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ABSTRACT

Serviceorientedarchitectures(SOA)andsoftwareasaservice(SaaS)modelsareacceleratingthe
useoftheserviceconcept.Theyhavebeenrapidlyadoptedbyenterpriseresourceplanning(ERP)
providersandofferstoorganizationsmodernenvironmentsfavorableformakingstrategicdecisions.
However,astheSaaSconceptisoftenconfusedwiththeSOAone,asolutionisneededtoclarifythis
problembeforemovingtotheintroductionofaframeworkthataggregatesseveralservices.Moreover,
mostoftheservices-basedsolutionsrelyonaparticularcompositionandonlyafewareequipped
withappropriateformaltoolsforautomatingtheserviceverification.Theyfocusonspecificformal
modelsandarebasedonparticularproperties.Thisarticleproposesaformalframeworkthatreveals
asetofgeneralstepsstartingfromdefiningtheservicecompositionbeforeshiftingtotheuseofthe
chosenformalmethodssoastoverifytheERPsystemproperties.
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INTROdUCTION

EnterpriseResourcePlanning(ERP)(Soobrayenetal.,2019)isprovidedasaprogramwithasetof
functionalitiesthatarerunonasingledatabase.Thiscentralizedsystemgivesaccesstoimproved
accurate information within shorter periods of time, which helps the managers make strategic
decisions. It collects, records, integrates, manages and delivers data across all the organization
departmentsbyincludingdifferentfunctionalmodulesthatreflectthedepartmentalstructureofan
organization(accounting,sales,production,andsoon).ERPsystemshavebeenimplemented‘on-
premise’asproductsboughtbycustomers.Thelastcoupleofyears,theyhavetremendouslyevolved
andupgradedprocessestoenhancetheirprovidedmodulesandincreasetheirintegrationcapabilities.
ERPmanufacturersaredevelopingdifferentmodulestocoverandsupportthefunctionalunitsof
organizations.Nevertheless,successfullyimplementingsuch‘on-premise’ERPiscomplex,costly
andnotflexibleenough.

ServicebasedERPsystemsareincreasinglyinterestingresearchersintheacademicandindustry
worlds.DifferentsolutionsarebeingsuggestedinthecloudcomputingthatprovidesaSoftwareas
aService(SaaS)(Johansson&Ruivo,2013).ASaaSbasedERPsolutionisonewhichprovides
enhanceddatastoragecapacity,securityandcontrol.Itgivesareal-timeaccesswithmoremobility.
Consequently,theorganizationsdonothavetomakeexpensiveupfrontinvestmentsinIThardware
andservers,norsignificantpersonnelresourcestomanagingit.Theyareusuallyfastandeasytoinstall
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thanon-premisesdeployment.AnotherkindofsolutionsmakeuseofServiceOrientedArchitecture
(SOA)givenintheserviceorientedcomputing(SOC)bysupportingservicecompositionsolutions
toconstructaflexiblesystem.SOAisaconceptualtoolthatworksasafacilitatortoanyERPmodule
linkingmultiplefunctionstogetherusingre-usabilitytomeetcustomerdemandquickly.

Thebest-knownenablersupportingbothSaaSandSOAareWebserviceswhicharerelatedto
technicalcapabilitiesthatallowsystemstoconnectwithoneanotherthroughstandardizedinterfaces.
AsurveyontheissuesthatneedtobeconsideredwhenlaunchingERPscanbefoundin(Sørheller
etal.,2018).

ConsideringERPmodulesasservicesisinteresting,butcomplicated.Thecompositionstillhas
differentchallengesrelatedtoserviceheterogeneityforwhichmanyeffortshavebeenmadeusing
formalverifications.Uptonow,thereisnotacomprehensivemethodologyonthistopic.Thispaper
proposesaframework,whichdiscussesthestepsthatdesignersaresupposedtofollowinorderto
createmodernERPsystems.Thisverificationcanbeefficientbyusingformalmethodsthatpromote
thedevelopmentofwell-foundedsolutionsandtheirautomation.ThetheoriesarereusedandtheERP
approachgainedtool-supports.Theremainderofthispaperisstructuredasfollows.First,theliterature
isreviewed.Then,SaaSandSOAconceptsareexplainedandcomparedforpreparingthereaderto
theraisedproblem.Next,acomprehensivedescriptionrelatedtotheframeworkispresented.After
that,initialresultsconductedinthehealthcaresectorandquantifyingsomeofthegainsdelivered
bytheframeworkarerevealed.Finally,someconcludingremarksandperspectivesarepresented.

LITERATURE REVIEW

Accordingtosomerecentreviewpapers,SOAisadoptedbydifferentresearchworksinorderto
developERPsystems(Habadietal.,2017,Holmberg&Johansson,2017)whileothershavechosen
SaaSmodels (Seethamraju,2015,Elmonemetal.,2016,Desaietal.,2018). (Chenetal.,2015)
definedacloudERPonwhichenterprisecustomerscanselectservicesandcustomizeanERPto
meettheirspecificneeds.TheauthorsproposedaWeb-basedsolutionthatcanbeusedtoautomate
theERPcustomizationprocess.

Furthermore,mostoftheresearchersworkedonSaaSorSOAconceptsseparately.Afewofthem
proposedtheirfusion.Forinstance,(Nassif&Capretz,2010)proposedamodelforillustratingthe
wayinwhichSaaSapplicationscanbeofferedasSOAservices.ASaaSapplicationthatisrequired
formigrationintoSOAislocated.Athoroughinvestigationisperformedtostudyitsmaturitylevel.
SaaSfeaturesareidentifiedandconvertedtoWebservicesthataremodifiedtoconformtoSOA
principles.TheresultingSaaS-SOAservicesarepreparedforpublication.Basedonthisfusionvision,
(Jinetal.,2013)proposedamodelwithanarchitectureincludingseveralsteps.Astudywascarried
outaimingtodevelopamoldindustrybyusingaSaaSprovidertopurchasesoftwareneeds.

Nevertheless,theaboveresearchworksconcentratedontheSOAandSaaSfusion,butdidnot
explainhowtheSaaSplatforms,onceturnedintoSOA,couldbecomposed.Accordingto(Julaetal.,
2014),thedynamiccompositionisoneofthebestapproachesthathasbeenproposedbyresearchers
and applied by cloud providers. For the efficient handling of failures, the service composition
verificationisofagreatimportancesinceitcanguaranteetherobustnessandhighqualityofWeb
basedsoftware.Fromtheliterature,therearesomesurveysthatreviewformalservicecomposition
approaches.Forinstance,(Sourietal.,2018a)((Sourietal.,2018b),respectively)presentarichsurvey
intheSOCdomain(inthecloudcomputing,respectively).Theyprovidesystematicliteraturereviews
toexaminethecurrenttechnicalstudiesandcategorizetheminthreefields:specificationandprocess
algebra,modelchecking,andtheoremproving.Forinstance,(Chengetal.,2015)presentanautomatic
Webservicecompositionthatdealswithbothinput/outputcompatibilityandbehavioralconstraint
compatibilityoffuzzysemanticservices.Theuserinputandoutputrequirementsaremodeledasa
setoffactsandagoalstatementinthehornclauses.Thecompositionproblemistransformedintoa
hornclauselogicreasoningproblem.AfuzzypredicatePetriNets(PN)isappliedtomodelthehorn
clauseset,andt-invarianttechniqueisusedtodeterminetheexistenceofcompositeservicesfulfilling
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