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ABSTRACT

Thispaperpresentsamulti-perspectiveapproachtoModelingandSimulation(M&S)ofHealthcare
Systems(HS)suchthatdifferentperspectivesaredefinedandintegratedtogether.Theinteractions
betweentheisolatedperspectivesaredonethroughdynamicupdateofmodelsoutput-to-parameter
integrationduringconcurrentsimulations.Mostoften,simulation-basedstudiesofHSintheliterature
focusonspecificproblemlikeallocationofresources,diseasepropagation,andpopulationdynamics
thatarestudiedwithconstantparametersfromtheirrespectiveexperimentalframesthroughoutthe
simulation.Theproposed ideaprovidesacloser representationof the real situationandhelps to
capturetheinteractionsbetweenseeminglyindependentconcerns-andtheeffectsofsuchinteractions
-insimulationresults.ThearticleprovidesaDEVS(DiscreteEventSystemSpecification)-based
formalizationofthelooseintegrationofthedifferentperspectives,anObject-Orientedframework
foritsrealizationandacasestudyasillustrationandproofofconcept.
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INTRodUCTIoN

Being composed of concurrent, fragmented and diverse components interrelated with intricate
processes,modelingthedomainofhealthcarewillrequiretheunderstandingofthebehaviorofthe
overallsystem(Barjis,2011).Decision-makingconcerningquestionsrelatedtotheperformanceof
HS-suchastheextenttowhichthesystemachievesitsmission-havenoclearorsimpleanswers
while the need to produce more with less resource despite the scarcity is becoming a widely-
acknowledgedconcernamongpolicy-makersandhealthcaremanagersworldwide.Thisisproven
byaconsiderablevolumeofworkpublishedinrecentyearsbeingdedicatedtosimulation-based
studyofHS.Frequently,modelingapproachesusedtoinvestigatedifferentaspectsofHSsrelated
tohealthcaresimulationincludediscreteeventsimulation,mixedmethodthatcombinessimulation
withoptimizationtechniques,goalprogramminganddiscreteeventsimulationwithdataenvelopment
analysis(Wengetal.,2011).Arguably,unitspecificstudiesofsimulationmodelinginhealthcare
thatdealswithspecificproblemshavebeenpredominantinthepublishedresearcharticles.Suchunit
specificsincludeA&E(AccidentandEmergencyDepartments),inpatientfacilities,andoutpatient
clinics(Choietal.,2013).Thecommonissuesaddressedintheliteratureinclude,butnotlimitedto
schedulingandpatientflow,sizingandplanningofbeds,rooms,andstaff.
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The main challenge in modeling a complex system such as HS is the large number of its
componentsandtheirdiversity.Tothebestofourknowledgetherehasnotbeenagenericmodelof
healthcaresimulationthatconsidersthedifferentelementsofHSandtheirinteractionstodescribe
acompletewhole.Thispaper investigatesHSthroughmulti-perspectivemodelingandaddresses
thechallengesthatcomewithmodelingsuchacomplexsystem.Multi-perspectivemodelingallows
constructingdistinctandseparatemodelsfromdifferentaspectsofHSforabetterunderstandingof
itscomplexity.Furthermore,anintegrativeapproachbasedonliveupdatesofoutput-to-parameters
translationisdevelopedtoallowthesimulationoutputofamodelofagivenperspectivetoupdate
thesimulationparametersofanotherperspectivedynamically.Arguably,acloserrepresentationof
therealsituationscanbeachievediftheseparametersaresystematicallymodifiedatruntimeinsuch
awaythattheoutputsofthesimulationmodelscorrespondingtodifferentperspectivesprovidelive
updatesoftheirparameter(s)inconcurrentsimulations.Therefore,theformalizationofthebasesof
theproposalisprovidedwithacasestudythatpresentsthemodelsofdifferentperspectivesinHS
andshowshowtheirintegrationisbeingachieved.

Therestof thispaper isorganizedasfollows: thenextsectionpresents theliteraturereview
followedbythemulti-perspectivemodelingofHS.TheDEVS-BasedformalismforintegratingHS
perspectivesisthenpresentedwithacasestudytoillustrateitsapplicationbeforeconcludingthe
paperwithdirectionsforfuturework.

LITeRATURe ReVIew

ModernHSshavebeenexploredwithavarietyofstudiesovermanydecades.Althoughnotexhaustive,
anumberofexamplesofthesestudiesincludediscreteeventsimulation,systemdynamics,agent-
basedsimulation,MonteCarlosimulation,hybridsimulation (combinationofdiscrete-eventand
continuous)andsimulationcombinedwithoptimizationtechniques.Roberts(2011)presentedan
extensivetutorialofsuchsimulationmodelingmethodswitharevisionoftaxonomyoftheuseof
computersimulationinhealthcareintotwocategories:PatientflowoptimizationandAnalysis,and
healthcareassetallocation.Morespecifically,GunalandPidd(2010)enlargedthistaxonomyina
reviewoftheliteraturefordiscreteeventsimulationforperformancemodellinginhealthcareinto
schedulingandpatientflow,sizingandplanningofbeds,rooms,andstaff.Unitspecificstudiesof
simulationmodeling inhealthcare focusingon solving specific problems in individualHSunits
suchasOutpatientclinics,A&E(AccidentandEmergencyDepartment),andInpatientfacilitiesare
predominantinhealthcaresimulationliterature.

Consequently,mostofthepublishedarticleslookintoHSswithfocusonasingleperspective
modelling.Forexample,patientpathwayacrossdifferenthealthcareunitshasbeenregularlyexamined
to identify critical activities and scarce resources representing process bottlenecks. Cote (1999)
examinedthedailyarrivalsandthethroughputofpatientstoanalyzetheutilizationandtheallocation
ofexaminingroomsata familypracticeclinic.Other thanpatient flowandresourcesutilisation
perspectives, is thesimulationmodelling related todemand that includesepidemiology research
and health policy-making. For example, an integrated agent-oriented modelling and simulation
frameworkthatconsidersbothpopulationandhealthcaredeliverynetworkhasbeenintroducedby
CharfeddineandMontreuil(2010).Okhmatovskaiaetal.(2012)presentedontologyforsimulation
modellingofpopulationhealth (SimPHO)a formal,explicitmachine-readablespecificationofa
domainofknowledge integratingbothaspectsof taxonomyandvocabulary ina formof logical
axioms.Aperspectiverelatedtodiseasespreadhasalsobeenconsideredbyseveralmodelstopredict
itspropagationinapandemicandtheeffectofHSsinterventionandisreportedbytheworkofthe
authorsKasaieetal.(2013).

Similarly,simulationhasbeenusedasmaintoolfortrainingmedicalstudentsthroughstudies
suchasseriousgames.Bruzzoneetal.(2012)proposedanadvancedseriousgamecalledMARIA
(ModelforAdvancedandRealisticpatientsimulationdrivenbyIntelligentAgents), thataimsat
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