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1. Measuring uncertainty. Probability, basic definitions and rules (addition rule for 
elementary events, conditional probability, multiplication rule, Bayes' Theorem).  

2. Random variable. Discrete and continuous probability distributions. Most common 
models of distributions (Bernoulli, binomial, Poisson, uniform, normal, exponential). 
Parameters of distributions. 

3. Random sampling and statistical inference. Population and random sample, 
methods of sampling, sampling distribution, sampling error. Statistical point and 
interval estimates, the quality of an estimate, confidence interval for mean and 
proportion.  

4. Principles of statistical hypotheses and tests. Type I and type II errors, decision 
rules in statistical tests. Hypotheses about population means and proportions. 
Hypotheses and use of ANOVA (analysis of variance) method. 

5. Relationships between two quantitative variables. Correlation, properties of 
Pearson coefficient of correlation. Univariate and multivariate regression model. 

6. Modelling finite state-space process as Markov chain. Description of the process, 
transition probabilities, regular and absorbing chains, properties and long run 
behaviour, examples. 

7. Statistical models and data. Knowledge extraction from data, principles and steps in 
data mining process, methods of data exploration, measures of diversity.  

8. Modelling, simulation and data. Real world problems, data and simulations of 
random events. Principles and expected statistical properties of pseudorandom 
numbers generators. Statistical properties of pseudorandom numbers generators. 

9. Principles of numerical mathematics and approximation of functions. Arithmetic 
operations and errors in numerical computations. Interpolation by polynomials, 
interpolation by spline functions, least square method.  

10. Solution of nonlinear equations and numerical optimization. Bracketing method 
for locating roots, methods for finding roots of equations, estimation of error bounds, 
conditions of convergence. Minimization of function. 

11. Numerical solutions of systems of linear algebraic equations – direct and indirect 
methods. Gaussian elimination method, partial pivoting, triangular factorization, ill 
conditioning. Iterative methods.    

12. Numerical differentiation and integration, solution of ordinary differential 
equations. Numerical differentiation, basic formulas. Numerical integrations, basic 
and composite rules. Euler’s method and Runge-Kutta methods. 

13. Graph coloring and its application. Graph coloring, chromatic number, independent 
set, independence number, relation between χ(G) a α(G). Heuristic algorithms 
determining chromatic number and their practical applications. 

14. Paths in graphs. Finding the shortest path in various types of ordinary and directed 
graphs. Topological sort and search for the longest path in the acyclic 

15. Searching of labyrinths and Eulerian graphs. Algorithms for searching labyrinths 
and their use. Searching of Eulerian trail in Eulerian graph. Searching of the minimum 
number of trails containing all edges of the given graph. Chinese postman problem.  
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