
Systems Engineering:
Multi-formalism Modelling and Simulation

Fall Term2000

General Information

Coursenumber CS308-767A
Coursetitle Multi-formalismModellingandSimulation
Prerequisites Settheory, numericalanalysis,object-orientedprogramming.

Compilersbackgroundis appreciatedbut notnecessary.
Do not take767A in conjunctionwith more than one other“project” course.

Coursevenue McConnelEngineeringroom320
MondayandWednesday, 13:00– 14:30(startingWed6 September)

Instructor Prof. HansVangheluwe
McConnellEngineeringroom328
tel.: +1 (514)3984446
e-mail: hv@cs.mcgill.ca

Officehours Monday14:30– 18:30(formulatequestionsvia e-mailfirst)

Course Goals

Objectives

The courseaimsto teachthe generic(i.e., tool andapplicationdomainindependent)conceptsof modelling
andsimulation.By theendof this course,you shouldhaveadeepunderstandingof theconceptsof modelling
andsimulationusinga variety (andcombination)of formalisms.You shouldbe ableto build, from scratch,
modellingandsimulationsystems(during thecourseonly two areused,othersarebuilt). This will give you
amplebackgroundto understandanduseexistingmodellingandsimulationtools.Thecoursewantsto you for
theapplicationof generalmodellingandsimulationprinciplesto concreteproblems.Throughtheassignments
(building prototypemodellingandsimulationtools),someexperiencein structured,object-orienteddesignand
implementationshouldbeacquired.

Thecourse’s mainfocusis not:

� how to usesimulationtools. By implementingyour own prototypesbasedon thetheory, a muchdeeper
insightwill begained;

� how to apply modelling andsimulationin specificdisciplines. Applications(software processmod-
elling andsimulation,reactive systemsdesign,populationdynamicsanalysis,mechatronics,supermar-
ket queueing, etc.) areusedto illustratethedifferentmodellingformalismsandserve asusecasesfor
thetoolsbuilt in theassignments.
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Rationale and Content

In thecourse,a bird’s eye view of thestate-of-the-artin modellingandsimulation(andpossiblya hint of the
future) is presented.Hereby, the closerelationshipbetweenmodellingandsimulationon the onehandand
theanalysisanddesignof complex (softwareandhardware)systemsis highlighted.A formal specificationof
modellingandsimulationformalismsandprocessesrevealstheneedfor ahostof computersciencetechniques
suchasgraphalgorithms,compilers,computeralgebra,softwareengineering,andgraphicaluserinterfaces.
By meansof thesetechniques,modellingandsimulationtoolsaredeveloped.

The modelling and simulationformalismsand tools supportingtheir useare themselves highly useful for
theanalysis,design,andimplementationof complex, oftenembeddedsoftwaresystems,interactingwith the
physicalworld. Thecomplexity of currentandfuturesystemsis notonly dueto a largenumberof components
(tackledby hierarchicaldecomposition),but is alsocausedby theincreasingdiversityof componentsandprob-
lemaspects.A photocopierfor examplecombinessoftware,analogelectronic,digital electronic,electrostatic,
thermodynamic,hydraulic,. . .aspectsandcomponents.To easilyexpressthestructureandbehaviour of such
systems,multi-formalismmodelscanbe used.Suchmodelsarea basisfor documentation,analysis,formal
proof,simulationwhat-if analysis,optimizationand(embedded)applicationcodegeneration.

The coursepresentsa holistic view of the modelling and simulationenterprise. Ratherthan focusingon
particularapplications,or on specifictools, it startsfrom a generalmethodologywhich stressesthe generic,
application-independentaspectsof modelling formalismsand their implementation. The main aim of the
courseis to provide thetheoreticalbackground,methods,techniquesandtools for complex problemsolving,
with emphasison thesoftwareaspects.

Theformalismscoveredrangefrom CausalBlock Diagrams,Dif ferentialAlgebraicEquations,ForresterSys-
temDynamics,andBondGraphs,to Finite StateAutomata,StateCharts,PetriNets,DEVS,andthedifferent
DiscreteEventWorld Views. More importantly, therelationshipsbetweenthese,how to meaningfullycouple
themaswell astheir relative meritsanddisadvantages,areinvestigated.For eachformalism,thedesignand
–possiblydistributed–implementationof a solveror simulationkernel is presented.

Fromthepractitioner’spoint of view, thecoursedescribesdifferentmodellingformalisms,existing languages
andto a lesserextent, tools. Fromthecomputerscientist’s point of view, thecoursedescribesthetechniques
andstandardsemployedin theconstructionof modellingenvironmentsandsimulators.

Topics and Schedule

An overview of topicscoveredis presentedwith thescheduleof classes.
As the courseprogresses,this overview will be filled in with links to presentationmaterial,online articles,
assignments, etc.

Method of Instruction

Ex cathedralectures,with (hopefully)frequentinteractionfrom theaudience.

Eachgroupof new topicswill beimplementedin anassignmentusingthe“executablepseudocode”scripting
languagePython.

Course Materials

Thereareno requiredtexts. Before/duringeachlecture,both notesandarticleswill be madeavailable, in
electronicform wheneverpossible.

Themostrelevantbooksare:

� Thetheoryof modellingandsimulationis presentedin Zeigler[10]. This is thesecond,andcompletely
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re-workededitonof his seminalwork, first publishedin 1976[9]. Thenew editionis thefoundationfor
any developmentin modellingandsimulation. It hasa strongfocuson DEVS (DiscreteEventSystem
Specification).We will coverat most25%of thebook(tempusfugit, alas).

� Continuousmodelling, including non-causalmodelling and Bond Graphsis covered in Cellier [2].
Causalmodellingandsimulation,in particularSystemDynamicsstylemodellingis presentedthrough
a plethoraof examplesin Bossel[1]. Codefor thenumericalanalysisusedin continuoussimulatorsis
foundin NumericalRecipes[8].

� A standardreferencefor (mainly) discreteeventsimulationis Law andKelton[5]. We referto it for its
treatmentof pseudo-randomnumbergeneratorsandstatisticalanalysisof results.The(out of print, ex-
ceptin Indianedition)SystemSimulationbookby Gordon[3] presentsthestill popularGeneralPurpose
SimulationSystem(GPSS)representative for theProcessInteractionworld view.

� All examplesaswell asprogrammingassignmentswill usethe scripting languagePython. A hostof
informationon Pythonis availableonlineat www.python.org. LearningPython[6] is a thoroughintro-
ductionto Python.ProgrammingPython[7] goesinto far moredetailanddescribeshow to embedand
extendPython.To developGUIs in Python(with TkInter),Grayson[4] providesanin-depthframework.

With the exceptionof Cellier’s book (to be ordered),the above are available at the PhysicalSciencesand
EngineeringLibrary (PSEL).

A list of (suggested)referencesto articlesandwebsitesis foundoneachlecture’spage.

Assignments and Evaluations

Assignments and Projects
� 4 small exercises(typically, the useof an existing modellingandsimulationsystem,e.g., GPSSexer-

cises).
� 4 largesoftware developmentassignments.Therationaleis thattheModelling andSimulationsoftware

tools to be developedin the projectsare representative for “complex” softwaresystems.During the
development,mostof the typical softwareengineeringproblemswill be encountered.Obviously, the
developmentof thesetoolswill alsoprovide insight into the(oftenabstract)Modelling andSimulation
concepts.

� 1 project,similar to anassignment,but larger. It is typically anelaborationof a previousassignment.A
projectshouldbechosenandstartedassoonaspossible.

Someassignmentsandtheprojectmaybeworkedonin teams(of 2 or 3 members),thoughthisis notnecessary.
Individualwork mustbeindicated.

Grading

Assignmentsandprojectswill bejudgedon:

� correctness,
� structureandcompleteness,
� amountof work,
� originality,
� presentation.

Gradeswill bedistributedoverassignmentsandproject/exam:

� 60%on assignments.Weightingof individual assignmentsis basedon difficulty andamountof work.
Largeassignmentscarryatleast5 timesasmuchweightassmallexercises(e.g.,GPSSmini-assignments).
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� 40%on theproject. If a final theoryexamis preferred(insteadof a project– thedefault optionfor this
course),only thosepartsof thecoursefor whichno assignmentsweremadearesubjectmatter.

It is expectedthatall studentsunderstandUniversitypoliciesonacademichonesty.
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