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Educational Program  09.03.01 Computer Science and Computer Engineering (Network 
Information Technologies) 

Educational Program 
Coordinator 

Ivan Tomilov (Novosibirsk State Technical University, Russia) 

Course Type 
(elective/compulsory) 

Elective 

Credits 3 ECTS, 61 contact hours 

Lecturers Dmitry Dostovalov (Novosibirsk State Technical University, Russia) 

Instructors Evgeny Popov (Novosibirsk State Technical University, Russia) 

Level Undergraduate 

Host Institution Novosibirsk State Technical University, Faculty of Automation and 
Computer Engineering, Department of Automated Control Systems 

Course Duration February 10 – June 13, 2020 

Description 
This course is dedicated to object-oriented modeling of dynamic systems in the Modelica 

language and simulation of such models using the Modelica-based environment OpenModelica. 
The course teaches the basic theoretical concepts of physical and object-oriented modeling. The 
key constructs of the Modelica language, such as classes, packages, functions, algorithms, 
equations, are introduced in the course. It also addresses issues related to simulating differential-
algebraic systems of equations, i. e. computational causality, index, initialization, stiffness, etc. 
The DASSL algorithm is discussed. Also, detection of events in multi-mode (hybrid dynamical) 
systems is briefly covered. 

This course is based on the course with the same name taught by professors Alfonso 
Urquía Moraleda, Carla Martín Villalba, Miguel Ángel Rubio González, Victorino Sanz Prat at  
Universidad Nacional de Educación a Distancia (Madrid, Spain). 

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. 

Goals 
The course is intended to teach the students: 

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

problems; 



 

  

Innovative teaching and learning strategies in 
open modelling and simulation environment for 
studentcentered engineering education Projekt-
Nr.: 573751EPP-1-2016-1-DE-EPPKA2-CBHE-JP  

 
 

 
*The European Commission's support for the production of this publication does not constitute an endorsement of 
the contents, which reflect the views only of the authors, and the Commission cannot be held responsible for any use 
which may be made of the information contained therein.  

 

P
ag

e2
 

- 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; 

- to develop object-oriented models of physical systems. 

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

1. design model libraries applying the object-oriented modeling methodology; 
2. develop and use model libraries in Modelica; 
3. relate modeling hypotheses and numerical behavior of DAE hybrid models, including 

stiffness, algebraic loops, chattering and high index; 
4. formulate manually the simulation algorithm of small-dimension DAE-hybrid models, 

which includes assigning the computational causality, reducing the DAE index, applying 
numerical methods, and handling the events; 

5. use OpenModelica for editing, debugging and translating Modelica models, 
experimenting with the models and analyzing the simulation results. 

Educational Technologies 
The course employs the student-centered 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, 3, 4 N/A 18 

Hands-on assignments/ 
Laboratory works 

1, 2, 3, 4, 5 Class 
participation 
and reports 

36 

Individual work  

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

1, 2, 5 Report and 
presentation 

20 

Group discussion of the 
learned materials and 

1, 3 Participation in 
the discussions 

6 
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completed 
assignments in a 
classroom 

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

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

15 

Preparation for and 
taking the final test 

1, 2, 3, 4, 5 Answers to the 
test  

8 

Total   103 

Class Description 

Topic Form Contents 
Duration, 

hours 

Module 1. Modeling Methodology and Tools 

1.1. Physical modeling lecture Physical modeling paradigm. 
Equation-based modeling 
languages. 

1 

1.2. Object-oriented modeling lecture Object-oriented modeling 
methodology. Object-oriented 
modeling language Modelica. 

1 

1.3. OpenModelica laboratory 
work 

Modeling workflow. Translation 
of a model in Modelica into an 
executable code by 
OpenModelica. Using 
OpenModelica for editing, 
debugging, translating, and 
simulating models in Modelica. 

4 

Module 2. Continuous-Time Atomic Models 

2.1. Continuous-time atomic 
models 

lecture Scalar and vector variables in 
Modelica. Basic types and 
attributes. Declaring and calling 
functions. Developing 
continuous-time atomic models 
in Modelica. 

2 

laboratory 
work 

Using the Modelica.SIunits and 
Modelica.Constants packages of 
the Modelica Standard Library. 

4 
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Using classes, equations, 
algorithms, and functions. 

Module 3. Model Libraries 

3.1. Model libraries lecture Designing model libraries using 
the object-oriented approach. 
Compound models. Inheritance. 

2 

laboratory 
work 

Describing components, 
connectors, and compound 
models. Inheritance. 
Replaceable classes. If- and for-
statement. Developing and using 
model libraries. 

4 

Module 4. Computational Causality 

4.1. Computational causality lecture Analysis of the computational 
causality of a model. Vertical 
and horizontal sorting of 
differential-algebraic systems of 
equations. 

2 

laboratory 
work 

Manually simulating a non-
singular differential-algebraic 
systems of equations 

4 

Module 5. Index and Initialization of a Differential Algebraic System of Equations 

5.1. Index and initialization of a 
differential algebraic system of 
equations 

lecture Notion of, computing and 
reducing the index of a 
differentia-algebraic system of 
equations. Initialization problem. 
Selecting the state variables.  

2 

laboratory 
work 

Manually computing and 
reducing the index of a 
differential-algebraic system of 
equations. 

4 

Module 6. Numerical Methods 

6.1. Algebraic loops in differential-
algebraic systems of equations 

lecture Algebraic loops. Simulation of 
DAEs with algebraic loops. 
Tearing algebraic loops. 

2 

laboratory 
work 

Symbolically and numerically 
dealing with algebraic loops.  
 

4 

6.2. Numerical methods for 
simulating ordinary differential 
and differential-algebraic systems 
of equations 

lecture Numerical methods for 
simulating ordinary differential 
equations and their 
classification. DASSL algorithm. 

2 
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laboratory 
work 

Comparison of numerical 
methods for simulating ordinary 
differential and differential-
algebraic systems of equations. 
Simulation with DASSL. 

4 

Module 7. Hybrid Dynamical Systems. Event Detection 

7.1. Hybrid dynamical systems lecture Specification of hybrid dynamical 
systems. Event detection. 
Multimode models in Modelica. 
Event chains. 

2 

7.2. Mathematical modeling of a 
hybrid dynamical system 

laboratory 
work 

Describing a mathematical 
model of a multimode system. 
Drawing a hybrid automaton. 
Describing the continuous 
behavior and transitions. 

4 

7.3. Event detection  lecture Event detection in Modelica-
based environments. 
Interpolation and extrapolation 
event detection algorithms. 

2 

7.4. Computer modeling and 
simulation of a hybrid dynamical 
system 

laboratory 
work 

Creating a computer model of a 
multimode system. Simulating 
the system and analyzing the 
results. Recognizing event chains 
and Zeno behavior.  Simulating a 
hybrid dynamical system with 
the event detection algorithm. 
Studying how inaccuracies in 
event detection affect the global 
behavior. 

4 

Total 54 

Assignments  
The course assignments include 
- the nine laboratory works; 
- an individual course assignment (project).  
 
Students can form a team of up to three for carrying out the course project together. 
 
Examples of an individual course assignment (project) are: 
1. Model and simulate a hydraulic system. 
2. Model and simulate an electric power system. 
3. Model and simulate a mechanical system. 
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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 (20%). 
 

Literature 
Main literature 
1. Urquía Moraleda A., Martín Villalba C. Modeling and Simulation in Engineering Using 

Modelica. – Madrid, Spain: UNED, 2018. 
2. Shornikov Y. V., Dostovalov D. N. Fundamentals of Event-Continuous System Simulation 

Theory. – Novosibirsk, Russia: NSTU Publisher, 2018. 
3. The Modelica Tutorial, version 1.4 (www.modelica.org/documents/ModelicaTutorial14. 

pdf). 
 

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

Russia, 2011 (in Russian). 
2. Fritzson P. Principles of Object-Oriented Modeling and Simulation with Modelica 3.3: A 

CyberPhysical Approach. – Wiley-IEEE Press, 2015. 
3. Cellier F. E. Continuous System Modeling. – Springer-Verlag, 1991. 
4. Cellier F. E., Kofman E. Continuous System Simulation. – Springer, 2006. 
  

Internet resources required for studying the course 
1. http://openmodelica.org/ 

http://openmodelica.org/

