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GENERAL PROVISIONS
 
Entrance exams are designed to determine the practical and theoretical preparedness of an applicant for a master's degree and are held in order to determine the compliance of knowledge, skills and abilities with the requirements for master's degree in the areas of training 09.04.04 "Software Engineering". The program is compiled in accordance with the requirements of the Federal State Educational Standard of Higher Professional Education.

ENTRANCE EXAM PROCEDURE

The date and time of the entrance exam are determined by the schedule of entrance exams, which is approved by the chairman of the admission committee. 
Form of the entrance exam (in accordance with the Regulations on UUNITT entrance exams): testing.
The test contains 40 test questions.
The duration of the entrance exam is 60 minutes.
The test results are evaluated on a 100-point scale.
Testing can contain open-ended and audio/video questions.
An applicant who does not agree with the grade received at the VI and (or) in connection with a violation of the procedure for conducting the VI has the right to appeal. The procedure for filing and considering an appeal is regulated by the Regulations on the Appeal Commission of the UUNiT.

CRITERIA FOR EVALUATING THE ANSWER

The criteria for evaluating the exam answer entering the master's program are completeness, logic, evidence, strength, awareness of knowledge and theoretical validity of judgments, independence in the interpretation of information, practical orientation, the level of mastery of professional skills of a manager, etc.
During the check, the number of primary points is converted into a final 100-point scale through the university's information platform.

CONTENT OF SECTIONS AND TOPICS OF THE ENTRANCE EXAM PROGRAM

Section 1. Discrete Mathematics
1. Sets: methods of definition, operations on sets, Venn diagrams.
2. Binary relations: properties (reflexivity, symmetry, transitivity), equivalence relation, order relation.
3. Functions and Displays: Injection, Surjection, Bijection. Composition of functions. Inverse function.
4. Combinatorics: basic rules of addition and multiplication.
5. Combinatorial configurations: placements, permutations, combinations (with and without repetitions).
6. Newton's binomial and polynomial theorem. Properties of binomial coefficients.
7. The principle of inclusion-exclusion. Solution of combinatorial problems.
8. Basic concepts of graph theory: vertices, edges, vertex degree, types of graphs (directed, undirected, multigraphs).
9. Methods of representation of graphs in computer memory: adjacency matrix, incident matrix, adjacency lists.
10. Connectivity in graphs. Connectivity components. Bridges and articulation points.
11. Trees and forest. Properties of trees. Spanning tree.
12. Euler and Hamiltonian counts. Theorems of existence.
Section 2. Graph Theory and Combinatorial Algorithms
1. Graph traversals: Depth Search (DFS) and Breadth Search (BFS). Computational complexity.
2. Dijkstra's algorithm for finding the shortest paths from a single vertex.
3. Floyd-Warshell algorithm for finding shortest paths between all pairs of vertices.
4. Bellman-Ford algorithm for graphs with negative weights.
5. Finding the Minimum Spanning Tree: Prim's Algorithm.
6. Finding the Minimum Spanning Tree: Kruskal's Algorithm.
7. Topological sorting of vertices of a directed acyclic graph (DAG).
8. Search for components of strong connectivity (Kosarayu or Tarjan algorithm).
9. Streams in networks. Ford-Fulkerson theorem on maximum flow and minimum cut.
10. The Ford-Fulkerson algorithm to find the maximum flow.
11. Assignment problem. Hungarian algorithm.
12. Graph coloring page. Chromatic number. Use in scheduling tasks.
Section 3. Mathematical Logic and Boolean Functions 
1. Logic of statements: syntax and semantics. Propositional ligaments.
2. Truth tables. General significance (tautology) and contradiction.
3. Equivalent transformations of formulas. Basic Laws of Logic.
4. Normal forms: Disjunctive normal form (DNF).
5. Normal forms: Conjunctival normal form (CNF).
6. Perfect normal forms (SDNF, SCNF). Construction methods.
7. Boolean functions. Essential and fictitious variables.
8. Minimization of Boolean functions. Calculation method. The Quine-McCluskey method.
9. Carnot maps and the minimization method for functions of a small number of variables.
10. Completeness of Boolean function systems. Closed classes. Post's theorem.
11. Logic of predicates. The concept of predicate. Quantifiers of existence and universality.
12. Formulas of predicate logic. Free and bound variables. Interpretation.
Section 4. Theory of algorithms and computability 
1. The concept of an algorithm. Intuitive and formal definition. Properties of algorithms.
2. Turing machine: definition, rules of operation, methods of assignment.
3. Recursive functions. Primitive-recursive and partial-recursive functions.
4. Church-Turing thesis. Equivalence of formal models of algorithms.
5. Solvable and enumerable sets. Solvable and partially solvable problems.
6. The halting problem and its unsolvability.
7. Computational complexity of algorithms. Classes P and NP.
8. NP-complete tasks. Examples of NP-complete problems (SAT feasibility problem, traveling salesman problem).
9. The concept of reduction of tasks. Polynomial reducibility.
10. Classification of tasks by complexity. The problem is P vs NP.
Section 5. Algebra and Discrete Structures 
1. Algebraic structures: group, ring, field. Examples.
2. Groups: subgroups, cyclic groups, homomorphisms of groups.
3. Rings and fields. A ring of polynomials. Roots of a polynomial. Bézou's theorem.
4. Finite Galois fields. Basic properties and applications in cryptography and coding.
5. Lattices and Boolean algebras as partially ordered sets.
6. The concept of linear space (vector space) over a field.
7. Linear dependence and independence of vectors. Basis and dimension.
8. Linear operators. Core and image. Linear operator matrix.
9. Eigenvectors and eigenvalues of a linear operator.
10. Quadratic shapes. Reduction to the canonical form. The law of inertia.
Section 6. Probability theory (
1. Random events. The space of elementary outcomes. Types of events.
2. Classical, geometric, and statistical definitions of probability.
3. Theorems of addition and multiplication of probabilities. Conditional probability.
4. Independence of events. The formula for full probability.
5. Bayes' formula and its application to evaluate hypotheses.
6. Bernoulli's scheme. Bernoulli's formula. The most probable number of successes.
7. Limit theorems in Bernoulli's scheme: Poisson's theorem, local and integral Moivre-Laplace theorems.
8. The concept of a random variable. Discrete and continuous random variables.
9. The distribution series and the distribution function. Distribution density.
10. Numerical characteristics of random variables: mathematical expectation, variance, moments.
11. Basic distribution laws: binomial, geometric, Poisson.
12. Basic laws of distribution: uniform, exponential, normal.
Section 7. Mathematical statistics and data analysis 
1. General population and sampling. Representativeness of the sample.
2. Variation series. Empirical distribution function. Histogram.
3. Point estimates of distribution parameters: consistency, non-displacement, efficiency.
4. Moment method for finding parameter estimates.
5. Maximum likelihood method.
6. Interval assessment. Confidence interval for the mathematical expectation of a normal distribution.
7. Testing statistical hypotheses. Zero and alternative hypotheses. Errors of the first and second kind.
8. Criteria for agreement: Pearson's test (chi-square).
9. Correlation analysis. Pearson correlation coefficient. Spearman's rank correlation.
10. Regression analysis. Method of least squares. Linear regression.
Section 8. Elements of information theory and coding (
1. The concept of information. Hartley's measure of information.
2. Entropy of a discrete source according to Shannon. Properties of entropy.
3. Conditional entropy. Joint entropy. Mutual information.
4. Encoding of information. Prefix codes. Kraft-Macmillan inequality.
5. Shannon's Source Coding Theorem for a Silent Channel.
6. Lossless compression algorithms: Huffman's algorithm.
7. Lossless compression algorithms: LZ77, LZ78 algorithms (basic idea).
8. Basic concepts of the theory of noise-resistant coding. Hamming distance. Corrective ability of the code.
Section 9. Optimization methods and operations research 
1. Optimization tasks. Objective function and limitations. Local and global extremum.
2. Linear programming. Standard and canonical form of the LP problem.
3. Graphical method for solving linear programming problems.
4. Simplex method: the main idea, transition to the reference solution.
5. Transport task. Northwest Angle Method. The method of potentials.
6. Nonlinear programming. Lagrange multiplier method.
7. Integer programming. The method of branches and boundaries.
8. Dynamic programming. Bellman's principle of optimality. The problem is about the backpack.
Section 10. Computational Mathematics and Numerical Methods 
1. Sources and classification of errors. Absolute and relative error.
2. Numerical methods for solving nonlinear equations: the method of half division.
3. Numerical methods for solving nonlinear equations: Newton's method (tangents).
4. Numerical methods for solving nonlinear equations: the method of simple iteration. Convergence conditions.
5. Interpolation of functions. Lagrange interpolation polynomial.
6. Interpolation of functions. Newton's interpolation polynomial with finite differences.
7. Numerical integration: formula of rectangles, trapezoids, Simpson. Estimation of error.
8. Numerical Methods for Solving the Cauchy Problem for ODE: Euler's Method and Its Modifications. Runge-Kutta methods.
Section 11. Fundamentals of Software Engineering 
1. The concept of software engineering. Difference from programming. Basic concepts (product, process, resource, project).
2. Software life cycle models: waterfall model, V-shaped model.
3. Software life cycle models: iterative model, spiral model.
4. Agile software development methodologies. Principles of the Agile Manifesto. Scrum.
5. Software requirements management. Functional and non-functional requirements. SRS.
6. Fundamentals of software design. Principles of modularity, encapsulation, inheritance and polymorphism.
7. SOLID principles: (Single Responsibility), Open/Closed, Liskov Substitution.
8. SOLID principles: Interface Segregation, Dependency Inversion.
9. Design patterns. Generative patterns (Singleton, Factory Method).
10. Design patterns. Structural and behavioral patterns (Adapter, Observer, Strategy).
Section 12. Theory of programming and translation languages 
1. Classification of programming languages. Paradigms: imperative, functional, logical, OOP.
2. Formal grammars. Terminals and non-terminals. Withdrawal rules. Chomsky's classification.
3. Regular languages and regular expressions. Finite automata (deterministic and non-deterministic).
4. Context-free grammars. Output tree. Unambiguousness of grammars.
5. Lexical Analysis: Tasks, Regular Definitions, Finite Automata. Lex analyzer generators (Lex).
6. Syntactic analysis. Recursive descent methods. LL-analysis.
7. Syntactic analysis. LR analysis (SLR, LALR). Generators of parsers (YACC, Bison).
8. Semantic analysis. Attributive grammars. An intermediate view of the code.







DEMO VERSION OF THE EXAM VERSION

Instructions: You are asked to answer three questions from different sections of the program.
TICKET No 0 (sample)
1. Graph theory. Describe Dijkstra's algorithm for finding the shortest path in a weighted graph. Under what conditions does it apply? Give an example of how it works on a small graph.
2. Probability theory. Formulate Bayes' theorem. In what data analysis and machine learning problems is it used?
3. Fundamentals of software engineering. What are "Agile development methodologies"? List the main principles of the Agile Manifesto. What is the difference between Scrum and Kanban?
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