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Lectures

Lecture 1 — Wednesday, September 6

Whatis Modellingand Simulation?

Modelling and Simulationfor Software Developmentfor Mod-
elling andSimulationfor ...

Lecture 2 — Monday, September 11

A simplemass-springxampledemonstratinghe full modelling
andsimulationprocess.
Thisincludesthe designof a simpletime-slicingsimulator

TheModelling andSimulationprocess.

Lecture 3 —Wednesday, September 13

Theuseof scriptinglanguagegPython)for:

e Rapid Application Development, prototyping (object-
orientedexecutablepseudo-code).

Multi-platform development(interpretedbyte-code).
Automatedsoftwaretesting.
Glueingheterogeneousomponents.
Scripting,embeddingextendingtraditionalcode.

AssignmentBlock diagrammodellingand Time-slicingsimula-
tion

Lecture 4 — Monday, September 18

Classificatiorof modeltypes.

Multi-abstraction modelling: the behaiour morphism.
Hierarchyof SystemSpecification.

The concepbof state statetrajectories

Lecture 5 — Wednesday, September 20

Generabystemsheoryfor causaldeterministiomodelswith ex-
amples.

Classificatiorre-visited.Multi-formalismmodelling

Lecture 6 — Monday, October 2

(Finite) StateAutomata(Moore,Mealy).
Readingmaterial:

e ChristosG. Cassandras.Discrete Event Systems Irwin,
1993.

Lecture 7 —Wednesday, October 4

Adding syndironisation and concureencyto FSA: Petri Nets
Symbolicanalysisof PetriNets.
ThePNSsimulator.

Readingmaterial:

e ChristosG. Cassandras.Discrete Event Systems Irwin,
1993.

e TadaoMurata. PetriNets: PropertiesAnalysisand Appli-
cations. Proceedingsof the IEEE, 77(4):541-580. April
1989.

AssignmentA Finite StateAutomataAND PetriNet Modelling,
Simulation,andVisualizationtool

Lecture 8 — Wednesday, October 11

Adding hierarchy and orthogonality to Finite State Automata:
Higraphs,StateCharts

StateChartsfor the analysisanddesignof systems:Executable
ObjectModelling.

Readingmaterial:

e David Harel. On Visual Formalisms. Communication®f
the ACM, 31(5):514-530May 1988.

e The Unified Modelling Language (UML) and Executable
ObjectModelling.

David Harel and Eran Gery. ExecutableObject Modeling
with StatechartslEEE ComputeyJuly 1997.pp. 31-42.

e Proces$rogrammingEntity ProcesdModelling (EPM).
WattsS. Humphrgy andMarc I. Kellner. Softwae Process
Modeling: Principlesof Entity ProcessModels
TechnicalReport CMU/SEI-89-TR-002. 23 pp. February
1989.

Implicit assignmentin all assignments;zUI beha/iour mustbe
describedy meansof StateChartmodels.

Lecture 9 — Monday, October 16

DiscreteEventsimulationconcepts.
World Viewsandtheir simulationkernels:



EventScheduling;
Activity Scanning;
ThreePhaseApproach;
Procesdnteraction(intro).

Deterministicsimulationof stodasticprocesses.
Introductionto (pseudoRandonmNumberGeneators.
Generatingarbitrarydistributions.

Testingof pseudaandomnumbergenerators.

C codefor a prime modulusmultiplicative linear congruential
generatar

Gatheringstatistics(performancenetrics).

Readingmaterial:

e OsmanBalci. The implementationof four conceptual
frameawvorks for simulation modeling in high-level lan-
guages.

Proceedingof the 1988Winter SimulationConfeence pp.
287-295.Societyfor ComputerSimulation/Associatioffor
ComputingMachinery 1988.

Lecture 10 — Wednesday, October 18

ProcesdnteractionModelling practice: GPSS,basic concepts
andblocks.

Material (alsofor next class):

e Geofry Gordon.SystenSimulation PrenticeHall. Second
Edition. 1996.Chapter9-10.

e Online resources:GPSS/Hspecificinformation, Gordons
examplesn GPSS/H

e PeterLorenz’s excellent Simulationand Animation course
(University of Magdelurg, Germaly)

Mini assignmentsall Gordons assignment§Chapter9).

Lecture 11 — Monday, October 23

ProcesdnteractionModelling practice: GPSS,advancedcon-
cepts.

Mini assignmentsall Gordonsassignment§Chapterl0).

Lecture 12 — Wednesday, October 25

Processinteraction Modelling practice: queueingdisciplines:
userchains(the LINK andUNLINK blocksin detail).

Lecture 13 — Monday, October 30

ProcesdnteractionModelling practice:GPSSthe simulator(se-
manticsin termsof operationson CECandFECdatastructures).

ProcessinteractionModelling in TdDemos (formally described
operationakemantics).

Readingmaterial:

e PeterLorenz’s notes(basedon Schriber)on GPSS/HS In-
ternalControl

e G. Birtwistle and C. Tofts. Operational Semanticsof
Process-oriente8imulationLanguagesPart 1: mDemos.
Transactionf the Societyfor ComputerSimulation 10(4).
July 1994.pp. 299-333.

Lecture 14 — Wednesday, November 1
DEVS, a foundationfor DiscreteEvent Modelling and Simula-
tion: atomicDEVS

Mini assignmentDEVS modelof a singlesener, singlequeue
systemwith a priority queueand“president”interrupt.

Lecture 15— Monday, November 6

DEVS, a foundationfor DiscreteEvent Modelling and Simula-
tion:

e coupledDEVS, closure
e simulatorsandcoordinators

Lecture 16 — Wednesday, November 8

Jean-SebastieBolduc’s presentatiorof his DEVS simulatorin
Python(simulator+ examples).

Lecture 17 — Monday, November 13

Pseudorandomumbergeneratorg¢seepresentatioi©ctoberl6).

Modelsvs. visualizationvs. animation: modelsasthe basisfor
thesemantic®f visualrepresentation.

Real-timesimulationandanimation.

Causalcontinuous-timanodels: use, mathematicarepresenta-
tion.

Continuoussolves. structure,errorcontrol, stiff systemsalge-
braicloops,DASSL.

Lecture 18 — Wednesday, November 15

Algebraicloop detectionandsorting
ContinuousSystemSimulationLanguage$CSSLs).

A neutal model-solverarchitectuie (API), experimentation.
SimulationExperiments:

e Optimisationshooting parameteestimation.
o Experimentasscripts.
e ExperimentaFrames.

Lecture 19 — Monday, November 20

Hybrid modelling: combiningcontinuousand discreteabstrac-
tions.

Introducingdiscontinuities abstractingeality, approximatiorby
fast dynamics, piecavise continuousmathematicakepresenta-
tion, zero-crossindocationin solvers.

Lecture 20 — Wednesday, November 22

Puttingit all together:an Event SchedulingHybrid Differential
Algebraicsimulationkernel.

Lecture 21 — Monday, November 27

PopulationDynamics:

e deductive, physicalmodellingvs. inductive modelling.
e Growth anddecay



o Predatoiprey models.
e Competitionandcooperation.

Lecture 22 — Wednesday, November 29

The ForresterSystemDynamicsprocess introducinginductive
modelling(structureidentification).

WEST++for SystemDynamics.

Lecture 23 — Monday, December 4

Object-OrientedModelling of PhysicalSystems.

e Theneedfor non-causamodelling. CausalityAssignment:
maximumcardinalitymatching.

e ComputerAlgebra basics: canonicalrepresentationsym-
bolic algorithms# numericalalgorithms.

e Scoping,00 modellingvs. OO simulation.Object-oriented
modelspecification:

¢ Modelling languageequirements.
e The Modelica Unified Object-oriented_anguagefor
PhysicalSystemdvodelling

Semantiacchecksin themodellinglanguaggdynamic$ ver
susatthe graphicalmodellinglevel.
Lecture 24 — Wednesday, December 6

Object-OrientedModelling of PhysicalSystemsBondGraphs
“Bond Graphs”is a non-causaldomain-independer{unifying
electrical,mechanicalhydraulical,. .. systemsformalism.

e PhysicalAnalogy. Thetransformatiorbetweemanalogand
similar formalisms.Analogcomputers.
e TheldealisedPhysicalModelling process.

Putting it all together: multi-formalism modelling and simula-
tion.

e Coupledmodelsandhierarchy: closureundercoupling,to
flattenor to coordinate?

e TheFormalismTransformatiorGraph(FTG). The FTG de-
scribespossiblemappingof oneformalismontoanother

o Multi-formalism modelflattening transformationandopti-
mization:thealgorithms.

Presentinddiscussassignment/projecesults.

Project Suggestions

All are software projects,with the exceptionof mappingGPSS
ontoDEVS, whichis pen-and-papgwell, IATEX) only.

1. A hierarchicalmulti-formalism,graphicalmodeleditor.
2. A higraphgraphicaleditor (for StateCharts).
3. Generatingeactve codefrom StateCharts.

4. A GPSS(subsetmodellingandsimulationervironment.

. Mapping ProcesdnteractionFormalismconstructs(i.e., a

subsebf GPSS)ontoDEVS.

. A parallel DEVS simulator (based on Jean-$&bastien

Bolduc’s DEVS simulatorin Python).

. A hybrid simulationkernel(basedn Pai Hsueh-lengs pro-

totype).

. A non-causalmodel transformer(using Dinic’s network

flow algorithm).

. A BondGraphmodellingtool.



