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ABSTRACT

Thedesign,modeling,optimization,reengineering,andcouplingofbusinessprocessesine-commerce
environmenthavegraduallybecomeahotresearchtopic.Businessprocessesmustbestrictlydescribed
andvalidatedbyformalmethodstoensuretheirreliabilityandefficiency.Thispapersystematically
studiestheintroductionofnewbusinessprocesscharacteristicsintobehavioraltemporallogicand
extendTLAtoobtainanewlogicsystemPTLA,whichenrichesthetheoreticalsystemofformal
methodofbusinessprocessundertheenvironmentofe-commerce.ThepaperalsodiscussesPetri
netsandshowhowtoconvertPetrinetsintoTLA.AparallelPetrinetmodelwasbuilttorepresent
thedynamic,concurrencyandflexibility,andcross-organizationale-commercebusinessprocess.
Finally,theuseofsimulationtoextendthebusinessprocessexecutionlanguageBPELtoTLA.
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INTRodUCTIoN

E-commerceisquietlychangingpeople’swayoflife,thesuccessofAmazon,e-Bay,Dangdangand
Taobao,showingitsbroadprospectsofdevelopment.Businessprocess(Yubo,2019;Feiyi,2018)
ismoreefficientandhasagreateffectonthedevelopmentofenterprisesunderthee-commerce
environment.Althoughithashadaseriesofanalysisandmodelingmethods(Yuetal.,2018)toassist
thedesignofbusinessprocesses,afterthereengineeringofbusinessprocessmaystillexistalogical
flawanduptolessthantheenterpriseexpectedtarget.Soitisaninevitabletrendtoanalyzeand
verifythebusinessprocesswiththeaidofformalanalysismethod.Currently,itislackofbusiness
processwhichcanbemorecomplexanddynamic in thee-commerceenvironmentanda lackof
formalmethodsystemfortheformalanalysisandverification.

Inthenearfuture,theresearchonthebusinessprocessofe-commerceismainlyconcernedwith
thespecificationandverificationofbusinessprocesses.SuchastheuseofPetrinetwork,automaton,
process algebra specification and verification business service process BPEL (Business Process
ExecutionLanguage)model(Jahan,2017;Chhabra,Aishwaryaetal.,2018);ChenYingFirstlyput
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forwardasetofrules,realizingthetransformationfromBPELunderdeathpatheliminationsemantic
toordinaryif-then-elseform.Then,thismethodestablishestheformalmodelofBPELprocessusing
ColoredPetriNet(CPN).Finally,theautomaticanalysisandverificationofBPELprocessmodelis
accomplishedwithCPN-Tools.(ChenYingetal,2017);QiangHuproposedalogicPetrinet–based
pathdetectingmethodforcompatibilityanalysisofinteractiveserviceprocesses,theserviceprocess
describedbyWS‐BPEL ismodeled as a servicenet basedon logicPetri nets (QiangHuet al.,
2018).Intheliterature(SunChangaietal.,2019),theauthormentionedbusinessprocessexecution
languageforWebservice(WS-BPEL)isanexecutableXMLbasedandprocess-orientedservice
compositionlanguage.DuetouniquefeaturesofWebservices,suchasdynamics,loosecoupling,
andopendeploymentandexecutionenvironment,itisanimportantissuehowtoassurethequality
ofWS-BPELprograms.Theresearchers(ZhangManetal.,2016;HansenDominiketal.,2016)
alsoproposedhowtotransformtheUMLmodelintoTLA,andusingthemodelcheckingtoolTLC
detectedtheformaldescription.HansenDominik(HansenDominiketal.,2016)exploresthemodel
checkingtoolTLCbasedonTLA+tospeeduptheverificationofmultiplethreadsandusethedisk
technologytoalleviatethestateexplosionproblem.ZHANGJun-ming(ZHANGJun-mingetal.,
2015)giventhetemporalspecificationmodelofPCSsbytheTLAlanguageandthenmadeuseof
modelcheckingtoolTLCtodetectPCS,andfinallythepropertyoflivenessandmutexwerechecked.

RoaJ.(RoaJ.etal.,2016)trytoprovideasemi-automatedframeworkbasedonTLAtodescribe
andanalyzebusinessprocesses.Inthispaper,weanalyzetheresearchstatusoftheformalanalysisof
businessprocess,andpointoutthattheformalanalysisofthebusinessprocessusingtemporallogic
ofactionsTLAisinnovativeandfeasible.AfteranoverviewoftheTLA,thebehavioroftemporal
logicTLAisextendedandimproved,andanewlogicsystemPTLA(ProcessTemporal logicof
actions)isdesigned.WeincreasedtissuearcbasedonthePetrinet,toachievethebasicPetrinet,
anduseittoconnecttotheplacesandtransitions,andleadintodifferentorganizationalprocessesto
extenditbytheplacesandchanges,aparallelPetrinetmodelisestablishedtodescribethedynamic
changesandadaptiveability,whichcanbeused tomodel thedynamic,concurrent, flexibleand
crossorganizationale-businessprocesses.ThroughthestudyofexistingBPELlanguage,weusethe
extensionmechanismsofinterorganizationandflexibleasactivityaddedtotheBPELprocess,which
canbedescribedenterprisebusinessprocesscharacteristicsunderthee-commerceenvironment.

TEMPoRAL LoGIC oF ACTIoNS TLA ANd ITS EXTENSIoN

Summary of TLA
Temporallogicofactions(TLA)isacombinationoftemporallogicandbehaviorallogicandit’s
todescribeandverifythelogicofconcurrentsystems,itisanewlogicalmethodbasedonlinear
temporallogicandbehaviorlogicproposedbyKapus(Kapus,2015)in2015.TemporallogicTLA
isanewresearchdirectioninthecurrentmodelcheckingtechnology,whichcanexpressthemodel
programandlogicruleinalanguage.Modelcheckingisamethodtoverifythesystemproperties,
andthemodelcheckingtechniqueisakindofformalmethod.Asalogicallanguagethatdescribes
thebehaviorandpropertiesofdynamicsystems,TLA(LiuZhaoyang,2015)hasbeenwidelyused
inreal-timesystems,suchastherepresentationandverificationofreal-timesystems,theanalysisof
networkprotocolsandartificialintelligence.

TLAisakindoflogicthatdescribesandverifiestheconcurrentsystem,andtheperformanceof
thesystemisdescribedbythesamelogic.Thus,asystemcanachieveitsspecificationsanddetermine
theassertionthatasystemisachieved,allofwhichisexpressedinalogicalmeaning.TLAisrelatively
simple,itssyntaxandsemanticscanbesummedupasaparagraphofwords.

Through the Kapus and some scholars’ research, combined with testing tools developed by
MicrosoftandCompaqcompany,TLAanditsdescriptionlanguageTLA+andautomatictesttools
TLCcanbeperfectedimprovedgradually.
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