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Short description:

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 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.
Description:

ECTS: 3

Total workload: 90 (45 contact hours / 45 student’s own work hours)

Lectures: 30h

Classes: 15h

Student’s own work: preparation for classes, preparation for tests
Lectures:

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.

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.
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Mechanical Systems. Proceedings of the International Conference on Computer Vision and Graphics ICCVG 2010, LNCS 6374, Springer,
pp. 131-138.

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

* D.R. Augustyn, £. 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: Efektywnos$¢ programoéw symulacji ciagtych uktadéw dynamicznych, wyko-rzystujacych 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 srodowisku 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 zréwno-leglonej realizacji symulaciji
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 - srodowisko do budowy modeli i symulacji uktadéw zdarzen dyskretnych.
Sieci komputerowe. Nowe technologie, WKL 2007, s. 291-304.

» D.R. Augustyn, . Wycislik: Technologia Web Services i .NET w rozproszonej realizacji zadania optymalizacji parametrycznej w
modelowaniu ciagtych uktadéw dynamicznych. Wspéitczesne problemy sieci komputerowych. Zastosowanie i bezpieczenstwo, WKL 2004,
S. 251-255.

* D.R. Augustyn, £. Wycislik: Zastosowanie technologii rozproszonego przetwarzania DCOM firmy Microsoft Corp. w zréwnoleglonej
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Learning outcomes:

The student has a structured knowledge of differential equations and mathematical statistics. The student can describe and solve
continuous systems using differential equations and L-C transforms.

The student has knowledge of creating digital models of continuous systems, discrete systems, and discrete-event systems (K2A_WO01).
The student can independently complete tasks within laboratory exercises (K2A_U06). The student can independently conduct simulation
experiments, interpret obtained results, and draw conclusions (K2A_UQ7).

The student can evaluate the effectiveness/optimality of proposed simulation models (K2A_U09).

The student can select appropriate simulation software tools for modeling purposes (K2A U13).

Assessment methods and assessment criteria:

Method of knowledge verification:

Kolokwium (classes)

In the 1st semester a student must pass two tests and must have positive both final marks.

The syllabus is valid from the 1st semester / academic year 2025/2026-Z, and its content is not subject to change during the semester.
Course credits in various terms:

Informatics, full-time master degree studies 3 sem. (InfAAu-SM3)
Type of credits Number First term Last term

European Credit Transfer System (ECTS) 3 2020/2021-2
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