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Course Objectives:

Simulation is a powerful tool used to study comgstems and to propose alternative solutionsistig problems. In
recent years, several modelling formalisms haven lteweloped to specify dynamic systems formallggiag from
gueuing systems up to functional models, and olaented techniques. The main goal of this coigge introduce
different modeling and simulation techniques, faegén the practical use of the techniques for ningend simulation
of complex systems. Complex physical systems asatetie event systems will be analyzed using the & Cell-
DEVS formalisms. Parallel simulation synchronizatimechanisms will be introduced. The focus wilploeinto DEVS
techniques, but comparison with other existing rmadms will be attacked.

DEVS (Discrete EVents Systems specification) is afithese techniques, which is based on generiardinsystems
concepts. A DEVS model can be described as compafsselveral submodels, each being behavioural (ajoon
structural (coupled). Tested models can be reusabiancing reliability, reducing testing time andpioving
productivity. Recently, the field of cellular contg has received important advances. Cellular risoae usually
defined as infinite regular n-dimensional lattiedsse cells can take one finite value. The staitdisa lattice are up-
dated according with a local rule function using gresent cell state and a finite set of nearldg.cEhe Cell-DEVS
formalism uses the DEVS formalism to define a spdice where each cell is defined as a DEVS atomitemThe goal
is to build discrete event cell spaces, improvimgrtdefinition by making the timing specificatiomre expressive. This
new method allows proper definition of timing projpes for the model. The simulation literature skdhat the use of
parallel simulation mechanisms is a promising appinco obtain results, because it allows speedutheisimulation
process. The provision of a meaningful sample bBb®r by using sequential execution is a time aarisg process.
These assertions are valid for the simulation dFBEVS, because they involve a high degree of catafon time.

Textbook:
“Discrete-Event Modeling and Simulation: a Praotigr's approach”. G. Wainer. CRC Press. Tayloraadcis. 2009.

References:

Different materials will be posted in the coursebsite: http://www.sce.carleton.ca/courses/sysc-510A¢luding:

- "CD++: a toolkit to define discrete-event modelS" Wainer. IrSoftware, Practice and Experiend¥iley. Vol. 32,
No.3. November 2002. pp. 1261-1306

- "N-Dimensional Cell-DEVS". G. Wainer, N. Giambids Discrete Events Systems: Theory and Applicatidhsver.
Vol. 12, No. 1. January 2002. pp. 135-157.

- "Timed Cell-DEVS: modeling and simulation of cgflaces". G. Wainer, N. GiambiasiDiscrete Event Modeling &
Simulation: Enabling Future Technologie3pringer-Verlag. 2001.

Support materials (some on hold in the Universityjlsrary):

ZEIGLER, B.; KIM, T.; PRAEHOFER, H. "Theory of Motleg and Simulation "Academic Pres2000.
ZEIGLER, B. "Object-oriented simulation with hiechical modular models’Academic Pressl990.
SARJOUGHIAN, H; CELLIER F. (Eds.) "Advances in diste-events simulation”, Springer-Verlag 2001.
ZEIGLER, B.; KIM, T.; PRAEHOFER, H. "Theory of Motleg and Simulation"Academic Pressl976.
FISHWICK, P. "Simulation model design and executid®rentice-Hall. 1995.

PREREQUISITES: The course is self-contained. It is expected thelesits are able to program in C++ (basic
knowledge). If you have any doubts about your bemlkigd, ask the instructor .
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Cour se components

» Assignments (2): Assignment 1. modeling discreter¢gystems using DEVS. Assignment 2: Modeling
physical systems using Cell-DEVS. Every assignméihbe based on model development in the area of
expertise of each student, and chosen by the dtudecording to their personal interests. An ihigéguirement
report will be requested (1-page report indicatmgmain aspects of the model to develop). Theestisdwill
have 2 weeks to solve each assignment, after vehfctal report will be submitted.

» Term Project/Seminar: a project on the design empdémentation of a simulation model based on the
techniques taught in the course OR extensive fitezaeading/summarizing (including a Seminar pres@n)
Different projects/topics will be available (seer@examples of previous projects in the course agép.
Group projects will be permitted. The final repaill be due the last day of classes. The studeilthawve one
month to develop the final project. The studentsda a 15 minutes presentation about their terojgmt
during the last weeks of classes (the studentexgrected to present their project general aspedtstatus).
During the WIP presentation, the students selecBist Project awarddost of the projects in the course are
very original and they are usually submitted to fesences and/or student paper conté¢see examples in the
course webpage).

Grading Scheme:
Assignments: 40% (20% each)
Term Project: 50%
Project WIP presentation: 10%

Tentative Week-By-Week Outline

1. Course objectives, organization and administnatintroduction to general Modeling and Simulatgamcepts.
Model categories: conceptual, declarative, funetipand spatial. System dynamic formalisms. Clasgibn.
Examples of different systems dynamics: DESS, DTH3/S. Multimodel formalisms.

2. Systems theoretical formalisms. Declarative Maikfinition with state machines. Introduction tetP Nets.
Introduction to the DEVS formalism. DEVS atomic nebdefinition.

3. DEVS models dynamic behavior. DEVS coupled rhdéénition. Tie-breaking for simultaneous ever@sosure
under coupling. The CD++ tool.

4. Modeling and simulation of DEVS using the CD-®#lt Modeling and simulation of DEVS using the CDtosl
(Tutorial).

5. Space-based approaches. Cellular Automata.

6. Introduction to the Cell-DEVS formalism. Speciiion of models using Cell-DEVS.

7. Specification of models using Cell-DEVS and teditools. Advanced Cell-DEVS models using CD++ [3E¥lated
tools in different areas. Specification of modedtng Cell-DEVS and related tools (Tutorial).

8. Continued: advanced Cell-DEVS models using CDEYS related tools in different areas: : biologafersheds, fire
spread, ant colonies), physics (crystal growthicktgases, heat diffusion), and artificial systeasban traffic, etc).
Triangular and hexagonal meshes. Definition of icwaius and hybrid systems in DEVS.

9. Definition of continuous and hybrid systems EB5. DEVS simulation mechanisms. DEVS simulatiocihagisms
for spatial models.

10. Parallel DEVS and Parallel Cell-DEVS simulato€ell-DEVS simulators. Hierarchical and flat siaalrs.
Definition of parallel DEVS and parallel Cell-DEVW&odels using the CD++ toolkit. High performancéntéques using
parallel simulation. Synchronization mechanismpganallel simulations.

11. Model definition based on Logical Process fiarti Optimist and pessimist algorithms.

12. Presentation of Term Projects.

13. Current advances in DEVS and Cell-DEVS resed&eliew and best project award presentation.



