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ABSTRACT

It is well documentedhat modeling large complex healthcaresystems cannot bachievedusing the

traditional singletechnigueapproachDevelopinglarge healthcarenodelsrequiresmore than oneway of

thinking aboutit, as healthcaresystemsconsistof multiple stakeholderspolicies, types of patientsand

many more complex subsidiaries Whilst the literature is aboundwith hybrid modelsand attemptsto

theorizemulti-methodapproacheghereis limited guidanceof how to go aboutbuilding ahybrid model
and whenln this paperwe attemptto developa guiding frameworlfocusingidentifying whatissuesto

considerwhen building a hybrid model. This 3phasedframework is basedon model decomposition
into modules, assigning methodsto these modules, and identification of communicationstrategies
betweenthem. We start our endeavorby focusingon two typesof populartechniquesnamely system
dynamics andliscreteevent simulation.

1 INTRODUCTION

Hybrid simulationis not a novelconceptanymore gspeciallywhenit comesto combiningDiscreteEvent
Simulation (DES) and SystemDynamics(SD). There are many hybrid modelsdevelopedand usedin
variousareassuchasin manufacturingsoftwaredevelopmentsupply chainconstructionandhealthcare

(Martin and Raffo 2000; Rabeloet al. 2003; Helal et al. 2007; Venkateswararet al. 2006; Lee at al.;

2007; Chahalet al., 2009). Particularly, in healthcare, there a growingbody of literature which is
presentedin Viana (2014) and Brailsford (2014). Most of these hybrid simulation models were
developedon ad hoc technical basis, focusing mainly on the software connectivity betweentwo or

more techniques(e.g. DES and SD). However, the unique nature of healthcaresystemsrequires
modelergo movefrom the ad hoc hybridization of models to a more conceptual hybridization to aid non
experts in developing hybrid simulation modetsd in the same time save time later. In this regard, we
argue that it would perhaps be more beneficial to develop a guiding framework that facilitates the model
development processtartingat the conceptual phase, particularlyenta hybrid simulation is needed.

This idea is supported by Lyncha#{(2014), Balaban (2014) and Brailsford (2014). Such a framework will
also be useful to ensure that the developed model would communicate in a more efficient way (Mingers
and Brocklesby 1997). Therefore, this paper proposes a guiding framework for hybrid simulation at the
conceptual level -or at least before starting a process of a compidxid software development. The
authors hope that this framework would support modeling largéhbagg systems.
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2 BACK GROUND TO HYBRID DES/SD MODELS

Thereare many simulationtechniquesandmethodswhich vary depending othe type of problembeing
modeledand the expertise ofthe modeler(s).also there are many forms of hybrid simulation models,
howeverin this paperare focusingon hybridization of Discrete Event Simulation (DES) and Systems
Dynamics (SD) techniqueslt was suggestedoy Brailsford (2008) that, although the result would be
beneficial, combining DES and SD techniquescan be quite challenging,especiallyin the healthcare

sector since the detailed individual analysis (provided by DES) and the whole system capture (by

SD) requiredifferent conceptualpproachesThesetwo simulationbranchesave a common basibut

efforts to combinethem were met with many challenges(Sweesterl999, Lane 2000, Brailsford and

Hilton 2001, Moorcroft and Robinson2005). However, he movemento combine thenstartedto gather
momentumin recentyears. Chaha{2009) provides an extensive review of several applications and
frameworks for hybrid simulation especially DES with SD, which are applied in various field, for example,
software developmentmanufacturingsupply chainand construction(Christie and Stdey 2000; Martin

and Raffo 2000; Setamanitet al. 2007). More recently, we find that a number of hybrid models were
developed in the healthcare arena. For example, Revetria et al. (2012) developed a generic model for
complex healthcare operations, a similar case was examined by Zulkepli et al. (2012), who developed a
hybrid framework of modeling complex patient pathways using SD and DES. Using Anylogic software,
Ahmad et al. (2012) developed a hybrid model of an emergency department in Malaysia. In term of
disease, Viana et al. (2014) developed a hybrid model to examine the infection process of chlamydia in
outpatient clinics. Most of the aforementioned attempts were heavily reliant on the expertise (and the will)
of the modelers to develop hybrid modelgshwno standardized process. In the following section we
explore the initial attempts to develop generic frameworks foremperts.

3 HYBRID FRAMEWORKS

As mentioned by Robinson (2008), conceptual modeling is the most important and vital aspect in
simulationmodding. Conceptual modeling refer to the abstracting of a model from a real or a proposed
system, from problem situation to a definition of what is going to be modeled and how, depending on
model requirements. Robinson (2008) argued that the conceptdal should provide a specific set of
steps that will guide modeler on how to translate model into existence. The same is true for hybrid
modeling where most of the current attempts freused more on the software level with less
emphasis onhe conceptublevel. In this sectionwe presenthreeframeworksfor hybrid modelng that
aimedat improving theprocessat the conceptualmodeling.

Firstly, Chahal (2009) developeda generic framework for hybrid simulation techniquesin
healthcare as a result of analysis of previous studies concerningexisting hybrid simulation
applications andrameworks.Basically, the overall framework has been subdividedinto three major
phases (problem identification; mappingbetween DES and SD; and identification of mode of
interaction). The wholegeneric framework can be foundin Chahal and Eldabi (2008whilst the
applicationscan be found in Chahalet al. (2009). However, in large healthcaresystens such as
integratedcare, it can be said th#his framework neededsome improvements.Chahal’sframeworkis
only suitable as a guidelinefor a single system. Although the framework provides guidelines on
simulation techniques for modeling by dividing the main objective to several objectives, we argue that
this method was too subjective and the authors did not provide guidelines on how to decompose the main
objective to several objectiveswhen is appropriate for simplifying the mod&b model a large system
that has different sub-objectives may require an extensive work in dividing the overall objectives. This is
the main reason we feel that Chahal's framework was only suitable for the single system, rather than
complex and have mullip departments, such as integrated dsi@st importantly, Chahal’'sframework
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was not did not provide any guideline owhat and how the informatiometween both models were
exchangednd how to stophe process.

Helal et al. (2007) introduced a methodology tleatuld integrateand synchronize thBES and SD
applicationsin an integratedmanufacturingenterprise.The frameworkis basedon the modulaconcept
wherethe modeledsystemwould be decomposeihto severalsmallermodules for modang purposes.
These modules (whethelSD and DES based)are formalized and synchronizedusing the SDDES
controller. The actualSD and DES modelswere synchronized usinthe time bucket(TB) synchronizing
method.However, as arguedby Chahal (2009)Helal et al. (2007) framework doesnot selectwhich
problemis canbe modeled usinBES or SD, separatelyn a hybrid fashionThe underlining assumption
is thatall modulesare built for hybrid simulation,which sometimes could bennecessary. For example,
in this case SD alone is more appropridtarthermore,we argue that théramework of Helal et al.
(2007)is too technicaland noteasyto understandespeciallyin termsof their hybrid ‘operation’.

AnotherframeworkthatusedDES and SD simultaneouslywas developedoy Giachettiet al. (2005)
for an outpatientlinic simulation modeto assess the viabiligf anopen access policithe authorsised
DES to analyzethe patient’s cycle time and suggestecan improvement,whilst the SD was usedto
analyze thepatient’s behavior and factors that lead to the high no-showrate. Based on the DES
simulation, severalrecommendationsvere suggestediy the authorsin terms of dischargingpatients,
patientappointmenscheduling service providersand orderin which the patientshouldbe called. The
frameworkusedSD to capture thdeedbackoops.Analysis of the frameworksuggestedhat the lack of
consideratiorof whatto approacho selecbeforeindulging inthe hybridizatiorprocesshasa significant
impactonthe success or efficien@f the overallprocess.

4  AFRAMEWORK FOR MODELING LARGE HEALTHCARE MODEL USING HYBRID
SIMULATION

Two main lessonsare drawn from the abovediscussion:firstly, existing hybridization frameworks
are have the capability tguide modelersto develophybrid models however, more is needed in terms
of selectionand identificationin the earlier phasessecondly,it would be beneficial— to improve the
efficacy of such frameworks— to understandthe natureof communicationbetweenthe hybridized
modelsat the conceptuaktage. In trying to meettheselessonswe proposea 3-phasdrameworkthat
addsselectionand communicationelementsas part of a seriesof guiding stepsfor developing the
hybrid models. The three phasesof the framework are: the conceptualphase the modeling phase
and the model communicationphase The conceptualphaseis concernedwith translating thdogical
modelinto more descriptivemodel (building block). The modeling phasés concernedwith translating
the conceptuamodelinto simulation modelsusingany modelng and simulation toolsThe challenging
task in this framework is how to design and perform the hybrid processbetweentwo different
techniquesand software. This can be reviewedwhen linking different softwarewhich is outsidethe
scope of this paper. The final stage is concernedwith models’ communication, whereas,the
information betweenvariables in both models imutually exchangeablelThe most importantissuehere
is theability to identify one ormore componentérom onemodelthatareinfluencing (or influencedby)
one or more componentsfrom another model, regardlessof which is SD or DES model. The
following subsectionprovide moredetailsaboutthe frameworkandits threephases.

4.1 Phase 1: Conceptual Phase

The objective of the first phasein this frameworkis to develop a set of conceptualmodulesthat
representthe problemto be modedd. The basic assumptions that thesemodulescannotbe divided
into smaller chunkswhilst togetherthey are able to representhe system Generally,the conceptual
phasehelps modelersand thestakeholderdo view the systemas awhole as well as a collection
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of interrelated modules. There are six stepsin this phase.Figure 1 depictsthese steps which are
detailed below:

Step one is ‘Problem Source Definition and Objectivés) Identificatiori. This step helps the
modelersin defining the boundariesof the systemand focus more on the componentghat lead to the
modeling process This activity is performedby collecting the information from the stakeholders
involvedin the system.This stepalsoincludesdefining theproblemwhereissuesarevague and unclear,
which addsto the complexity (Eldabi 1999). The processof collecting all the information from the
stakeholderswill ensurethat the modelerswill focus more on the root of the problem rathethan the
symptoms.This stepalso helpsin facilitating the identification of the objective,which will identify the
boundariesof the model (Pressmarl997) and, consequentlysavetime and other resourcedor model
development.

The secondstepis the ‘conceptualmodeland modularizationprocess. It is a well-establishedact
thatthe conceptuamodelallows the modelergo developtheir vision of thesystemsoit canbetranslated
into a runnablesoftware modelater. As far as the proposedframeworkis concernedthe conceptual
model developmentis followed by the modularization process, which aims at subdividing the
conceptuamodelinto severalmodules,eachcontains oner more processes/activitiegdPressmanl1997).
Subdividing the modelinto severalprocessesould bebasedon the caresetting (e.g. healthcaresocial
care,A&E, surgery, outpatientetc.)or by dividinglong patientpathwaysinto modules.The purpose of
modularization is for developing the DES model, as it will simplify the complex model. As for SD,
although it is used for modeling the whole system, if the system is too complex, the muaeleduce
suchcomplexity by dividedt into smdler units. However, thiss rarely the case due to the objective of
the SD model.

The third stepis to ‘identify affectedmodules.’ The affected module(s)is/are ultimately identified
based on the objectives of model. This will assistin defining boundariesof the model and,
consequentlyreducesthe model developmentime. The selection processdependson the professionals
andstakeholderimvolvedin the decisionmakingactivities.

StepFour, identificationof the characteristicsof eachmodule! Identifying the characteristicef the
modules helps the modelersdecide which technique(s)is/are suitable for modeling each specified
module.Suchcharacteristicare: short (or long) term effect; type of analysis(individual or aggregate),
feedbaclkrequirementtc. To performthis activity, asetof questionaveredevelopedasfollows:

a. To determinewhetherthe moduleis affectedlong- or shortterm — eg. will the intervention
affectthe othersubsystems itheshort or/as wellasthelongterm?

b. To determinewhat type of analysisshouldbe performedin eachmodule.This is decidedbased
on the granularity andvariationsof the valueswithin the variables(e.g. time/patient’stype of
disease).For example,if the valuesvary significantly then individual analysismayberequired.
If, on the other handthereis no significant variation then more aggregateanalysis maybe
requiredfor the particular module.

c. Todeterminenvhetherthemodulehas afeedbackoop ornot—i.e. will any interventions/actions
causebackwardieedbackto previousmodule/steps)?

The modelersmay seek experbpinion to help in determiningthe characteristicof eachmodule.
This step willcontinueuntil all moduleshavebeenidentified by their variablesand characteristics.

Step Six is to ‘identify the suitable techniquefor modeing’ eachof the module. The modeling
technique(s) assigned in this step wépendon the previoustep.That isSDESwill beusedfor modeling
shorttermeffectsandindividual analysiswhilst SD will be usedor capturing longermeffectsaswell
as aggregateanalysisand feedbackloops. A hybrid simulationwill be requiredif the variablesare a
mixture of both.
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The last stepis the ‘modelingplan’, that is to finalizewhat techniquewould be usedfor modelng
each module and how detailedeachmoduleshould be especiallywhen the SD techniqueis required.
This step controls the modelng activity in the next phaseof this framework. There are six possible
modeling plans,which arecategorizednto threemaincategoriesTheseare:

a. All modulesuseasingletechnigue-either SDor DEStechnique

b. Somemodule(s)usea single technique,whilst someuse thehybrid —SD + hybrid or DES +
hybrid.

c. All moduleshaveto usethehybrid simulation

Problem Source Defimtion and
Objective Identification

v

Conceptual Model and
Modulanzation Process

v

Identify Affected Modules

v

Identifies the Vanable of the
Cntena for Each Module

¥

Identify Suitable Technique(s)
for Modelling

Any more
modules

Modelling Plan

Figurel: Conceptuabhasen theframework

4.2 Phase 2: Modehg Phase

The secondphasein the frameworkis the modelingphase which is depictedin Figure 2. The SD and
DES modelscan be developed simultaneouslgxperiseis available. The development of the DES/DS
models are based on the previous step (each moddevédopedusing DES, SD or both)As we
mentioned earlier on this paper, thisdglines/framework is aimed abntechnical modeler developer.
The practical aspectof the modelng will be basedon the plan definedin the previous phase.The
translation of the conceptualmodel into a software packagestarts by building the DES modules
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sequentidy, using anyDES commercialpackage.These modulesvill be linked using their outputs
i.e. outputfrom onemodulewill serveasinputto the nextmoduleandso on. The variablesinvolved in
this processare mainly, but not necessarilyrestrictedto, patients’information, suchas the time taken
to completea certaintask and personalinformation if needed(age,type of illness, sex, etc.). The SD
moduleswill be applied on a moduleby-module basisand will link the modulesby connecting the
stocks andflows or their auxiliaies using anySD commercial packages.The detailed and more
rigorouspart of the modulesin the SD modelng will be conducteddepending othe modelng planthat
has beenidentified in the conceptualmodel.

Type of case
|
v v v
Case 2 Case 1 Remaining
cases
’ )
Modelling Modelling
DES DES

11 2]

Any more
modules

1 = 1>

Link the DES Link the DES
Modules Modules

v
Modelling SD

Figure2: Modeling phasan theframework

4.3 Phase 3: Models Communication Phase

Phase 3 of the framework is about defining the communicptaorsbetween the different modules. We
use the term “communicatibin this phase as it is about identifying heariables fromsomemodek
communicate and change their impact on other vagablether model, e.g. a variable from DES to SD
and vice vesa. The ‘communication’ also encapsulate Hmth models are changing their outgpdthe
linkage between models is decided by identifying ‘thBuencing’ and the ‘influenced’ variables that
make these models “communicate” with each other. Prior to this phase, the modeler should determine
whether themodels can be integrated or not, and identify the variables from one model that will influence
other variables in the other model (Chahal 2009). This phase determines how the communication between
both models takes place. The following discusgimvides the explanation of the six steps involved in
this phasewhilst the flow of this phase is depéed in Figure 3.

Thefirst stepin this phaseis ‘identifying the variablesin both modelsthat can be linkedogether.
The identificationof such variabless doneby detectingall the variables that ‘influence’ or ‘influenced’
in both models. Expert opinion can be soughto validate which variablescan be consideredas
‘influence’ variablesand which are ‘influenced’ variables.Table 1 preserg severalpotential variables
that are involved in modelng the healthcaresystem.The linkagesfor these variableswere takenfrom
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the literatureand validated by experopinions. Thesevariablesare divided into two types (‘influence’
and'‘influenced’) couplal with their relevantechnique (SD/DES) It is worth noting that he techniques
used to model thesariablesmay also depend on the modelers’ expertise. The key to selecting which
technique to use depend on the type of variable.

Tablel: Exampleof variable'influence'and ‘influenced'

Variable Influencing Variable ‘Influenced by’ References
SuitableCapturedy: SuitableCapturedy:
DES SD DES SD
Total patients Time: waiting and| Professional: Pauliakas and
(workload) finished in the| performance, Theodossiou
system motivation, (2009)' Pfeffer
Patients: total | pressure and Langton
waiting Patient:  fatigue, | (1993),
bored ExpertOpinion
Professionals’ Time: waiting and| Performance and| Chahal and
Knowledge and| finish time in the| motivation, Eldabi (2009)
experiences; system, assessmenbf the | Heywood and
Motivation, Total patientsfinish | patients  health;| Wei (2006)
performance within time frame Quality in patient
assessment; job
satisfaction
Incentives, Performance and| McCauslandet
compensation motivation al. (2005),
Pauliakas and
Theodossiou
(2009), James
(2005)
Total professionals Waiting time, total | Professional: Pauliakas and
working; other patient finished in | performance, Theodossiou
resources; spaces the systemgemand | motivation, (2009), Pfeffer
facilities pressurequalityin | Langton
patientassessment; (1993), EIf and
Quality of the| Putilova
patient’shealth (2005), Bird et
al. (2007),
Ulrich, (1991)
Time frame (e.g. 4 Pressure, Chahal and
hours for treating performance; Eldabi (2009),
patient) Patient emotion| expertopinion
(fatigueandbored)
Pressure/stressf Quality of the| Aiken et al.
the professionals patientassessmen{ (2002)
Total patient Distance from | Dellasegeet al.
readmission home to hospital| (1999)
as they hard to
get the treatment
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Treatmentime Quality of | Patient’s McCauslandet
Assessment Satisfaction al. (2005)
Quality of Patient’s Aiken et al.
assessment Satisfaction (1998)

The secondstepis to ‘define the last output from the linkage variable. Basedon the previous
linkage variables,the new output will be produced,which may or may not influence other variables
dependingpn the model. For example the total number ofpatientswill influencethe performanceof the
professionalsconsequentlythis may resultin a mistakenassessmemdueto pressureln this case,the
linkagevariablesare the numbeof patientsandperformancewhilst thelastoutputis patientassessment.

As therecould be manyvariablesthat can be linked betweenthe models,the modelershoulddefine
the initial influencing variable. Therefore,the next stepis to ‘identify the initial influencing variable’.
This also helpsthe modelerin decidingwhich modelshould berun first. Chahal(2009) introducedtwo
typesof interaction,or model communicatioripr now we will be focusingon cyclic interactionfor the
framework development.It would be impractical to test ‘parallel’ interaction whilst manually
transferringdata. Parallelinteractionmay requiremore customprogrammingto be usedas an agentthat
will facilitatethe modelsinteractions.

StepFouris: ‘model executionand dataexchange’.The ‘variablesinvolved’ arethoseidentified in
StepOneas influence’ or ‘influenced’variables.This stepwill be performedtwice at most,asit might
go into aloop, especiallywhen both moduleshave initial influencing variables.As both the SD and
DES modelsmay have an initial influencing variable, we will use the ‘source model’ as thegeneral
term in this framework to define the modelwith the initial ‘influencing’ variable(s), whilst the
‘destinationmodel’ containsthe initial ‘influenced’ variable(s).The processof running andransferring
databetweenboth modelscarry onuntil either of the following occur, the'influenced’ variableis not
influencedby anyothervariables,or outputsfrom both modelsreacheda stablesituation,i.e. not much
differencebuttheoutputof thedifferentprocesses.

StepFive is the ‘evaluation of the outputs: The final output can be from either the ‘source’ or the
‘destination’model. Thatis thefinal outputwill be from the destinationrmodelunlessthattherearesome
variablesin the sourcemodelwhich areinfluencedby thevariablesin the destinatiormode.In suchcase
thefinal outputwill betracedfrom the destinatiomodel.

Thelast stepof this phasds ‘suggestion$or improvements’One of the advantagesf the simulation
methodthatcanbeusedfor experimentations that severainterventionscanbe performedby the modeler
to selectthe bestinterventionfor systemimprovementsBasically,to maintainthe relationshipbetween
both models,changingof input shouldbe performedin bothmodels.However,therearecertainsituations
whereonly theinput/variableof a particularmodelshouldbe changed. Figure 3 depicts the final phase of
this framework. They are some steps that we have decomposed into several steps (small box in blue) to
ensure that the modeler understand how to implenfexse3.
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5 DISCUSSION AND CONCLUSIONS

It is quite challengingto link two modelsfrom two different modeing tribes usingdifferent commercial,
or otherwise,packagesHowever,sucha technicalchallengeis being overcome angill be completely
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resolvedin thenot sodistantfuture, for example, Anylogic is a software that claims doing just Bathe
other hand,linking modelsconceptuallybetweendifferent techniquess still in its infancy. Most of the
hybrid attemptshave beenfollowing a pragmaticapproachto linking models (see Giachetti et al., 2005;
Ahmadet al., 2012) The frameworkproposedn this paperdeveloped purposefully to help nerperts
in simulation modeling in healthcare and to allow them to build models using several programming
language, such as Anylogic software. The framework ailss to allow modelersto think about some
importantissuesbefore startingthe hybridizationprocess. For example, how both models could be linked
using different packages, how to change the information, and how such informitiafiect the final
result from both modelsThis frameworkcan be consideredas an extensionto that proposedby Chahal
and Eldabi (2008), which was mainly focusedon decidingwhetherto use hybrid modelng or not, by
helping in identifying the “hooks” that link betweenthe hybridized modds. The framework has been
tested to develop complex patient paths@ge Zulkepl2012; Zulkepli et al., 2012).

Although, we focus on SD and DES in this framework,it is possibleto add/substitutethese
two with other modeing approachesuchasAgent BasedModelingand Simulation(ABMS). ABMS is
one of the rising modelingtechniqueghat offers extradimensionswhenit comesto modelingcomplex
healthcaresystems(Macal and North 2010). Another benefit that can be gainedfrom developingthis
framework is to allow nontechnical (from a programming point of view) to think about the
hybridizationof the logic of the modelratherthanthe code.
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