Systems Engineering:
Multi-formalism Modelling and Simulation

Fall Term2000

General Information

Coursenumber CS308-767A
Coursetitle Multi-formalism Modelling andSimulation
Prerequisites Settheory numericalanalysispbject-orientegorogramming.

Compilersbackgrounds appreciatedbut not necessary
Do not take 767Ain conjunctionwith more than one other“project” course.

Coursevenue McConnelEngineeringoom 320
MondayandWednesdayl 3:00— 14:30(startingWed 6 September)
Instructor Prof. HansVangheluwe

McConnellEngineeringoom 328
tel.: +1(514)39844 46
e-mail: hv@cs.mcgill.ca
Office hours Monday14:30— 18:30(formulatequestionia e-mailfirst)

Course Goals

Objectives

The courseaimsto teachthe generic(i.e., tool and applicationdomainindependentgonceptsof modelling
andsimulation.By theendof this course you shouldhave a deepunderstandingf the conceptof modelling
andsimulationusinga variety (and combination)of formalisms. You shouldbe ableto build, from scratch,
modellingandsimulationsystemgduring the courseonly two areused,othersarebuilt). Thiswill give you
amplebackgroundo understanénduseexisting modellingandsimulationtools. The coursewantsto you for
theapplicationof generaimodellingandsimulationprinciplesto concretgproblems.Throughthe assignments
(building prototypemodellingandsimulationtools),someexperiencen structuredpbject-orientediesignand
implementatiorshouldbe acquired.

Thecourses mainfocusis not

e how to usesimulationtools. By implementingyour own prototypesasedon thetheory amuchdeeper
insightwill begained;

e how to apply modelling and simulationin specificdisciplines. Applications (software processmod-
elling andsimulation,reactve systemslesign,populationdynamicsanalysis,mechatronicssupermar
ket queueingetc.) areusedto illustratethe differentmodellingformalismsandsene asusecasedor
thetoolsbuilt in theassignments.



Rationale and Content

In the course a bird’s eye view of the state-of-the-arin modellingandsimulation(andpossiblya hint of the
future) is presented.Hereby the closerelationshipbetweenmodelling and simulationon the one handand
theanalysisanddesignof complex (softwareandhardware)systemss highlighted.A formal specificatiorof
modellingandsimulationformalismsandprocessesavealstheneedfor ahostof computersciencegechniques
suchasgraphalgorithms,compilers,computeralgebra,software engineeringandgraphicaluserinterfaces.
By meansf thesetechniquesinodellingandsimulationtoolsaredeveloped.

The modelling and simulation formalismsand tools supportingtheir use are themseles highly useful for
the analysis,design,andimplementatiorof comple, often embeddedoftware systemsjnteractingwith the
physicalworld. Thecompleity of currentandfuture systemss notonly dueto alarge numberof components
(tackledby hierarchicadecomposition)but is alsocausedy theincreasingiversityof componentandprob-
lem aspectsA photocopieffor examplecombinessoftware,analogelectronic,digital electronicelectrostatic,
thermodynamichydraulic,. .. aspectandcomponentsTo easilyexpressthe structureandbehaiour of such
systemsmulti-formalismmodelscanbe used. Suchmodelsare a basisfor documentationanalysis formal
proof, simulationwhat-if analysis pptimizationand(embeddedapplicationcodegeneration.

The coursepresentsa holistic view of the modelling and simulation enterprise. Ratherthan focusingon
particularapplicationsor on specifictools, it startsfrom a generalmethodologywhich stresseshe generic,
application-independerdspectsof modelling formalismsand their implementation. The main aim of the
courseis to provide the theoreticalbackgroundmethodstechniquesndtoolsfor complex problemsolving,
with emphasi®nthe softwareaspects.

Theformalismscoveredrangefrom CausaBlock Diagrams Differential AlgebraicEquationsForresterSys-
tem Dynamics,andBond Graphsto Finite StateAutomata,StateCharts,PetriNets,DEVS, andthe different
DiscreteEventWorld Views. More importantly the relationshipetweerthese how to meaningfullycouple
themaswell astheir relatve meritsanddisadwantagesareinvestigated.For eachformalism,the designand
—possiblydistributed—implementatiorof a solveror simulationkernelis presented.

Fromthe practitioners point of view, the coursedescribeslifferentmodellingformalisms existing languages
andto alesserextent,tools. Fromthe computerscientists point of view, the coursedescribeghe techniques
andstandardemployedin the constructiorof modellingervironmentsandsimulators.

Topics and Schedule

An overview of topicscoveredis presentedvith the scheduleof classes.
As the courseprogressesthis overview will befilled in with links to presentatiomaterial,online articles,
assignmentsetc.

Method of Instruction

Ex cathedrdectureswith (hopefully) frequentinteractionfrom theaudience.

Eachgroupof new topicswill beimplementedn anassignmentisingthe “executablepseudocodescripting
languagePython.

Course Materials

Thereare no requiredtexts. Before/duringeachlecture,both notesand articleswill be madeavailable,in
electronicform wheneer possible.

Themostrelevantbooksare:

e Thetheoryof modellingandsimulationis presentedn Zeigler[10]. Thisis thesecondandcompletely



re-worked editonof his seminalwork, first publishedn 1976[9]. The new editionis the foundationfor
ary developmentin modellingandsimulation. It hasa strongfocuson DEVS (DiscreteEvent System
Specification) We will coverat most25% of thebook (tempusfugit, alas).

e Continuousmodelling, including non-causaimodelling and Bond Graphsis coveredin Cellier [2].
Causalmodellingandsimulation,in particularSystemDynamicsstyle modellingis presentedhrough
a plethoraof examplesin Bossel[1]. Codefor the numericalanalysisusedin continuoussimulatorsis
foundin NumericalReciped8].

e A standardeferencedor (mainly) discreteeventsimulationis Law andKelton[5]. We referto it for its
treatmenbf pseudo-randomumbergeneratorandstatisticalanalysisof results.The (out of print, ex-
ceptin Indianedition) SystemSimulationbookby Gordon[3] presentshestill popularGeneraPurpose
SimulationSystem(GPSS)epresentatie for the Procesdnteractionworld view.

e All examplesaswell asprogrammingassignmentsvill usethe scriptinglanguagePython. A hostof
informationon Pythonis availableonline at www.python.ogy. LearningPython[6] is a thoroughintro-
ductionto Python. ProgrammingPython[7] goesinto far moredetailanddescribesiow to embedand
extendPython.To developGUIsin Python(with Tkinter), Graysor4] providesanin-depthframework.

With the exceptionof Cellier's book (to be ordered),the above are available at the PhysicalSciencesand
Engineering.ibrary (PSEL).
A list of (suggesteddeferenceso articlesandwebsitess found on eachlectures page.

Assignments and Evaluations

Assignments and Projects

e 4 small exerciseg(typically, the useof an existing modellingandsimulationsystem,e.g., GPSSexer
cises).

¢ 4 large softwae developmengassignmentsTherationaleis thatthe Modelling and Simulationsoftware
tools to be developedin the projectsare representatie for “complex” software systems. During the
development,mostof the typical software engineeringproblemswill be encountered.Obviously, the
developmentof thesetoolswill alsoprovide insightinto the (often abstractModelling and Simulation
concepts.

e 1 project,similarto anassignmentbut larger. It is typically anelaboratiorof a previousassignmentA
projectshouldbe choserandstartedassoonaspossible.

Someassignmentandtheprojectmaybeworkedonin teamgof 2 or 3 members)thoughthisis notnecessary
Individual work mustbeindicated.

Grading

Assignmentsandprojectswill bejudgedon:

correctness,
structureandcompleteness,
amountof work,

originality,

presentation.

Gradeswill bedistributedoverassignmentandproject/exam:

e 60% on assignmentsWeightingof individual assignmentss basedon difficulty andamountof work.
Largeassignmentsarryatleasts timesasmuchweightassmallexercisege.g., GPSSmini-assignments).
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e 40%ontheproject. If afinal theoryexamis preferred(insteadof a project— the default optionfor this
course)only thosepartsof the coursefor which no assignmentsieremadearesubjectmatter

It is expectedthatall studentsinderstandUniversity policieson academidonesty
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