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1. Goals and objectives

Goals

The purpose of the state exam in mathematics is to establish the level of training of the student in
mathematical disciplines and the compliance of the results of mastering the educational program with the
requirements of the educational standard in the direction of training.

Objectives

- Assessment of the degree of mastering by students of the theoretical provisions of the main disciplines
that form special knowledge in the framework of mastering the educational program;

- assessment of the ability to apply the knowledge gained to solve specific problems;
- assessment of the relevance of the knowledge gained by students and their compliance with the

requirements of potential employers.

2. List of competences, the level of which is assessed in the state examination

Code and name of competence

Indicators of competence achievement

Gen.Pro.C-1 Apply fundamental knowledge
acquired in the physical and mathematical fields
and/or natural sciences and use it in professional
settings

Gen.Pro.C-1.1 Analyze the task in hand, outline the ways
to complete it

Pro.C-1 Assign, formalize, and solve tasks, develop
and research mathematical models of the studied
phenomena and processes, systematically analyze
scientific problems, obtain new scientific outcomes

Pro.C-1.3 Apply theoretical and/or experimental research
methods to a specific scientific task and interpret the
obtained results

Pro.C-2 Conduct scientific research and testing
independently or as a member (leader) of a small
research team

Pro.C-2.2 Conduct scientific research independently or as
a member (leader) of a small research team

3. List of sample questions for the state examination

1. Dynamic array. Depreciation analysis. An estimate of the time it takes to add an element to a dynamic

array (with a doubling of the filled buffer).

2. Linked lists. Stack, queue, decks and their implementations.
3. Quick sort (QuickSort). Search for ordinal statistics using the “Divide and Conquer” method

(QuickSelect).
4. Merge sort (MeggeSort). Bitwise sorting.

5. Binary heap and heap sort (NotSort). Merge k sorted arrays using the heap.

6. Hash table, polynomial hash function.

7. Dynamic programming: general idea, linear dynamics, matrix dynamics, segment dynamics.

8. RMQ. Sparse table. Segment tree.

9. LCA: Reducing to RMQ and Binary Ascent Method.
10. Binary search tree. Depth and breadth crawls. Key search, naive key insertion and deletion. AVL tree.

Red-black tree.

11. Cartesian tree. An implicit key Cartesian tree.
12. Minimum Spanning Tree: Prim and Kruskal's Algorithms.
13. Maximum network streams. Methods: Ford-Fulkerson; Edmonds-Karp (b / d).

14 Graph traversal in depth, width.

15. Finding the shortest paths in a graph: algorithms of Dijkstra, Ford-Bellman, Floyd-Warshall.
16. Search for strongly connected components in a graph.

17. Bridges and articulation points in the graph.

18. Finding a substring in a string: prefix function, Knuth-Morris-Pratt algorithm.




19. Standard containers: vector, deque, queue, priority queue, set, map, iterators, comparators.

20. Bor. Aho-Korasik algorithm.

21. Suffix tree.

22. Calculation of the convex hull of a set of points in 2D and 3D.

23. Delaunay triangulation. Voronoi diagram.

24. Long arithmetic. Addition, subtraction, sign storage, multiplication, division. Karatsuba's algorithm.
25. Statement of the problem of supervised learning, statement of the problem of unsupervised learning.
Statement of the classification problem and the classification quality metric. Naive Bayesian classifier.
26. Regression problem statement and regression quality metric. Linear regression. Gauss-Markov
theorem (formulation). The problem of multicollinear features. L1 and L2 regularization, their influence
on feature weights.

27. The problem of unbalanced classes. Working with categorical features and missing values. Mean
encoding. Examples of simple algorithms that solve standard problems: kNN, a naive Bayesian classifier.
28. Logistic regression. Margin concepts. Equivalence of solutions obtained by the method of maximum
likelihood and minimization of the logistic loss function. Logistic loss function, cross-entropy.

29. Solution of the classification problem by the support vector method. Margin concepts. Hinge-loss.
Optimization task in SVM (declarative).

30. The procedure for constructing a decision tree, criteria for information content: entropy, Gini.
Boosting (the principle of building an ensemble).

31. Bias-Variance decomposition (declarative). Bootstrap routine, bagging algorithm. Random Subspace
Method (RSM), Random Forest.

32. Gradient boosting. The principle of construction. What algorithms can be used as basic algorithms.

33. Dimension reduction problem: PCA and t-SNE algorithms. Communication between PCA and SVD.
Can the PCA provide more than one solution?

34. The problem of overfitting. Example, causes of occurrence (ideologically). Cross validation.
Motivation for using train, val and test samples. The concept of model parameters and hyperparameters.
Selection procedure for hyperparameters. The concept of regularization (in the general case).
Regularization methods for various models (linear models, trees, ensembles, neural networks).

35. Gradient descent method. Backpropagation method. Activation functions (Sigmoid, tanh, ReLU),
their properties and problems. Loss functions in the problem of multiclass classification and regression.
Neural network regularization methods: Dropout, Batch normalization, data augmentation.

36. Neural network regularization methods: Dropout, Batch normalization, data augmentation.
Weaknesses of Stochastic Gradient Descent Refinement methods: Momentum, Nesterov momentum,
RMSprop, Adam. Disadvantages of these approaches.

37. Recurrent neural networks (RNN) for ordered data. Basic principles of work. The fading gradient
problem and its possible solutions. Recurrent blocks: naive (Vanilla RNN), LSTM, GRU, motivation to
use them. Activation functions in recurrent blocks.

38. Methods for working with images. Why are linear layers not widely used in computer vision?
Convolutional layers in a neural network. Motivation for their use in the tasks of analyzing images and
signals. One-dimensional and two-dimensional convolutions (Convld and Conv2d). Max & average
pooling.

39. Operating systems and their components. Kernel of operating systems. System calls and their
differences from ordinary library functions. Ways to implement system calls (interrupts, sysenter,
syscall).

40. Integer arithmetic in computer representation. Signed and unsigned values, ways to represent
negative values. Integer overflow and its control. Long integer arithmetic.

41. Real arithmetic. Fixed and floating point representations. IEEE754. Special real values defined by the
IEEE754 standard and operations on them.

42. Processes and threads. The similarities and differences between them. Implementation of
multitasking and task scheduling algorithms in operating systems.

43. Multithreaded synchronization problem. Atomic variables and blocking objects. Non-blocking data
structures and their implementation.



44. Message Passing Interface (MPI) Existing implementations, tasks of MPI as a programming
environment. Life cycle of an MPI program. Creation and termination of MPI processes. Organization of
the I/ O stream, parameters specified to the MPI program.

45. The concept of acceleration and scalability of parallel programs. Amdahl's Law. Evaluation of the
effectiveness of parallel programs. Layered parallel form of the program.

46. Distributed file systems. Roles of system elements, ensuring fault tolerance. Read and write
algorithms in distributed file systems. Data replication.

47. The computation model MapReduce. Key-value pairs in MapReduce implementations. The main
stages of calculations and additional elements of the model.

48. Data join (Join operation) in a MapReduce model. Computing and data optimization model.

49. Iterative calculations on large amounts of data. The lazy evaluation model and data storage structure
in the Spark implementation (RDD). Calculation results caching and iterative calculations.

50. Distributed message managers. Replication and implementation of fault tolerance. Semantics of
message delivery.

51. Transaction isolation levels. The principles of atomicity, consistency, isolation and resilience (ACID
rules). Committing and canceling transactions.

52. Fisher-Lynch-Paterson theorem (FLP-theorem), CAP-theorem and their applications. Distributed
configuration storage systems.

53. The choice of a leader process or a leader machine in distributed systems. Consensus Algorithm.

4. Procedure of taking a state examination

The state exam is admitted to a student who has mastered the disciplines that are covered by the exam
program, and does not have academic debts for them.

The state exam consists of two parts: 1) in the disciplines from the field of mathematics (sections 1-3 of
the exam program); on disciplines from the field of algorithms and computer technology (sections 4-7 of
the exam program). Each part of the exam has a separate day.

The exam format is oral.
1. The order of delivery of a part in discrete mathematics

The exam ticket consists of two questions, the choice of which is carried out by students from sections
[1-3], on one question from two different sections. A survey of students on the choice of optional
sections is carried out at least one week before the date of the state exam

Examination tickets are cut into several parts, grouped according to sections of the exam, the student
pulls different parts of the ticket from the corresponding piles. The student is given 1 astronomical hour
to prepare for the oral answer. During preparation for the answer, it is allowed to use the "official cheat
sheet", course materials.

The oral part of the exam includes the student's answer to the questions of the examination card. After
completing the oral response, GEC members can ask additional and clarifying questions, including those
that require additional preparation time.

2. The order of delivery of the part on algorithms and computer technologies

Examination tickets consist of three questions: one from the obligatory section [4], and one question
from sections [5 or 6] at the discretion of the student. A survey of students on the choice of optional
sections is carried out at least one week before the date of the state exam.



Examination tickets are cut into several parts, grouped according to sections of the exam, the student
pulls different parts of the ticket from the corresponding piles. The student is given 1.5 astronomical
hours to prepare for the oral answer. During preparation for the answer, it is allowed to use previously
prepared handwritten notes without limitation in volume.

The oral part of the exam includes the student's answer to the questions of the examination card. After
completing the oral response, GEC members can ask additional and clarifying questions, including those
that require additional preparation time.

3. Peculiarities of passing the exam in conditions of restrictions associated with COVID-19

In the event of restrictive measures prohibiting the conduct of the exam in public, the exam is conducted
using remote means that provide the possibility of video communication.

Before the start of the exam and receipt of the ticket, the student must provide (show on camera) an
identity document: a record book, student card, or passport.

During the preparation for the answer, it is allowed to use any sources of information, including
electronic ones, but the preparation time is reduced to 30 minutes.

After completing the oral answer, the members of the SEC are obliged to ask one additional question
from each section of the exam program, for which the student was preparing. Additional questions do not
involve a long preparation time and require a short answer.

5. Description of the facilities required for the state examination

Auditorium for the certification test, equipped with places for students and the examination committee.
In the event of restrictive measures prohibiting the conduct of the exam in a public form - workable
remote workplaces for all students and examiners.

6. List of reccommended reading

Main literature
1. [IporpammupoBanue: TeopeMbl u 3aaa4u [ Tekct], [yue6. mocodue] /A. lllens. -M., MITHMO, 2011

Additional literature
1. Apxutektypa KommblOoTepa, [yueO. mocobue nns By3oB] / . Tamenbaym, T. OctuH. —
Cankr-IlerepOypr, [Tutep, 2020.— URL: https://ibooks.ru/bookshelf/361850/reading (nata obpamienus:
26.11.2020). - ITonnsiii Teket (Pexum nocryna : u3 cetu MOTU / Ynanenusiit noctyn)

7. Guidelines for students preparing for the state examination

When preparing for the oral part of the state exam, students are encouraged to recall the topics of
mathematical disciplines included in the program of the oral part of the state exam, using lecture notes
and recommended literature, if necessary. After repeating each topic, the student is advised to
independently write the formulations and proofs of the theorems contained in the program of the oral
part of the state exam, without using literature and aids.

If there are questions that the student cannot independently solve with the help of the recommended
literature, it is recommended to ask these questions at the consultation conducted by the teacher of the
department in the relevant discipline.

8. Methodology and assessment criteria for the state examination



For each of the two parts of the exam, a separate mark is given on a 10-point scale. Grades below 3 are
considered unsatisfactory and blocking: if you receive an unsatisfactory mark for any part of the exam,
the exam is considered passed for the grade "unsatisfactory", and the student is not allowed to pass the
other part of the exam.

Answers to the oral part for each of the sections of the program are assessed separately on a 10-point
scale. The mark for the part of the exam that is held on the same day is determined as the arithmetic
mean of the marks for the different sections. The result of the assessment for the part is rounded to the
nearest whole value according to the standard arithmetic rules and is announced to the student on the day
of the part of the exam.

The final grade is set on a 10-point scale and is defined as the average of two grades obtained for
different parts of the exam. The rounding method is standard arithmetic.

excellent (10) - correct, clear and confident answer to both questions of the ticket and additional
questions;

excellent (9) - correct answers were given to both questions of the ticket and additional questions with
minor inaccuracies;

excellent (8) - answers to both questions of the ticket and additional questions are given after minor
corrections and leading questions from the examiners;

good (7) - answers to both questions of the ticket are given, but there is no correct answer to one of the
additional questions;

good (6) - there are flaws in the answer to one of the questions on the ticket and there is no correct
answer to one of the additional questions;

good (5) - there are gaps in the answers to both questions of the ticket and there is no correct answer to
one of the additional questions;

satisfactory (4) - there are gaps in the answers to both questions of the ticket or there is no answer to any
of the additional questions;

satisfactory (3) - there is no answer to one of the questions on the ticket, but there are answers to
additional questions (possibly with deficiencies);

unsatisfactory (2) - there is no answer to one of the ticket questions and to additional questions;
unsatisfactory (1) - there is no answer to any of the ticket questions.

9. Peculiarities of state final examinations for persons with disabilities and persons with special needs

For students with disabilities, the final state assessment takes into account the particularities of their
psycho-physical development, their individual capacities and their state of health (hereinafter referred to
as the individual characteristics).

The following general requirements shall be ensured in the conduct of the FSA:

— conducting state final examinations for persons with disabilities in the same room as students without
disabilities, if this does not create difficulties for the students when taking the final examinations;

— presence of assistant(s) in the classroom to provide students with disabilities with the necessary
technical assistance, taking into account their individual characteristics (to take the workplace, move
around, read and complete an assignment, communicate with members of the SEC);

— the use of technical aids for students with disabilities in taking the FSA, taking into account their
individual characteristics;

— ensuring that students with disabilities have unhindered access to and use of classrooms, toilets and
other facilities.

At the written request of a student with a disability, the duration of the state certification test may be
extended beyond the established duration of the test:

— the duration of the written state examination - not exceeding 90 minutes;

— the duration of the preparation of the student's answer to a state examination held orally - not more than
20 minutes.



A student with a disability shall submit a written application no later than 3 months prior to the
commencement of the State Attestation Examination regarding the need to create special conditions for
him/her when conducting state attestation tests, indicating the specifics of his/her psychophysical
development, individual capabilities and state of health. The application shall be accompanied by
documents confirming the learner's individual characteristics (in the absence of these documents from the
Institute Directorate).

In the application, the student shall indicate the need (lack of need) for the assistant's presence at the
state attestation test, the need (lack of need) for increasing the duration of the state attestation test in
relation to the established duration.

10. Examples of control tasks, tickets
Examples of tasks are given in the supplement.



10. Examples of test assignments, tickets

10.1. Examples of tickets for part of the exam by sections [1-3]

Ticket number 1

1. The concept of a set and a subset. Operations on sets, identities. Mappings and matching.
Comparison of sets by cardinality. Cantor — Bernstein theorem. Countable sets and their properties.
Cantor's theorem.

2. Chromatic number, independence number, click number. Lower bound for the chromatic number in
terms of the independence number and in terms of the click number; comparison of the order of these
estimates for the random graph G (n, 12) in the Erdéos — Renyi model (a.s.s. \ alpha (G) <= 2log_2 (n)).

Erdos' theorem on the existence of graphs with arbitrarily large girth and chromatic number.

Ticket number 2

1. Ramsey numbers: definition, and exact values of R (s, t) at s3, t4. Erdos — Szekeres upper bound, its
corollary for the Ramsey diagonal numbers; lower bound for diagonal numbers using a simple
probabilistic method.

2. Walkability of random variables: by probability, by distribution, almost surely, on average.
Relationship between convergence (b / d). Slutsky's lemma (b / d). Convergence Inheritance Theorem.
Delta method.

Ticket number 3

1. Confidence intervals. Central statistics method. A method for constructing asymptotic confidence
intervals.

2. Formal arithmetic. Examples of conclusions in Peano's axiomatics. Modeling Turing machines in
formal arithmetic (b / d). Gédel's Incompleteness Theorem: Statement and Idea of Proof.

10.2. Examples of tickets for a part of the exam by sections [4-7]
Ticket number 1
Graph traversal in depth, width.

The problem of overfitting. Example, causes of occurrence (ideologically). Cross validation. Motivation
for using train, val and test samples. The concept of parameters and hyperparameters of models.
Selection procedure for hyperparameters. The concept of regularization (in the general case).
Regularization methods for various models (linear models, trees, ensembles, neural networks).

Fisher-Lynch-Paterson theorem (FLP-theorem), CAP-theorem and their applications. Distributed
configuration storage systems.

Ticket number 2
Minimal Spanning Tree: Prim and Kruskal's Algorithms.

Solution of the classification problem by the support vector method. Margin concepts. Hinge-loss.
Optimization task in SVM (declarative).



Bullet-proof machines. Definition options. Equivalence of FFSMs and Context-Free Grammars:
Constructing a Grammar from an Automaton.

Ticket number 3
1.LCA: Reducing to RMQ and Binary Ascent Method.

2. Dimension reduction problem: PCA and t-SNE algorithms. Communication between PCA and SVD. Can
the PCA provide more than one solution?

3. Overgrowth lemmas for automaton and context-free languages. Examples of languages not included
in these classes.



