Course title: Digital Modeling
Course code: DM

Classification of a course group: common subjects
Course type: basic

obligatory
Field of study: computer science
Level of study: second-cycle
Profile of study: general academic
Mode of study: full-time programme
Specialty (specialisation):
Year of study: 1,2
Semester: 1,2

Teaching modes and teaching hours:
lectures — 45 (30+15)
classes — 15 (15+0)
laboratories — 30 (0+30)
Language/s of instruction: english
Number of ECTS credits (according to the study programme): 6 (3+3)

* — leave the appropriate option
1. Course objectives:

The aim of the lecture is to provide students with basic knowledge in the field of modeling dynamical systems,
algorithms used in models of continuous systems and discrete events systems, formalization of modeling purpose and
automation of experiments. The purpose of the classes and laboratory exercises is to acquire skills in the use of various
means of describing dynamic systems, determining state equations, assessing stability of models, using program
resources to create digital models and processing and analyzing outcomes of experiments.

2. Relation of the field-related learning outcomes to modes of teaching and methods of verification as well as to assessment
of student’s learning outcomes:

verification
assumed learning outcomes : methods and
teaching modes .
a student who completed the course: learning outcomes
assessment

symbol

Knowledge: a student knows and understands

methods of description of continuous
dynamical systems useful in finding lecture, classes,
solution of advanced problems of laboratory

computer science

K2A W01 test, exam

Skills: a student can

can use simulation tools like R, Matlab,

. . . . lecture, classes
K2A U06 OMNET++ taking into account their evolving ! !

test, report, exam

1
functionalities aboratory
can obtain state equations and use them for Lecture
K2A U07 building models by applying simulation laborat;ry test, report, exam
tools
can define a goal of research as a
. . . lecture,
K2A U009 parametric optimization problem test, report, exam
- laboratory
can build discrete event system using lecture,
K2A U13 . . test, report, exam
- simulation tools laboratory

Social competences: a student is prepared to

3. The content of study programme ensuring learning outcomes (according to the study programme):
Methods of description of continuous dynamical systems.
Methods of numerical integration of state equations.
Assessment of dynamical system stability.
Methods of solving parametric optimization problem.
Methods of pseudorandom number generating.
Concept of constructing models of discrete event systems.

4. Description of methods of determination of ECTS credits:
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Type of activity Number of hgurs
/ ECTS credits
Number of course hours regardless of a teaching mode 90/3
Student’s workload 1~ 30/1
Student’s workload 2 30/1
Student’s workload n’ 15/0
The other™ 15/1
Total hours: 180
Number of ECTS credits allocated to a course 6

Explanation:
* — student’s workload - fill in the types of activities, e.g. preparation for a course, interpretation of results, making a course report, preparation for an exam,
studying sources, making a project, presentation and report, doing written assignment, etc.
™ _the other e.g. extra course hours
5. Summary indexes:
— number of course hours and ECTS credits at the course with a direct participation of academic teachers or other
persons running the course and supervising students: 105/3 ECTS

— number of course hours and ECTS credits at the course related to the scientific activity conducted at the Silesian
University of Technology in a discipline or in disciplines to which a field of study is assigned - in the case of studies
with a general academic profile: 90/6 ECTS

— number of course hours and ECTS credits at the course developing practical skills- in the case of practical studies; —

— number of course hours conducted by academic teachers employed by the Silesian University of Technology as their
primary workplace: 90

6. Persons conducting particular modes of courses (name, surname, academic degree or degree in arts, title of professor,
business e-mail address):

1) Dariusz Rafat Augustyn, dr inz., draugustyn@polsl.pl

2) Henryk Josifiski, dr inz., Henryk.Josinski@polsl.pl

3) Adam Switonski, dr hab. inz., prof. PS, Adam.Switonski@polsl.pl
4) Marcin Skowronek, dr inz., Marcin.Skowronek@polsl.pl

5) Lukasz Wycislik, dr inz., Lukasz. Wycislik@polsl.pl

6) Robert Tutajewicz, dr inz., Robert. Tutajewicz@polsl.pl

7) Ewa Starzewska-Karwan, dr inz., Ewa.Starzewska-Karwan@polsl.pl

7.  Detailed description of teaching modes:
1) lectures:
— detailed programme’s content:

Models, modeling and simulation. Classification of modeling methods. Goals and stages of modeling. Dynamical system
models. Methods of description of linear dynamical systems: differential equations, transfer functions, matrix transfer
functions. Examples of description of basic elements. Holistic and structural methods. Block diagrams and transformation
rules. State equations of a linear system. Discrete linear dynamical systems. Examples of discrete systems. Discrete
transforms. Transfer function of discrete systems. State equations of a discrete system. Nonlinear continuous systems.
Linearization. Phase plane method. Equilibrium point. Nonlinear discrete systems. Properties of dynamical systems. Stability
concept. Conditions of linear continuous systems. Hurwitz stability criterion. Conditions of linear discrete systems. Applying
Hurwitz criterion. Stability of nonlinear systems. Lapunov theorem.

Model of continuous systems. Element of model. Example of model building using general algorithmic language. Matlab-
Simulink — description and scope of applying. Workspace, matrix operations, graphics, scripts and function M-files.
Examples of building of continuous system model and conducting of simulation. Numerical integration methods for
obtaining approximate solution of differentia equations. Single-step and multi-step methods. Changes of order and step of
integration method. Local truncation error. Convergence and stability of integration method. Sample model in Simulink.

Automation of modeling tasks. Definition of modeling goal as a task of parametric optimization problem. Algorithm of
solving parametric optimization problems. Methods of minimum finding with keeping travel direction track. Gradient
methods. Methods of obtaining gradient components. Method of penalty function for solving problem of optimization with
constraints. Solving parametric optimization problem using model built in Matlab, Matlab-Simulink, R.

Models of discrete event systems. Elements of discrete event systems. Description and evaluation of discrete event systems.
Models based on activity selection concept. Model based on event planning concept. Model based on process interaction
concept. Evaluation of simulation results. Description of Computer Simulation Language (CSL). Elements of CSL++ library.
OMNeT++ description and scope of applying. Example of process interaction concept based on applying SimEvents
package.

Random numbers generating. Generating random numbers with uniform distribution. Verifying of generators:
distributions’ compliance and independence tests. Arithmetical properties of pseudorandom generators. Constructing
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2)

generators of pseudorandom numbers described by any probability distribution. Method of cumulative distribution
function inversion. Method of distribution superposition. Method of elimination. Examples of constructing
pseudorandom generators for selected probability distribution.

— teaching methods, including distance learning:
multimedia presentation

—form and criteria for semester completion, including retake tests, as well as conditions for admission to the
examination:

test

— course organisation and rules of participation in the course, with an indication whether a student‘s attendance is
obligatory

description of other teaching modes:
Classes:

Responses of continuous dynamical systems. Solving of linear state equations system. Properties of transition matrix.
Transforms of step function. Z transform. Solving linear differential equations with constant coefficients. Applying Z
transform. Finding state equations for dynamical system. Obtaining initial conditions for state variables. R
environment — descriptions and basic structures: vectors, lists, matrix, tables, data frames, function object and
instructions. Solving initial condition problem using deSolve package. Simulink package: using operational blocks
for building models. Simulink-based models used in Matlab. Assessment of stability of linear continuous system.
Assessment of stability of integration method used for numerical solving of differential equations.

Laboratories:

During laboratory students solve typical modeling problem using different simulation software tools. Each laboratory
exercise takes 4 hour units.

1) R environment — responses and phase portraits of dynamical systems.

2) Matlab-Simulink environment.

3) Matlab-Simulink environment — parametric optimization task.

4) CSL++ library — models of discrete event system using activity selection concept.

5) SimEvents package — models of discrete event system using process interaction concept.
6) OMNEeT++ environment — models of discrete event system using event planning concept.

8. Description of the method for determining the final grade (rules and criteria for evaluation, as well as the final grade
calculation method in the case of a course comprising more than one teaching mode, taking into account all teaching
modes and all exam dates and credit tests including retake exams and tests):

The class mark is determined by the marks of two tests. Each test must be passed at least with a mark greater than
or equal to 3. There are only two correction tests. The final class mark is the average of all obtained marks.

Semester 1 — the final mark is determined on the basis of the following marks:

— the final class mark (with weight coefficient equal to 2/3),

— mark of the test conducted at the final lecture (with weight coefficient equal to 1/3).
Semester 2 — the final mark is determined on the basis of the following marks:

—  the exam mark (with weight coefficient equal to 2/3),

— mark of the test conducted at the final lecture (with weight coefficient equal to 1/3).

The condition for admission to the exam is a positive final mark of laboratory exercises. The exam consists of task
and test parts.

9. Method and procedure for making up for

student's absence from the course - Student is obliged to work the missing classes and laboratories off. The date
should be determined individually with the teacher.

differences in study programmes for students changing their field of study, changing university or resuming studies
at the Silesian University of Technology - It should be determined individually with the student on the basis of the
subject card, implemented learning content.

10. Prerequisites and additional requirements, taking into account the course sequence:

Analysis and linear algebra. Numerical methods. Statistics methods. Theory of computer science. Computer programming.
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Student has knowledge including: linear algebra, differential equations, numerical algorithms, description of random

vari

11.
1)
2)
3)
4)

5)
6)
7)
8)
9)

ables, statistical hypothesis testing, queuing theory.

Recommended sources and teaching aids:
M. Skowronek: Modelowanie cyfrowe. Wyd. 2, Wyd. Pol. S1., Gliwice, 2012.
M. Skowronek — red.: Modelowanie cyfrowe — zadania. Wyd. 2 zmienione. Wyd. Pol. $1., Gliwice, 2016.
Tyszer J.: Symulacja cyfrowa. WNT, Warszawa, 1990.

Osowski S.: Modelowanie i symulacja uktadéw i procesow dynamicznych. Oficyna Wydawnicza Politechniki
Warszawskiej, Warszawa, 2007.

Sradomski W.: MATLAB. Praktyczny podrg¢cznik modelowania. Helion, Gliwice, 2015.

Biecek P.: Przewodnik po pakiecie R. Wyd. 4, Oficyna Wydawnicza GIS, 2017.

Soetaert K., Cash J., Mazzia F.: Solving Differential Equations in R. Springer, 2012.

Fishman G. S.: Discrete-Event Simulation: Modeling, Programming and Analysis. Springer-Verlag, New York, 2001.
OMNEeT++ 5.4. User Manual. http://www.omnetpp.org/doc/manual/usman.html.

10) Matlab R2016b — Programming. The MathWorks Inc., 2016.

11) Simulink R2016b — Using Simulink. The MathWorks Inc., 2016.

12) Matlab R2016b — SimEvents. The MathWorks Inc., 2016.

13) Atkinson K.E.: An Introduction to Numerical Analysis, Wiley., 1988.

14) Butcher J.C.: Numerical Methods for Ordinary Differential Equations, Wiley., 2016.

15) Chapra, S.C. Canale R.P.: Numerical Methods for Engineers, McGraw-Hill., 2015.

16) Hairer E., Norsett S.P., Wanner G.: Solving Ordinary Differential Equations | Nonstiff Problems, Springer., 1993.

17) Iserles A.: A First Course in the Numerical Analysis of Differential Equations, Cambridge University Press., 2008.

12.

13.

Description of teachers’ competences ( e.g. publications, professional experience, certificates, trainings etc. related to the
programme contents implemented as a part of the course):

All teachers are co-authors of handbook titled ,,Modelowanie cyfrowe — zadania”.
Publications:

H. Josifiski, A. Switonski, K. Jedrasiak, A. Polanski, K. Wojciechowski: Matlab Based Interactive Simulation Program
for 2D Multisegment Mechanical Systems. Proceedings of the International Conference on Computer Vision and
Graphics ICCVG 2010, LNCS 6374, Springer, pp. 131-138.

L. Wycislik, P. Wiejak: Implementacja biblioteki modelowania uktadow zdarzen dyskretnych opartej na jezyku CSL, z
wykorzystaniem platformy. NET. Studia Informatica, vol. 31 nr 2B (112), Gliwice 2013.

D.R. Augustyn, L. Warchat: Cloud Service Solving N-Body Problem Based on Windows Azure Platform.
Communications in Computer and Information Science, Computer Networks, vol. 79, Springer-Verlag 2010, pp. 84-95.

D.R. Augustyn, Sz. Kunc: Efektywno$¢ programow symulacji cigglych uktadéw dynamicznych, wykorzystujacych
modut Parallel Extensions to .NET Framework, uruchamianych na komputerach z procesorami wielordzeniowymi.
Studia Informatica, vol. 31 nr 3(91), Gliwice 2010, s. 53-76.

D.R. Augustyn, Sz. Kunc: Modut translacji jezyka MATLAB na C#, wspomagajacy tworzenie programow symulacji
ciggtych uktadow dynamicznych, dziatajacych w $rodowisku uruchomieniowym .NET. Studia Informatica, vol. 31 nr
3(91), Gliwice 2010, s. 77-94.

D.R. Augustyn: Wydajno$¢ mechanizméw modutu Parallel Computing Toolbox systemu MATLAB w zréwnoleglonej
realizacji symulacji ruchu ciat w polu grawitacyjnym. Studia Informatica, vol. 31 nr 4A(92), Gliwice 2010, s. 33-74.

D.R. Augustyn: CSL# - .NET Computer Simulation Language - $rodowisko do budowy modeli i symulacji uktadow
zdarzen dyskretnych. Sieci komputerowe. Nowe technologie, WKL 2007, s. 291-304.

D.R. Augustyn, L. Wycislik: Technologia Web Services i .NET w rozproszonej realizacji zadania optymalizacji
parametrycznej w modelowaniu ciggltych ukladow dynamicznych. Wspolczesne problemy sieci komputerowych.
Zastosowanie i bezpieczenstwo, WKL 2004, s. 251-255.

D.R. Augustyn, L. Wycislik: Zastosowanie technologii rozproszonego przetwarzania DCOM firmy Microsoft Corp. w
zrownoleglonej realizacji zadania optymalizacji parametrycznej. Studia Informatica, vol. 24 nr 3(55), Gliwice 2003, s.
283-291.

Other information:
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