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ABSTRACT

Symbiotic simulation is a paradigm that emphas&elose association between a simulation system and
a physical system, which is usually beneficial to at least one of dneimot necessarilydetrimental to

the othes. Aimed atextendingpreviouswork in symbiotic simulation, this paper proposefamework

of symbiotic simulatiorthat can be usei improve the performance of a production system controlled by
an aenterprisesystem. A tube manufacturing shop floor has been sdlestean exampleo demonstrate
how the framework of symbiotic simulation can be implememtedcommercial oftheshelfsimulation

tool. Experimentation has been carried out to evaluate the extent to Wwhislrhbiotic simulation can
deal withuncertainties and disturbances in manufactugygtems Early trials of the frameworkhave
indicated that it is capable of extending the existing applications of symbiotic simuldiEyond
engineering domains, especially manufacturing and shop floaiotsgstems

1 INTRODUCTION

Symbiotic simulation is inspired by symbiosis in biology. The biologicaindein of symbiosis is,
however, rather broad andincludes several sufzategories, such as mutualism, commensalism and
parasitism. For simulation relatevork, subcategories other than mutualism are aftexlooked and
especially in symbiotic simulation, mutualism is thus often assumed thebenly form of symbiosis
(Aydt et al. 2008). The notion of symbiotic simulation was first proposed at the 2@¥2ubaSeminar

on Grand Challenges for Modelling and Simulation, indicating mutually bealefitéractions between a
simulation model and a physical system (Fujimoto et al. 203ically, a symbiotic simulation system
comprises a simulation model and a physical systenthitnsetting, simulation models continuously
acquire reatime data from the physical system using 4téak sensors, and subsequently the physical
system takes the benefits from th&comes of theimulationexperimentgFujimotoet al. 2002).

Enterprise Systems are information systems applied to manage and inegeapgiseoperations
such as human resousceananufacturing, project management and financial accounting (Davenport
1998). A recent survey carried out by Skoogh, Peemrd Johansson (201#howed thain the context of
simulation of manufacturing systems, the majority of operational dategyelg. times build sequence,
parts routing etc., are storeddn Enterprise Resource Planning (ERP) syst€oupling the features of
simulation to RP systems seems toffer various benefitsin supporting decision making, time
compression and expansion, exploriregenarios diagnosing problems, identifying constraints,
visualization, etc. (Babulak and Wang 2008; Jovanoski et al. 200)rk has alreaglbeen carried ouh
improving the capability oERP systemby linking it with simulation toolge.g. Moon and Phatak 2005).
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However,in the previousattempts, the techniquappear teaccomplishonly specific purposes and have
some limitationsnotablyin terms of direct control of the system and feedback mechanism.

This paperthereforeaims to investigate how ERP systems and symbiotic simulation can be linked
together and can be used to improve the capability of simulation as a decisiag toaki The notion of
symbiosis allows the mutual benefits between the physical system managed by an ERP system (e.qg.
manufacturing shop floor) and the model of it.

2 LITERATURE REVIEW

The symbiotic simulation paradigemphasizes a close association between a simulation system and a
physical system, which is usually beneficial to at least one of them (Aptlit 2208) and not necessarily
detrimental to the other#n practice the simulation modgfpically acquires reatime (or near redlime)

data from the physical system using sensorstlam ugsthe dataas input parameters to the modehs

a triggerto run some pralefined “whatif” scenarios The resultscan be used tgredict, optimze or
control the perforrance ofthe physical systemdn this respect, symbiotic simulatiaran continuously
execute simulation models and interact with physical systems itimea(Fanchao et al. 2009).

Aydt et al.(2008) extended the definition of symbiotic simulation andgtheded five different types
of symbiotic simulation systems: symbiotic simulation control systen€C$3Ssymbiotic simulation
decision support system (SSDSS), symbiotic simulation forecasting s\&8#$), symbiotic simulation
model validation system ($8/S) and symbiotic simulation anomaly detection system (SSAB&}h
type of symbiotic simulation system can either ibdividually implementedor integrated to model
complex systemssuch as in semiconductor manufacturing. The integration of differenbiayen
simulation systems is further referred to as hilerid symbiotic simulation system (Aydt et al. 2008
Table 1 shows various purposes, loop types, \itstenarios, and symbiosis types of the five symbiotic
simulation systems.

Table 1:Different dasses of symbiotic simulation systems (Aydt et al. 2009)

Class Purpose Loop Whatif scenarios Symbiosis Type
SSCS Control of a physical system Closed | Control alternatives Mutualism/Parasitism
SSDSS Support of an external decision maker Closed | Decision alternatives Mutualism/Parasitism
SSFS Forecasting of a physical system Open Different assumptions for Commensalism

environmental conditions
Alternative models or
different parameters

SSMVS Validation of a simulation system Open Commensalism

Detedion of anomalies either in the physica

SSADS system or in the simulation model

Open Reference model only Commensalism

Applications of symbiotic simulation vary from industry to industkyproof-of-concept symbiotic
simulation system was developley Low et al. (2005)o monitor, optimze and control the assembly and
test operation of semiconductor backemith the purpose of improving the manufacturing process of
semiconductor manufacturing. Experiments showed that the symbiotic simulatgiems fas
functioralities to effectively monitor, optimae and controlvarioustasks. For a shorter simulation time,
the symbiotic simulation system can respond rapidly to abrupt changes irysieapbystem.

Another application in semiconductor manufactunwgs demonstrated by Aydt et g2008). The
proposed symbiotic control system usae®active whaif analysis to obtain a stable configuration of a
wet bench tool set in near reahe. Aydt et al. (2011) then developadsymbiotic simulatiofbased
problen solver to automatically resolve decision making probldorsvarious tools in an entire
semiconductor manufacturing fab. The problem solver agent detects theaplsysiem and executes
whatif scenarios to identify and solve some manufacturing prob{&yu et al. 2011).

In order to overcome the effects of new information or sensor observatiomsmanned aerial
vehicles (UAVS), a symbiotic simulation system was applietthénprocess of path planning to deal with
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these uncertainties (Kamrani and Ay2007). Another decision making and controlling application of
symbiotic simulation was developed to improve the performance ohtmwe management in the
lubricant industry (Fanchao et al. 2009).

Linking simulation to physical manufacturing systems waled by an ERP system is relatively new.
Efforts have been made mainly in the following two aréBsdataexchange and (2) physical interaction
between ERP Systems asichulation tools.

Input data management is a crucial and f@amesuming process féawoth ERP systems and simulation
tools Skoogh, Johansspand Stahre 20)2ERP systemsypically host operational data, such as cycle
times, seup times, production routingsdsequencesAs ERP systems contain the information required
by simulation modls, ERP systems amdten considered as masources for simulation dat&etter
linkage between simulation tools and ERP systems is therefore neededrito@mable automatidata
exchange between them (Robertson and Perera 2002).

Moon and PhataK2005) claimed that ERP systems inherit somiatrinsic drawbacks frontheir
predecessors (i.e. MRP systerdag to theigidity of the data inside the ERP database when dealing with
uncertainty andhe stochastic nature in manufacturing environmeefihey proposed a method to link
simulation to an ERP system aconneced a discreteevent simulation model t8AP R/3using apump
manufacturing factoryas a case to pve the conceptWhen SAP R/3 was triggered manuallthe
simulation modeblcquiral relevant manufacturing data froiby ran some experiments dahe modeland
sent thesimulated lead timngetoa manufacturing manageBy comparing the simulated results with the
actual due dag the manufacturing manageould make a adjustentof the datain SAP R/3andre-
execute the simulation modélhe process wasepeated until the manufacturing manages satisfied
with theoutcomesThough workingwell, the proposed approadidopted theff-line (manual)simulation
methods. The way thisnd of system optimies and influences the physical syst&ispdependon the
production manageaas an intermediary.

3 RESEARCH GAP AND METHODOLOGY

Taking into account both various applications of symbiotic simulation hadways simulation is
currently linked taERP systems, this paper attempts to propose a framdardahe symbiotic simulation
system that ultimately will be able to address the shortcomings afalementioned methods.

To achieve this goal, a thretage research methodology was adopted. First, we tried to better
understand the interactions between ERP systems and symbiotic simsjesiems. The output from this
stage was the symbiotic simulation framework. Second, we implemented the fnkmesing a case
example of an ERBased symbiat simulation. Third, we tested the framewordn some experiments
and analyzed the results. The subsequent sections describe the execl®Bshge methodology in
more detail.

4  THE PROPOSED FRAMEWORK

This paper intends taddresssome forthcoming# the previouswork by taking the advantage of, and
building theextersion tq previousresearchn symbiotic simulatiorresearctprimarily that of Ayt et al.
2008 and Aydt et al. 2009, by proposing a new framework.ffEmeework isill ustrated in the form of
block diagrams(see Figure 1). It immade up ofour main subsystemsSymbiotic Smulation Forecasting
System (SSF9), Symbiotic Smulation Anomaly Detection System (SSADS), Symbiotic Smulation Decision
Support System (SSDSS) and Symbiotic Smulation Control System (SSCS). The framework also
incorporatedriggers andobjects. These subsystems, triggers and objects wotlectivelyto exchange
data to and from thERP systems, evaluate trigger conditions, create and rurfvdcatarios, optimze
and analye simulated results, visuzdi realtime states, forecasite future, recommend solutioasd,if
necessary;ontrol theERP systems directly.

The Data Collection ObjectDCO) automatically extrastraw data fronthe ERP systers) transfes
data to simulation models and presetitem in an accessible format ftre simulation modelsThe
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Symbiotic Simulation Anomaly Detection Subsysté8SADS) constantly monitors the information in
the Data Fusion ObjedtDFO) and compares it wita reference modeh order to detect anomalieEhe
Model Management Obje¢MMO) receives trigger notifications and uses the informatioDHO to
update theSSFS SSDSSand SSCSwhatif scenarios and invokes the three subsystems. S3¥ES
generates fute prediction and visuaition to the display systems. Th8SCSand SSDSSrequest
Optimization Object(OptO) to generatehe optimum decision parameters, which are usecitber
control ERP systems directly or pass the decision parameters to an exteratairaespectively.
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s

SSFS = Symbiotic Simulation Forecasting System SSADS = Symbiotic Simulation Anomaly Detection System
SSDSS = Symbiotic Simulation Decision Support System SSCS = Symbiotic Simulation Control System

Figure 1: Block diagram of th&ymbiotic simulation

The SSADS subsystem detette anomalies from both physical systems and simulation models by
comparingthe simulation modelsvith the actual behaviorfsom thedata in DFO. For physical systems,
anomales can be an unexpected event or abnormal behavior, e.g. machine breakdown. When the
discrepancy between the simulation model and the behavior is beyond a certancégleris considered
as an anomaly.

The SSFS subsystem generates visualization and prediction data to a display systempeitpr.

The essential part of the SSFS subsystethdswhatif’ scenarioghat canbe used tdorecast future
events It may contain animation systems to generaté3RDanimatios. MMO delivers static and
dynamt data to the SSFS subsystem and invokes theifvdtnarios.

Both the SSCS an@&SDSS subsystesmare used to optimize, analyze and generate suggested
decisions. SSCS incorporates an actuatmeaning that SSCS is capable of controlling and updating the
ERP systems directly. Unlike SSCS, SSDSS intends to support extersabmecakers (e.g. managers)
rather than directhapplyingthedecisions on ERP systems (or physical systems), hereetuatos. The
structureof SSDSS and SSCS are shown in Figitand 3 respectively

The whatif scenarios generated by either SSDSS or SSCS along with the Optimi@&iiect are
used to find the optimum decisions for certain problems. The OptimizatiorctQlaetO) finds the
parameter values that result inm@ximum or minimum of the objective function while adhering to
constraints.

Figure 4 shows the overall workflow of the symbiotic simulation.
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5 CASE EXAMPLE

In order toverify the functionaliy and practicalityof the framework, m ERPRbased symbiotic simulation
system has beedeveloped as case exampléhat isbased on a tube manufacturing shop floor. All
relevant manufacturing datkom the shop floor are stored in mySAP ERP systehie tube
manufacturing company is based in China. The company designs, tests and masudactafe ducting
systems which inclle fuel, antice and environmental control systems. The shop floor prochines
different tube varietiedrom raw materialgpreparations tassembly Three different raw materials are
used: corrosion resistant steel (CRES), titanium (Ti) and aluminum (REESCand Ti are used for high
temperatureghigh-pressure tubes and Al is used for lower temperature tubes.

The shop flooiis split intothe preparing area and assembly area. The main working content in the
preparing area i® cleanraw materials antb cut them to standard par®Baw materials arrive in batches
After cleaning, raw materials amdistributed to five different cutting machindsy the distribution
conveyors based on a set of probabilities. Each cuttinghineoperats at different reliability and
efficiengy levek. Having beencut, standard parts are stored in the storage fHok. assembly area
contains a manufacturing lirm@nsistingof six work cengrs. Each work cept hastwo or more machines
and performsa certain working contentThe shop floor is mak®-order, mearing that when customer
orders are received, workers pick up standard parts in the storagadastirh producing in thessembly
area. The tubes have distinct routingsgure5 shows thgroducts anghop floorlayout. Table 2 shows
the main work contents of the six work centers and different types of tubewded.r
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Figure5: The productsand the shop floor.
Table2: Work content and routes
Serial # |Work contents Type |Description Route

WC 1310 |[Bending C100 |CRES without fitting 1310-1410-1420-1510—1520-1610
WC 1410 [Heat treat C101 |CRES withl Swage fitting |{1310— 1410- 1520— 1420- 1510- 1610

WC 1420 (Welding C102 |CRES with 2 Swage fitting{1310— 1410— 1520- 1510- 1610

WC 1510 |Tubeassy/test/ insulation A100 [Al without fitting 1310-1410-1420-1510- 1610

WC 1520 |Inspection A101 |Al with 1 Swage fitting 1310-1410-1420-1510-1610

WC 1610 |Packaging/Shipping A103 Al with 2 Swage fittings  |1310—1410-1420-1510- 1610

T100 |Ti without fitting 1310-1410-1420-1510-1610

T101 |Ti with 1 Swage fitting 1310-1410-1520-1510-1610

T102 |Ti with 2 Swage fittings 1310-1410-1420-1510- 1610

mySAP contains three types of data: raw material delivery informationbatilities of job
distribution conveyors and customer oglefhe raw material delivery information consists of raw
material types, delivery tinseand quanties At the delivery time, tb corresponding quantities of certain
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raw materials are received. For the simulation model, raw material dalWemnation was loaded and at
the specific delivery time, the simulation model injgbisquantities of certain raw material entitidie
jobs distribution conveyors transfer raw materials to different cuttingssabased on their distribution
probabilities.

Table3 shows an example of raw material delivery information ameéxample of exit probability of
the jobs distribution conveyorkn this case, the jobs distribution conveyor exports 34%, 18%, 22%, 14%,
12% of raw materials tthe correspondingutting stations

Table3: Delivery times and exit port probabilities.

Raw material | Delivery time Quantity Exit port | Probability
CRES 9.00 AM 20/09/2014 | 80 1 0.34
Al 13.00 PM 25/09/2014| 100 2 0.18
Ti 13.00 PM 26/09/2014| 80 3 0.22
CRES 9.00 AM 28/09/2014| 100 4 0.14
Ti 13.00 PM 28/09/2014| 100 5 0.12

A customer ordeindicatesthe type of tube and when the customer wathism (tube typs, lead
times and due datesjhe kead time are collected based on time and motion studies or histdatzal The
ultimategoal is tofulfil the customerrderbefore the due dat elsea penalty might be imposed by the
customer

In this paper the connection between mySAP and the simulation model is done via MidEaseft
as an intermediary. The simulation model acquires key data from Exoeh include parameters,
variables and collections as inpiataneededo execute the simulatiomodel. Upon completion of the
simulation runsthe results are transferred to Exaetl therto mySAP.

The simulation model iglevelopedusing Anylogic 6.Parameters, variables and collectioofs
Anylogic are used to storthe data from mySAPParameters are generally used to represent some
characteristics of the modeled objects, such as cycle time of machines. Variablegdnte store
simulation results or object characteristics thatciwanging over timeg.g.lead times. Collectionsarea
group of objects and are used to store, retrieve and manipulate aggregate data, asgcleuss or
sequence. Some java functions areatedto remoe dataduplication or carry out othercalculatiors.
Parameters, variables and collections, along with some Java functions, aregetbdrtaghe Data
Fusion objectsThese are essentially a collection of functithrat werebuilt in Anylogic to carry out data
loading and manipulations between the Excel spreadsheet and the simulation model.

Threetriggershave beemlefined in the symbiotic simulation system as follows:

e Operator trigger. If an operatoupdategaw material delivery information or customer orders in
mySAP, thencertain fields in Excel will also be adjusted.

e Anomaly trigger. An exanpleis machine breakdown. In practical cases, atigs sensor can be
applied to detect machine breakdown ansgeiod notifications to the simulation model.

e Period trigger. A timeout triggered event sends a triggering notification to MM@ogeally.
The period of time of this event can be set by users.

The model acquires relevargattime manufacturing data from mySAP and the tube manufacturing
shop floor. Afterthe simulation modelshave been executedisualzation and prediction animations,
suggested decision parameters and direct controlling parameters are generated toe irtiprov
performance of the tube manufacturing shop floor. In this way, mySpiyscallylinked to a symbiotic
simulation system.

SSADS subsystem contains a reference madelaims to detect the anomaly. In this pap&chine
breakdown is emulated using hutton’. When the breakdown button is pressed, one of the cutting
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machineswill break downrandomly An anomaly notification ighen generated tdrigger MMO to
invoke oher subsystems.

Future working stateand lead time will be generatedoy SSFSby utilizing Anylogic’'s 2D/3D
animations which can be used for visualian purposes.

Whatif scenarios ofthe best sequence of jobs in a customer order are defined. After running the
simulation, the best sequence can be generatedvmid jobtardiness or reduce the impact of The
manufacturing manageasan external actuatoican then deploy the jobs. The jebguence parameter is
set as the optimation parameter in the SSDSS subsystem. The objective functiorineditf mininize
job tardiness. 500iterations of job sequencesreexecuted in order to get the best sequence.

After running the whaif scenaios, optimized distribution probability parameters are generated by
SSCS and transferred to mySAP directly. The probability distributiensed as optimization parameters.
The objective function is designed to minimingal lead time. 200 iterationsvere set to get the best set
of distribution probability parameterBigure6 shows the screenshot of the SSERH SSCSubsystem
respectively
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Figure6: SSDSS and SSCS subsystems

6 EXPERIMENTATION

A number ofexperimentdave beertarried out toverify the functiorlities of the symbiotic simulation
system. Tis is mainly carried out bycomparing them with traditionaloff-line simulation. The
experimentation foceson verifyingthat

1. All the triggers and objestcan work efficiently ira symbitic simulation system.

2. The symbiotic simulation camlemonstrateaccurate prediction and visualtion data (the
functioralitiesof SSFS).

3. Suggested decision parameters can be generated for external achyattre symbiotic
simulation systemtiije functionalities 06SDSS).

4. The symbiotic simulation can directly update manufactudat in mySAPthe functionalities
of SSCS).
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6.1 Experimentswith Machine Breakdown

After cleaningthe raw materials, thdive conveyorsdistribute the raw materials tadifferent cutting
stations based on a set of probapilitles There ardive cutting stations, eacbf which hascutting
machineswith differentreliability datastored in mySAPThese experiments wedesigned tascertain
that the symbiotic simulatiosystem camespond taeaktime disturbances, e.g. machine breakdown, by
generating a new sets of control functions and send them bag/SaP.

Whenone of the cutting machisés down,the MMO will invoke the simulation model and OptO to
obtain thenewsets of probabilities for the conveyor to distribute the jobs toetmainingmachinesThe
objective functionis to minimize total leadime as a result of the downtim&ince the predefined
manufacturing parameters,g. cycle times of cutting machines, are stochastten experiments are
executed in order to get feasible results. In a specific time, 50 pieces of raw mateeakared.Having
run the simulation model, the optimized parameters updates the datSAP.

Scenario 1: Traditional off-line simulation

With an offline simulationthe simulation modetlid not respondo the disturbancelhe modelrun
usingthe initial values oprobability of the distribution conveyors. Whéme breakdowroccured the
model continud to run leaving the jobs queuing in front of the broken down machimni the machine
wasfixed.

Scenario 2: Symbiotic simulation

When the breakdowmessage is received, MMO receives the anomaly notification and invokes the
subsystems. New optizgd prdbability parameters are generated aedtto mySAP toredistribute the
raw materialgo the other four machine$he experiment result shew that the symbiotic simulation
systemcould respond in realime andhad reducedhe totallead timecompared to Scenario. The
average lead time of the ten experiments is reduced from 82.8 min to 58 iguire ¥ shows the
comparison between Scenario 1 and Scenario 2.

< 100
80 lv&vx_.._ad
60 : — ]

1 2 3 4 5 6 7 8 910
Experiment number

=== Scenario 1 Scenario 2

Figure7: Lead times as a restitom machine breakdown.

6.2  Experimentswith Customer Orders

As soon asnoperator uploasinew orders in mySARNd entes the due daterequested by a customer
the line starts tonanufacture théubes. Theshop floor must complete the orders beforedbe dates.
Key experimental features are shown below:

Source entity: Tubes

Optimization objective: Mininze job tardiness
Optimization parameters: Number of tardy jobs
Number of optimiation iterations: 500
Simulation stop: Completion of order
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The experimentaeredesigned taverify that the symbiotisimulation system can generate prediction
data (the SSFS subsystem’s funcéiity) that can then be used to support jtites of the manufacturing
manager.

Scenario 1: Job tardiness

This scenario aims to provide the réiale stats and future predictionas to whether or na
sequence of jobs will result in tardinegs clock is used tshowtime and analysis tools are used to
demonstrate statisiit results. In this case, bar charts are used to show the number of entities in the
gueuesn front of eachwork cente. Fgure 8 shows the prediction of this customer order that C102 and
C101 cannot meet thredue dategindicated by *)

0 g 10 ] 5 10
Queus WC1310: 9 Queus WC1520: 1
Type ERP lead time Due time Running resutts
! . | ‘ ' ‘ (hours) (hours) (hours)
o s 1o o s 1o c100 43 72 48
Queus WC1410: 23 Queue WC1510: 0 = A100 24 98 24
| | ‘ ‘ - l ) 4101 48 72 S
A102 43 72 23
8 5 10 a g 10 T c102 72 72 a5
Queus WC1420: 0 Queue WC1610: 0 ) 1o 48 48 B*

Figure8: Predicted job tardiness

The resultswere recorded in Excel automaticallfhe symbiotic simulation system continuously
accesses data from spreadsheets and outmutsore accuratduedateprediction andnodifies mySAP.
Whenlate jobs are predicted, the symbiotic simulation rensitide manufacturing managef the delay
times.

Scenario 2; Optimal Sequence

The pevious scenario hgminted outwo tardy jobsin this scenarigp OptOwas run to find the best
sequence of jobs in order to reduce tardin€ls. djective function, constraints and requirements were
set to meet the objective. All the possible sequences are storedoltecion. Figure 9 shows the
optimization resuftwhich recommends sequenogmber589that will result inall due datebeing met

Current Best
Iteration: a1 12
Objective; ¥ 1 0

Parameters

numlLate

Type ERF |ead time Due time Running results
chooseOrder 652 (hours) (hours) (hours)
RG] cli2 72 72 72
sequences L c101 48 48 48
asdf / v C100 48 72 64

[ | Al02 48 72 56
Gopy the best salution ] A100 24 96 48
ta the cliphoard L A0 48 72 72

Figure9: Predicted job completion
The symbiotic simulation system continuously monitors the states and producstinatee lead

time of each product. Output data are generated dynamically according to tifeisimmodel. In this
way, the symbiotic simulation system gives a suggestgebsee of jobs to the manufacturing manager.
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In summary two sets of experiments have been carried owatmate the functioralities of the
symbiotic simulation system. Thexperimentshowed that the symbiotic simulation system can respond
in near rehtime, periodically update the simulation results, tackle tesh issues, suggest solutions and
updatemySAP. In addition all the objects and subsystems of the symbiotic simulation systekedv
effectively to achievéhe goals.

7 DISCUSSION AND CONCLUSIONS

This research focuses on investigating how to $iykabiotic simulation t&ERP systems. A framework
which includes block diagramsand workflows has been developed to fulfil this aim. In this symbiotic
simulationsetting theERP system and sirfation model can be mutually beneficial to each otAerase
example has beepresented twerify some functionalities of the symbiotic simulatiand eperiments
have been carried out tiemonstrate the concept

In the past, the applications of symliéasimulation systems were focused on engineering areas such
as transportatiorsystems, military communication networks, air traffic controllers andtiagent
systems (Fujimoto et al. 2002; Aydt et al. 2008; Aydt et al. 2011; Kananathi Ayani 2007).The
interface between simulation aptysical systems also known agnline simulation (see e.d.eixeira,
Tjahjono, and Alfaro 2012

This paper enables future applications of symbiotic simulation beyond erigmnalomains. té
primary contribution is the framework for linking symbiotic simulation ®FEsystems. The framework
enables symbiotic simulatiosystems to bemployed in other shop floor contreystems The paper
extendsthe existingmethods of linking ERP systems asichulation toolsfor instance, those that were
proposed by Moon and Phatak (2008)e methods proposed in this papksoaddress thehortcomings
in the previous workhat did not take into account the automated optimization and feedbatiol
betwea the simulation and the physical sysseWvith the framework, it is now possible reduce human
interventionin running the simulation experiments and optimizatids the system is now closéabp,
OptO, SSDSS and SSCr instancecan be added to awrhatically acquire the best overtime data and
control the ERP system directly.

The paper also demonstrated a proof of concept of howommercial offtheshelf (COTS)
simulation packagevas used to practically deploy the framework into a fully workinghsgtic
simulation system. The system includes a simulation model, a user inteafeegtime simulation
engine,somewhatif scenariosan optimization engine andomecontrol functions. The techniques and
methods demonstrat@ual this papercanpossiblybe used as a reference for simulation modétecenvert
existing simulation modelsto symbiotic simulation.

To a large extenthts paperfocuses on dealing with manufacturing uncertainties. However, there are
many other industy sectorsthat use both ERP systems and simulation tooFuture work might be
focused orextendng the frameworkto other IT systemandwider application areas. For instance, an
ERPbasedsystem inthe retail sectormay be linked toa symbiotic simulation systeto agpraise their
investments bynalyzingtheir ‘big data'about market, products and customers.
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