Doctoral School of Mathematics
In effect from the beginning of the academic year 2022/2023

Discipline: mathematics and computer science

Form of education: Doctor of Philosophy (Ph. D.) training

Program objectives: to acquire the academic degree training, acquisition of
practice in higher education

Training time: 4 + 4 semesters

Training type: regular school

Financing: state-sponsored or tuition fee based

Entrance requirements: Master's degree and a successful entrance exam

Language requirements: State-recognized type "C" secondary (or equivalent) exam
The number of credits required: 240

Ways of getting credits / modules: training credits (72+24), research credits (36+40) , credits
obtained for active participation at meetings and workshops, credits obtained for publications
(ArXiv 2 credits, publication 10 credits per publication), credits obtained for yearly reports
(10+15+15), credits obtained for teaching activity (4 for each course)

The training ends with: 108 credits and Complex examination (at the end of the first cycle),
the missing credits to 240 and Absolutorium (Thesis) (at the end of the second cycle).

Responsible for the training: prof. Tibor Jordan, head of the doctoral school

Doctoral education programs:

l. Applied mathematics

Program director: prof. Janos Karatson
. Didactics of mathematics

Program director: prof. Odén Vancso
II. Pure mathematics

Program director:

prof. Tamas Szényi

MAT/009 Multivariate statistics
12 credits

MAT/028 Discrete dynamical systems
6 credits

MAT/029 Ergodic theory
6 credits

MAT/030 Chapters of dynamical systems |I.
6 credits

MAT/037 Intorduction to information theory
6 credits

MAT/038 Information-theoretic methods in statistics



6 credits

MAT/151 Data structures
6 credits

MAT/152 Applied discrete mathematics seminar
6 credits

MAT/153 Complexity theory
6 credits

MAT/154 Complexity theory seminar
6 credits

MAT/184 Selected topics in graph theory
6 credits

MAT/185 Random structures and applications
6 credits

MAT/186 Data mining
6 credits

MAT/189 Time series analysis 1
6 credits

MAT/190 Time series analysis 2
6 credits

MAT/200 Markov chains
6 credits

MAT/207 Distribution of eigenvalues of random matrices
6 credits

MAT/208 Foundations of mathematical statistics 1
9 credits

MAT/209 Foundations of mathematical statistics 2
6 credits

MAT/210 Analysis of survival data
6 credits

MAT/211 Discrete parameter martingales
6 credits

MAT/229 Processes with independent increments, stationary, and Markov
processes
6 credits



MAT/230 Stochastic analysis
9 credits

MAT/248 Linear partial differential equations
6 credits

MAT/249 Nonlinear partial differential equations
6 credits

MAT/250 Theory of partial differential equations I.
6 credits

MAT/251 Theory of partial differential equations II.
6 credits

MAT/304 Analysis of environmental data
6 credits

MAT/312 Character theory of finite groups
6 credits

MAT/313 Geometric graph theory
6 credits

MAT/325 Nonlinear partial differential equations II.
6 credits

MAT/347 Dynamical systems
6 credits

MAT/365 Probabilistic methods in convex geometry
6 credits

MAT/367 Large networks seminar
6 credits

MAT/374 Application to the numerical solution of partil differential equations
9 credits

MAT/375 Algorithms
6 credits

MAT/388 Investigation of the time-discretizatoon methods for the partial differential
equation
6 credits

MAT/389 Numerical solution of time-dependent PDE's
6 credits



MAT/392 Stationary processes
6 credits

MAT/393 Dynamical systems and differential equations I.
6 credits

MAT/394 Dynamical systems and differential equations Il
6 credits

MAT/395 Continuous Optimization seminar
6 credits

MAT/396 Multiplicative number theory
6 credits

MAT/397 Financial Processes 1
6 credits

MAT/398 Stochastic Processes
9 credits

MAT/399 Operator semigroups for numerical analysis
6 credits

MAT/401 Basic questions of mathematics didactics
6 credits

MAT/402 Some basic questions of teaching of mathematical problem solving
6 credits

MAT/403 Research methods in mathematics didactics
6 credits

MAT/404 Didactical Research: changing task culture
6 credits

MAT/405 Introduction to didactics of mathematical modeling
6 credits

MAT/406 Retrospective view of the mathematical education process
6 credits

MAT/407 Introduction to Bayesian statistics under didactical aspects
6 credits

MAT/408 Educational opportunities of the classical and Bayesian statistics with historical
background
6 credits



MAT/409 Teaching Combinatorics and Probability in high school
6 credits

MAT/410 The philosophy of mathematics and didactical consequences
6 credits

MAT/411 Complex mathematics education and Tamas Varga I.
6 credits, lecture, compulsory for students of Didactics programme, non-repeatable

MAT/412 Complex mathematics education and Tamas Varga II.
6 credits

MAT/413 History of Mathematics I.
6 credits

MAT/414 History of Mathematics II.
6 credits

MAT/415 The indirect genetic method I. Logarithm, real-number concept
6 credits

MAT/416 The indirect genetic method Il. From Eudoxus to Dedekind, real-number
concept
6 credits

MAT/417 The indirect genetic method I1l. Measurement, measure and integration.
6 credits

MAT/418 The indirect genetic method IV. The best linear approximation as
"Fundamental idea".
6 credits

MAT/419 Mathematics and Media
6 credits

MAT/420 Development of study tools and textbooks
6 credits

MAT/421 Topics in Stochastic Calculus
6 credits

MAT/422 Mathematics of financial risk analysis
6 credits

MAT/423 Price fluctuations
12 credits

MAT/424 Numerical solution of elliptic partial differential equations
6 credits



MAT/425 Numerical solution of elliptic partial differential equations II.
6 credits

MAT/426 Interest rate models
9 credits

MAT/427 Stochastic processes of mathematical finance 2
6 credits

MAT/428 Special stochastic processes
6 credits

MAT/429 Dynamical systems and fractals problem solving seminar
6 credits

MAT/430 Linear operators and relations in Hilbert spaces
6 credits

MAT/438 Innovative time integrators for solving nonlinear differential equations
6 credits

MAT/441 Weak convergence methods for nonlinear PDE
6 credits

MAT/442 Algebraic Geometry and its applications
6 credits

MAT/443 Dynamical Systems and Ergodic Theory problem solving seminar
6 credits

MAT/444 Farkas Miklds Seminar
6 credits

MAT/445 Complex manifolds and their deformation theory
6 credits

MAT/446 Random graphs
6 credits

MAT/447 Reading Seminar in Mathematics Education
6 credits, practice, compulsory for students of Didactics programme, repeatable

MAT/448 Hungarian Traditions of Mathematics Education
6 credits

MAT/449 French theories in Mathematics Education
6 credits

MAT/450 Mathematical foundations of machine learning



6 credits

MAT/451 Algorithmic Thinking in Mathematics
6 credits

MAT/453 Groups and representations
6 credits
Palfy Péter Pal

MAT/454 Rings and algebras
6 credits
Agoston Istvan

MAT/455 Deep learning
6 credits
Andras Lukacs

MAT/457 Media and teaching mathematics seminar
6 credits

Vancsé Odon

Korandi Jozsef

MAT/458 Proof in theory and in practice
6 credits

Vancso Odon

Korandi Jozsef

MAT/459 Different representation in teaching and learning mathematics
6 credits
Stankov Gordana

MAT/460 Quantitative research methods in mathematics education
6 credits
Csikos Csaba

MAT/461 Computer-based statistical analyses in research for mathematics education
6 credits
Csikos Csaba

MAT/462 Qualitative Theory of Difference Equations
6 credits
Kovacs Sandor

MAT/463 Kahler manifolds
6 credits
Sz6ke Robert

MAT/464 Lorentz manifolds and their applications
6 credits



Szenthe Janos
Szeghy David

MAT/465 Qualitative methods in mathematics education research
6 credits
Gosztonyi Katalin

MAT/466 Mathematic didactics research seminar
6 credits
Szabd Csaba

MAT/467 Trends of research of mathematic didactics of mathematics in Hungarian education
6 credits
Szabo6 Csaba

MAT/468 Discrete mathematics
6 credits, lecture
Csikvari Péter

MAT/469 Discrete mathematics
6 credits, practice
Csikvari Péter

MAT/470 Numerical methods for ordinary differential equations II.
6 credits, lecture
Farag6 Istvan

MAT/471 Quantum computing
6 credits, lecture+practice
Gilyén Andras

MAT/472 Introduction to Stein manifolds
6 credits, lecture
Szoke Robert

LIST OF COMPLEX EXAMINATION SUBJECTS

Applied mathematics

Main topic to be selected from:

. Statistics

. Probability theory

. Stochastic processes

. Continuous optimization

. Combinatorial optimization

. Discrete optimization with applications
. Numerical methods

. Ordinary differential equationsi
. Partial differential equations
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10. Funkcional analysis

Applied mathematics

Second topic to be selected from:

1. Non-parametric methods

2. Statistical analysis of time series

3. Multivariate statistical methods

4. Analysis of survival data

5. Probability measures, random variables

6. Sums of independent random variables

7. Theory of martingales

8. Information theory

9. Markov chains, Markov processes

10. Stationary processes

11. Processes with independent increments

12. Linear programing

13. Non-linear programing

14. Stochastic programing

15. Game theory

16. Polyhedral combinatorics

17. Combinatorial algorithms

18. Structures in Combinatorial Optimization

19. Integer Programming

20. Scheduling and production planning

21. Approximation algorithms

22. Numerical solution of systems of linear algebraic equations

23. Interpolation, approximation of functions

24. Numerical solution of non-linear equations and systems of non-linear equations
25. Numerical solution of initial-value problems for ordinary differential equations
26. Numerical solution of boundary-value problems for ordinary differential equations
27. Numerical methods of boundary-value problems for partial differential equations
28. Numerical methods for parabolic partial differential equations

29. Mathematical and numerical models in physics

30. Classical theory of ordinary differential equations

31. Dynamical systems

32. Theory of bifurcation, chaos

33 Operator semigroups and their application for the differential equations

34. Theory of distributions

35. Sobolev spaces

36. Boundary-value problems for the linear elliptic equations

37. Boundary-initial value problems for the linear parabolic and hyperbolic equations
38. Non-linear elliptic equations

39. Non-linear parabolic equations

40 Some basic notions and theorems in functional analysis

41. Bounded linear operators in Hilbert space

42. Solvability of linear operator equations in Hilbert space

43. Unbounded linear operators in Hilbert space

44. Non-linear functions analysis

45. Approximation methods in functional analysis

46. Topological vector spaces, Banach algebras, harmonic analysis

47. Micro and macro economics



Didactics of mathematics

Main topic to be selected from:

1. The main problems of the didactics of mathematics and its research

2. The history of mathematics

3. Didactics of Mathematics - fundamental questions of research in Hungarian Mathematics
Education

Second topic to be selected from the lists of the applied or pure mathematics program.

Pure Mathematics

Main and Second topic to be selected from:
. Analysis (Real analysis)

. Analysis (Complex analysis)

. Analysis (Differential Equations)

. Analysis (Functional Analysis)

. Geometry (Differential Geometry)

. Geometry (Topology)

. Geometry (Discrete, Combinatorial, Finite and Convex Geometry)
. Stochastics (Probablility Theory)

. Stochastics (Stochastic Processes)

10. Stochastics (Statistics)

11. Algebra

12. Number Theory

13. Discrete Mathematics

14. Set Theory and Mathematical Logic
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EVALUATION AND CONTROL

Fulfilment of requirements of a given course is evaluated and recorded in the transcript by the
lecturer on a five-point scale (1-2-3-4-5, where 1: failed, 5: excellent).

Research activities are evaluated and recorded in the transcript by the supervisor on a three-
point scale (excellent - acceptable - failed).

Credits are approved by the program directors.

a) Credits for contact courses. Attending one course and passing on the exam counts 3 credits.
During the training period each student must obtain at least 48 credits for courses. Students
of Pure mathematics program must earn at least 24 credits from core courses, while students
of Didactics of mathematics program must earn at least 24 credits from courses of didactics.
b) Credits for reading courses. Fulfilment of requirements of a reading course is evaluated by
the supervisor. During the 8 semesters at most 48 (at most 6 in each semester) credits can

be obtained for reading courses.

c) Research credits. Research activities carried out under the direction of the supervisor.
During the first and second years at most 9 credits in each semester, while during the third
and fourth years at most 10 credits in each semester can be obtained for research activities.

d) Reports. Students must present yearly reports about their progression three times, in years
1, 3 and 4. The maximum number of credits obtained for the reports is 10 in the first year,

15 in the third year and 15 in the fourth year.

e) Credits obtained for teaching activities. Giving a problem solving class of 2 hours per week
counts 4 credits. In exceptional cases, credits may be given for other teaching work (e.g.
correction of homeworks etc.).



) Credits obtained for attending conferences. A poster/contributed talk on an international
conference counts 4/8 credits, while a poster/contributed talk on a local conference counts

2/4 credits. Attending a one-week workshop counts 6 credits.

g) Publications. Each publication which contains new scientific results and appeared (or
accepted) in a peer-rewieved international journal counts 10 credits. A new result appearing in
ArXiv could count 2 credits if the supervisor recommends.

Each student must earn at least 108 credits at the end of the first cycle. During the second
cycle (in the third and fourth years) each student must obtain at least 28 credits of types e), f)
and g) listed above.



