


 

 

 2.1. Definition of a vector, a zero vector, an absolute magnitude of a vector, a 
collinear, and a          coplanar vector.  
 2.2. Collinear vectors theorem.  
 2.3. Multiplication of the vector by a number, adding and subtracting vectors in 
geometric form. Properties of adding vectors and multiplying a vector by a number.  
 2.4. Theorem on the bases of plane vectors and three-dimensional space.  
 2.5. Properties of vectors’ coordinates, decomposed by one basis.  
 2.6. Projection of the vector on the axis and its properties.  
 2.7. Decomposition of a vector based on the basis of vectors and, j, and i, j, k.  
 2.8. Coordinates of the vector in the Cartesian coordinate system and their 
properties.  
 2.9. Definition of unit vector, directional cosines of a vector and their 
calculations.  
 2.10. The scalar vectors multiplication and its properties.  
 2.11. Scalar multiplication through the coordinates of the vectors and its usage: 
finding the angle            between the vectors and vector projection on the 
vector, checking the vectors for             perpendicularity.  
 2.12. Formulas for length and directional cosines of a vector through its 
coordinates.  
 2.13. Theorem on directional cosines.  
 2.14. Physical content of scalar multiplication.  
 2.15. The scalar multiplication and its associated definitions for n-dimensional 
vectors.  
 2.16. Cauchy-Bunyakovsky inequality.  
 2.17. Right-handed and left-handed vectors.  
 2.18. The definition of the vector multiplication and the geometric meaning of 
its length.  
 2.19. The orientation of three vectors in a circular rearrangement.  
 2.20. Physical content of the vector multiplication.  
 2.21. Mixed vectors multiplication and its geometric content.  
 2.22. Properties of vector and mixed multiplication.  
 2.23. Vector multiplication through the coordinates of vectors and its usage.  
 2.24. Mixed multiplication of vectors through their coordinates and their 
application. 
3. Analytical geometry on a plane and in space 
 3.1. The simplest problems of analytic geometry: the distance between two 
points and the separation         of the segment in the given relation.  
 3.2. Finding the middle of the segment.  
 3.3. Equation of a straight line on a plane: through a point and a normal vector, 
common, through        point and directional vector, parametric, and through the 
angular coefficient (geometric content         of the angular coefficient), through 
two points and in the segments.  
 3.4. Distance from point to line.  
 3.5. The angle between the straight lines on the plane.  
 3.6. The conditions of parallelism and perpendicular to the straight lines.  



 

 

 3.7. Equation of a plane through a point and a normal vector, a general 
equation of a plane in space,         through three points and in segments.  
 3.8. Angle between planes and distance from point to plane.  
 3.9. Line in space.  
 3.10. The angle between the straight lines.  
 3.11. The conditions of parallelism and perpendicular to the straight lines.  
 3.12. Some problems of analytic geometry: the angle between the straight line 
and the plane, the            intersection of the straight line and the plane, and the 
transition from the general equations  of           the straight line in space to the 
canonical and parametric ones.  
 3.13. Definition and canonical ellipse equations, hyperbola, parabola.  
 3.14. Formulas for converting coordinates with a rotation.  
 3.15. The task of reducing the general equation of the second dimension curve 
to the canonical form.  3.16. Types of surfaces of the second dimension.  
 3.17. Classification of surfaces of the second dimension.  
 3.18. Conical sections.  
 3.19. Curves of the second dimension as conical cross sections.  
 3.20. Polar coordinate system on a plane.  
 3.21. The equation of some curves in the polar system and its relation to the 
Cartesian coordinate            system on the plane.  
 3.22. Cylindrical and spherical coordinate systems. 
4. Linear spaces and linear operators 
 4.1. Definition of linear (vector) space.  
 4.2. Examples of linear spaces.  
 4.3. Linearly dependent and linearly independent vectors systems.  
 4.4. Definition of the basis of space.  
 4.5. Theorems on the basis.  
 4.6. The lemma about two systems.  
 4.7. Transition matrix.  
 4.8. Connection of vector coordinates in different bases.  
 4.9. The notion of a subspace.  
 4.10. Intersection and sum of subspaces.  
 4.11. Direct sum.  
 4.12. Theorem about direct sum basis.  
 4.13. Theorem about dimension of the sum and the intersection of subspaces.  
 4.14. The definition of a linear operator.  
 4.15. Examples of linear operators.  
 4.16. The matrix of a linear operator in the basis.  
 4.17. The concept of the kernel and the image of a linear operator.  
 4.18. Theorem about dimension of the kernel and the image of a linear 
operator.  
 4.19. Algebra of linear operators.  
 4.20. Concept of the inverse operator.  
 4.21. Concept of the characteristic polynomial of a linear operator.  
 4.22. Eigenvectors and eigenvalues.  



 

 

 4.23. Theorems about eigenvectors.  
 4.24. The concept of a linear operator of a simple structure.  
 4.25. Criteria for a simple structure operator.  
 4.26. Sufficient condition for a simple structure operator. 
Purpose of the course: teaching students the theoretical foundations and methods of 
algebra and geometry and their usage for solving problems. 
Literature sources:  
1. Yefimov, N.: Brief course of analytic geometry, Moscow 1969. 
2. Kurosh A.: Course of higher algebra, Moscow 1984. 
3. Charin V.: Linear algebra, Kyiv 2003. 
4. Kostrikin A.: Introduction to algebra, Moscow 2000. 
5. Vinberg E.: Algebra course, Moscow 2002. 
6. Kletnik I.: A collection of problems in analytic geometry, Moscow 1987. 
7. Proskuryakov I.: A collection of problems in linear algebra, Moscow 1984. 
8. Faddeev D., Sominsky I.: Collection of tasks on higher algebra, Moscow 1977. 
 
 
 
Algorithms and Programming  
ECTS Credits: 5 
Description of subject taught:  
1. Basics of computerized data processing.  
    1.1. Bits, bytes and words. 
    1.2. Representation of integer values in numerical systems with different basis, 
transformation. 
    1.3. Representation of valid values with fixed and floating point. 
    1.4. Representation of non-numeric data (character codes, graphic data). 
    1.5. Representation of structures and arrays in memory. 
2. The basic elements of C language.  
    2.1. Types of C / C ++ data, type compatibility, types conversion. 
    2.2. Operations. Operation priority.  
    2.3. Operators of the language C / C ++. 
3. Functions  
    3.1. Description, call, parameter transfer, return of result.  
    3.2. Locality and global identities.  
    3.3. Time of life and scope of action.  
    3.4. Classes of memory С / С ++. 
4. Data management / output management.  
    4.1. Format I / O, character input / output functions.  
    4.2. Stream I / O with C ++.  
 4.3. Input / output management.  
    4.4. File input / output. 
5. Data arrays.  



 

 

    5.1. Description of single-, double- and multidimensional arrays, input / output 
elements.  
 5.3. Basic processing algorithms for one-dimensional arrays: the sum / product 
of the elements, the       average, the largest / the least, the determination of 
element ordering, the search for the series,               the insertion / removal of the 
element, the offset, the cyclic shift to the left / right. 
6. Basic algorithms for processing two-dimensional arrays: sum / product by row / 
column matrix, permutation of rows / columns, deleting / adding lines / columns, 
sorting rows / columns.  
 6.1. Special advanced matrix multiplication algorithms.  
 6.2. Calculating the determinant of the matrix.  
 6.3. Using matrices to solve a system of equations.  
 6.4. Treatment of sparse matrices  
 6.5. Indexers and arrays.  
 6.6. Operations over pointers.  
 6.7. Transmission of arrays as parameters of functions, returns as a result.  
 6.8. The function main() with the parameters. 
7. Strings.  
 7.1. Line operations.  
 7.2. Functions with strings. 
Purpose of the course: formation of theoretical knowledge and practical skills in 
algorithmization of computational processes and programming, usage of basic 
algorithmic structures, basic data structures and imperative paradigm of program 
development while solving applied problems in the field of computer science. 
 
 
 
Algorithms and Programming (Part 2) 
ECTS Credits: 5 
Description of subject taught: 
1. Dynamic memory allocation.  
 1.1. Pile management.  
 1.2. Dynamic arrays.  
 1.3. Pointers for pointers. 
2. Structures and associations. Description, access to fields, I / O.  
 2.1. Location of structures and associations in memory.  
 2.2. Combination of structures and associations.  
 2.3. Using pointers when working with structures and associations. 
3. Static and dynamic arrays of structures.  
 3.1. Bit Fields. 
4. Dynamic data structures: lists, stack, queue, trees.  
 4.1. Algorithms for constructing, destroying, inserting / removing an element, 
searching for an           element, searching for a maximal / minimal element, 
searching for an average value. 



 

 

5. Sorting algorithms (selection, insertion, exchange, quick sorting, sorting by 
merger).  
 5.1. Scoring algorithms for sorting. 
6. Sequential and binary search algorithms. 
7. Binary search trees, operations on binary search trees (insert, delete, bypass the 
tree) 
8. Hash tables: the structure of the structure, data structures for organizing hash 
tables, strategies for preventing and resolving conflicts. 
9. Representation of graphs (adjacency list, adjacency matrix).  
 9.1. Algorithms in graphs  
 9.2. About the submission of graphs.  
 9.3. Bypass the graph in width and depth.  
 9.4. The algorithms for finding the shortest path (Dijkstra and and Floyd 
algorithms). 
Purpose of the course: formation of theoretical knowledge and practical skills in 
algorithmization of computational processes and programming, usage of basic 
algorithmic structures, basic data structures and imperative paradigm of program 
development while solving applied problems in the field of computer science. 
 
 
Fundamentals of Mathematical Analysis  
ECTS Credits: 6 
Description of subject taught: 
1. Complex numbers.  

1.1. Graphic representation, module, argument.  
1.2. Trigonometric form of a complex number.  
1.3. Exponential form of a complex number.  
1.4. Actions on complex numbers: adding, subtracting, multiplying, dividing, 
raising to a degree, finding a root. 

2. Elementary functions. 
2.1. Multiple sets and functions (mappings): actions on sets, equivalent sets.  
2.2. Special sets (ordered, bounded, exact upper (lower) faces, smallest (largest) 
exact faces, sets with metric, spaces (linear) - natural, rational, real numbers.  
2.3. Properties of a function specified on special sets (monotony, boundedness, 
continuity, linearity). 
2.4. Complex functions (superposition), inverse function.  
2.5. Elementary functions. 

3. The boundary of the function, infinitely small and large. 
3.1. The boundary of the function at the point.  
3.2. Forms of recording.  
3.3. The unity of the boundary of the function.  
3.4. Limitations of functions having boundaries.  
3.5. Properties of boundaries (sign-preserving property).  
3.6. Squeeze theorem, forms of boundaries registration.  



 

 

3.7. Border properties.  
3.8. Endlessly small and great features.  
3.9. The connection between infinitely small and functions with a finite boundary.  
3.10. Uncertainty.  
3.11. One-sided borders.  
3.12. The first important boundary.  
3.13. The boundary of a complex function.  
3.14 The boundary of the power-index function.   
3.15. The second important border. 

4. Continuity of the function. 
4.1. Properties of continuous functions at the point.  
4.2. Continuity of the main functions.  
4.3. Comparison of functions with .  
4.4. Equivalence of functions.  
4.5. Theorems on equivalent functions.  
4.6. Properties of equivalent functions (important boundaries).  
4.7. The order of functions, o-small from the others, is the main part of functions.  
4.8. Boundary of function at .  
4.9. The equivalence of a polynomial is a component of higher order.  
4.10. Sequence boundary.  
4.11. Relationship of the boundary of the sequence and the boundary of the 
function.  
4.12. The Bolzano-Verrasta Theorem.  
4.13. Use of continuity in solving tasks.  
4.14. Classification of discontinuities. 

5. Derivative and differential functions 
5.1. Derivative and differential.  
5.2. Differential functions at the point.  
5.3. The tangential equation.  
5.4. The geometric meaning of the derivative.  
5.5. Using differentiation in approximate calculations.  
5.6. Algebraic properties of the derivative, differential.  
5.7. The concept of an infinite derivative.  
5.8. Derivative and differential of a complex function.  
5.9. Indicative-power function, rotated function.  
5.10. Derivatives of elementary functions.  
5.11. The derivative function is given parametrically.  
5.12. Derivative of implicitly given function.  
5.13. Logarithmic differentiation.  
5.14. Use of derivatives in mechanics.  
5.15. Derivatives and differentials of higher orders.  
5.16. Derivatives of higher orders from the given function are implicit.  
5.17. Derivatives of higher orders of functions are given parametrically.  
5.18. Basic theorems of differential calculus: Fermat’s theorem, Role’s Theorem, 



 

 

Lagrange's theorem, Cauchy's theorem.  
5.19. The rule of Lopital.  
5.20. Theorem on uncovering uncertainty.  
5.21. Taylor’s formula for a polynomial.  
5.22. Taylor’s formula for a function.  
5.23. Residual members.  
5.24. Lagrange Form.  
5.25. Residual members.  
5.26. Peano form.  
5.27. Maclaurin formula.  
5.26. Applying Taylor's formula.  
5.28. Approximate calculation of the value of the function with the given 
accuracy. 

6. Investigation of the properties of the function, the construction of graphs. 
6.1. Investigation of the function on the convexity (curvature) on the interval.  
6.2. Finding the largest and smallest value of the differential function on the 
segment.  
6.3. Complete study of the function and plotting (finding the asymptote, etc.). 

Purpose of the course: to learn the methods of conducting research of varying 
complexity. This will allow students to apply their knowledge to solve practical 
problems from various fields of applied mathematics and computer science, as well 
as lay the foundations for fundamental mathematical training that is expected from 
the Computer Science graduates. 
Literature sources: 
1. Martynenko M., Yurik I.: The theory of the function of a complex variable, Kyiv 
2010. 
2. Dubovik V., Yurik I.: Further Mathematics Collection of Exercises, Kyiv 2006. 
3. Dubovik V., Yurik I.: Further Mathematics, Kyiv 2005. 
4. Fichtengolz G.: Fundamentals of Mathematical Analysis Part I, Moscow 1968. 
5. Piskunov N.: Differential and integral calculus, Moscow 1985. 
6. Gudimenko F. and others: Russian-Ukrainian mathematical dictionary, Kharkiv 
1990. 
7. Balla N. and others: Short English-Ukrainian-Russian dictionary of scientific 
vocabulary, Kyiv 2001. 
 
 
 
Introduction to University Studios 
ECTS Credits: 2 
Description of subject taught: 
1. Introduction. Subject and objectives of the course.  
2. Original sources of classical education. 
3. Peculiarities of Western European classical education during the Middle Ages. 
4. History of domestic higher education. 



 

 

5. Development of classical educational institutions in the period from the New 
Times and Enlightenment to the middle of XIX century.  

6. Universities in Ukrainian lands and diaspora in the XIX - XX centuries. 
7. Establishment of St. Volodymyr University in Kyiv and its activities in the pre-

reform period. 
8. University of Kyiv in the period of reforms (60th - early 80's of the XIX century). 
9. University of Kyiv at the end of the XIX - in the first decades of the XX centuries. 
10.  University of Kyiv in interwar period and the years of the Second World War.  
11. University of Kyiv in the second half of XX - at the beginning of XXI centuries. 
Purpose of the course: formation of systematic knowledge about the history of 
university education, the main activity stages of the University of Kiev, 
familiarization with the past of the relevant faculty and its scientific and educational 
work, facilitating adaptation of the freshmen to study at the university. 
Literature sources: 
1. Vladimirskyi-Budanov M.: History of the Imperial University St. Vladimir, Kyiv 

1884. 
2. Korotkyi V., Ulyanovsky V.: With the name of St. Volodymyr: University of 

Kyiv in documents, materials and memoirs of contemporaries, Kyiv 1994. 
3. Zhmudsky O.: History of University of Kyiv, Kyiv 1959. 
4. Verba I., Verbovyi O., Gorban Y. and others: History of University of Kiev: 

monograph, Kyiv 2014.  
5. Zamlynsky V., Buravchenko A., Dolinskyi A. University of Kyiv: doc. and mat .: 

(1834 - 1984), Kyiv 1984. 
6. Belyi M., Aleksyuk A., Kizchenko A. and others: University of Kyiv Today, Kyiv 

1984. 
7. Skopenko V., Tretyak O., Gubersky L. and others: Taras Shevchenko National 

University of Kyiv: ways of success, Kyiv 2006. 
8. Shvets I., Chukhno A., Bogach P., Lavrov P., Ruban V.: University of Kyiv over 

50 years of Soviet power, Kyiv 1967. 
 
Discrete Mathematics  
ECTS Credits: 5 
Description of subject taught: 
1. Algebra of sets 
 1.1. Intuitive notion of plural.  
 1.2. Ways to represent sets.  
 1.3. Russell’s paradox.  
 1.4. Universum. 
 1.5. Empty set.  
 1.6. Subset. 
 1.7. The notion of a bolean.  
 1.8. Operations over sets.  
 1.9. Laws of algebra of sets.  



 

 

 1.10. Coating, splitting the set. 
2. The theory of relations 
 2.1. Cartesian product.  
 2.2. Relation.  
 2.3. Ways of presenting relationships.  
 2.4. Properties of binary relations.  
 2.5. Equivalence ratio.  
 2.6. The ratio of strict partial order.  
 2.7. The ratio of non-strict partial order.  
 2.8. Functional relations.  
 2.9. Types of reflections.  
 2.10. The product of reflections.  
 2.11. Inverted display.  
 2.12. Capacity of sets. 
3. Method of mathematical induction. Combinatorics. 
 3.1. Method of mathematical induction.  
 3.2. General characteristics of combinatorial tasks.  
 3.3. Amount and product rules.  
 3.4. Major combinator configurations.  
 3.5. Permutations, placement, combination without repetitions.  
 3.6. Permutations, placement, combination with repetitions.  
 3.7. Properties of binomial coefficients.  
 3.8. Binomial theorem.  
 3.9. Polynomial theorem.  
 3.10. Split of sets.  
 3.11. Stirling’s and Bell’s Numbers.  
 3.12. The method of recurrence relations.  
 3.13. Fibonacci numbers.  
 3.14. Linear homogeneous and heterogeneous recurrence relations.  
 3.15. Generatrix method.  
 3.16. Inclusion and exclusion method.  
 3.17. Dirichlet Principle. 
Purpose of the course: providing students with theoretical foundations and methods 
of discrete mathematics and its usage for solving problems. 
Literature sources: 
1. Krivoy S.: Discrete mathematics: a textbook for students of higher education, 
Chernivtsi, Kyiv 2014. 
2. Bondarchuk Y, Oleinik B.: Fundamentals of Discrete Mathematics: Teaching 
manual, Kyiv 2009. 
3. Gavrilov G., Sapozhenko A.: Collection of problems in discrete mathematics, 
Moscow 1977. 
4. Bazilevich L.: Discrete Mathematics in Examples and Problems: Textbook, Lviv 
2013. 
5. Lavrov I., Maksimova L.: Tasks on set theory, mathematical logic and algorithm 
theory, Moscow 2004. 



 

 

6. Karnaukh T., Stavrovskyi A.: Introduction to discrete mathematics, Kyiv 2006. 
7. Trokhimchuk R.: Collection of discrete mathematics’s problems. Sets and relation, 
Kyiv 1993. 
8. Yablonsky S.: Introduction to discrete mathematics, Moscow 1979. 
9. Karnauch T., Stavrovskyi A.: Theory of graphs in tasks: Educational manual, Kyiv 
2004. 
10. Nikolsky Y., Pasichnyk V., Shcherbyna Y.: Discrete mathematics: textbook for 
higher educational institution, Kyiv 2007. 
 
 
 
Discrete Mathematics (Part 2) 
ECTS Credits: 4 
Description of subject taught: 
1. Number of statements 
 1.1. Types of Expressions and Interpretation of Expressions.  
 1.2. Correctly constructed formulas.  
 1.3. Laws of Logic of Expressions.  
 1.4. Normal forms of logic of utterances.  
 1.5. Logical derivation and methods of proving tautologies in the logic of 
utterances.  
 1.6. Quay’s method.  
 1.7. Reduction method.  
 1.8. Method of resolution. 
2. Boolean functions and predicates 
 2.1. Boolean vectors and a unit n-dimensional cube.  
 2.2. Boolean functions.  
 2.3. Realization of functions by formulas.  
 2.4. Law of Boolean algebra.  
 2.5. Zagalkin algebra law.  
 2.6. Dual function.  
 2.7. The principle of duality in the Bula algebra.  
 2.8. Disjunctive and conjunctival normal forms.  
 2.9. Perfect disjunctive and perfect conjunctive normal forms.  
 2.10. Polyn Zagalkina.  
 2.11. Methods of constructing Zagulkin polynomials.  
 2.12. Functionally complete systems.  
 2.13. Closed classes.  
 2.14. The criterion of functional completeness of the system (Post's theorem).  
 2.15. Relay-contact circuits.  
 2.16. Minimization of Boolean Functions.  
 2.17. Presentations and predicates. 
3. Elements of the theory of graphs 
 3.1. Definition of a graph and a variety of graphs.  
 3.2. Ways of submitting graphs.  



 

 

 3.3. Subgraph and graph isomorphisms.  
 3.4. Operations over graphs.  
 3.5. Properties of regular graphs.  
 3.6. Properties of dicotyledons graphs.  
 3.7. Properties of connected graphs.  
 3.8. Properties of Euler Count.  
 3.9. Properties of Hamiltonian graphs.  
 3.10. Metric characteristics of graphs.  
 3.11. Study of graphs using matrices.  
 3.12. Flat and planar graphs.  
 3.13. Definition of a tree.  
 3.14. Properties of trees.  
 3.15. Oriented graphs and trees. 
Purpose of the course: providing students with theoretical foundations and methods 
of discrete mathematics and its usage for solving problems. 
Literature sources: 
1. Krivoy S.: Discrete mathematics: a textbook for students of higher education, 
Chernivtsi, Kyiv 2014. 
2. Bondarchuk Y, Oleinik B.: Fundamentals of Discrete Mathematics: Teaching 
manual, Kyiv 2009. 
3. Gavrilov G., Sapozhenko A.: Collection of problems in discrete mathematics, 
Moscow 1977. 
4. Bazilevich L.: Discrete Mathematics in Examples and Problems: Textbook, Lviv 
2013. 
5. Lavrov I., Maksimova L.: Tasks on set theory, mathematical logic and algorithm 
theory, Moscow 2004. 
6. Karnaukh T., Stavrovskyi A.: Introduction to discrete mathematics, Kyiv 2006. 
7. Trokhimchuk R.: Collection of discrete mathematics’s problems. Sets and relation, 
Kyiv 1993. 
8. Yablonsky S.: Introduction to discrete mathematics, Moscow 1979. 
9. Karnauch T., Stavrovskyi A.: Theory of graphs in tasks: Educational manual, Kyiv 
2004. 
10. Nikolsky Y., Pasichnyk V., Shcherbyna Y.: Discrete mathematics: textbook for 
higher educational institution, Kyiv 2007. 
 
 
Differential and Integral Calculus  
ECTS Credits: 6 
Description of subject taught: 
1. The function of many variables 
 1.1. The boundary of the function of many variables.  
 1.2. Continuity of the function of many variables.  
 1.3. Derivative and differential functions of many variables.  



 

 

 1.4. Differentiability of the function.  
 1.5. The derivative of a composite function.  
 1.6. The derivative of an implicit function.  
 1.7. Tangential plane and normal to the surface.  
 1.8. Geometric content of the differential of the function of 2 variables.  
 1.9. Scalar field Walking direction.  
 1.10. Gradient.  
 1.11. The Taylor formula has two variables.  
 1.12. Local extrema functions of 2 variables.  
 1.13.Conditional extremum 
2. Uncertain integral. 
 2.1. The concept of the original function and the indefinite integral.  
 2.2. Table of main integrals.  
 2.3. Basic methods of integration (direct integration, substitution, replacement 
of variables, parts).  
 2.4. Information about integrated and rational functions.  
 2.5. Integration of rational functions.  
 2.6. Integration of some irrational and transcendental functions.  
 2.7. Unrealized integrals. 
3. Defined integral. 
 3.1. Tasks that lead to it.  
 3.2. Definition and conditions of the existence of a definite integral.  
 3.3. Properties of a definite integral.  
 3.4. Integral with variable boundary.  
 3.5. Newton-Leibniz formula.  
 3.6. Integration with parts.  
 3.7. Replacement of the variable in integration. 
4. Improper integrals. 
 4.1. Improper integrals with infinite boundaries of integration (improper 
integrals of the first kind).  
 4.2. Improper integrals of unbounded functions (improper integrals of the 2nd 
kind) 
 4.3. Approximate calculation of definite integrals.  
 4.4. Some applications of certain integrals (Calculating areas of simple figures, 
Arc length, Body volume, Calculating work, Calculating pressure).  
 4.5. Integrals are dependent on the parameter.  
 4.6. Gamma and Beta are features.  
 4.7. Euler integral of the first kind. 
5. Multiple, Curved, and Surface Integrals. 
 5.1. The notion of a double integral.  
 5.2. Existence and properties.  
 5.3. Calculating the double integral.  
 5.4. Application of a dual integral for the quest for mechanics.  
 5.5 Triple Integral.  
 5.6. Calculation of the triple integral.  



 

 

 5.7. Curvilinear integrals.  
 5.8. The concept of the curvilinear integral (along the length of the arc).  
 5.9. The calculation of the curvilinear integral of the first kind.  
 5.10. Concept of the curvilinear integral of the 2nd kind (in coordinates).  
 5.11. Physical content.  
 5.12. Calculation and application of the curvilinear integral of the 2nd kind.  
 5.13. The connection between the curvature integral of the 1st and 2nd kind.  
 5.14. Conditions of independence of the curvilinear integral from the form of 
the path of integration.  
 5.15. Integration of complete differentials. 
6. Surface Integrals.  
 6.1. 1st kind.  
 6.2. Surface integrals of the 2nd kind.  
 6.3. Stokes formula. 
7. Numeric rows.  
 7.1. The simplest properties of numeric rows.  
 7.2. Acceptable rows.  
 7.3. Sufficient conditions of convergence.  
 7.4. The lines in which the characters are strictly alternate.  
 7.5. Sign of Leibniz.  
 7.6. Align rows.  
 7.7. Absolute and Conditional Convergence.  
 7.8. The notion of numeric series with complex numbers. 
8. Functional rows.  
 8.1. Concept of uniform convergence.  
 8.2. The sign of the street. 
9. The concept of a power series.  
 9.1. Abel’s theorem.  
 9.2. Integrability and the radius of convergence of the power series.  
 9.3. Properties of power series.  
 9.4. Taylor series.  
 9.5. Schedule items in the Maclaurin series.  
 9.6. Approximate calculations using power series.  
 9.7. Equations and functions of Bessel. 
10. Fourier series.  
 10.1. Harmonious fluctuations.  
 10.2. Fourier trigonometric series.  
 10.3. Fourier coefficients.  
 10.4. Fourier series for paired and odd functions.  
 10.5. Fourier series for job functions on a segment.  
 10.6. Complex form of Fourier series.  
 10.7. Integral and Fourier transform.  
 10.8. Fourier integral for even and odd functions.   
11. Ordinary differential equations 
 11.1. Differential equations of the 1st kind.  



 

 

 11.2. Differential equations with separated variables.  
 11.3. Homogeneous differential equations.  
 11.4. Linear differential equations.  
 11.5. Equations that are oblique to linear.  
 11.6. The equation of Bernoulli and Riccati.  
 11.7. Equations in complete differentials.  
 11.8. Integrating factor.  
 11.9. Differential equations are not solvable with respect to the derivative.  
 11.10. The equation of Lagrange and Claire.  
 11.11. Approximate decomposition of differential equations by the Euler 
method.  
 11.12. Some properties of differential equations of the 1st order.  
 11.13. Differential equations of higher orders.  
 11.14. Basic concepts and definitions.  
 11.15. The Cauchy problem.  
 11.16. Differential equations of the nth order are integrated in quadratures.  
 11.17. Differential equations that allow a decrease in order.  
 11.18. Linear differential equations of higher orders.  
 11.19. Linear homogeneous equations of the 2nd order.  
 11.20. General solutions of differential equations. 
12. Systems of differential equations 
         12.1. Systems of linear differential equations with constant coefficients, which 
are reduced to            homogeneous ones.  
 12.2. Linear inhomogeneous equations of the 2nd order.  
 12.3. The method of variation of arbitrary constants.  
 12.4. Linear differential equations with constant coefficients.  
 12.5. Inhomogeneous differential equations of the 2nd strand with constant 
coefficients.   12.6. Linear differential equations of the nth order.  
 12.7. Differential equations of oscillations.  
 12.8. Free rhombus corrections.  
 12.9. Resonance Systems of differential equations.  
 12.10. Normal systems of equations.  
 12.11. Systems of linear differential equations with constant coefficients. 
13. Basic concepts and definitions of stability 
 13.1. Special points of differential equations on a plane.  
 13.2. Basic concepts and definition of stability for Lyapunov.  
 13.3. The first method of Lyapunov.  
 13.4. Investigation of the stability of the linear non-stationary system.  
 13.5. Stability of the solution of a linear system with constant coefficients. 
 13.6. Routh–Hurwitz stability criterion.  
 13.7. The criterion of stability of an autonomous system at 1-m approaching.  
 13.8. The second method of Lyapunov.  
 13.9. Lyapunov functions.  
 13.10. Sylvester’s criterion.  
 13.11. Geometric interpretation of stability conditions.  



 

 

 13.12. Lyapunov’s theorems on stability and asymptotic stability.  
 13.13. Construction of the Lyapunov’s function for a linear stationary system. 
Purpose of the course: to master the methods of conducting research of varying 
complexity. This will allow students to apply their knowledge to solve practical 
problems from various fields of applied mathematics and computer science, as well 
as lay the foundations for fundamental mathematical training that is expected from 
graduates of classical universities. 
Literature sources: 
1. Dubovik V., Yurik I.: Further Mathematics Collection of Exercises, Kyiv 2006. 
2. Dubovik V., Yurik I.: Further Mathematics, Kyiv 2005. 
3. Garaschenko F., Matvienko V.: Course of lectures on differential equations. 
4. Fichtengolz G.: Fundamentals of Mathematical Analysis Part II, Moscow 1968. 
5. Piskunov N.: Differential and integral calculus, Moscow 1985. 
6. Gudimenko F. and others: Russian-Ukrainian mathematical dictionary, Kharkiv 
1990. 
7. Balla N. and others: Short English-Ukrainian-Russian dictionary of scientific 
vocabulary, Kyiv 2001. 
8. Martynenko M., Yurik I.: The theory of the function of a complex variable, Kyiv 
2010. 
 
Foreign Language (English) 
ECTS Credits: 7 
Literature sources: 
1. Kerr P., Jones C.: Straightforward Upper Intermediate. Student’s Book, 2nd 

edition, Macmilian 2007. 
2. Kerr P., Jones C.: Straightforward Upper Intermediate. Workbook, 2nd edition, 

Macmilian 2007. 
 
Computer Architecture  
ECTS Credits: 4 
Description of subject taught: 
1. Introduction to the architecture of computers processor architecture. 
 1.1. Von Neumann Architecture.  
  1.1.1. The subject of discipline computer architecture.  
  1.1.2. Classification of computer architecture.  
  1.1.3. Systems of calculation.  
  1.1.4. The architectural principles of Von Neumann computers.  
  1.1.5. Development of computer architecture.  
  1.1.6. Nomenclature of computer types Main characteristics and 
operating modes of computers.  
 1.2. The order of execution of commands and programs in a computer. 
  1.2.1. The level of command architecture.  
  1.2.2. Processor Classification (CISC and RISC).  



 

 

  1.2.3. The principle of program management.  
  1.2.4. Forms of data representation in the computer.  
  1.2.5. Executing commands at the level of processor registers.  
  1.2.6. Computer Command Forms.  
  1.2.7. Methods of addressing operands.  
 1.3. Processor architecture. 
  1.3.1. Arithmetic logic devices of processors.  
  1.3.2. Functions and classification of ALP.  
  1.3.3. The structure of ALP.  
  1.3.4. Functions and methods of constructing a control device.  
  1.3.5. Control device with rigid logic.  
  1.3.6. Device of microprogram control.  
  1.3.7. Conveyor organization of microprocessor operation.  
  1.3.8. Conflicts in the conveyor and ways to minimize their impact on 
the performance of the processor.  
2. Organization of memory and system input/output computer data.  
 2.1. Multi-level computer memory. 
  2.1.1. Multi-level memory of the computer.  
  2.1.2. Types of memory.  
  2.1.3. Interaction levels of memory.  
  2.1.4. The main memory.  
  2.1.5. The structure of the main memory.  
  2.1.6. Increase the size of the main memory.  
 2.2. Main memory. 
  2.2.1. Operating memory devices (SRAMs).  
  2.2.2. Dynamic Operative Memory Devices (DRAMs).  
  2.2.3. Permanent storage devices (ROS).  
  2.2.4.Principles of organization of cache memory.  
  2.2.5. Principles of organization of stack memory.  
  2.2.6. The principle of segmentation of memory in the real mode of 
operation of the microprocessor.  
  2.2.7. Construction of the system of memory of microprocessor systems. 
 2.3. Organization of data input/output.  
  2.3.1 Operating modes of the processor with external devices.  
  2.3.2. Programmatic data interchange, interrupt processing, direct 
memory access architecture. Input method input architecture. 
 
Computer Graphics  
ECTS Credits: 4 
Description of subject taught: 
1. Basic concepts of computer graphics. 
 1.1. Subject and tasks of the discipline. 
 1.2. Processing graphic information.  
 1.3. History of computer graphics development.  



 

 

 1.4. Types of computer graphics.  
 1.5. Strengths and weaknesses of raster graphics.  
 1.6. Characteristics of vector graphics.  
 1.7. Fractal graphics.  
 1.8. Three-dimensional graphics. 
2. An overview of modern computer graphics systems. Color models. 
 2.1. Modern graphics systems: raster Adobe Photoshop editor and vector editor 
Adobe Illustrator.   2.2. The concept of color model.  
 2.3. Types of color models.  
  2.3.1. Addition (RGB) models.  
  2.3.2. Subtractive (CMY, CMYK) models.  
  2.3.3. Perceptual (HSB, HLS) models.  
  2.3.4. Benefits and limitations of color models.  
 2.4. Model Lab. 
3. Mathematical and algorithmic basics of two-dimensional graphics. 
 3.1. Affine transformation of objects on a plane (rotation, mapping, scaling, 
transfer).  
 3.2. Homogeneous coordinates of the point and matrix of rotation, mapping, 
scaling and transfer of         the third order.  
 3.3. Combined transformation. 
4. Methods and algorithms of three-dimensional graphics. 
 4.1. Three-dimensional affine transformation of objects (rotation, mapping, 
scaling, transfer).   4.2. Combined transformation.  
 4.3. Main types of projections: parallel and perspective (central) projections.  
 4.4. Types of parallel projections. 
5. Basic Bitmap Algorithms. 
 5.1. The notion of 4-connectivity and 8-connectivity.  
 5.2. Raster representation of the segment.  
 5.3. Brezenheim algorithm. Brezenheim algorithm for circle generations.  
 5.4. Algorithms of coloring: the general algorithm of coloring, the wave 
algorithm of coloring, the algorithm of coloring by lines.  
 5.5. Cut off the segments.  
 5.6. Cohen-Sutherland algorithm. 
6. Graphic file formats. 
 6.1. Types of graphic files.  
 6.2. Elements of a graphic file.  
 6.3. Raster formats.  
 6.4. Vector formats.  
 6.5. Metafiles and other formats.  
7. Data compression algorithms. 
 7.1. Compression RLE algorithm.  
 7.2. LZW algorithm.  
 7.3. JPEG algorithm.  
 7.4. Fractal algorithm.  
 7.5. Disadvantages of fractal compression. 



 

 

 
Computer Networks  
ECTS Credits: 4 
Description of subjects taught: 

1. Basics of computer systems and networks: The purpose and subject of 
discipline. Basic definitions and concepts. Information and communication 
system (chain). Information system. Automated Information System. 
Computing system (network). Systems and data transmission networks. 

2. General principles of computer networks construction: Main tasks and 
problems of distributed data processing. Emergence and the evolution of ICS. 
Types of computing networks. Major software and hardware network 
components. Advantages of using computer networks. The concept of "open 
system" and the problems of standardization of computing systems. Multilevel 
approach. The concept of protocol, interface, stack protocols OSI model. 
Levels of the OSI model. Concept "open system". Modularity and 
standardization. Sources of Standards. Standard stacks communication 
protocols. Local and global networks. Features of local, global and city 
networks. The main differences between local networks and global. 

3. Fundamentals of discrete data transfer: Communication lines. Types of 
communication lines. Equipment of lines of communication. Characteristic 
communication lines. Cable Standards. Methods of data transmission on the 
physical level. Analog modulation Digital encoding. Logical coding. Discrete 
analog modulation signals. Asynchronous and synchronous transmission. 

4. General characteristics of the protocols of local networks: Protocols and 
standards for local area networks. General characteristics local network 
protocols. IEEE 802.x. Structure of Standards. 

5. Local networks based on Ethernet technology: Ethernet technology. CSMA / 
CD access method. Maximum Ethernet network performance. Ethernet frame 
formats. Ethernet Physical Environment Specifications. Method of calculation 
Ethernet network configuration. Token Ring technology. 

6. Wireless networks: Wireless communication lines. Advantages of Wireless 
Switching. Ranges electromagnetic spectrum. Communication between one 
transmitter and several receivers. Communication between multiple 
transmitters and multiple receivers. Types of Satellite Systems. 

7. Technologies of global networks: Basic concepts and definitions of global 
networks. Generalized structure and the functions of global networks. Types of 
global networks. Organization of remote access Networks and Technology 
X.25. Networks and ISDN technologies. Networks and PDH and SDH 
technology. Networks and Technology Frame Relay. 

Purpose of the course: formation of basic theoretical knowledge and practical skills 
necessary for designing, modelling, developing and operating the computer networks. 
As a result of studying the discipline student must know: computer network 
standards; network characteristics and quality assurance techniques; the variety of 
network technologies and specifications of standards; methods of transforming 



 

 

analog representation of the information into digital and ways of compressing digital 
streams; types and characteristics of physical lines of communication; principles and 
basic standards for the construction of primary networks; standards of wireless local 
area networks and methods and systems used for implementation of mobile 
communication; TCP / IP infrastructure design process; principles of development, 
implementation and management of the network defence solutions; architecture of 
public key infrastructure; the principles of data protection transmitted over the 
network. 
Literature sources: 
1. Computer Networks: Textbook / Azarov O.D., Zakharchenko SM et al. 
2. VG Olifer N.A. Olifer VG Computer networks. Principles technologies, 

protocols. 
3. Yakubaitis E. A. Local Computing Networks. 
4. Trusov AF Wireless Networks in Windows Vista. Begin! 
 
Object-Oriented Programming  
ECTS Credits: 5 
Description of subjects taught: 
1. Object-oriented approach in software development 
 1.1. Object-oriented programming paradigm 
 1.2. Basic principles of OOP 
 1.3. Java technology 
2. Inheritance and polymorphism 
 2.1. Implementation of the inheritance 
 2.2. Implementation of polymorphism 
 2.3. Interfaces and Embedded Classes in Java Programming based on templates 
3. Template-based programming 
 3.1. Library of standard C ++ templates 
 3.2. STL Algorithms and Functional Objects (Functors) 
 3.3. Java Containers 
4. Input and output streams 
 4.1. I / O  stream in C ++ 
 4.2. I/O stream in Java 
5. Exception handling 
 5.1. Exception handling in C ++ and Java 
6. Basics of object-oriented technology of software development 
Purpose of the course: formation of students theoretical knowledge and practical 
skills of the object-oriented programming; study the modern programming languages 
used for object-oriented programming and cutting-edge tools for the object-oriented 
development. 
Literature sources: 
Budd T. «An Introduction to Object-Oriented Programming» 
Weber J. «Using Java 2 Platform: Special Edition» 
Arnold K. «The Java Programming Language» 



 

 

Breymann U. «Designing Components With the C++ STL: A New Approach to 
Programming» 
Stroustrup B. «The C++ Programming Language» 
 
Theory of Algorithms  
ECTS Credits: 4 
Description of subject taught: 

1. Introduction. Subject of the theory of algorithms: Theory of algorithms: metric 
and discriminatory. Subject, tasks. Informal concept and algorithm definition. 
Basic properties of algorithms. 

2. Mathematical basis of analysis of algorithms: Efficiency of algorithms. 
Characteristics of the performance of the algorithms. Complexity of 
algorithms. Asymptotic complexity of algorithms. O-Notation. Examples of 
algorithms analysis. 

3. Formal models of algorithms: Formalization of algorithms. Algorithmic system 
of recursive functions. Basic concepts. Primitive-recursive functions. Partially 
recursive functions. General recursive functions. 

4. Algorithmic models based on deterministic devices. Post-Turing Machine: 
Automatic approach to modeling. Formalism of Post. Structure of the car post. 
Command system. How it works. Postulates of fasting. Examples of solving \ 
tasks. 

5. Normal Markov algorithms: The notion of a normal algorithm. Abstract 
alphabet Word. Varieties of substitutions. Rules for performing substitutions. 
Scope of applicability of the algorithm. Contact NAM with the simplest 
computational functions. Methods of composition of normal algorithms. 
Superposition, connection, branching, repetition. The principle of Markov 
normalization. Equivalence of algorithmic models. 

6. Turing machine: The design of the Turing machine, its functional scheme and 
configuration. Formal definition of Turing machine. Thesis Turing. Operation 
on Turing machines. Composition, branching, loop. Unresolved problem of 
stopping the Turing machine. 

7. Classes of complexity P and NP: Turing machines. Turing Deterministic 
Machines. Class R Non-deterministic Turing machines. Class NP. The problem 
of equality of classes P and NP 

8. The numbering theory: Numbering theory: subject, tasks. Understanding 
constructive element. Type of constructive elements - type of data. 
Constructive space. Representation of complex data types. The notion of 
numbering. Mutually-uniquely numbered. Gödel numbering. Cantor 
numbering. Numbering of algorithms. 

9. Algorithmic strategies: Strategy of "brute force". Classification of basic 
algorithms. The strategy of "brute force" and search algorithms. Algorithms 
with sets of points on a plane. The search for a convex shell. The task of 
traveling salesman. The task of the backpack. Purpose of appointment. 



 

 

10. Decomposition strategy: Scheme of decomposition method. Sort algorithms: 
sorting by merge, sorting Hoar. Algorithm for bypassing the binary tree. 
Algorithm of multiplication of n-significant numbers (Karatsuba method). 
Strassen algorithm multiplication of matrices. 

11. Strategies for diminishing task dimension and transformation: Varieties: 
reducing the dimension of the problem to a constant value; reduction of the 
dimension of the problem for a constant factor; reduction of variable size. 
Median computation and task selection. Interpolation search. Scheme of 
conversion strategy. The task of checking the uniqueness of an array element. 
Gauss exclusion method. Gorner scheme. 

12. Heuristic algorithms: Types of heuristic algorithms. Genetic Algorithms. The 
task of traveling salesman. Dynamic programming. 

Purpose of the course: study and practical mastering by students the theoretical 
foundations for the construction of basic algorithms, methods of development and 
mathematical analysis of algorithms. As a result of studying the discipline the student 
must know the basic principles of the analysis of algorithms; algorithms built with the 
use of data structures; greedy algorithms; dynamic programming; algorithms for 
working on graphs. The student must be able to perform analysis of algorithms; 
perform the calculation of algorithms efficiency; to select and develop the algorithm 
for the necessary type of solved tasks. 
Literature sources: 
1. Aho A. Data Structures and Algorithms. 
2. Dasgupta S. et al. Algorithms. 
3. Prima С.М. Mathematical Logic and Theory of Algorithms: A Manual. 
4. Shapovalov SP Mathematical Logic and Theory of Algorithms 
 
Probability Theory, Stochastic processes and Mathematical Statistics  
ECTS Credits: 5 
Description of subject taught: 

1. The basic concepts of probability theory: Historical angle, Random event. 
Impossible, reliable, the opposite events. Classic probability determination. 
Axioms of probability theory. Incompatible events and the rule of adding 
probabilities. A complete group of events. 

2. Basic rules of probability theory: Conditional probability of events. 
Independent events. Interdependence of independence events. Multiplication 
rule for independent events. Independence of events related to independent 
events. Multiplication rule for arbitrary quantity independent events. The 
formula of full probability. Bayes formula. 

3. Random variables. Distribution functions: Random variables. Discrete and 
continuous random variables. Distribution function, distribution range. The 
function of the distribution of a random variable, its properties. Distribution 
density of a continuous random variable. Numerical characteristics random 



 

 

variables. Mathematical expectation, moments, variance, mean square 
deviation. 

4. Distribution functions of discrete and continuous variables: Binomial 
distribution, Poisson distribution, geometric distribution, hypergeometric 
distribution, uniform distribution, index distribution, normal distribution and 
distribution of Erlang. 

5. Distribution functions of the system of discrete and continuous variables: 
Systems of random variables. Functions of the distribution of the system of 
random variables. Matrix of the distribution of the system of random variables. 
Compatible distribution density. Dependent and independent random variables. 
Numerical characteristics of the system random variables. Covariance, 
correlation coefficient. Regression Two-dimensional normal distribution. 
Multidimensional normal distribution. 

6. Numerical characteristics of random variable functions: Functions of random 
variables. Mathematical expectation and variance. Theorems of numerical 
characteristics of functions of random variables. Characteristic of the function 
of a random variable and its properties. 

7. Basic concepts of mathematical statistics: General population and sampling. 
Variation series. Statistical properties of variational series. Medium arithmetic 
mean and sample variance and their properties. Selective moments. 

8. Statistical evaluation: The concept of the point estimate numerical 
characteristics of random variables. Point estimates expectation and variance. 
Frequency as a point assessment of the probability of an event. Methods of 
obtaining point estimates. Parametric assessment of the distribution. 

9. Testing statistical hypotheses: Concept of statistical hypothesis. The main 
stages of hypothesis testing. Audit hypotheses about: numerical values of 
parameters of normal distribution, equality mathematical expectations of two 
normal distributions with known dispersions. 

10. Fundamentals of variance and correlation and regression analysis: Single-
factor and two-factor analysis of variance. Concept of functional and stochastic 
correlation. General and selective correlation ratio, properties. Linear 
regression function. 

11. Basic concepts of stochastic processes: Definition of a random process. 
Classification of random processes. Flows of events. 

12. Markov chains: Classification of states. Probability of states. Markov Random 
processes with discrete states and discrete time (Markov chains). Stationary 
mode for the Markov chain. 

13. Markov processes: Markov process with discrete states and continuous time. 
Kolmogorov equation. Homogeneous Markov processes. Stationary mode and 
equation for the limit probabilities of states. 

Purpose of the course: formation of basic theoretical knowledge and practical skills 
in solving problems of probability theory and mathematical statistics, the application 
of mathematical methods for solving practical problems. As a result of studying the 
discipline the student must know basic concepts and theorems of probability theory; 
basic methods for finding the probabilities of random variables; basic laws of the 



 

 

distribution of random variables; limit theorems of probability theory; basic concepts 
of mathematical statistics; basic methods of statistical description of the results of 
observation; basic methods for checking statistical hypotheses; elements of dispersion 
analysis; elements of the theory of regression and correlation. The student must be 
able to: determine the probabilities of complex events; analyze discrete and 
continuous random variables; apply statistical methods to the processing and analysis 
of data and make informed decisions based on this. 
Literature sources: 
1. Ventsel E.S. Theory of probabilities: a textbook for universities 
2. Ventsel E.S., Ovcharov L.A. Theory of random processes and its engineering 

applications 
3. Gmurman VE The Guide to Problem Solving of the Probability Theory and 

mathematical statistics 
4. Denisova T. V. Probability Theory and Mathematical Statistics 
5. Egorshin A. A. Correlation-regression analysis 
 
 
Mathematical Methods of Operations Research 
ECTS Credits: 5 
Description of subject taught: 

1. Methods of operations research: History of the research of operations. 
Examples of research tasks operations and management decisions. Basic 
concepts of research operations Classification of operations research models. 
Deterministic and stochastic models and algorithms of operations research. 
Basic principles construction of methods for solving optimization research 
problems operations. 

2. Defining linear programming problem: The place of linear programming (LP) 
in mathematical programming. Characteristic statements of tasks of LP. 
Features of LP tasks. Geometric and economic interpretation of linear 
programming tasks. LP tasks. Formal statement of the task of the LP. Models 
of LP in tasks of research of operations. Construction LP task patterns. 
Geometric representation of LP tasks. Graphic method solving the tasks of the 
LP. 

3. Solving the linear programming problem. Simplex-method: Theoretical 
substantiation of the simplex method (SM). Methods of finding the initial base 
solution. Canonical equations Special cases of SM and their representation in 
simplex tables. The concept of degradation in LP. Prevention of clogging in 
case of degradation. Computer implementation of SM in Excel environment. 
Methods of artificial basis. M-problem. 

4. Duality in linear programming: Direct and dual task of LP. Relationship 
between direct and dual solutions tasks Obtaining the optimal solution of a 
dual problem with the help of simplex method. The theory of duality for the 



 

 

case of a pair of symmetric mutually dual tasks: the definition of a direct 
problem and a dual to it in a symmetric one case. 

5. Post-optimization analysis and parametric programming: Purpose and content 
after optimization analysis. Model Analysis on sensitivity. Method of 
realization of separate blocks after optimization analysis canonical linear 
programming problem: identification of alternatives optimal plans; definition 
of the boundaries of the possible variation of the target coefficient function, 
coefficient of the vector of constraints, coefficient with non-invariant variable 
in system of basic restrictions; involvement in the task of additional restriction-
equality or restriction-inequality. 

6. Discrete linear programming: Setting of the problems of discrete linear 
programming. Geometric interpretation of the problems of discrete linear 
programming. Economic interpretation of the problem of discrete 
programming. Mathematical formalization tasks of discrete linear 
programming. Principles of discrete linear programming. 

7. Network models: The main elements of the theory of graphs. The task of 
finding the shortest route to network. The algorithm of Dijkstra. The task of the 
multi-pole shortest chain. Floyd's algorithm. The task of finding the maximum 
flow.  

8. Transportation problem: Formulation of a transportation problem. The main 
properties of the problem. Methods of constructing initial support plans. The 
method of potentials finding the optimal solution. 

9. Elements of the game theory: Gaming models and game tasks of operations 
research. Matrix games, price games, mixed strategies. Methods for solving 
matrix games. Examples practical gaming tasks. Neumann's theorem. Develop 
recommendations for rational mode of action in situations of conflict. Theory 
antagonistic games of two people with a zero sum. 

10. Queuing Systems: The essence of the problems of queuing. Characteristics of 
elements queuing system: requirements, requirements input stream, watch 
requirements, service channels, outflow requirements. Analysis of the costs 
arising in queuing system. Characterization of simple flow requirements 
(Poisson). 

Purpose of the course: the study of discipline involves assimilation of theoretical and 
methodological foundations of the operations research, assimilation of formalization 
methods for describing problem situations in organizational, technical, and economic 
systems in the form of tasks of mathematical optimization, assimilation of 
information technologies techniques for solving problems of operations research, 
acquiring skills of the models and methods application in the field of research of 
operations for decision support with the purpose of improving the organization of 
management practices in various business areas. The main part of the course is the 
study of the following main sections of the operations research: linear programming, 
transportation problem, dynamic programming, problems of game theory, studying 
the theory of mass service, tasks of network planning, optimization problems on 
networks, inventory management models. 
Literature sources: 



 

 

1. Katrenko AV Operations Research. 
2. Hemdi A. Taha. Introduction to Operations Research. 
3. Fedorenko I. K., Chernyak O. L, Karagodova O. O. ma, others. Operations 

research in the economy. 
4. Gayna G.A. Optimization methods: algorithms, examples, tasks. 
5. Barvinsky AF, Oleks I.Ya., Krupka Z.I. Mathematical programming. 
 
 
Operating Systems 
ECTS Credits: 4 
Description of subject taught: 

1. General information about current operating systems: Definition, history of 
development and classification of operating systems. Architecture of operating 
systems. 

2. Process control and flow: Processes and flows. Planning processes and flows. 
Synchronization. 

3. RAM management: General principles of operating memory management. 
Operating memory in x86 architecture processors. Operate RAM in Linux and 
Windows.  

4. Input-Output Management: Basic principles of input-output management. 
Managing I / O in Linux, UNIX, Windows.  

5. File systems: Basic principles of file system organization. Implementation of 
file systems.  

6. Distributed Resource Management: The concept of distributed information 
processing. Remote Procedure Call. Distributed file systems. Directory 
services and advanced technology of distributed systems.  

7. Security of information in operating systems: Operating system security. 
Purpose of the course: form in the mind of students a system of theoretical and 
practical knowledge on the basics of the functioning and application of modern 
operating systems. The discipline deals with general information about modern 
operating systems: definition, history of development, classification, main functions, 
architecture, requirements for modern operating systems. The methods and 
algorithms of computer resources management are described: CPUs, memory, I/O 
devices, distributed resources, etc. The course includes solving problems of 
synchronization and mutual blocking in multitasking and multithreaded operating 
systems, principles of implementation and architecture of modern file systems. The 
implementation of network functions in operating systems, ways of organizing 
remote procedure calls and distributed file systems, in particular in such modern 
operating systems as Linux and Windows. The protection of information in 
operational systems is reviewed: the main tasks of security, cryptography, principles 
of authentication and access control, the principles of encryption of data on file 
systems. 
Literature sources: 



 

 

1. Olifer VG, Olifer N.A. Network operating systems. 
2. Tannenbaum E. Modern operating systems. 
3. Shekhovtsov VA. Operating systems. 
 
Databases’ Organization 
ECTS Credits: 5 
Description of subjects taught: 

1. Database systems. Basic concepts and architecture: History of database 
development. The notion of data, data bank, databases. Management System 
Data bases. Database architecture. Database architecture by ANSI standard. 
Classification relational databases. Database Architecture with Remote Access. 
File server architecture. Client-server architecture. Local databases. 

2. Data models. Hierarchical and network data models: The concept of data 
models. Components of the data model. Network data model. Format logical 
record. Transactions in a network data model. The concept of a virtual query. 
Hierarchical data model. Structure of the hierarchical database. Operations in a 
hierarchical data model. Data Savings Strategies: Space Reduction Method, 
Instruction Method, Combined Method. 

3. Relational data model. Theory of normalization of the relational data model: 
The concept of a relational data model. Relation in the relational model of the 
DB: Objective and connected. Domain concept. Tables, attributes, relations 
schemes. Clicks, or key attributes. Theoretic multiple relational algebra 
operations: union, intersection, difference, clutch, and extended Cartesian 
product. Special relational algebra operations: a filtration operation, or an 
operation relationship limitation, design operation, conditional association 
operation, division operation. Selecting a presentation model. 

4. Database design. Stages of database design: Object-oriented decomposition of 
the domain. Detection of the organization's functions. Creating a business 
model of organization. Determining the data classes to perform the functions of 
the organization. The concept of the subject area. The concept of the object. 
Concept of attribute. Difference between classes and objects Concept of class 
and subclass. The property of the classes of imitation. The term Entity and 
instances of essence. 

5. QBE language. Structure of query constructor: Designer queries in DBMS MS 
Access. Table (template) QBE (Query By Example) query engineer. QBE 
assignment. Broadcast QBE table to SQL expressions (Structured Query 
Language). Parametric queries and predicates conditions. Query Query in 
Query Designer. Types of queries that can be implemented using QBE. 

6. SQL language. Structure of query constructor: Acceptable data types. Use of 
SQL statement operators. SQL operators. Operators manipulation of data. Data 
sampling. Selection of data from one table. Selection of data from several 
tables Built-in features. Designer queries in DBMS MS Access. 

7. Basics of client-server database SQL Server: Distributed and centralized 
databases. File server and client / server architecture centralized database. SQL 



 

 

SERVER objects. Create an object of the highest level of the database itself. 
Types database in SQL SERVER. System tables. Common Data Types in 
SQL. 

8. Transactions. Merging tables in queries: The concept of a transaction. 
Transaction Management. Commands for fixing transactions. Teams for 
transferring to the database the changes that are realized by the transaction. 
Commands for canceling a transaction that is has not yet been saved. 
Commands to create transaction saving points. Use with requests for 
mandatory elements with keywords SELECT and FROM SQL statements. 

9. Saved procedures: Concept of stored procedure. The main programming 
language for the SQL Server database language T-SQL. Syntax of the 
operators of the created procedure. Operators for removal stored procedures. 
The special type of stored procedures is trigeri. Scope of application triggers 
Types of triggers. Types of commands triggered by. Parameters that determine 
trigger behavior. Creating triggers. Concept of argument. Trigger modification. 

10. Managing database access. Groups and user roles: Types of database users. 
The concept of the scheme. The owner of the scheme. Accounts Creation 
account. Add a user to the appropriate database. Providing the user with the 
necessary privileges of access. Sessions for access to the database. The concept 
of a role. Server roles, or fixed roles. Roles of the base data. 

11. Databases on the Internet. Cloud system: Distributed computing. Levels of the 
Cloud system. Technologies of virtualization. Types of services in cloud 
computing: SaaS, PaaS, HaaS, IaaS, CaaS - Software,Platform, Hardware, 
Infrastructure, Communication as a Service - software, platform, hardware, 
infrastructure, communications as an Internet service. SQL Azure Database - 
innovative database technology. SQL Azure Firewall-Built-in network display. 
Basic SQL Azure Firewall capabilities. 

12. Knowledge bases: The concept of a system of knowledge bases. Knowledge 
Base System (BAS) for creating and using knowledge bases. The components 
of the knowledge base system. Structure of the system of knowledge bases: 
knowledge base, mechanism decision making, interface. Knowledge base 
rules. Methods and knowledge of the knowledge base. The mechanism of 
decision making. Means of presentation of knowledge in the BR. Algorithm 
for obtaining a solution. Bases knowledge of experts. Educational systems. 
Decision support systems. Types of knowledge. Algorithmic knowledge. 
Procedural knowledge and purpose of knowledge. Non-algorithmic 
knowledge. Conceptual and factual (or subject) knowledge. 

Purpose of the course: study the general principles of the construction and operation 
of databases, as well as the acquisition of practical skills in the development and 
application of DBMS software. As a result of studying the discipline the student must 
know paradigms of database organization; problems that arise during the construction 
and use of modern data banks; basic approaches and general principles of database 
design at conceptual, logical and physical levels. The student must be able to design 
information systems; exploit modern DBMS; serve and deploy database systems on 
the server. 



 

 

Literature sources: 
1. Pasichnyk V.V., Reznichenko V. A. Organization of databases and knowledge. 
2. Hector Garcia-Molina, Jeffrey D. Ulman. - Database systems. Full course. 
3. Connolly T., Begg K. Databases. Design, implementation and maintenance. 

Theory and practice. 
4. A.D. Homonenko Databases. A textbook for universities. 
5. T. Karpov. Databases: models, development, implementation. 
6. Kogalovsky M.R. Encyclopedia of Databases Technologies. 
 
Technology of Software Development 
ECTS Credits: 4 
Description of subjects taught: 

1. The concept of software and the problem of developing complex software. 
2. Life cycle and software development processes. 
3. International and national standards for the development of complex software 

products. 
4. Software development methodologies (RUP, MSF, XP, DSDM, RAD). 
5. Software Architecture, Software Architecture Descriptive Standards. 
6. Patterns of software design. 
7. Means of automation of development of software products. 
8. Analysis of customer requirements for software. 
9. Software quality, quality metrics, software quality standards. 
10. Verification, Validation and Testing. 
11. Testing and maintenance of software. 
12. Operational and advertising documentation on the software. 
13. Marketing of software products. 

Purpose of the course: formation of competencies sufficient for analysis of 
requirements for software systems, their documentation, design, development, 
testing, implementation, management of software projects and quality management of 
software systems development. 
Literature sources: 
1. Lavrischeva K.M. “Generating programming of software systems and their 

families” 
2. Braude Eric G. “Software Development Technology” 
3. Ivanova, G.S. “Technology of programming” 
4. Vendrov AM “Designing software for economic information systems” 
5. Leonenko AV “Object-oriented analysis and design using UML and IBM 

Rational Rose” 
6. Yakunin, YY “Software development technologies” 
 
Object-Oriented Analysis and Design 
ECTS Credits: 4 
Description of subjects taught: 



 

 

1. Fundamentals of object-oriented software development technology 
2. Fundamentals of object-oriented analysis of the subject area 
3. Fundamentals of object-oriented software design in UML 
4. Dynamic models of the system 
5. Physical models of the system 
6. Fundamentals of software design using design patterns 
Purpose of the course: acquisition of theoretical knowledge and practical skills in 
object-oriented analysis and software design; study the basics of using the UML 
Unified Modeling Language. 
Literature sources: 
1. Larman C. «Applying UML and Patterns: An Introduction to Object-Oriented 

Analysis and Design and Iterative Development» 
2. Gamma E., Helm R. «Design Patterns: Elements of Reusable Object-Oriented 

Software» 
3. Blinov I.N., Romanchik V.S. «Java. Programming methods» 
 
Architecture of Modern Information Systems 
ECTS Credits: 5 
Description of subjects taught: 
1. Basic concepts of the IS architecture: the concept and purpose of the architecture 

of the information system. Characteristics of the IS as an architectural object. 
2. Design of the IS architecture: corporate IS models. Macro- and micro- 

architecture. Basic principles of the decomposition. Key steps and principles of 
reducing connectivity. Design of the individual modules. Architectural approach 
to the IS design. 

3. Platform architectures of the Information systems: directions of the platform IS 
architectures’ development. Centralized architecture. Distributed Architecture. 
EJB. DCOM. CORBA. 

4. Distributed architecture: structure of the distributed IS. Features of WEB-
applications, necessary components of the Web-oriented information systems. 

5. Client-server architecture: multilayer client-server architecture, distributed 
architecture, service-oriented architecture. Goals, tasks and functions of two- and 
three-point information systems. Distribution of system tasks by links. "Thick" 
and «thin" clients. Web-application servers. 

6. Service-oriented architecture: evolution of the distributed systems into service-
oriented systems, cloud information systems and services. 

7. Architectural styles: concept and classification of the architectural styles. Types of 
architectural styles. Front-end and back-end. Model-View-Controller (MVC). 



 

 

8. Basic architectural frameworks: «Zachman» framework. TOGAF framework. 
DoDAF framework. FEA framework. «Gärtner» framework. 

9. Integration of information systems: architectural and design solutions for the 
integration of various information systems among themselves. Interfaces and 
protocols for data exchange. Architecture of scalable information systems. 
Parallel information systems 

Purpose of the course: learn the principles of constructing modern information 
systems, information systems’ architecture, models and resources, study the main 
components of information systems that are of fundamental importance to the system 
as a whole. 
Literature sources: 
1. Gamma E., Helm R. «Design Patterns: Elements of Reusable Object-Oriented 

Software» 
2. Zabotina N. N. «Designing Information Systems» 
3. Golitsyna O. L. «Information systems» 
4. Pirogov, V. Y. «Information systems and databases» 
 
Mathematical Methods for Decision Making 
ECTS Credits: 5 
Description of subjects taught: 
1. General aspects of decision making. Psycholinguistic aspects of decision making: 

the general task of decision-making. Scheme of decision making. Process and 
decision’s general task subjects of decision-making. Problems and goals of 
decision-making. The main types of dependencies between alternatives and 
consequences. Psychophysiological properties of people, especially their behavior 
in the process of acceptance of collective assessments, subtleties of human 
memory. Estimation of the implementation of elementary operations in decision 
support methods. 

2. Binary relations and decision-making mechanisms: binary relations. Matrix 
interpretation. Interpretation of the graph. Interpretation by sets (intersections). 
Diagonal, anti-diagonal and complementary. Intersection, union and inversion. 
Duality, isomorphism, and holomorphism. Properties of binary relations - 
reflexivity, anti-reflexivity, symmetry, asymmetry and anti-symmetry, transitivity, 
acyclic and interconnected relations, equivalence relations. The relations non-
strict ordering. The relations of linear ordering, domination, similarity. The 
concept of the best element, the maximal element, the external stability. 
Relationship between the criterial language of the description of the choice and 
the language of binary relations. 

3. Concept of utility and rational choice 



 

 

4. Metric relations and expert evaluation: expert procedures for decision making. 
General scheme of expertise. Forms of expert interaction and inverse relationship 
in the expertise. Selection of experts. Degree of experts’ competence. Expert 
importance weights. Methods of expert information processing. Groups and their 
characteristics. Statistical methods. The main types of expertise. Algebraic 
methods. 

5. Decision making with analytical hierarchy method: Hierarchy Analysis Method. 
Formulation of the problem. Illustration of the examples by using the hierarchy 
analysis method. 

6. Conflicts and compromises: decision-making under conflict (elements of game 
theory). The principle of guaranteed result in the game theory. Hypothesis of 
decision making in the game theory. Interpretation of the game of two persons 
with target functions and as a task of multiple-criteria optimization. On the 
effectiveness of solutions and the stability of the decisions taken in the game 
theory. The principle of Nash stability, setting the equilibrium equation. On the 
stability of the solution (according to Nash) and the efficiency of the solutions 
(Pareto-optimality). 

7. Models and methods of multiple-criteria decision-making: general information, 
features of the multiple-criteria optimization task. Independence of criteria by 
advantage. Classes of tasks. Evaluations of decision effectiveness. Absolutely 
optimal evaluations and alternatives. Pareto optimality. Slater’s condition. 
Comparison of effective and poorly performing evaluations. Rules for choosing 
effective alternatives (classes). The method of an ideal point estimation. Method 
of sequential concessions. Method of sequential input restrictions. The method of 
the desired point estimation. 

8. Models and methods of decision-making under conditions of fuzzy information, 
uncertainty and risk: basic concepts of the theory of fuzzy sets. Affiliation 
function. The membership function and normality of the fuzzy set. Operations 
over fuzzy sets. Multiple sets and decompositions of the fuzzy set. Multiple-
criteria tasks with fuzzy set of alternatives. 

9. Models and methods of multiple decision-making: Profile Definition. Voting 
methods: rule of relative majority; the rule of relative majority with a withdrawal; 
Condorcet’s theorem. Requirements for collective ranking. The main properties 
that voting rules must satisfy. 

10. Game theory, strategic and statistical games: Game theory. Statistical games. 
Strategic games. Mixed extensions. 

Purpose of the course: form students' understanding of the role of mathematics in the 
modern world, science and practical work. Provide knowledge, skills, competences in 
the field of mathematical transformations and calculations. Teach students the 
possession of mathematical analysis apparatus, which should be sufficient for the 
processing of mathematical models related to the subsequent practical activities of 
specialists. Give the necessary theoretical knowledge and main approaches of it’s in 



 

 

professional aspects. Acquire fundamental skills in the mathematical research  of the 
applied problems. Develop skills to independently use the essential methods of 
mathematical analysis in solving tasks. 
Literature sources: 
1. Voloshin O.F., Mashchenko S.O. «Models and methods of decision making» 
2. Voloshin O.F., Mashchenko S.O. «The theory of decision making» 
3. Chernorutsky IG «Methods of decision making» 
4. Larichev O.I. «The theory and methods of decision-making» 
5. Makarov IM, Vinogradskaya T.M. «The choice theory and decision making» 
 
Parallel Programming Methods and Systems 
ECTS Credits: 4 
Description of subjects taught: 
1. Overview of methods and technologies of parallel programming 
2. The main components of the high-performance computing systems architecture 
3. Fundamentals of parallel computing processes 
4. Concepts of stream processing 
5. Stages of development of parallel algorithms 
6. Construction of parallel algorithms for solving common problems 
7. Parallel programming technology in systems with shared memory 
8. Features of application OpenMP standard for program parallelization 
9. MPI message transfer technology 
10. Messaging operations in MPI 
11. Collective messaging operations in MPI 
12. Parallelizing the tasks of processing large volumes of data in accordance with the 

concepts of Hadoop  
13. Basics of using the Hadoop MapReduce parallel programming model for BigData 

processing 
Purpose of the course: provide students with knowledge in the field of distributed 
systems and parallel computing development, as well as practical skills of parallel 
programming in the development of highly effective software systems. 
Literature sources: 
1. Andrew S. Tanenbaum «Modern Operating Systems» 
2. Hughes C. «Professional Multicore Programming: Design and Implementation 

for C++ Developers» 



 

 

3. Rauber T., G. Runger, «Parallel Programming for Multicore and Cluster 
Systems» 

4. Mattson T., Sanders B., Massingil Berna L. «Patterns for Parallel Programming» 
5. Antonov A.S. «Parallel programming using OpenMP technology» 
6. Antonov A.S. «Parallel programming using MPI technology» 
 
 
 
Computer Design Technologies 
ECTS Credits: 5 
Description of subjects taught: 
1. Fundamentals of Computer-Aided Design 
2. Geometric modeling as the basis of modern CAD 
3. Data structures of geometric modeling 
4. Representation of curves and surfaces 
5. Fundamentals of Graphic Programming 
6. Geometric Data Exchange Standards 
7. Basic concepts and methodology for designing complex objects and systems 
8. System level of computer-aided design of complex objects 
9. Mathematical bases for computer-aided design 
10. Informational support for computer-aided design. Knowledge Engineering in 

CAD 
11. Technical support for computer design. 
12. Methodological, linguistic support and software for computer-aided design 
13. Integration of CAD with corporate enterprise management systems 
14. Features of CAD design and CAD development process 
Purpose of the course: study the main principles of the engineering approach to the 
objects and systems design; methodological and mathematical bases of computer-
aided design; technologies of automated designing of constructions, technological 
processes of various purposes, systems and technologies of design management. 
Literature sources: 
1. Kudryavtsev E.M. «Basics of automated design» 
2. Lee K. «CAD Basics (CAD / CAM / CAE)» 
3. Malyuk V.N. «Introduction to modern CAD programs» 
4. Norenkov I.P. «Basics of automated design» 



 

 

5. Poleshchuk N.N. «AutoCAD» 
6. Wright R., Lipchak B. «OpenGL. Superbook, 3rd edition» 
 
Web Technologies and Web Design 
ECTS Credits: 5 
Description of subjects taught: 
1. Basic principles of Web programming: World Wide Web. Architecture of the 

www service. Components of the www service. Software of the www service. 
Web technology tools. The main stages of developing a website. Principles of 
logical design. File structure of the site. Validation of the HTML and CSS code. 
The most common requirements for HTML and CSS-code. Web-frameworks. 
Content Management Systems. Information content of the site. 

2. Introduction to the course of Web-design: main stages of web design. Colors in 
web design. An example of web design development. Basic principles of web 
design. Modern trends. 

3. HTML5: HTML5 basic concepts, features and requirements. Structure of the 
HTML document. Object model of document DOM. Overview of the main 
HTML tags and attributes. Creating forms in HTML. Semantic HTML5 elements. 
Tags for working with audio and video in HTML5. Optional tags in HTML5 
markup. HTML5 content model. 

4. CSS/CSS3: CSS basic concepts. Adding CSS to a web page. Selectors. Block and 
inline elements in the CSS. CSS positioning. z-index property. CSS3 flexbox. 
Responsive design. Bootstrap CSS Grid. 

5. Javascript: DOM as an object model of the Web document. Features of 
programming in Javascript. Connecting JS to HTML documents. Rules for 
writing programs on JS. Types of data. Functions in JavaScript language. Global 
object. Initialization procedure. Locking. Data structures in JavaScript. OOP in 
JavaScript. Prototype programming. AJAX. 

6. Client-server technology 
7. Creating interactive web page effects using jQuery 
8. PHP: WAMP platforms. Basic rules for writing programs. Types of data and 

features to work with them. Variables and constants. The main language 
operators. Dynamic pages on PHP. PHP data structures. Files session and mail. 
OOP in PHP. MySQL and PHP. 

9. AJAX and XML 
Purpose of the course: provide students with theoretical knowledge and practical 
skills in developing their own Web applications using modern Web technologies. 
Literature sources: 



 

 

1. Klimenko R. «Web-mastering: mastering HTML5, CSS3, JavaScript, PHP, CMS, 
AJAX, SEO» 

2. WWW Consortium (W3C) Official Page. (http://www.w3c.org/)  
3. Hyper Text Markup Language (HTML) Standard. 

(http://www.w3c.org/MarkUp/)  
4. Cascade Style Sheets (CSS) Standard. (http://www.w3c.org/Style/CSS/)  
5. Nixon R. «Learning PHP, MySQL, JavaScript, and CSS: A Step-by-Step Guide 

to Creating Dynamic Websites» 
6. Document Object Model (DOM) Standard. (http://www.w3c.org/DOM/)  
7. PHP. (http://www.php.net/)  
8. Lubbers P. «Pro HTML5 Programming» 
 
 
Applied Intelligent Data Processing Systems 
ECTS Credits: 4 
Description of subjects taught: 
1. Basic concepts, purpose and classification of intellectual systems: history of the 

development of intellectual systems. Basic concepts. Purpose and place of 
intellectual systems. The main types of tasks that intelligent systems solve. 
Classification of intellectual systems. 

2. Fundamentals of data mining. Tasks, methods and stages of intellectual 
processing of information: analytical technologies and analytical information 
systems. Concept of the intellectual data analysis. Tasks of the intellectual data 
analysis. Methods of intellectual data analysis. Stages of intellectual processing of 
information. 

3. Models of knowledge representation: methods of intellectual data analysis. Stages 
of intellectual processing of information. Knowledge: classification, types. 
Models of knowledge representation in intelligent systems. 

4. Technologies of intellectual methods implementation in applied information 
systems of artificial intelligence: basic technologies of intellectual methods 
implementation in applied informational systems of artificial intelligence. 
Artificial Neural Networks. Types of training for artificial neural networks. 
Intelligent systems based on artificial neural networks. 

5. Design and architecture of Applied Intelligent Systems: basic principles of 
intelligent systems design. Stages of the intelligent systems design. Tools of 
intelligent systems design. Architecture of the intelligent system. Structure of 
knowledge bases and interaction with other components of the intelligent system. 
Models of presentation of knowledge in intelligent systems. Knowledge 
processing and decision making in intelligent systems. Intelligent interfaces. 



 

 

6. Preparation, processing, analysis and representation of data: types of data. 
Formalization of data. Revealing knowledge in databases. Data preparation. Data 
pre-processing. Data transformation. Visualization of data. 

7. Applied Intellectual Systems in Business Analysis. Expert systems: Business 
analytics: concept, classification. Basic functions and architecture of business 
intelligence systems. OLAP technology. Expert systems: concept, properties. 
Classification and application of expert systems. 

8. Basics of Intelligent Geographic Information Systems: concept of geo-
information technology. Components of GIS. Spatial data. Modern trends of GIS 
development. Areas of use of GIS. 

9. Features of geo-databases organization: principles of data organization in GIS. 
The concept of geo-realistic data modeling. Object-Oriented Data Model. 
Elements of spatial data storage. Types of geospatial databases. 

10. Use of geographic information systems for the analysis and visualization of 
spatial data: general spatial analysis categories. Spatial modeling. Spatial Analysis 
Tools. Visualization of spatial data. 

Purpose of the course: formation of the theoretical knowledge and methodological 
foundations in the field of development and research of intelligent data processing 
systems, as well as practical skills necessary for the implementation and practical use 
of such systems. 
Literature sources: 
1. Andreichikov, A.V., Andreichikova, O.N. «Intellectual Information Systems» 
2. Devyatkov V.V. «Artificial intelligence systems» 
3. Romanov V.P. «Intelligent Information Systems in Economics» 
4. Lutsenko E.V. «Intellectual information systems» 
 
 
Cross-platform programming 
ECTS Credits: 4 
Description of subjects taught: 
1. Basic concepts and operators of the programming language C#:  The .NET 

software platform. Fundamentals of programming in C#. The main operators of 
the C# language (mathematical, conditional, cyclic). 

2. Developing classes and objects in C#: Classes, fields, properties, methods in C#. 
One-dimensional, multidimensional, step-by-step arrays and the use of indexers 
when working with them. Work with string type and class StringBuilder. 

3. Overloading. Inheritance. Polymorphism: Overloading rules. Unary, binary, 
logical operators overloading. Basic principles of inheritance. Virtual methods. 
Abstract methods. 



 

 

4. Input and Output data streaming: binary and text files. Open and close the file. 
Read and write to a file using StreamReaderStreamWriter streams. Working with 
text files. 

5. Interfaces: features of interfaces. Implementation of interfaces. Usage of interface 
references. Explicit implementation of the interface. 

6. Cross-form basic concepts: Cross-platform and its types. Analysis of each of the 
types of cross-platform. Porting. 

7. Component-Oriented Programming: Concept of the component. Component 
model. Component environment. Overview of the main component models - 
COM, DCOM, COM+, .NETFramework Component development on C#. 

8. Reflections: Concept of reflection. Applying Reflections and Researching Types. 
Creating type instances using reflection. Dynamic download of assemblies. Later 
binding. Attributes in .NET. 

Purpose of the course: ensure the formation of students theoretical knowledge and 
practical skills in questions: principles of technology for the development of cross-
platform software systems; principles of using cross-platform programming tools; 
features of component technologies. 
Literature sources: 
1. Albahari J. «C# 7.0 in a Nutshell» 
2. Troelsen A. «C# 4.0 and the .NET 4.5 Platform, 6th Edition» 
3. Skeet J. «C# in Depth» 
4. Hermes D. «Xamarin Mobile Application Development: Cross-Platform C# and 

Xamarin.Forms Fundamentals» 
 
 
 

Artificial Intelligence Methods and Systems  
ECTS Credits: 5 
Description of subjects taught: 
1. Artificial intelligence: history and modernity: World Economic Forum on 

Artificial Intelligence. Application of artificial intelligence. History of artificial 
intelligence. Turing test. Modern achievements of artificial intelligence. Problems 
of artificial intelligence for the coming decades. Outstanding scientists in the field 
of artificial intelligence. 

2. Intelligent agents and problematic environments: Definition of intelligence and 
artificial intelligence. Scientific and engineering purposes of artificial intelligence. 
Agents and rational agents. Problem environments and their classification. 
Structure and types of agents. 



 

 

3. Uninformed Search Strategies: Agents solving tasks. The components of the task. 
Examples of weakly structured tasks. Uninformed search strategies, their 
characteristics and comparative analysis. Subtleties of search with partial 
information. 

4. Informed Search Strategies: Greedy search. Heuristic functions. Completeness 
and search optimality. Algorithm A *. Heuristic memory search. Local search and 
optimization. Simulated annealing, Local beam search. Real-time search. 

5. Tasks with limitations: Formal definition of the task of with limitations. The task 
about painting a map. Search with return. Step-by-step heuristics and heuristics of 
minimal conflicts. Minimax strategies. Alpha beta rejection. 

6. Introduction to artificial neural networks: history of the emergence and 
development of neural networks. Tasks for which the neural networks are uses. 
Artificial and biological neurons. Perceptron. Fundamental Neural Network 
Paradigms. Classification of Neural Network Learning Methods. 

7. Introduction to evolutionary modeling: evolution as a way and method of 
existence. History of evolutionary modeling. Basic concepts of genetic algorithms 
and evolutionary strategies, their types. Crossover, mutation and inversion. 
Principles of evolutionary modeling, its advantages and disadvantages. Problems 
of convergence. 

8. Introduction to fuzzy sets and fuzzy logic: history of the theory of fuzzy sets. 
Basic concepts and operations on fuzzy sets. Fuzzy logical output. Using elements 
of fuzzy logic when solving economic problems. 

9. Knowledge and models of knowledge representation: definitions and attributes of 
knowledge. Verbal-deductive paradigm. Formal definition of knowledge. Features 
of the data to knowledge transition. Knowledge structuring. Monotone theorem. 
Problems of knowledge. Features and models of knowledge. 

10. Semantic Networks: definiton of semantic knowledge model. Classification of 
semantic networks. The architecture of semantic networks. Conceptual graph. 
Assimilation of new knowledge. Output on semantic networks. 

11. Frames: frame definition. Frame structure. Scripts. Frames and OOP. 
12. Production rules: definition of a production model of knowledge. Advantages of 

production models. Output and performance of production rules. Conflict 
Resolution Strategies. 

13. Logical models and resolution method: Logic and deduction. Logical models, 
definitions and attributes. Calculus of predicates. Horn clauses. Prenex normal 
form. Skolem constants and functions. Forms of writing logical clauses. Proof of 
theorems, method of resolutions. 

14. Ontologies: knowledge-based society. Definition of ontology. Features of 
application of ontologies. Aspects of ontology creation. Goals for creating 
ontologies. Examples of ontologies. 



 

 

15. Applications of artificial intelligence: expert systems. Principles of their 
development and use. The structure of expert systems. Artificial intelligence in 
scientific research. Artificial intelligence in industrial design. Prospects for 
artificial intelligence. 

Purpose of the course: study the basic technologies of knowledge representation, 
solving weakly structured problems and learning in artificial intelligence. Acquiring 
skills in development of the intelligent system development through solutions 
implementation for specific computational tasks, understanding the role of 
knowledge representation and learning in applied intelligent systems, assessing the 
role of technologies for solving problems of natural language and video processing in 
the understanding of human intelligence with computational perspectives. 
Literature sources: 
1. George F. Luger «Artificial Intelligence: Structures and Strategies for Complex 

Problem Solving» 
2. Russell S. «Artificial Intelligence: A Modern Approach (3rd Edition)» 
3. Joseph C. Giarratano  «Expert Systems: Principles and Programming» 
4. N. P. Padhy «Artificial Intelligence and Intelligent Systems» 
 
 
 
Information Systems Design 
ECTS Credits: 5 
Description of subjects taught: 
1. Basic concepts and classification of IS: concept and purpose of the information 

system. Tasks and functions of the IS. Life cycle of IS. Classification of IS. 
Overview of the main methodologies. 

2. IS Functions and Requirements: definition of requirements. Reasons for the 
complexity of requirements development. Methodologies and standards that 
govern the work with requirements: IEEE, RUP. Requirements management 
processes. Decomposition of requirements creation process in SWEBOK, RUP, 
MSF. Identification of requirements. 

3. IS design standards: concept of standardization, certification. Types of standards. 
Advantages of standardization in the IT sphere. Basic standards in software 
engineering. SWEBOOK. RUP IEE830. K. Wigers standart. Terms of reference. 

4. Creation of design documentation: program documentations content. Software 
specification. Methods of communicating ideas in the specification. 

5. Application of structured analysis methodology for designing IS: methodology of 
Structural System Analysis and SADT Design (IDEF0). DFD Data Flow 



 

 

Diagrams. Chart tree nodes. Usage of document flow schemes for document 
routing. 

6. Application of SOLID methodology for designing IS: Hierarchy of design 
principles. SOLID basic concepts. Implementation of SOLID principles. 

7. Development of the IS architecture: classification of architectural paradigms. 
Determination of the quality of the architectural solution. Review of the main 
architectural paradigms. Channels and filters. Multi-level architecture. Event-
driven Architecture (EDA). Micro-kernel architecture. Micro-service architecture. 

8. Basic IS design approaches: system approach. Architectural approach. Hierarchy 
of the design principles. Components of the IS. Characteristics of software 
quality. 

9. Frameworks: The concept of the framework. Classification of frameworks. 
Classification of frameworks for the development of corporate IS. 

Purpose of the course: provide students with theoretical knowledge and practical 
skills in designing information systems using modern software. 
Literature sources: 
1. Glomozda D.K. «Design, system analysis and development of corporate 

information systems» 
2. Mіnukhіn S.V. «Design methods and models on the basis of current CASE-

cases» 
3. Kukoba V.P. «Organizational design of the company» 
4. Dovbish A.S. «Fundamentals of the intelligent systems design» 
5. Vendrov A. M. «Designing software for economic information systems» 
 
 
Cloud Computing 
ECTS Credits: 5 
Description of subjects taught: 
1. Development of Infrastructure Solutions in IT 
2. Virtualization technologies 
3. Architecture of cloud computing 
4. Web services in the cloud 
5. Windows Azure SDK 
6. Azure Services Platform 
7. Microsoft .NET Services 
8. Microsoft Cloud Services 
9. Google Cloud Services 



 

 

Purpose of the course: provide students with knowledge and practical experience in 
the field of modern cloud computing technologies. 
Literature sources: 
1. Zoiner T., Michele L. B. «Developing Microsoft Azure Solutions» 
2. Barrie S. «Cloud Computing Bible» 
3. Chaowei Yang «Spatial Cloud Computing. A Practical Approach» 
4. K.Chandrasekaran «Essential of Cloud Computing» 

Ric Messier, Allan Konar «Collaboration with Cloud Computing. Security, 
Social Media, and Unified Communications» 
 
 
 

Information Systems Requirements Analysis and Quality Management 
ECTS Credits: 4 
Description of subjects taught: 
1. Analysis of the requirements - stage of software development in IS: Software 

Engineering. Requirements levels. Development and management requirements. 
Characteristics of requirements. 

2. Identification of requirements for IS: Classification of requirements. Sources of 
information systems requirements. Requirements detection strategies. 
Prototyping. Approaches of requirements representation. 

3. Requirements specification and classification: features of requirements 
engineering. Setting requirements. Ways of submitting representation. Tracing 
requirements. 

4. Expanded analysis of requirements. Modeling: UML models that explain the 
functionality and internal structure of the system. Alternative simulation 
languages. Software Quality Attributes. Attributes that are important for users. 
Attributes important for developers. Definition of non-functional requirements 
using Planguage language. 

5. Methods and approaches of software requirements management: From 
requirements development to the following stages. Features of management 
requirements for software. Requirements management procedures. Testing 
requirements. 

6. Basic concepts and characteristics of IS quality: concept of quality. Area of 
knowledge "Software quality". Factors that determine quality. Levels of software 
quality. Capability Maturity Model (CMM). Methods of assessing the values of 
quality indicators. 

7. Models and metrics of quality: quality model. Standard Quality metrics. 



 

 

8. Standard assessment of quality indicators: measures of quality. Methods of 
assessing quality indicators. Measurement scales for quality values. Managing the 
quality of software systems. 

9. Models for reliability assessment of software systems: Basic concepts of SW 
model reliability. Classification of models of SW reliability. Markov and Poisson 
models of reliability. Reliability assessment processes. Ensuring reliability on the 
processes of the SW lifecycle. 

10. Software systems testing: concept of testing. Testing methods. Functional testing. 
Infrastructure for verifying the correctness of software systems. Classification of 
errors and methods of their search. Testing process for the SW lifecycle. Test 
Engineering Management. 

Purpose of the course: study the main concepts and forming a systematic 
understanding of modern methods and techniques for assessing the quality and 
defining requirements for software, state and international software quality standards, 
the organization of certification processes, methods for organizing quality control of 
software products, the basis of software quality management. 
Literature sources: 
1. Andon F.I. «Fundamentals of software quality engineering» 
2. Wiegers K. «Software Requirements» 
3. Leszek A., Macyaszek «Requirements Analysis and System Design. 

Development of information systems using UML» 
4. Orlik S., Buluy Y. «Introduction to software engineering and life cycle 

management of software engineering. Software Requirements» 
5. Cockburn A. «Agile Software Development: The Cooperative Game» 
6. Maklakov S.V. «Bpwin, Erwin, Case-tools for information systems 

development» 
7. Orlov C. «Software development technologies» 
8. Kaner C., Falk J., Nguyen H.Q. «Testing Computer Software» 
9. Sommerville I. «Software Engineering» 
 
 
Data Mining 
ECTS Credits: 5 
Description of subjects taught: 
1. Fundamentals of data mining. Tasks of Data Mining. The Data Mining Process 
2. Basics of statistical data analysis. Methods of collecting and preparing the output 

dataset 



 

 

3. Methods of initial data processing. Data structure research methods: visualization 
and automatic data grouping 

4. Correlation and regression data analysis. Multiple regression analysis of data. 
Linear multiple regression model. Model adequacy checking  

5. Cluster analysis. Hierarchical and sectional clustering. Methods of clustering. 
McKin's procedure, k-means method. 

6. Raster clustering. Grid methods. Linear discriminatory analysis. Construction of 
canonical and classification functions. 

7. Methods of classification. Decision trees. Supporting Vector Machines. 
8. Method of k-nearest neighbour, Naive Bayes classification. Methods for 

estimation error rate. 
9. Classification of objects in the condition of unknown data allocations. 
10. Methods of forecasting. Analysis of multidimensional groups. Statistical 

processing of time series and forecasting. 
11. Methods for finding data templates. Associative rules. Sequential mapping of data 

templates. 
12. FP-trees and hash trees construction. Min-max associations in databases. 
13. Association rules. Sequential analysis. 
14. Apriori method. 
15. OLAP systems. Multidimensional data model. The architecture of OLAP systems. 
16. Data Warehouses. Implementation of Data Mining, OLAP and Data Warehousing 

in the DSS. 
17. Standards and Tools for Data Mining and OLAP. Standards CWM, CRISP, 

PMML and other standards. 
18. Ensemble of models. Bagging, boosting. 
Purpose of the course: formation of students basic theoretical knowledge, practical 
skills in applying modern methods of data mining in various spheres of human 
activity. 
Literature sources: 
1. Chernyak O.I. «Data Mining» 
2. Sytnik V.F., Krasnyuk M.T. «Data Mining» 
3. Bakhrushin V.E. «Methods of data analysis» 
4. Shumeiko A.A. «Data Mining» 
5. Danilchenko O.M., Danilchenko A.O. «Data Mining» 
 
 
 



 

 

System Analysis 
ECTS Credits: 4 
Description of subjects taught: 
1. Introduction. Basic aspects of system analysis and system approach in the 

development. 
2. Basic concepts of system analysis and systems. 
3. Classification of systems. 
4. Modeling in system analysis. 
5. Methodological aspects of modeling using a systematic approach. 
6. Analytical and synthetic approaches in system analysis. 
7. Methodology of system analysis. 
8. Method of hierarchies analysis. 
9. Methods of decision trees, functional analysis. 
10. Methods of combinatorial and morphological analysis and synthesis. 
11. Analysis of the processes of the systems functioning. 
12. System analysis of obtaining information processes. 
13. Basic approaches to IS design. 
14. Features of computer information systems modeling using data flow diagrams. 
15. Systemic approaches to IS design. 
16. Notations of business process modeling. 
17. CASE-tools for designing complex systems. 
Purpose of the course: examine the concept of system analysis as a methodology for 
the study of complex objects and processes, as well as features analysis and synthesis 
of technical, ergodic and organizational systems; acquisition of the knowledge, skills 
and abilities necessary for the students to apply systematic approach in the study and 
design of large complex systems and information technologies; acquaintance of 
students with perspectives in this field of knowledge; formation and improvement of 
system thinking of future specialists. 
Literature sources: 
1. Shelly, Gary B. «Systems analysis and design» 
2. Whitten, Jeffrey L. «Systems Analysis and Design methods» 
3. Satzinger , John W. «Systems Analysis and Design in a Changing World»  
4. Volkova, V.N. «Theory of Systems and System Analysis» 
 
 
System Modelling 
ECTS Credits: 5 



 

 

Description of subjects taught: 
1. Basic concepts and definitions of system modeling 
2. Principles of the system approach in modeling of dynamic systems 
3. Space of states of queueing systems 
4. Models of dynamic systems and processes 
5. Little's law and its consequences 
6. Use of operational analysis for calculating networks of QMS 
7. Petri Nets 
8. Generators of random variables. Modeling of discrete and continuous random 

variables 
9. Features of fixing and processing the results of statistical modeling 
10. Simulation modeling 
11. Evaluation of the accuracy of modeling results 
12. Interpretation of modeling and decision making results 
Purpose of the course: learn to use mathematical methods in modeling of systems 
and processes in the design and operation of information management and data 
processing systems.  
Literature sources: 
1. Tomashevsky V.М. «System modeling» 
2. Tomashevsky V.М. «System and processes modelling» 
3. Sovetov B.Y., Yakovlev S.A. «System modelling» 
 
 
 
Distributed Information Systems and Objects Design 
ECTS Credits: 5 
Description of subjects taught: 
1. Architecture and main mechanisms of modern platforms for the development of 

distributed applications 
2. Synchronous and asynchronous interactions in distributed applications 
3. Transport protocols and intermediates for interoperability of applications 
4. Architectural solutions and the main tools for the development of service - 

oriented applications 
5. Development of web-services on the basis of modern platforms and programming 

languages 
6. Distributed Consentient Systems  
7. Language and technological tools for the development of software applications 



 

 

8. Technology for working with data and database management systems (DBMS) in 
the programming platforms. 

9. Features, architecture and development tools for distributed applications and the 
development of advanced technologies 

10. Principles of development of applications and tools of network interaction 
Purpose of the course: study the basics of modern methods and technologies of 
designing and developing distributed information systems. 
Literature sources:  
1. Andrew S. Tanenbaum «Distributed Systems: Principles and Paradigms» 
2. Ian Sommerville «Software Engineering» 
3. Ulrich Lang «Developing Secure Distributed Systems with CORBA» 
 
Expert and Decision support systems design 
ECTS Credits: 5 
Description of subjects taught: 
4. Classification of decision-making problems and some peculiarities of information 
5. Expert evaluation 
6. Some aspects of decision making, characteristics and features of Decision support 

systems 
7. Stages of decision support systems design 
8. Architecture design of decision support systems 
9. Designing the user interface in decision support systems 
10. General information about expert systems 
11. Expert systems based on rules 
12. Designing expert systems 
13. Life cycle of the expert systems 
Purpose of the course: provide students with theoretical knowledge and practical 
skills in designing expert systems and decision support systems using the latest 
scientific research and modern software. 
Literature sources: 
1. Joseph C. Giarratano  «Expert Systems: Principles and Programming» 
2. Bidyuk P.I., Korshevnyuk L.O. «Design of computer information systems that 

support decision-making» 
3. Vitlins'kyy V. V. «Theory of intelligent decision-making Systems» 
 
 



 

 

Decision-making support technologies in conditions of uncertainty 
ECTS Credits: 4 
Description of subjects taught: 
1. The concept of risk. Reasons for occurrence, main sources and features of 

economic risk 
2. Uncertainty and risk. Major categories and functions of economic risk 
3. Risk analysis 
4. General risk assessment methods 
5. Quantitative risk assessment to determine the degree of risk 
6. Special risk assessment methods 
7. Quantitative assessment of planned indicators and systematic risk 
8. Adoption of managerial decisions using the decision tree 
9. Utility theory 
10. Game theory 
11. Methods of finding optimal strategies 
12. Construction and analysis of the payment matrix 
13. The theory of statistical decisions 
14. Criteria for choosing the best strategy 
15. Choosing the best strategy in nature games 
16. Monte Carlo method 
17. Applying the Monte Carlo method for solving risk assessment tasks 
Purpose of the course: study of the theoretical foundations of decision-making in 
conditions of risk, conflict and uncertainty of the environment; acquisition of skills 
for the application of risk assessment methods, utility theory, game theory, and the 
theory of statistical decisions in decision-making problems. 
Literature sources: 
1. Thomas L. Saaty  «Decision making with the analytic hierarchy process» 
2. Hevko I.B. «Methods of decision-making in management» 
3. Spitsnandel V.N. «Theory and practice of making optimal decisions» 
4. Soroka B.P. «Analysis, modeling and risk management» 
 
Service-Oriented Architecture 
ECTS Credits: 5 
Description of subjects taught: 
1. Definition of terms "service" and "science about services". Services around us. 




