To facilitate the adoption of VxBPEL in
practice,wedevelopedanengine(Sunetal.,2013)andananalysistool(Sunetal.,2010b)toexecute
andanalyzeservicecompositionsthatarespecifiedinVxBPEL,respectively.AlthoughVxBPEL
hastheambitiontoprovideadaptableservicecompositionsimplementedinBPEL,thefollowing
issuesremainopen.First,aframeworkormethodologythatcanbeusedtosystematicallyidentify,
design, implement,andmaintainvariabilityofservicecompositions isstillmissing.Second, the
currentversionofVxBPELonlyprovidesabasicwayforspecifyingvariationpointsandvariants
withoutsupportingcomplexdependenciesamongmultiplevariationpointsorvariants,whichare
essentialtocomplex,realisticbusinessprocesses.Third,aplatformthatfullysupportsthevariability
management-basedservicecompositionframeworkisstillnotavailable.

Inthispaper,weproposeavariabilitymanagement-basedapproachtosystematicallyaddress
theadaptationandre-configurationissuesofservicecompositions.Theapproachprovidesaunified
frameworkwithanextendedlanguagetoidentify,specify,realize,andmanagechangesofservice
compositions,andtheframeworkisenabledwithacomprehensivesupportingplatform.Thenovel
contributionsthatgobeyondthoseofourpreviouslypublishedwork(Koningetal.,2009;Sunetal.,
2010a;Sunetal.,2010b;Sunetal.,2013)are:
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