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Lecturers Dmitry Dostovalov (Novosibirsk State Technical University, Russia) 
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Description 
The Simulation Fundamentals course is an introduction to simulation of complex dynamic 

systems, including hybrid dynamical systems. They exhibit both continuous and discrete 
behavior, arise in many applications, such as mechanical, electrical, and power engineering, 
biological and economical systems. Although the emphasis is made on simulation of systems of 
this kind, a significant part of the course is dedicated to modeling of such systems both 
mathematically and in a textual modeling language named LISMA. The students learn the 
fundamentals of numerical methods for solving systems of ordinary differential equations, 
methods for detecting events in hybrid dynamical systems, how to apply them in order to 
simulate a hybrid dynamical system. The hands-on assignments are implemented in a modeling 
and simulation environment named ISMA. The course has an identically entitled electronic 
module in the OMSE with the materials from the required textbook and guidelines, video 
lectures, and virtual laboratory benches. A virtual laboratory bench allows a student to model, 
simulate, visualize a certain system in the window of a browser. The students can individually 
work with the electronic module in and outside the classroom. 

Target Student Audiences 
Second year (4th semester) undergraduate students in the “09.03.01 Computer Science and 
Computer Engineering (Network Information Technologies)” educational program. 

Prerequisites 
Knowledge in the following fields is highly recommended:  

- physics, 
- numerical methods. 
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Goals 
The course is intended to teach the students: 

- the theoretical basics of modeling and methods of adapting models for particular 

problems; 

- to use mathematical modeling and simulation methods and software tools for solving 

professional problems; 

- to write research reports complying with GOST; 

- to perform comparative analysis of the effectiveness and efficiency of different 

mathematical modeling and simulation methods; 

- to mathematically formalize professional problem statements; 

- to justify mathematical methods (models), computer technologies, and tools chosen for 

solving a particular professional problem. 

Learning Outcomes 
Upon completion of the course, the students should be able to: 

1. determine the class of a given model according to no fewer than three classification 
criteria; 

2. give an example of a real dynamical system and its mathematical description; 
3. justify the choice of a numerical method for solving a given problem taking into account 

their features; 
4. formulate the general simulation algorithm taking into account the current behavior of 

the solution; 
5. build a hybrid automaton for a given unformalized system description; 
6. transform a mathematical model into a computer model in the modeling environment 

ISMA; 
7. set simulation parameters in a simulation environment; 
8. determine the stability of a system, given its solution plot; 
9. obtain correct simulation results. 

Educational Technologies 
The course employs the student-centered, blended, and project-based learning methodologies. 

Student Workload 
The table below summarizes the course workload distribution. 
 

Activities 
 

Learning Outcomes Evaluated Workload, 
hours 

Classroom activities 

Lectures 1, 2, 3, 4, 5, 7, 8, 9 N/A 18 

Hands-on assignments/ 
Laboratory works 

3, 5, 6, 7, 8, 9 Class 
participation 
and reports 

36 

Individual work  
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Doing and presenting 
an individual or team 
course assignment 
(project) 

3, 5, 6, 7, 8, 9 Report and 
presentation 

20 

Group discussion of the 
learned materials and 
completed 
assignments in a 
classroom 

3, 5, 6, 8, 9 Participation in 
the discussions 

6 

Individually learning 
the main and 
additional literature on 
the course and 
preparing for the 
lectures and laboratory 
works 

1, 2, 3, 4, 5, 6, 8, 9 Completed 
course 
assignments 
and 
participation in 
the discussions 

15 

Preparation for and 
taking the final test 

1, 2, 3, 4, 5, 6, 8, 9 Answers to the 
test  

8 

Total   103 

Class Description 

Topic Form Contents 
Duration, 

hours 

Module 1. Introduction to Modeling and Simulation 

1.1. Modeling and simulation lecture Mathematical and computer 
modeling and simulation. Types 
of models. 

1 

1.2. Course overview lecture Overview of the course, its 
structure and grading policy. 

1 

Module 2. Dynamical Systems 

2.1. Dynamical systems lecture Modeling dynamical systems. 
Ordinary differential equations 
(ODE). Examples of dynamical 
systems. 

2 

2.2. Computer modeling a 
dynamical system in a textual 
language 

laboratory 
work 

The students create a computer 
model of a dynamical system, 
simulate the model. Virtual lab 
“Slowing boat”. 

4 

2.3. Drawing a block diagram of a 
dynamical system 

laboratory 
work 

The students create a block 
diagram of a dynamical system, 
simulate the model, find out 
that the textual and block 
models are equivalent. 

4 
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2.4. Analyzing the stability of a 
dynamical system 

laboratory 
work 

The students simulate the 
model, visualize the results, and 
determine if the system is 
stable. 

4 

Module 3. Theory of Ordinary Differential Equations 

3.1. Fundamentals of the theory of 
ordinary differential equations 

lecture Existence and uniqueness of the 
solution. Lipschitz continuity. 
Lyapunov stability. Fixed points. 
Stiff systems of ordinary 
differential equations. 

2 

Module 4. Numerical Methods for Solving Initial Value Problems 

4.1. Fundamentals of simulating 
dynamical systems 

lecture Fundamental concepts. Explicit 
and implicit numerical schemes. 
Explicit Euler method. Implicit 
Euler method. Runge-Kutta 4 
method. Error control. 
Numerical stability. Stability 
control. Integration algorithm 
adjusting the step size with 
regard to the current error and 
stability. Runge-Kutta-Merson 
method. STEKS method. 

4 

4.2. Overview of numerical 
methods for solving initial value 
problems 

laboratory 
work 

The students use different 
numerical methods for solving 
an initial value problem, 
compare their effectiveness and 
efficiency, determine when the 
particular methods should be 
used. Virtual lab “Comparative 
study of numerical methods”. 

4 

Module 5. Hybrid Dynamical Systems 

5.1. Hybrid dynamical systems lecture Notion of a hybrid dynamical 
system. Examples of hybrid 
dynamical systems in 
engineering and the nature. 
Formal definition of a hybrid 
dynamical system. Modes. 
Events. Finite automaton. Hybrid 
automaton. Local and global 
behavior. Zeno behavior. 
Discontinuities. 

4 

5.2. Modeling a discrete-
continuous system 

laboratory 
work 

The students model a discrete-
continuous system by describing 

4 
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its modes and drawing the 
statechart. Virtual lab “Tanks”  

Module 6. Types of Events. Simulation of Hybrid Dynamical Systems 

6.1. Events lecture Types of events. Unilateral 
events. Simulation of hybrid 
dynamical systems. 

2 

6.2. Computer modeling of a 
discrete-continuous system. 

laboratory 
work 

The students create a computer 
model of a discrete-continuous 
system in the modeling and 
simulation environment. They 
describe all the possible modes 
of the system. 

4 

6.3. Computer modeling of a 
discrete-continuous system. Using 
event control. 

laboratory 
work 

The students create a computer 
model of a discrete-continuous 
system in the modeling and 
simulation environment. They 
specify the discrete behavior of 
the system using event control.  

4 

Module 7. Singular Regions of Hybrid Dynamical Systems. Event Detection 

7.1. Correct event detection lecture Singular regions of a hybrid 
dynamical system. Problem of 
correct event detection. Using 
the bisection method in event 
detection. Linearization and the 
relaxation method in event 
detection. Asymptotical 
approaching to the event surface 
in the case of an explicit 
numerical scheme. 

2 

7.2. Simulation with the event 
detection algorithm 

laboratory 
work 

The students simulate a model 
with the event detection 
algorithm, study how the event 
detection error influences the 
global solution. Virtual labs 
“Pendulum” and “Jumping ball”. 

8 

Total 54 

Assignments  
The course assignments include 
- the nine laboratory works; 
- an individual course assignment (project).  
 
Students can form a team of up to two for carrying out the course project together. 
 
Examples of an individual course assignment (project) are: 
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1. Model and simulate a hydraulic system. 
2. Model and simulate an electric power system. 
3. Model and simulate a mechanical system. 

Grading 
The students’ final grade is calculated in the following way: 

- Doing the laboratory works (63%); 
- Completing the individual (team) course assignment (project) (12%); 
- Presenting the individual course assignment (project) (5%); 
- Final testing in the OMSE (20%). 
 

Literature 
Main literature 
1. Shornikov Y. V., Dostovalov D. N. Fundamentals of Event-Continuous System Simulation 

Theory. – Novosibirsk, Russia: NSTU Publisher, 2018. 
2. Shornikov Y. V., Dostovalov D. N. Computer modeling and simulation of dynamical systems 

(in Russian). 
 

Additional literature 
1. Bahvalov N. S., Zhidkov N. P., Kobel’kov G. M. Numerical methods : textbook. – Moscow, 

Russia, 2011 (in Russian). 
2. E. Hairer, S. Nørsett, G. Wanner, Solving Ordinary Differential Equations I: Nonstiff Problems, 

Springer-Verlag Berlin Heidelberg, 1993. 
3. E. Hairer, G. Wanner, Solving Ordinary Differential Equations II: Stiff and Differential-

Algebraic Problems, Springer-Verlag Berlin Heidelberg, 1996. 
4. F. E. Cellier, E. Kofman, Continuous system simulation, Springer US, 2006. 
5. Novikov E.A. Explicit methods for solving stiff systems. – Novosibirsk: Science. SB RAS, 1997. 

– 195 p. (in Russian) 
Internet resources required for studying the course 
1. http://sakai.nstu.ru/portal/site/58fd7286-461e-4cbf-9ff6-75fc923ddb99 


