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ABSTRACT

Pervasiveenvironmentsarecharacterizedbylimitedcomputingresourcesandwirelessconnectivity.
Inparallel,currentapplicationdomainshavevariabletransactionalrequirementsthatdonotfitthe
traditionalACIDmodel.Asaresult,thepervasiveenvironmentcharacteristicsarecompellingand
cannotbesupportedbyconventionalsolutionsthataretypicallydedicatedtoaspecificapplication
domainandsupportalimitedsetofcontextparameters.Thisarticleaimsatprovidingacomplete
solution that addresses the challengesof the adaptabilityof context-aware transactional services
“CATS”inpervasiveenvironments.Thus,anewframeworkCATS-CAEwasdesigned,whichoffersa
comprehensivestructureofmultiplecomponentchains.TheadaptationstrategyinCATS-CAEisbased
onahybridapproachcombiningtheuseofadaptationpolicies,alternativestrategyandbehavioral
adaptationofcompositeservicesthroughthe“ProfiledTaskClass”concept.Aprobabilisticmodel
isalsopresentedtosupporttheefficiencyoftheproposedapproach.
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INTRodUCTIoN

Advancesinwirelesscommunicationcombinedwiththeproliferationofmobileunits(cellphones,
smartcards, laptops,etc.)haveallowedusers toaccessdataandperformtransactionsanywhere,
anytimeandfromanyterminalviaso-calledpervasiveapplications.

Theproposedtechniquesinmobile transactionshavelimitedsupportforso-calledpervasive
environments (Schafer,Dolog,&Nejdl,2008;Lakhal,Kobayashi,&Toyota,2009). Indeed, the
specificationof thetransactionalmodel iscarriedoutevenbeforea transactioncanbeexecuted.
However, this approach is only valid when all transactional and execution requirements can be
predicted inadvance.Furthermore,even if these techniquescansatisfyspecific featuressuchas
disconnections, they do not provide a suitable platform for making necessary adjustments and
modificationsatruntime.Theseadjustmentsareessentialfortwomainreasons.Ontheonehand,
thepervasiveenvironmentisextremelydynamicandsubjecttorapidandunpredictablechanges.
Ontheotherhand,thecharacteristicsofcurrentapplicationsrequirethattheirtransactionalneeds
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vary.Indeed,thetransactionalrequirementsmaydifferfromoneapplicationtoanotherorwithin
thesameapplication.Identicalrequirementsmaychangeoverthelifecycleofatransactionandare
neverspecifiedatthedesigntime.

Therefore,theauthorsconsiderthattheadaptabilityofasystemdependsonseveralparameters.
Thesesettingscanbesetbytheapplicationdesigner.Forinstance,apaymenttransactionmustrequire
strictatomicityinspiteofthetransactionexecutioncost.Ontheotherhand,areservationtransaction
ofahotelroomcantoleratearelaxedatomicityforalowerexecutioncost.InthefieldofWebServices,
theseapplicationsarestructuredaroundservicesthathavetransactionalproperties.Theseservices
aregenerallyassociatedwithresourceshandling,namely,thebookingofhotelrooms,eventplaces,
etc.AnapplicationofsuchexamplecanbeillustratedbyanE-Tourismscenariowhichconsistsof
thepurchaseofanairline ticketwithsomespecificpreferenceson(airlinecompany,flight time,
price),ahotelroomreservation(distancefromtheconferencevenue,price)andarestauranttable
reservation(nearthehotel).Thesetaskscanbestructuredwiththreetransactionalservices,where
onewillbeassociatedwiththeflightbooking,thesecondwiththehotelreservation,andthethird
withtherestaurantreservation.Eachoftheseservicescanusealternatives;forinstance,thechoice
betweenseveralairlinecompaniesandprices.However,managingthetransactionalaspectsofaservice
presentsseveralchallenges:(i)WebServicesdomainisextremelydynamicandunpredictable;where
servicesareconstantlymodified, (ii)WebServicesare looselycoupled,andhaveheterogeneous
transactionalpropertiesand(iii)Acompositeservicehasvariabletransactionalpropertiesthatcan
bealteredthroughouttheexecutionofthecomposition.

Theabovescenariounderscorestheimportanceoftakingintoaccountcontext-awarenessaspects
intransactionalsystemsdevelopmentforpervasiveenvironments.Nevertheless,withoutproviding
asatisfactoryresponsetousers,thesesystemslosealotofinterest.Hence,themotivationofthis
researchaimstoestablishasolutionwhichselect,composeandadapt,onthefly,servicesavailable
inpervasiveenvironmentsandcapableof fulfillingusers’ taskswhilemeeting theircontextand
transactionalrequirements.

Thispaperisorganizedasfollows.Thefollowingsectionwillbedevotedtoreviewrelatedworks.
Then,anoverviewofthehybridpolicy-basedadaptationapproachisgiven.Nextsectionintroduces
theCATS-CAEreflectiveframeworkformanagingCATSandhighlightstheinteractionsbetween
thedifferentCATS-CAEcomponents.Finally,aprobabilisticstudyoftheimpactoftheadaptation
strategyisillustratedwithasuccinctalternativetestsscenario.Lastsectionwillbedevotedtopresent
someconclusionsandfutureworks.

LITERATURE REVIEW

Theresearchworkspresentedinthissectionexhibitexistingapproachesforreliableexecutionof
context-awarecompositeservices,particularlycompositeserviceswithtransactionalproperties.

Lakhaletal.(2009)introducedatransactionalframeworkcalledFENECIAthatincludesbackward
recoverybycompensation,forwardrecoverybyreplacingandretryingservices,andtheconceptof
vitalandnon-vitalservices.Comparedtotheauthors’approach,FENECIAdoesn’t(i)proposeaformal
modelingofcontext-awaretransactionalservices,(ii)supportthebehavioraladaptationasaproactive
strategyandthecontext-awarenesscapabilities.Liuetal.(2010)proposedanotherframeworkcalled
FACTStoensuretheadaptabilityofcompositeservices.Thisisahybridapproachthatcombines
exceptionhandlingandtransactionalproperties.Thetransactionalmodelandrecoverymechanismsare
basedonFENECIA.Yingetal.(2009)developedaframeworkforreliablereplacementinthecontext
ofQoS-driventransactionalservicescomposition.TheframeworkconsiderstheQoSparametersofthe
re-selectionservice,thetransactionalriskandthecompensationcostduringthereplacementprocess.
Anexperimentalevaluationisprocessedunderasimulatedenvironment,whichshowsthescalability
oftheapproach.Comparedtotheauthors’approach,theworkof(Ying,Zhang,Zhang,&Zhao,2009)
isQoS-aware,focusessolelyonthecompensationcost,andofferslimitedoptionsregardingadaptation
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