MAT/1 Representation Theory of Algebras I.
Istvdn Agoston — AGIKAAT.ELTE
6 credits, theory, -, cannot be repeated
Representation theory of hereditary algebras. Graph algebras and their
representations. Structure of graph algebras. Euler and Tits form. Graphs and
quadratic forms, Dynkin and Euclidean graphs. Elements of the geometric
representation theory: representation space, algebraic groups, orbits of the
representation space. The case of finite representation type: representations of
Dynkin graphs. The Euclidean case. The Auslander—Reiten shift. Coxeter
transformations. Defect of modules. Preprojective and preinjective modules. Regular
modules. Examples: representations of the Kronecker algebra.

Recommended literature:
Crawley-Boevey: Lectures on representations of quivers

MAT/2 Representation theory of algebras II.
Istvdn Agoston — AGIKAAT.ELTE
6 credits, theory, -, cannot be repeated
Basics of representation theory: directly irreducible modules, Azumaya—Remak—
Krull-Schmidt theorem. Elements of homological algebra, the Ext functor. Left- and
right-minimal morphisms, morphisms that are almost split from the left and right.
Irreducible mappings. Almost split, i.e. Auslander—Reiten series, their relation to
irreducible morphisms. Transpose of modules. Projectively stable and injectively
stable module categories. Auslander—Reiten offset of modules. Auslander—Reiten
formulas. Existence of almost split series. Trreducible morphisms in the case of
projective and injective modules. Auslander—Reiten graph of algebras, examples.
Auslander's proof of the first Brauer—Thrall conjecture, the Harada—Sai lemma.
Group algebras, Higman's theorem.

Recommended literature:
Auslander-Reiten-Smalg: Representation Theory of Artin Algebras

MAT/3 Homological algebra

From September 2025: Chapters on homological algebra
Istvdn Agoston — AGIKAAT.ELTE
Gergely Zabradi
6 credits, theory, -, cannot be repeated
Hom and the tensor functor (projective, injective and flat modules). Homological
properties of special ring classes (semisimple, von Neumann-regular, hereditary,
quasi-Frobenius rings). Homologities of complexes: homology groups, projective
and injective solutions. Derived functors (structure and basic properties of Ext and
Tor functors). Exact series and the Ext functor (Yoneda product, Ext algebras).
Homological dimensions (projective and injective dimension, global dimension,
Hilbert's syzygy theorem, finiteistic dimension, the finiteistic dimension conjecture).
Homological methods in representation theory (almost splitting series, Auslander—
Reiten graph). Derived categories (triangulated categories, chain complexes,
homotopy category, localization of categories, derivative category of algebras,
Morita theory). Spectral series.

Recommended literature:
Rotman: An Introduction to Homological Algebra

MAT/4 Algebraic Logic
Andréka Hajnal - ANHMAAT.ELTE
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6 credits, theory, -, cannot be repeated

Logical systems, completeness, decidability, definability. Algebraization,
cylindrical, polyadic and relational algebras, representations. Models in physics:
special and general relativity.

MAT/8 Analysis of financial processes 4.
Miklés Araté - ARMKAAT.ELTE
6 credits, theory, -, cannot be repeated
Immunization.
Stocks and bonds in continuous time.
The "Greeks".
Exotic and American options.
Option pricing and partial differential equations.

Recommended literature:

RJ Elliott — EP Kopp: Mathematics of Money Markets, Typotex Publishing, Buda-
pest, 2000.

Janos Szaz: Stock Options, Department Ltd., Budapest, 1999.

AN Shiryaev: Essentials of Stochastic Mathematical Finance. World Scientific,
Singapore, 1999.

MAT/9 Multivariate statistical methods
Miklos Arato - ARMKAAT.ELTE
12 credits, theory, -, cannot be repeated
Estimation of the parameters of the multivariate normal distribution. Matrix-valued
distributions. The Wishart distribution: expected value of its density function,
determinant, inverse. Hypothesis testing regarding the parameters of the multivariate
normal distribution. Independence test. Normality test.
Linear regression.
Measuring the relationship between variables: correlation coefficient, partial
correlation, canonical correlation.
Principal component analysis, factor analysis, variance analysis, discriminant
analysis.
Discrete, multivariate models, Contingency tables. Maximum-likelihood
estimation in loglinear models.
Kullback-Leibler divergence. Linear and exponential distribution families. Nu-
merical determination of the L-projection (Csiszéar's method, Darroch-Ratcliff
method).

Recommended literature:

KV Mardia, JT Kent and JM Bibby: Multivariate Analysis, Academic Press, 1979
Mori T. — Székely G. (eds.): Multivariate statistical methods, Technical Book
Publishing House, Budapest, 1984.

CR Rao: Linear statistical inference and its applications, Wiley and Sons, 1968

MAT/10 Webinar-Analytical Semigroups
Andrds Bdtkai — BAAKAAT.ELTE
6 credits, theory, -, repeatable
A seminar with a changing theme every year, held in international cooperation on
the topic of functional analysis or partial differential equations. In the first semester,
it is given as a lecture, and in the second semester, it is given as a seminar
presentation. More information can be provided by the responsible instructor.

MAT/11 Invariant subspace problem
Andrds Bdtkai — BAAKAAT.ELTE
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6 credits, theory, -, cannot be repeated

Reducing subspace, Wold decomposition. Isometric and unitary dilations of
contractions. The invariant subspace problem, its variations for positive operators on
Banach nets. Counterexample in Banach spaces. Some modern results. Sz6kefalvi-
Nagy B.- C. Foias: Harmonic Analysis of Operators on Hilbert Space B. Beauzamy:
Introduction to Operator Theory and Invariant Subspaces

MAT/12 Additional chapters from functional analysis
Andrds Bdtkai — BAAKAAT.ELTE
6 credits, theory, -, cannot be repeated
Spectral theory, Riesz-Dunford function calculus, spectrum of differential operators.
Spectral resolution. Hilbert-Schmidt and Trace class operators, singular values. The
"spectral shift" function. Fredholm operators, integral operators, convolution
operators. Index. Gohberg-Goldberg-Kaashoek: Classes of Linear Operators I.

MAT/13 Operator semigroups in Hilbert space
Andrds Bdtkai — BAAKAAT.ELTE
6 credits, theory, -, repeatable
Unitary dilation of contraction semigroups, Szokefalvi's stability theorem. Gearhart's
theorem, Datko-Pazy theorem. Applications to wave equations. Characterization of
norm continuity in Hilbert space. Applications of Fourier multipliers. Engel-Nagel:
One-Parameter Semigroups for Linear Evolution Equations

MAT/14 Parabolic maximum regularity
Andrds Bdtkai — BAAKAAT.ELTE
6 credits, theory, -, cannot be repeated
Analytic semigroups, inhomogeneous differential equations, semilinear equations.
Linearized stability. Regularity of solutions in space and time. Lunardi: Analytic
Semigroups and Optimal Regularity in Parabolic Problems

MAT/15 Semiconcave functions
Andrds Bdtkai — BAAKAAT.ELTE
6 credits, theory, -, cannot be repeated
Basic properties of semiconcave functions. Hamilton-Jacobi equations. "Viscosity
solutions". Some variational problems. Optimal control. Cannarsa-Sinestrari:
Semiconcave functions, Hamilton-Jacobi equationsand Optimal Control

MAT/18 Convex bodies and lattice points I.
Martin Naszodi
6 credits, theory, -, cannot be repeated
Minkowski's 1st theorem. Blichfeldt's theorems, generalizations of Minkowski's the-
orem. The Rédei—Hlawka theorem. Successive minima. Minkowski's 2nd theorem,
extremal fields. Voroni polytopes of parallelohedrons and lattices. The Voronoi basis
and the Voronoi conjecture.

Recommended literature:

1) PM Gruber, CG Lekkerkerker: Geometry of Numbers. North-Holland Mathe-
matical Library, 1987.

MAT/19 Convex bodies and lattice points II.
Martin Naszodi
6 credits, theory, -, cannot be repeated
Reduction theory. Hermite, Minkowski, L.ovéasz reduced basis. Mahler's selection
theorem. Lattice-like placements and coverings. (The Minkowski-Hlawka theorem,
lattice-like sphere placements.) Flatness theorems. Radius of covering.

Recommended literature:
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1) PM Gruber, CG Lekkerkerker: Geometry of Numbers. North-Holland Mathe-
matical Library, 1987.

MAT/20 Mathematical Programming and Convex Geometry I.
Kdroly Bezdek — BEKKAAT.ELTE
6 credits, theory, -, cannot be repeated
The basic task of linear programming. The principle of duality. Fourier—Motzkin
elimination. Simplex method and Hirsch's conjecture. Simple and simplicial
polytopes. Graphs of polytopes: Kalai's theorem, Balinski's theorem, Steinitz's
theorem. Diagrams of polytopes (Gale diagram).

MAT/21 Mathematical Programming and Convex Geometry II.
Kdroly Bezdek — BEKKAAT.ELTE
6 credits, theory, -, cannot be repeated
Polytopes with few vertices (the lower bound theorem). Zonotopes and tessellations.
The Dehn—-Sommerville equations, the upper bound theorem. The ellipsoid method.
The Lowner—John ellipsoid, the Dworetzki—Milman theorem and their applications.
The Karmarkar method.

MAT/22 Chapters in topology
Laszlo Feher
6 credits, theory, -, cannot be repeated
The concept of refinement. Locally finite, discrete, & -locally finite and & -discrete
set systems. Stone's theorem /in a metrizable space every open cover has a locally
finite © -discrete open refinement/. Paracompactness. Lindel6f spaces. Unit division.
Metrization spaces. Nagata-Smirnov theorem. Bing's theorem. The hedgehog space.
Kowalski's theorem /for every cardinality p there is a universal p-weight metric
space/. Continuity structures finer than topology. The Riesz chaining. Weil uniform
space and the Jefremovich-Smirnov neighborhood space. Their connection.
Complete and completely bounded uniform spaces. Metrization theorem of uniform
spaces. Topological groups. Hahn-Mazurkiewicz theorem. Whyburn's theorem.
Arcuately and locally arcuately connected spaces. Continuums and generalized
continuums.

Recommended literature:

1. R. Engelking: General Topology /Warszawa, 1977/. 2. GT Whyburn: Topological
Analysis /Princeton, 1964/ 3. F. Riesz: Steteitsbefriff und abstrakt Mengenlehre. Atti
del IV. Congresso Internationale dei Matematici. Roma 1908. vol. II. Roma 19009.
18-24. /Riesz Frigyes Osszeggerekt munkai I. Akadémiai Kiad, Budapest, 1960.
155-161/. 4. E®bemofUYY BA TeomembPua & Jlusocmu I. MAT. C &6 . 31
(1951),189-200. 5. Smirnov. Ju. M., On proximity spaces, English translation, Amer.
Math. Soc. Transl. Ser. 2. 38 /1964/. 5-35/. 6. H. Hahn, Uber die allgemeinste ebene
Punktmenge, die stetiges Bild einer Strecke ist. Jahresbericht der Deutschen
Matematiker-Vereinigung, 23 /1914/, 318-322. 8. S. Mazurkiewicz, Sur les lignes de
Jordan, Fund. Math. 1 /1920/, 166-209.

MAT/23 Discrete Geometry I.
Martin Naszodi
6 credits, theory, -, cannot be repeated
Euclidean, spherical and hyperbolic geometry. 2-dimensional regular and semi-
regular tessellations. The (rR)-point systems. Cell systems. Simple extreme value
problems. Hajos lemma. Density in a bounded domain. Placement of congruent
circles (general theorems).

MAT/24 Discrete Geometry II.
Kdroly Béréczky — BOKKAAT.ELTE
6 credits, theory, -, cannot be repeated
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Density in the Euclidean plane. Difficulties in the definition of hyperbolic density.
Covering with congruent circles on surfaces of constant curvature (general
theorems). Tammes problem. Dowker theorems. Circle placements, homogeneity.
Placements of convex disks in the Euclidean plane. Covering with convex disks in
the Euclidean plane. Multiple placements and coverings.

MATY/25 Discrete Geometry III.
Kdroly Béroczky — BOKKAAT.ELTE
6 credits, theory, -, cannot be repeated
Special arrangements on surfaces of constant curvature (extensiveness, compactness,
solidity, space requirement, separability). Generalized arrangements. Clouds, block-
ing. Basic properties of lattices in ", reductions, connection with quadratic forms.
Parallelohedrons. Regular and semi-regular polyhedra, polytopes. Higher dimen-
sional lattice-like sphere placements, sphere coverings and non-conditional lattice-
like sphere arrangements.

MAT/26 Combinatorial Geometry I.
George Kiss
6 credits, theory, -, cannot be repeated
Matching problems of points and lines. Sylvester problem set, crossing number of
graphs. Helly-type theorems and their applications. Pin prick problems.

MAT/27 Combinatorial Geometry II.
Kdroly Béréczky — BOKKAAT.ELTE
6 credits, theory, -, cannot be repeated
Separation of point systems. Properties of hyperplane systems, complexity of sub-
systems. Number of distances between points (unit distances, minimum and maxi-
mum distances). Erdés problem set I.

MAT/28 Discrete dynamical systems
Zoltdn Buczolich — BUZKAAT.ELTE
6 credits, theory, -, cannot be repeated
Topological transitivity and minimality. Omega limit sets. Symbolic dynamical
systems. The topological Bernoulli shift. Mappings of the circle. Existence of the
rotation number. Invariant measures. Krylov-Bogolubov theorem. Minimal
homeomorphisms and invariant measures. Rotations of compact Abelian groups,
ergodic transformations in a way and minimality.

Unimodal mappings. Kneading sequence. Points with finitely periodic symbolic
paths tend to periodic points. Signed lexicographical ordering of symbolic paths.
Characterization of the set of admissible symbolic paths. Equivalent definitions of
topological entropy. Properties of topological entropy. Zigzag number of interval
mappings. Markov graphs. Sharkovsky's theorem. Foundations of ergodic theory.
Maximal ergodic theorem and Birkhoff's ergodic theorem.

Required reading:

Recommended literature: A. Katok, B. Hasselblatt: Introduction to the modern
theory of dynamical systems. Encyclopedia of Mathematics and its Applications, 54.
Cambridge University Press, Cambridge, 1995.

W. de Melo, S. van Strien, One-dimensional dynamics, Springer Verlag, New York
(1993).

IP Cornfeld, SV Fomin and Ya. G. Sinai, Ergodic Theory, Springer Verlag, New
York, (1981).
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MAT/29 Ergodic theory
Zoltdn Buczolich — BUZKAAT.ELTE
6 credits, theory, -, cannot be repeated
Examples. Constructions. von Neumann L2 ergodic theorem. Birkhoff-Hincsin
pointwise ergodic theorem.
Poincaré recurrence theorem and Ehrenfest's example. Hincsin's theorem on
recurrence of sets.
Halmos' theorem on properties equivalent to recurrence. Properties equivalent to
ergodicity. Moderation and ergodicity of induced transformations. Kac's lemma.
Kakutani—Rohlin lemma. Bernoulli shift, ergodicity of unit circle rotations and torus
shifts. Mixing (definitions). Rényi's theorem on strongly mixing transformations.
Bernoulli shift is strongly mixing. Koopman-von Neumann lemma. Properties
equivalent to weak mixing. Banach's principle. Proof of ergodic theorem with
Banach's principle. Differentiation of integrals. Wiener's local ergodic theorem.
Lebesgue spaces and properties of conditional expected value.
Entropy in physics and information theory. Definition of the metric entropy of a
partition and transformation. Conditional information and entropy. “Entropy metric".

The conditional expected value as a projection in L2. Kolmogorov-Sinai theorem on
generators. Krieger generator theorem (without proof).

Recommended literature:

K. Petersen, Ergodic Theory, Cambridge Studies in Advanced Mathematics 2,
Cambridge University Press, (1981).

IP Cornfeld, SV Fomin and Ya. G. Sinai, Ergodic Theory, Springer Verlag, New
York, (1981).

MAT/30 Chapters from Dynamical Systems I.
Zoltdn Buczolich —- BUZKAAT.ELTE
6 credits, theory, -, cannot be repeated
Review of dimension concepts. Mass distribution principle. Iterated function systems
(TFSs). Coding of attractors of IFSs. OSC. Invariant measures on attractors of PIFSs.
Implicit methods for dimension estimation. Cookie cutters (subexample for
nonlinear systems). Bounded variation principle. Bounded distortion principle.
Subadditive and submultiplicative series. Weak convergence of measures, weak
compactness. Thermodynamic formalism: The theorem on the existence of
topological pressure and the Gibbs measure. The dimension formula. Invariant
measures: Sinai-Bowen-Ruelle operator, the theorem on the existence of an invariant
measure. Ergodicity of Gibbs measures. Entropy and the variational principle.

Required reading;:
Recommended reading: K. Falconer Fractal geometry. Mathematical foundations
and applications. Second edition. John Wiley & Sons, Inc., Hoboken, NJ, 2003.

MAT/31 Quasiuniform spaces
Emperor Akos — CSAMAAE.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/32 Topogenicities
Emperor Akos — CSAMAAE.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/33 General theory of bundles and connections
Szilard Szabo
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6 credits, theory, -, cannot be repeated

Serre sheaves, locally trivial sheaves, vector sheaves, principal sheaves. Sheaves
with G-structure group. Reduction and lifting of the structure group. Homotopic
series of sheaves. Operations with sheaves. Classification theorem of sheaves,
universal sheaves. Ways of specifying connections on vector and principal sheaves.
Parallel translation, holonomy group, reduction theorem. Curvature operator,
curvature tensor. Cartan's structure equation, Bianchi identity. The Ambrose—Singer
theorem.

Recommended literature:
1) MM Postnikov: Lecons de geometrie, Geometrie differentialelle, Semester 4.

MATY/34 Algebraic curves
Szilard Szabo
6 credits, theory, -, cannot be repeated
6 credits, theory, -, cannot be repeated
Basic algebraic geometry. Affine algebraic sets, Hilbert's basis theorem and the zero
position theorem. Irreducible affine algebraic sets. Zariski topology. Coordinate ring,
rational mappings, regularity. Isomorphisms and birational isomorphisms.
Dimension. Local ring. The tangent space and the embedding dimension. Smooth
points. Projective and quasiprojective manifolds.
Geometry of plane curves. Multiplicity of a point and tangent. Multiplicity of
intersection of two curves at a point. Bézout's theorem. Upper bound for the number
of singular points. Generalization of Pascal's theorem. Pliicker's theorem on the
number of tangents that can be drawn from a point to a curve. Inflection points.
Weierstrass normal form of cubic plane curves. Inflection points on a smooth cubic
plane curve. Group structure on cubic plane curves. Salmon's theorem. Elimination
of singularities by Cremona transformation and inflation. Classification of
singularities.

Recommended literature:

2) Jéanos Kollar: Algebraic Curves, Mathematical Papers 28, No 1-3, 153-198,
(1980).

3) RJ Walker: Algebraic Curves, Princeton University Press, 1950.

MATY/35 Lie groups
Szilard Szabo
6 credits, theory, -, cannot be repeated
The relationship between Lie groups, local Lie groups and Lie algebras. Lie functors.
One-parameter subgroups and the exponential map. The Hausdorff-Campbell-Baker
series and Dynkin polynomials. Universal enveloping algebra, the Pincaré—Birkhoff—
Witt theorem, Hopf algebras. Globalizability of local Lie groups, Cartan's theorem.
Lie algebras and their representations, Nilpotent and solvable Lie algebras, Jacobson
and Engel theorems, semisimple and reductive Lie algebras. Trace form of represen-
tation, Killing form, Cartan's criteria for solvability and semisimple, Casimir opera-
tors. Cohomology of Lie algebras, Whitehead's theorem and its applications, Levi-
Mal'cev theorem. Ado's theorem.

Recommended literature:

1) MM Postnikov: Lectures in Geometry, Semester 5, Lie Groups and Lie Alge-
bras, Mir, Moscow, 1986.

2) JP. Serre, Lie algebras and Lie groups, 2nd ®., Springer, 1992.

MAT/36 Non-standard analysis
LdszI6 Csirmaz — CSLLAAT.ELTE
6 credits, theory, -, cannot be repeated
Elementary and non-elementary analysis using non-standard methods. Logical tools:
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compactness theorem, higher-order logic, extension. Elementary analysis,

real function theory (Arzela and Ascoli theorems), topological spaces, Uriszon
metrization theorem; complex functional theory: distribution of roots of
polynomials;

great Picard theorem, Julia directions and generalizations.

Laszlo Csirmaz: Non-standard analysis, Typotex, 1999
Abraham Robinson, Non-standard Analysis, Princeton Univ. Press, 1996

MAT/37 Introduction to Information Theory
Vill6 Csiszdr - CSVKAAT.ELTE
6 credits, theory, -, cannot be repeated
Source coding with variable length and block codes. Entropy and its formal
properties. I-divergence and its formal properties. Types and typical sequences. The
concept of a noisy channel, channel coding theorems. Rate-distortion theory.
Channel capacity and its calculation methods. Source and channel coding with linear
codes. Multi-user communication systems: unique coding of correlated sources,
multi-input channels.

Recommended literature:

Csiszar — Korner: Information Theory: Coding Theorems for Discrete Memoryless
Systems. Academic Press, 1981.

Cover - Thomas: Elements of Information Theory. Wiley, 1991.

MAT/38 Information theory methods in statistics
Vill6 Csiszar
6 credits, theory, -, cannot be repeated
Hypothesis testing: exponentially optimal tests for simple and complex null
hypothesis testing, characterization of the optimal error exponent using I-divergence.
Exponential distribution families, information projection and maximum likelihood
estimation. Limit distribution of maximum likelihood estimation.
Analysis of contingency tables using information theory methods.
The minimum description length method. Model selection based on information
criteria.

Recommended literature:
Csiszar — Shields: Information Theory and Statistics: a tutorial. Now Publishers,
2004. Available online:
http://www.renyi.hu/~csiszar/Publications/
Information_Theory_and_Statistics:_A_Tutorial.pdf

MAT/39 Nonlinear optimization methods
instructor: Tibor Illés — ILTKAAT .ELTE
Zsolt Gdbor Csizmadia — CSZEAQT.ELTE
6 credits, theory, -, repeatable
Unconditional minimization . Necessary and sufficient optimality conditions.
Directional search. Algorithms. Conditional minimization. Interior point methods for
smooth convex optimization. Method of permissible directions. Gradient and
projected gradient methods. Finite games with complete information, non-
cooperative, concave utility function. Brower's and Kakutani's fixed point theorems.
Nikaido's theorem. Best answer method. Nikaido-Isoda theorem.

MAT/40 History of modern analysis
Laszlo Czach — CZLMAAT.ELTE
6 credits, theory, -, repeatable
Missing description.
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MAT/41 Differential calculus in Banach spaces
Laszlo Czach — CZLMAAT.ELTE
6 credits, theory, -, cannot be repeated
Theory of continuous linear and multilinear mappings, interpretation of first and
higher derivatives of functions forming a Banach space into a Banach space,
Young's theorem, Lagrange's inequality, Taylor series, local diffeomorphism
theorem, local superjection theorem, local injection theorem, extrema and
conditional extrema of real-valued functions. Laszlé Czach: Differential calculus in
normalized spaces (electronic notes).

MAT/42 Topological vector spaces
Zsigmond Tarcsay
6 credits, theory, -, cannot be repeated
Basic properties of linear topologies, projectively generated linear topologies, locally
compact topological vector spaces, metrizable topological vector spaces, locally
convex and polynormable spaces, inductively generated locally convex spaces,
Krein-Milman theorem, geometric form of the Hahn-Banach theorem, boundedness
in a topological vector space and the criterion of normality, locally convex linear
function spaces, Ascoli theorems, Alaoglu-Bourbaki theorem, Banach-Alaoglu
theorem, Banach-Steinhaus theorem, elements of duality theory, duality-compatible
topologies, Mackey-Arens theorem, special locally convex spaces (Mackey spaces,
bornological spaces, barrel spaces, Montel spaces, reflexive spaces).
Banach algebras and the Gelfand representation, Gelfand representation of
commutative complex Banach algebras, holomorphic functional calculus, B*-
algebras and C*-algebras, first Gelfand-Najmark theorem and continuous functional
calculus, abstract Stone theorem, positivity in C*-algebras, Baer C*-algebras

Required reading: Kristof Janos Analysis I'V. http://cs.elte.hu/~krja

MAT/43 Bioinformatics Journal Club
Dezsé Miklés — MIDNAAT.ELTE
6 credits, theory, -, repeatable
The seminar mainly focused on
on the dynamics and structure of networks
we will review the basic results for the students
in his presentation, especially the newly released The
Structure and Dynamics of Networks (Mark Newman,
Albert-Laszlo Barabasi, & Duncan J. Watts) book
based on what is now a serious literature and
from a topic with history to the present
contains the most important published articles.

MAT/44 Geometric algorithms
Pdlvolgyi Démotor — PADGABT.ELTE
6 credits, theory, -, cannot be repeated
Convex envelope algorithms in the plane and higher dimensions.
Lower bounds: Ben-Or theorem, momentum curve, cyclic polyhedron. Plane
partitioning with lines. Finding a large convex polygon (parabolic duality). Finding
the location of a point in a plane partition. The post office problem. Voronoi
diagrams. Delaunay triangulation and applications. Matching estimates.

Recommended reading: De Berg, Kreveld, Overmars, Schwartzkopf: Computational
geometry. Algorithms and applications, Berlin, Springer 2000.

MAT/45 Comb. Geometry eye .
Pdlvélgyi D6métor — PADGABT.ELTE
6 credits, theory, -, repeatable
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Classical matching problems. Number of different directions, Scott-Ungar theorem
The Szemerédi-Trotter estimate. Beck's theorem. r-parameter curve families, Pach-
Sharir theorem.

Structure of plane sections with straight lines, levels, zone theorem.
Chazelle-Welzl theorem. Geometric discrepancy.

"Cut lemma for lines and point sets.."

MAT/46 Combinatorics seminar
Miklés Simonovits — SIMPAAT.ELTE
6 credits, theory, -, repeatable
The Rényi Institute's traditional combinatorics seminar.
Literature:
Janos Pach and Pankaj K Agarwal: Combinatorial Geometry J. Wiley and Sons,
New York, 1995.
Jiri Matousek: Lectures on Discrete Geometry, Springer, 2002.

MAT/48 Spatial fits
Gyorgy Elekes — ELGKAAT.ELTE
6 credits, theory, -, cannot be repeated
Missing description -

MAT/50 Approximation Theory Seminar
Madrton Elekes — ELMKAAT.ELTE
6 credits, theory, -, repeatable
Weekly seminar of the Analysis Department of the Alfréd Rényi Mathematical
Research Institute of the Hungarian Academy of Sciences on the latest research
results, with invited foreign and Hungarian speakers. The topic changes weekly,
usually in English.

MAT/51 Modern Analysis Seminar
Madrton Elekes — ELMKAAT.ELTE
6 credits, theory, -, repeatable
Literature: - Modern analysis seminar With the students we try to understand and
improve the recent modern results in real functions and geometric measure theory.

MAT/52 Operations research models for risk assessment
Csaba Fdbidn — FACKAAT.ELTE
6 credits, theory, -, repeatable
Risk measures and their properties. Special measures used in financial applications
(SPAN, VaR, CVaR). Coherent risk measures, dual representation.
Relationship between risk measures and deviance measures. Optimization of convex
risk measures: generalizations of the Markowitz mean/variance model.
The concept of stochastic dominance. The relationship between second-order
stochastic dominance and various risk measures. Examination of optimization
models prescribing first- and second-order stochastic dominance.
Using risk measures in multi-stage stochastic models.

MAT/53 Linear programming packages
Csaba Fdbidn — FACKAAT.ELTE
6 credits, theory, -, repeatable
Implementation issues of mathematical programming procedures.
LINDO, LINGO are linear, nonlinear and integer programming packages. CPLEX is
a linear, quadratic and integer programming package.

Recommended literature:
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Istvan Maros: Computational Techniques of the Simplex Method, Kluwer, 2003

MAT/54 LP program packages
Csaba Fdbidn — FACKAAT.ELTE
6 credits, theory, -, repeatable
Comparison of linear programming procedures, implementation issues. Formulation
of LP problems and interpretation of results. From the MPS input/output format to
modeling tools. Introduction to some LP solvers: Excel Solver, LINDO, CPLEX.
Modeling tool: GAMS. References: Maros, I.: Computational Techniques of the
Simplex Method, Kluwer Academic Publishers, Boston, 2003.

MATY/55 Operations Research Software Packages
Alpar Jiittner
6 credits, theory, -, repeatable
Specifying mathematical programming tasks and evaluating the results: development
from the MPS input/output format to modeling tools.
Introduction to modeling tools: XPRESS, GAMS, AMPL, AIMMS.

MAT/56 Simulation
Csaba Fdbidn — FACKAAT.ELTE
6 credits, theory, -, repeatable
Discrete moment problems. Estimates of the probability of the joint occurrence of
elementary events.
Random number generators. Monte Carlo methods for computing multidimensional
integrals. Application of estimates of the probability of the joint occurrence of
elementary events to estimate the value of a multivariate probability distribution
function.
Application of simulation to solve optimization problems: stochastic quasi-gradient
methods. Stochastic decomposition methods to solve two-step stochastic
programming problems.

Recommended literature:

Kall, P., Wallace, SW, Stochastic Programming, Wiley, 1994.

Prékopa A., Stochastic Programming, Kluwer, 1995.

Birge, JR, Louveaux, F.: Introduction to Stochastic Programming, Springer, 1997-
1999.

MAT/57 Stochastic programming
Gergely Mddi-Nagy
6 credits, theory, -, repeatable
Overview of stochastic models through examples. Different formulations of
constraints and goals: with expected value, conditional expected value, probability.
Construction of simple models, formulation and solution of problems. Presentation
of applications.
Static and dynamic models. Mathematical characterization of the resulting stochastic
programming problems and their solution methods.
Fundamental theorem of log-concave measures. Probability limits and log-
concaveness of objective functions containing probabilities. Their evaluation with
approximate simulation methods.

Recommended literature:

Kall, P., Wallace, SW, Stochastic Programming, Wiley, 1994.

Prékopa A., Stochastic Programming, Kluwer, 1995.

Birge, JR, Louveaux, F.: Introduction to Stochastic Programming, Springer, 1997-
1999.
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MAT/60 Algebraic topology III.
Andrds Sziics — SZAKABT.ELTE
Ldszl6 Fehér — FELKABT.ELTE
6 credits, theory, -, cannot be repeated
Homotopic group, exact series for a pair of spaces, fibrations and Serre
fibrations, their homotopic exact series. Simplicial approximation,
Freudenthal theorem. CW approximation, Whitehead theorem, homotopic
cut, generalized Freudenthal theorem, Addition theorem. Homologities:
simplicial, singular and CW. Exact series of a pair of spaces, triples of
spaces, small simplices lemma, cut, Mayer-Vietoris series, different
homologies are the same for a CW complex. Axioms of homology theory,
Hurewicz theorem, Lefschetz fixed point theorem. Definition of
cohomology, Extraordinary homology and cohomology theories, examples
(stable homotopic groups, bordisms, cobordisms, K-theory)

References: Hatcher: Algebraic Topology,
https://www.math.cornell.edu/~hatcher/AT/AT.pdf
Andras Sziics's website: http://www.cs.elte.hu/~szucs/
Topology track notes 1st semester.

MAT/61 Algebraic topology IV.
Andrds Sziics — SZAKABT.ELTE
Ldszl6 Fehér — FELKABT.ELTE
6 credits, theory, -, cannot be repeated
Classification of vector sheaves, Relation to projective moduli, K-group,
Pontrjagin-Thom isomorphism, Classification of G-sheaves, Milnor
construction, Hopf theorem. Puppe series, Cohomological exact series,
obstruction theory, Hirsch theorem, Whitney-Graustein theorem, Whitney
trick, h-cobordism theorem, the generalized Poincaré hypothesis, Smale,
Hirsch and Gromov theorems on immersions.
Literature: Andras Szf{ics's website: http://www.cs.elte.hu/~szucs/
Topology band notes 2nd semester.
Husemoller: Fiber bundles

MAT/62 Algebraic Topology V.
Andrds Sziics — SZAKABT.ELTE
LdszIo Fehér — FELKABT.ELTE
6 credits, theory, -, cannot be repeated
Concept of cohomology, cup product and its relative version, Universal
coefficient formula, Kiinneth formula, De Rham cohomology, the relation
between rot, grad and div, cap product (Leibnitz formula), Poincaré
duality, Thom class (multiplicativity), the dual of multiplication is the
intersection, top. manifold control, fund. class, compactly supported
cohom, Alexander duality, Lefschetz theorem, Euler class, (e(TM) ,[M]) =
Euler characteristic , characteristic classes, Leray-Hirsch theorem, Euler
class = zero of a generic cut, Stiefel-Whitney classes, applications:
Whitney's theorem for immersions is sharp, signature cobordism invariant,
Pontrjagin—-Thom theorem, Chern class and its properties, Pontrjagin class,
Pontrjagin numbers, Hirzebruch signature formula, there is an exotic
sphere.
Literature:
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Milnor-Stasheff: Characteristic classes.
Andras Szlics's website: http://www.cs.elte.hu/~szucs/
Topology band notes 3rd semester.

MAT/63 Algebraic Topology VI.
Andrds Sziics — SZAKABT.ELTE
LdszIl6 Fehér — FELKABT.ELTE
6 credits, theory, -, cannot be repeated
Directed 3-manifolds are parallelizable, Stable homotopic groups of
spheres. Serre's method for computing homotopic groups, Spectral series,
Serre's theorem: In stable dimension, the rank of the homotopic group is
the same as the rank of the homology group. Mod C theorems (Serre's
generalizations of Hurewicz's and Whitehead's theorems), Serre's
theorems for stable homotopic groups of spheres p-components,

Literature:

Kirby: The topology of 4-manifolds,

Mosher-Tangora: Cohomology operations and applications in homotopy
theory,

Andras Szlics's website: http://www.cs.elte.hu/~szucs/

Topology band notes 4th semester.

MAT/64 Differential Topology I.
Kalmar Boldizsar
6 credits, theory, -, cannot be repeated When will it be?
space of immersions, or embeddings, dense subspace in the space of all
smooth mappings, vector bundles, tangent bundle, induction, tubular
environment, transversality, C/r topology, intersection index looping
coefficient, Transversality theorem, Jet space, Jet transversality theorem,
self-transv., Hopf invariant, Morse theory, Thom isotopy lemma, Incidence
coefficients, Pontrjagin construction, compression theorem, EHP series,
hard Freudanthal theorem,

Literature:

Andras Szlics's website: http:/www.cs.elte.hu/~szucs/
Topology band notes 4th semester.

Hirsch: Differential topology

MAT/67 Discrete Geometry IV.
Kadroly Boréczky Jr. — BOKLABT.ELTE
6 credits, theory, -, cannot be repeated
Density estimates for sphere embeddings and covers in high-dimensional Euclidean and
spherical spaces: Rogers bounds on embeddings and covers, the Blichfeld and Kabatjanskij-
Levenstein bounds on embeddings. Ergodic sphere embeddings and covers in hyperbolic
space and their properties.

MAT/68 Geometry seminar

Gdbor Fejes-Toth — FETNACT .ELTE
6 credits, theory, -, repeatable

Weekly seminar of the Geometry Department of the Alfréd Rényi Mathematical
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Research Institute of the Hungarian Academy of Sciences on the latest research
results, with invited foreign and Hungarian speakers. The topic changes weekly,
usually in English.

MAT/69 Lie groups and Lie algebras I.
Fialowski Alice — FIAKAAT.ELTE
6 credits, theory, -, cannot be repeated
For beginners: Introduction to the theory of Lie groups, Lie algebras. Definitions,
manifolds, group action, stationary subgroup, classical linear Lie groups, compact
Lie groups, dependency, simply connected Lie groups, local homomorphism,
covering group. Tangent algebra of a Lie group, dependency between Lie group and
Lie algebra homomorphism; connected commutative Lie groups, commutator group,
solvable, semisimple and nilpotent Lie groups, superdirect product of Lie groups.
Abstract Lie algebras, low-dimensional classification, linear Lie algebras, Engel's
theorem, invariant symmetric bilinear forms in Lie algebras. Characterization of
nilpotent, solvable, semisimple Lie algebras, simplicity of classical Lie algebras.
Root decomposition, irreducible representation, Weyl theorem, Schur lemma,
Casimir operator, Levi-Malcev theorem. Inner automorphisms of Lie algebras,
exponential coverage. Recommended reading: Varadarajan: Lie Groups, Lie
Algebras, and Their Representations. Springer.

MAT/70 Lie groups and Lie algebras II.
Fialowski Alice — FIAKAAT.ELTE
6 credits, theory, -, cannot be repeated
For beginners: Introduction to the theory of Lie groups, Lie algebras. Definitions,
manifolds, group action, stationary subgroup, classical linear Lie groups, compact
Lie groups, dependency, simply connected Lie groups, local homomorphism,
covering group. Tangent algebra of a Lie group, dependency between Lie group and
Lie algebra homomorphism; connected commutative Lie groups, commutator group,
solvable, semisimple and nilpotent Lie groups, superdirect product of Lie groups.
Abstract Lie algebras, low-dimensional classification, linear Lie algebras, Engel's
theorem, invariant symmetric bilinear forms in Lie algebras. Characterization of
nilpotent, solvable, semisimple Lie algebras, simplicity of classical Lie algebras.
Root decomposition, irreducible representation, Weyl theorem, Schur lemma,
Casimir operator, Levi-Malcev theorem. Inner automorphisms of Lie algebras,
exponential coverage. Recommended reading: Varadarajan: Lie Groups, Lie
Algebras, and Their Representations. Springer.

MAT/71 Egervary seminar
Jordan -Tamas King
6 credits, theory, -, repeatable
The seminar will cover the latest developments in combinatorial optimization. To
receive credit, you must give a presentation on a designated area and prepare a
written report.

MAT/72 Graph Theory

Zoltdn Kirdly - KIZKAAT.ELTE
6 credits, theory, -, repeatable

From September 2025: Graph theory practice — cannot be repeated

The lecture reviews those parts of graph theory that are important for combinatorial
optimization. We will learn about several proof techniques and basic results.
(Algorithmic proofs, removal, intersection, constructive characterizations; perfect
graph theorem, Kuratowski theorem, Lucchesi-Younger theorem, Tutte theorem,
Edmonds's fenz? theorem, colorings, directions, increased connectivity, disjoint path
problems). NOT included: Ramsey theory, random graphs, extremal problems.

MAT/73 Combinatorial optimization structures
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Tibor Jordan

6 credits, theory, -, repeatable

We get acquainted with the more difficult parts of combinatorial optimization.
Matching theory: T-ties, the Chinese postman problem, Mader's lifting theorem,
Greene and Kleitman's theorems algorithmically, Lucchesi-Y ounger theorem algo-
rithmically. Gy?ri's interval theorem.

MAT/74 Matroid theory
Kristof Berczi
6 credits, theory, -, repeatable
We review the basics of matroid theory, mainly with a focus on combinatorial opti-
mization aspects. Rado's theorem, Edmonds intersection theorem, Homomorphic im-
age, Matroid partition algorithm, weighted matroid intersection algorithm, applica-
tions in network optimization.

MAT/75 Polyhedral combinatorics
King Thomas
6 credits, theory, -, repeatable
We examine applications of linear programming in combinatorial optimization.
Completely unimodular condition matrices in network optimization, The complete
matching polyhedron and the Edmonds description of the matching polyhedron.
Completely dual integer-valued. Submodular optimization: polymatroids and their
generalizations, submodular flows, graph theory applications .

MAT/76 Valuation Theory
Fried Ervin — FREKAAT.ELTE
6 credits, theory, -, cannot be repeated
Archimedean and non-Archimedean ordering and evaluation. Valued rings and
fields. Hensel's lemma and its consequences. Extension of evaluations to algebraic
expansions. p -adic numbers, formal power series.

Recommended literature:
Endler: Valuation theory

MAT/77 Graphs and Algebras I.
Fried Ervin — FREKAAT.ELTE
6 credits, theory, -, cannot be repeated
Algebraic structures definable by relations. Generalizations of network theory.
Congruence distributivity. Dual discriminant.

Recommended literature:
Fried: Relations and lattice properties.

MAT/81 Algebraic Research Seminar
Gabor Somlai
6 credits, theory, -, repeatable
Reading and research seminar.

MAT/82 WWW special lecture
instructor: Andrds Bencziur — BEAKABT.ELTE
Friedman Eszter — FRAKAAIL.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/83 Investment Analysis
Robert Fullér — FURKAAT.ELTE
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6 credits, theory, -, repeatable

The model of active portfolio management. Methods of measuring portfolio
performance. Methods of measuring pension fund performance. Time-weighted and
forint-weighted returns.

Literature. Bodie/Kane/Marcus, Investments (Irwin, 1996).

MATY/84 Decision Analysis
Robert Fullér — FURKAAT.ELTE
6 credits, theory, -, repeatable
Wald, Hurwitz, Savage and Laplace criteria for finitely many alternatives,
Preference relations, Neumann-Morgenstern utility theory, Yager's OWA operators,
Saaty's AHP.

Literature. Simon French, Readings in Decision Analysis, (Chapman and Hall,
London, 1990).

MAT/85 Macroeconomics and Equilibrium Theory
Robert Fullér — FURKAAT.ELTE
6 credits, theory, -, repeatable
Basic actors and markets of macroeconomics. Optimal macroeconomic behavior
models of companies and households. Equilibrium model of macroeconomics.
Walras' laws. Static analysis of government financial policy, monetary and fiscal
policy. Conditions for GDP growth. The relationship between budgetary and
monetary policy. The relationships between inflation reduction, tax changes, and
interest rate changes. The relationship between consumption, investment, and
savings. Employment policy and labor market. The role of exports and imports.

Literature. T. Mellar, Applied Macroeconomics, JPTE, 1997 .

MATY/86 Operations Research Models
Erika Bérczi-Kovdcs
6 credits, theory, -, repeatable
Understanding real-life problems, building mathematical models, and applying the
resulting
solving mathematical programming problems and interpreting the results.
Topics:  finance, telecommunications, inventory management, logistics,
environmental protection, etc.

Literature. Operations Research Models and Methods (John Wiley and Sons, 2003)

MAT/87 Financial Management
Robert Fullér — FURKAAT.ELTE
6 credits, theory, -, repeatable
Stock markets, financial instruments, inflation, interest rates, capital allocation
between risky and risk-free assets, Harry Markowitz's optimal portfolio model,
capital asset pricing model (CAPM), fixed-income securities, stock valuation,
options and option strategies, option pricing

Literature. Bodie/Kane/Marcus, Investments (Irwin, 1996).

MAT/88 Multi-objective optimization
Robert Fullér — FURKAAT.ELTE
6 credits, theory, -, repeatable
Pareto optimality, The method of epsilon constraints, The evaluation function
method, Interactive methods, Lexicographic optimization, The method of reference
points, The trade-off method.
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Literature. K. Miettinen, Nonlinear Multiobjective Optimization, (Kluwer, 1999).

MAT/90 Algebraic Methods in Geometry
Bence Csajbok
Peter Sziklai
6 credits, theory, -, cannot be repeated
Polynomial space method, cross product method, spectral methods, polynomial
method. Weyl estimate and equivalent forms and their applications. Constructions
with finite bodies and finite geometries.

MAT/91 Counting combinatorics
Tamds Szényi — SZTKABT.ELTE
6 credits, theory, -, cannot be repeated
Permutations and permutation groups. Counting "symmetrically distinct" objects:
Burnside theorem, cycle index polynomial, P6lya--Redfield--de
Bruijn method.
Recursions and their solutions. Inversion formulas,
Lagrange inversion. Partitions of sets and numbers,
linear homogeneous Diophantine equations,
generating functions, combinatorial identities
(binomial coefficients and hypergeometric
functions, Catalan, Stirling, Bell and
Fibonacci numbers), “*Snake Oil" method.
Generalizations of the sieve formula: in part
ordered sets, nets and their Mobius function.
The Mobius inversion formula, techniques for
To calculate the Mobius function.
Graph theory applications (trees, spanning trees)
trees, number of 1-factors).

Literature:

L. Lovész: Certain chapters of Combinatorial Problems and Exercises,
Academic Publisher 1995

JH van Lint, R. Wilson: A course in combinatorics, Cambridge, 1992

RL Graham, D. E Knuth, O. Patashnik: Concrete Mathematics, Technical, 1997

MAT/92 Symmetrical structures
Tamds Szényi — SZTKABT.ELTE
From September 2025: Codes and symmetric structures
Bence Csajbok
6 credits, theory, -, cannot be repeated

MAT/94 Complexity Theory
6 credits, theory, -, cannot be repeated
Bence Csajbok

MAT/96 Quantum computers
Grolmusz Vince — GRVKAAT.ELTE
6 credits, theory, -, cannot be repeated

MATY/97 Specialization: Distributed Computing
Grolmusz Vince — GRVKAAT.ELTE
6 credits, theory, -, cannot be repeated

MATY/98 Selected chapters, PCP, inapproximability
Grolmusz Vince — GRVKAAT.ELTE
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6 credits, theory, -, cannot be repeated

MATY/99 Extremal graph theory
Peter Csikvari
6 credits, theory, -, cannot be repeated

MAT/100 Selected Chapters: Extremal Graph Theory
Ervin Gyéri - GYEMAAT.ELTE
6 credits, theory, -, cannot be repeated

Turan's theorem and its applications. Non-even excluded subgraphs:

Erdds-Stone theorem, Erdés-Simonovits theorem on asymptotically

on the structure of extreme graphs, in supersaturated graphs a) the smaller

along with the subgraph, a larger one also appears (Dirac's theorem), b)

the subgraph appears in many copies.

Paired excluded subgraphs: Erdés-Gallai theorem paths

About Turan's number, K6vari-T.Sés-Turan's estimate of K(p,q)

for the maximum number of edges of a graph not containing, Erdés-Rényi-T.Sos-
Brown finite geometric construction K(2,2)

In this case, Fiiredi's arming.

Szemerédi's regularity lemma and its application to ErdH os-Stone

item.

Cube as a forbidden subgraph. Turdn-Ramsey type theorems: maximal

find the number of edges in a complete k-free graph if there is no large empty space
in the graph

(Erd6s-T.Sés and Erd6s-Hajnal-T.Sés-Szemerédi theorem).

Extremal hypergraph problems: Turan's conjecture, Bollobas and
Sidorenko's theorems for hypergraphs in which there are no two
(3, or 4)-edges, whose symmetric difference is contained in a
Third. Erd6s' theorem for the forbidden case of K_r(t,. . . ,t).

Sperner's theorem and its applications, YBLM inequality.
Erd6s-Ko-Rado theorem for one-intersection. Permutation method,
left shift method. shadow minimization. shadow

minimizing

intersecting set system. t-intersecting systems. Star method,
Erd6s-Ko-Rado t-intercepts. Algebraic method for extremal

for set systems. Chromatic number of Kneser graphs. Crosswise
intersecting set pair systems (Bollobas).

Extremal problems for other partially ordered sets.

literature:

Lovaész L.: Certain chapters of Combinatorial Problems and Exercises, Akad.
Publisher 1995

Babai L. Frankl P.: Linear algebra methods in combinatorics note, Univ. Chicago,
1992

Karolyi Gy.: Symmetric structures, TEMPUS note, 1993.

MAT/101 Approximation Theory
Gdbor Haldsz — HAGKAAT.ELTE
6 credits, theory, -, cannot be repeated
Approximability with trigonometric polynomials. Fejér means. Bernstein
polynomials. Positive linear operators. Continuity modulus. Jackson and Timan
theorems. Approximation of analytic functions. Best-approximating polynomials and
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their characterizations. Chebyshev systems. Chebyshev polynomials and their
relation to capacity. Bernstein, Markov and Dzjadik estimates for derivatives of
polynomials. Complex function theory methods. Inverse theorems for the
characterization of Lipschitz classes, the Zygmund class and analytic functions.
Lagrange interpolation. Fejér-Hermite interpolation. Convergence and divergence in
Lp norms. Projection operators.

Literature: Zygmund "Trigonometric Series",

Lorentz's "Approximation Theory".

MAT/102 Chapters in Complex Function Theory
Gdbor Haldsz — HAGKAAT.ELTE
6 credits, theory, -, cannot be repeated
The aim is to provide insight into the different chapters of one-variable complex
function theory, some of which will be discussed in more detail in the lectures, study
seminars, and exercises to be announced in the 2nd semester, depending on interest.
Six of the following essentially separate topics are usually given 2 hours per week
for one month.

Topics:

Phragmén-Lindelof type theorems.

Capacity. Chebyshev constant. Transfinite diameter. Green's function. Capacity and
Hausdorff measure. Conformal radius. Area principle. Koebe's distortion theorems.
Estimation of coefficients of one-dimensional functions. Area-arc length principle.
Extremal length. Modulus of quadrilaterals and rings. Quasi-conformal mapping.
Their extension to the boundary. Quasi-symmetric functions. Quasi-conformal
curves.

Divergence- and rotation-free flows on the plane. Complex potential. Flow around
an obstacle, between phases.

Laplace integral. Inversion formulas. Applications to Tauber-type theorems, quasi-
analytic functions, Miintz's theorem.

Poisson integral of functions in Lp. Hardy spaces. Riesz's theorem of Marcel.
Interpolation between Lp spaces. The theorem of the Riesz brothers.

Meromorphic functions on the plane. The two main theorems of the Nevanlinna
theory.

Required literature: Gabor Haldsz's university notes on "Chapters in Complex
Function Theory", "Fourier Integral" and "Small Hydrodynamics" and the additional
literature given therein

MAT/103 Complex Functions Seminar
Gdbor Haldsz — HAGKAAT.ELTE
6 credits, theory, -, repeatable
Without a fixed topic, the complex functional theory topics of the 1st semester
(either through articles on separate topics or through student seminars on larger
topics) are processed primarily in the presentations of the participating students.

MAT/104 Riemann surfaces EA.
Boldizsar Kalmar, Arpad Toth
6 credits, theory, -, cannot be repeated
RIEMANN SURFACES (1 semester, 2 hours per week)
Abstract definition of Riemann surfaces. Universal cover. Conformal mapping of
simply connected surfaces. Uniformization. Fundamental domain on the plane and in
the unit circle. Riemann surface of multivalued functions. Compact Riemann
surfaces. Literature: Nevanlinna "Uniformisierung", Springer "Riemann Surfaces".

MAT/106 Languages and Automata
instructor: Tamds Szényi — SZTKABT.ELTE
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Sdandor Horvdth — HOSKAAT.ELTE

6 credits, theory, -, cannot be repeated

Letter, word, language; Chomsky's grammar € and language classes; some algebraic
closure properties of the latter. The correspondence of Chomsky's language
hierarchy to a hierarchy of abstract automata.

Combinatorial properties. Some decidability/undecidability results.
Non-context-independent nature of programming languages.

Syntactic analysis of context-free languages.

literature:

Gyorgy Révész: Introduction to the Theory of Formal Languages I.--II., ELTE notes
Demetrovics J. et al.: Mathematical foundations of computer science, Textbook
Publishing House, 1985.

MAT/107 Data Mining Seminar
Andras Lukacs
6 credits, theory, -, repeatable
Missing description.

MAT/108 Mathematics of WWW and Networks
Andrds Benczur Jr. — BEAKAET.ELTE
6 credits, theory, -, cannot be repeated
Structure of Web search engines: robot architecture and robot exclusion protocol,
document processing process, inverted index. Characteristics used when ranking the
results list.
Markov chains and random walks on graphs. Reach and return probabilities, strongly
connected components, ergodic Markov chains. Eigenvalues, eigenvectors and the
stationary distribution.
Page Rank and its applications: personalized ranking, similarity search.
Reformulation of walks into endpoint distributions and efficient algorithms.
Singular resolution: proving the existence of resolution. Matrix norms, low-rank
approximations.
The HITS algorithm: a ranking of key content and aggregator pages. The
relationship between the algorithm and singular resolution, and a presentation of a
singular resolution algorithm.
Spectral graph clustering, the relationship between eigenvalue gap and expansion.
Expanders.
Graph models: Barabasi's preferred fit and related models. Small world models.
Theorems related to degree distribution and diameter.
Temporary storage of websites. Updating search engine databases.

Recommended reading: Searching the Web. A Arasu, J Cho, H Garcia-Molina, A
Paepcke, S Raghavan. ACM Transactions on Internet Technology, 2001
Randomized Algorithms, R Motwani, P Raghavan, ACM Computing Surveys, 1996
The PageRank Citation Ranking: Bringing Order to the Web, L. Page, S. Brin, R.
Motwani, T. Winograd. Stanford Digital Libraries Working Paper, 1998.
Authoritative sources in a hyperlinked environment, J. Kleinberg. SODA 1998.
Clustering in large graphs and matrices, P Drineas, A Frieze, R Kannan, S Vempala,
V Vinay

Proceedings of the tenth annual ACM-SIAM symposium on Discrete algorithms,
1999.

Albert Laszl6 Barabasi: Entangled. Hungarian Book Club. 2003.

David Karger , Alex Sherman, Andy Berkheimer, Bill Bogstad, Rizwan Dhanidina,
Ken Iwamoto, Brian Kim, Luke Matkins, Yoav Yerushalmi: Web Caching and
Consistent Hashing, in Proc. WWW8 conference .

MAT/109 Analytic Convexity I.
Kdroly Béréczky Jr. — BOKLABT.ELTE
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6 credits, theory, -, cannot be repeated

The metric projection. Support and separation. Extremal representation. Convex
functions. Duality. The support function. Hausdorff metric. Sheet structure of
convex fields. Singularities. Sections on the boundary. Polytopes. Regularity and
curvature. Symmetrizations.

MAT/110 Analytic Convexity II.
Kdroly Boréczky Jr. — BOKLABT.ELTE
6 credits, theory, -, cannot be repeated
Zonoids and other special classes of convex bodies. Mixed volume extensions.
Curvature and surface measures. The Brunn-Minkowski theorem. Isoperimetric
inequalities. The Alexandrov-Fenchel inequality.

MAT/111 Combinatorial Convexity I.

Martin Naszodi

6 credits, theory, -, cannot be repeated

d-convexity in normalized spaces: support properties of d-convex sets, el-ness of d-
convex sets, Helly dimension of a family of sets. H-convexity: the H-convex hull,
support cones of H-convex bodies, Helly's theorem for H-convex sets. The
Sz6kefalvi-Nagy problem and its generalizations. Borsuk partition problem in
normalized spaces. The Hadwiger—-Gohberg-Levi—-Markus problem and its
generalizations.

MAT/112 Combinatorial Convexity II.
Kdroly Béréczky Jr. — BOKLABT.ELTE
6 credits, theory, -, cannot be repeated
The Bateman—Erdds problem and its generalizations in normal spaces. Minkowski
“spherical” placements in normal spaces. Hadwiger numbers (or one-sided Hadwiger
numbers) of convex bodies, k *-neighbor placements consisting of shifts of a convex
body. The Koebe—Andreev—Thurston theorem, contact numbers of placements of
convex bodies. Erdés problems in normal spaces. The illumination problem in
normal space and spherical space. Petty numbers of normal spaces.

MAT/113 Combinatorial Convexity III.
Kdroly Boréczky Jr. — BOKLABT.ELTE
6 credits, theory, -, cannot be repeated
Unit distances, minimum and maximum distances in higher-dimensional Euclidean spaces.
Triangles with given area, simplices with given volume. Number of crossings of graphs on
surfaces. Szemerédi-Trotter theorem. Correspondence theorems in higher dimensions.

MAT/115 Interior point methods of linear programming
Tibor Illés — ILTKAAT.ELTE
6 credits, theory, -, cannot be repeated
Goldman-Tucker model. Self-dual linear programming problem. Interior point
condition, embedding. Central path. Goldman-Tucker theorem. Analytic center,
Sonnevend theorem. Optimal partition. Strong duality theorem, Farkas lemma.
Strictly complementary solution. Interior point algorithms. Complexity theorems.

Recommended literature:

1. Katta G. Murty: Linear Programming. John Wiley & Sons, New York, 1983.
2. Vasek Chvatal: Linear Programming. WH Freeman and Company, New
York, 1983.

3. C. Roos, T. Terlaky and J.-Ph. Vial: Theory and Algorithms for Linear
Optimization: An Interior Point Approach. John Wiley & Sons, New York, 1997.

4. Illés T., Nagy M. and Terlaky T.: Interior point algorithms, Informatics

Algorithms II., ed.: Antal Ivanyi, ELTE Eo6tvos Publishing House, Budapest, 2005,
45


http://www.doktori.hu/index.php?menuid=192&sz_ID=4102
http://www.doktori.hu/index.php?menuid=192&sz_ID=5873
http://www.doktori.hu/index.php?menuid=192&sz_ID=5873
http://www.doktori.hu/index.php?menuid=192&sz_ID=5873

1230-1297.

MAT/117 Continuous optimization
Kristof Berczi
6 credits, theory, -, repeatable
Linear inequalities: Farkas's lemma and other alternative theorems. Duality theory of
linear programming, pivot algorithms (criss-cross and simplex), interior point
method. Matrix games: Nash equilibrium, Neumann's theorem. Convex
optimization: duality, separation and algorithms. Convex Wolf theorem, Kuhn-
Tucker-Karush theorem, regularity conditions. Nonlinear programming models.
Stochastic programming: basic models, practical problems.
Recommended reading: Katta G. Murty: Linear Programming. John Wiley & Sons,
New York, 1983.
Vasek Chvatal: Linear Programming. WH Freeman and Company, New York, 1983.

C. Roos, T. Terlaky and J.-Ph. Vial: Theory and Algorithms for Linear
Optimization: An Interior Point Approach. John Wiley & Sons, New York, 1997.
Margit Kovacs: Theory of Nonlinear Programming. TYPOTEX Kft., Budapest,
1997.

Martos Béla: Nonlinear Programming: Theory and Methods. Akadémiai Kiadd,
Budapest, 1975.

MS Bazaraa, HD Sherali and CM Shetty: Nonlinear Programming: Theory and
Algorithms. John Wiley & Sons, New York, 1993.

Ilés T. and Mészaros K.: A new and elementary proof of the Farkas lemma, New
paths in Hungarian operations research, ed.: Komlési S. and Szantai T., Dialégus
Campus Publishing, Budapest, 1999, pp. 73-88.

Szidarovszky Ferenc: Game Theory, Informatics Algorithms I., ed.: Ivanyi Antal,
ELTE Eo6tvos Publishing, Budapest, 2004, pp. 314-360.

Illés T., Nagy M. and Terlaky T.: Inner-point algorithms, Informatics Algorithms II.,
ed.: Ivanyi Antal, ELTE Eo6tvés Publishing, Budapest, 2005, pp. 1230-1297.

J.-B. Hiriart-Urruty and C. Lemaréchal: Convex Analysis and Minimization
Algorithms I-1I. Springer-Verlag, Berlin, 1993.

E. de Klerk, C. Roos, T. Terlaky: Nonlinear Optimization. Budapest, 2004.

MAT/118 Game Theory
King Thomas
6 credits, theory, -, repeatable
Cooperative games. Solution concepts of cooperative games. Games with incomplete
information. Sequential equilibrium. Repeated games. Game theory models and
applications.

Recommended reading: Forgé F., Szép J., Szidarovszky F., Introduction to the
theory of games: concepts, methods, applications , Kluwer Academic Publishers,
Dordrecht, 1999.

Szidarovszky Ferenc: Game theory, Informatics algorithms I., ed.: Ivanyi Antal,
ELTE Eétvos Kiadd, Budapest, 2004, 314-360.

Osborne, MJ, Rubinstein A., A course in game theory, The MIT Press, Cambridge,
1994.

JP Aubin: Mathematical Methods of Game and Economic Theor. North-Holland,
Amsterdam, 1982.

MAT/120 Linear Programming I.
Tibor Illés — ILTKAAT.ELTE
6 credits, theory, -, repeatable
Missing description.
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MAT/121 Linear Programming II.
Tibor Illés — ILTKAAT.ELTE
6 credits, theory, -, repeatable
Missing description.

MAT/123 Nonlinear Optimization II.
Tibor Illés — ILTKAAT.ELTE
6 credits, theory, -, repeatable
Unconditional minimization . Necessary and sufficient optimality conditions.
Directional search. Algorithms. Conditional minimization. Interior point methods for
smooth convex optimization. Method of permissible directions. Gradient and
projected gradient methods. Finite games with complete information, non-
cooperative, concave utility function. Brower and Kakutani fixed point theorems.
Nikaidé theorem. Best answer method. Nikaidé-Isoda theorem.

Recommended reading: Margit Kovacs: Theory of nonlinear programming.
TYPOTEX Kft., Budapest, 1997.

Béla Martos: Nonlinear Programming: Theory and Methods. Akadémiai Kiadd,
Budapest, 1975.

MS Bazaraa, HD Sherali and CM Shetty: Nonlinear Programming: Theory and
Algorithms. John Wiley & Sons, New York, 1993.

J.-B. Hiriart-Urruty and C. Lemaréchal: Convex Analysis and Minimization
Algorithms I-II. Springer-Verlag, Berlin, 1993.

JP Aubin: Mathematical Methods of Game and Economic Theor. North-Holland,
Amsterdam, 1982.

DP Bertsekas: Nonlinear Programming. Athena Scientific, 2004.

E. de Klerk, C. Roos, T. Terlaky: Nonlinear Optimization. Budapest, 2004.

MAT/124 Nonlinear Programming I.
Tibor Illés — ILTKAAT.ELTE
6 credits, theory, -, repeatable
Fundamentals of convex optimization: fundamentals of convex analysis, optimality
conditions, algorithms for unconditional optimization, optimality conditions for
conditional convex optimization problems, duality theory of convex optimization,
algorithms for conditional optimization.

Interior point methods of nonlinear optimization: duality and central path,

the logbarrier method, problems with special structures.

Recommended literature:
E. De Klerk — C. Roos — T. Terlaky: Nonlinear Optimization, Aula Publishing House
( edited by BKAE), 2004.

MAT/125 Nonlinear Programming II.
Tibor Illés — ILTKAAT.ELTE
6 credits, theory, -, repeatable
Missing description.

MAT/130 Application of Finite Element Methods

Ferenc Izsdk — IZFKAAT.ELTE

6 credits, theory, -, cannot be repeated

After introducing finite element methods, we present the method on one-dimensional

test problems. We present general error analysis for elliptic boundary value problems

using elements of the theory of Sobolev spaces. We present the implementation of

solving multidimensional problems on a sample problem using Matlab. References:

Brenner - Scott: The Mathematical Theory of Finite Element Methods, Springer,
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2002. Stoyan Gisbert (ed.): Matlab 4. and 5. versions, Typotex, 1999.

MAT/131 Approximation algorithms
Tibor Jordan — JOTKAAT.ELTE
6 credits, theory, -, repeatable
Approximate algorithms for NP-hard problems. Classical problems: Steiner tree,
traveling salesman problem, set covering, knapsack problem. Linear programming
methods. Circular clamping point set, multi-path cutting tasks.
Minimal size multiply connected subgraphs.

Literature. V. Vazirani: Approximation algorithms (Springer, 2003).

MAT/132 Combinatorial Algorithms I.
Tibor Jordan — JOTKAAT.ELTE
6 credits, theory, -, repeatable
Graph traversals. DFS, BFS search and their applications.
Dynamic programming. Tree decomposition, tree thickness. Rare witnesses.
Nagamochi and Ibaraki's algorithm, Gomory Hu's tree.
Rigid graphs. Shortest paths. Rigid graphs.

Literature. Jordan T.: Combinatorial algorithms, electronic notes.

MAT/133 Combinatorial algorithms II.
Tibor Jordan — JOTKAAT.ELTE
6 credits, theory, -, repeatable
Rivers, currents. Algorithms (Edmonds-Karp, leveling algorithm). Weighted
Variants. Combinatorial and other applications.
Local search. Matching. Edmonds' algorithm.
Factors of graphs, T-connections and their applications. Stiffness of structures.

Literature. Jordan T.: Combinatorial algorithms, electronic notes.

MAT/134 Combinatorial Structures and Algorithms Problem-Solving Seminar
Kristof Berczi
6 credits, theory, -, repeatable
Problem-solving seminar. Topics: combinatorics, graph theory,
algorithms, finite mathematics.
Literature. L. Lovasz: Combinatorics problems and tasks (Typotex, 2000)

MAT/135 Scheduling Theory
Little Thomas
Tibor Jordan — JOTKAAT.ELTE
6 credits, theory, -, repeatable
Single-machine tasks. SPT, EDD sequences. Hodgson algorithm.
Parallel machines. List scheduling. Hu's algorithm. Uniform machines.
Shop models. Johnson's order. Timetable creation.
Approximation algorithms with LP relaxation, combinatorial methods,
with branch and bound heuristics.

MAT/138 Extremal set systems
From September 2025: Extremal Set Systems Seminar
Katona Gyula — KAGLAAT.ELTE
6 credits, theory, -, repeatable
Among the systems of subsets of a set of n elements, we find
largest (smallest) under some restrictive conditions.
For example, the Sperner theorem gives the largest system without inclusion.
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The aim of the seminar is to pursue literature.

A good book that contains a lot of background information: Konrad Engel, Sperner
Theory, Cambridge University Press, 1997.

MAT/139 Extremal combinatorics

From September 2025: Extremal set systems
Tamds Szényi — SZTKABT.ELTE
Katona Gyula — KAGLAAT.ELTE
6 credits, theory, -, cannot be repeated
Turan's theorem and its applications. Erd6s-Stone-Simonovits theorem. Path
exclusion, Erd6s-Gallai theorem. Closure of complete even graphs in general,
K@vari-T. So6s-Turan's theorem and random construction. Projective planes, polarity
graph. Brown construction. Alon-Rényai-Szab6 and Kollar-Ronyai-Szabd
construction. Szemerédi's regularity lemma and its applications. Intersecting set
order systems in uniform and non-uniform cases, Erdés-Ko-Rado theorems. Sperner
systems. Sperner's theorem and its applications, YBL M inequality. Permutation
method, transformation method, left compression. Shadow, Katona-Kruskal theorem
and its applications. Linear algebraic methods, Ray-Chaudhuri-Wilson theorems on
L-intersecting systems.

MAT/140 Search and communication complexity

From September 2025: Search and Communication Complexity Seminar
Katona Gyula — KAGLAAT.ELTE
6 credits, theory, -, repeatable
The basic problem of search theory: finding an unknown element of a finite set
We search with questions, where the answer to a question tells us whether the
unknown element is in a given subset.

Its practical applications are, for example, in bioinformatics. The basic problem of
communicative complexity: two participants jointly calculate a two-variable
function, where each of them only knows their own variable.

Minimize the amount of information transferred between two participants

during the calculation. The mathematical background of the two problems is very
similar.

The aim of the seminar is to follow the literature, and participants will present new
articles.

The basics can be found in the following books.

M. Aigner: Combinatorial Search, Teubner, 1988

E. Kushilevitz, N. Nisan: Communicational Complexity, Cambridge

University Press, 1997

MAT/141 Cryptology

From September 2025: Cryptology seminar
Katona Gyula — KAGLAAT.ELTE
6 credits, theory, -, repeatable
The seminar will review new findings in cryptological literature
participants.
Topics include, for example, identification methods (watermarks,
fingerprint), multi-participant calculations, election systems, auctions, etc.
Literature:
Boyd, Mathuria: Protocols for authentication and key establishment (Springer),
Pieprzyk: Fundamentals of computer security (Springer),
Menezes: Handbook of applied cryptography,

New literature: http://eprint.iacr.org

MAT/142 Real function theory problem-solving seminar
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Tamds Keleti — KETKABT.ELTE

6 credits, theory, -, repeatable

The real function theory problem-solving seminar includes thought-provoking tasks
to be solved at home. At the seminar, students present their solutions. The tasks
change each semester. In addition to real function theory, there are also tasks in vari-
ous border areas (geometric measure theory, descriptive set theory, set theory, gen-
eral topology, topology of Euclidean spaces). Literature: Miklés Laczkovich: Real
function theory, ELTE TTK university notes, 1993. Gyorgy Petruska: Analysis I.
and IL., ELTE TTK university notes, 1998. Andras Hajnal and Péter Hamburger: Set
theory, Nemzeti Tankonyvkiadé Rt., 1994.

MAT/143 Real Functions III.
Tamds Keleti — KETKABT.ELTE
6 credits, theory, -, cannot be repeated
Geometric measure theory. Hausdorff measure and Hausdorff dimension.
Vitali and Besicovitch's coverage theorems.
Self-similar sets and their dimension.

MAT/144 Real Functions IV.
Tamds Keleti — KETKABT.ELTE
6 credits, theory, -, cannot be repeated
Differentiation of integrals and measures. The maximal operator.
Approximately continuous functions. Derivatives and Zahorski classes.
Recommended literature: } Mikl6s Laczkovich: Real function theory,
ELTE 1995. P. Mattila: Geometry of Sets and Measures in
Euclidean Spaces, Cambridge University Press 1999.

MATY/145 Real function theory research seminar
Tamds Keleti — KETKABT.ELTE
6 credits, theory, -, repeatable
At the Real Function Theory Research Seminar, the seminar participants, organizers
and invited speakers will give presentations on their achievements in the field of real
function theory and on the problems that have arisen and are waiting for solutions.
One of the main goals of the seminar is to provide doctoral candidates and interested
senior students with an insight into real function theory research conducted at ELTE
or elsewhere, and to give them the opportunity to get involved in it and to present
their latest results. Literature: Miklds Laczkovich: Valés fyknaktan, ELTE TTK uni-
versity notes, 1993.

MAT/146 Combined Structural Calculus Seminar
Gerzson Kéri — KEGNABT.ELTE
6 credits, theory, -, repeatable
Missing description.

MAT/147 Classification of combinatoric structures (MXXN9C40)

Gerzson Kéri — KEGNABT.ELTE
6 credits, theory, -, cannot be repeated
primarily deal with the classification of combinatorial objects (such as optimal error-
correcting codes, covering codes, designs) that are optimal in a specific sense.
Classification is distinguished from simple enumeration by the fact that
that in the case of the existence of multiple objects belonging to the same conditions
and parameter values, we consider it important to describe their differences and
compare their structures.
Recommended literature:
Cohen, Honkala, Litsyn and Lobstein, Covering Codes, Elsevier, Amsterdam, 1997.
Kaski and Ostergard, Classification Algorithms for Codes and Designs, Springer,
Berlin, 2006.
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MAT/148 Algorithmic Geometry 1.
Kdroly Bezdek — BEKKAAT.ELTE
6 credits, theory, -, cannot be repeated
General mathematical tools: Polytopes in E “and their properties, simplicial com-
plexes, Euler formulas, convex layers. Special types of simple polygons and their
properties. Basic linear programming problem and the essence of the simplex
method. Theorems related to decision trees. The “master theorem” for characterizing
efficiency. Algorithm design using a plane and space sweep approach. Storing
graphs with a doubly linked edge list. The section tree. Partitioning the plane. Repre-
sentation of polytopes.
Convex envelope algorithms in plane and space.
Space partitions: Partitioning E “with hyperplanes, partitioning a plane with lines,
partitioning a plane with a set of segments, partitioning a plane with a graph that can
be drawn in a plane, partitioning a plane with triangles. Triangulations.

Recommended literature:
1) JD. Boissonnat, M. Yvinec: Algorithmic Geometry, Cambridge University
Press, Cambridge, 1998.

MAT/149 Algorithmic Geometry II.
Kdroly Bezdek — BEKKAAT.ELTE
6 credits, theory, -, cannot be repeated
Space partitions: Properties of Voronoi diagrams and the Delaunay complex in d-
dimensional space. Voronoi diagram of a plane point set and a plane segment set.
1-2-3-dimensional intersections: Intersection of a collinear interval set. Intersection
points in a uniplanar segment set. Intersection of two uniplanar convex polygons.
Intersection of a uniplanar convex polygon set. Intersection of two convex
polyhedra. Intersection of half-spaces.
Applications: Finding the maximum element of a d-dimensional point set. Finding
the diameter of a simple plane polygon. Finding the closest pair in a plane point set.
Finding a minimum spanning tree in a plane point set. Finding a path in a plane point
set. Finding the narrowest bounding circle of a plane point set. Finding the largest
empty circle of a plane point set. Optimal solution of a 2-dimensional linear
programming basic problem. Application of the d-dimensional linear programming
basic problem to determine convex hulls.

Recommended literature:
1) JD. Boissonnat, M. Yvinec: Algorithmic Geometry, Cambridge University
Press, Cambridge, 1998.

MAT/150 Integer Programming
Tamds Kirdly — PUBLISHED.ELTE
Little Thomas
6 credits, theory, -, cannot be repeated
Basic problem types, modeling techniques. Hilbert bases, unimodularity, full dual
integer-valuedness. General heuristic algorithms: simulated cooling, tabu search.
Heuristic algorithms for the traveling agent problem, approximation results. The
Held-Karp bound, methods for its calculation. Gomory-Chvatal cuts. Cuts for the
mixed programming problem. Superadditive duality, group theory method. Counting
algorithms.
Sperner systems, binary point sets defined by inequalities. Lattices, basis reduction.
Solving fixed-dimensional integer-valued programming problems in polynomial
time. The equivalence of the ellipsoid method, separation and optimization. Balas's
method of Constraint and Cut. Cuts for the traveling agent problem. LP-based
approximation algorithms.
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Required reading: Béla Vizvari: Integer Programming, Typotex, Budapest, 2006.
Tamas Kiraly and Laszlé Szegd; Supplement to the Integer Programming I-11
subject, electronic notes. Recommended reading: GL. Nemhauser, LA Wolsey:
Integer and Combinatorial Optimization, John Wiley and Sons, New York, 1999. D.
Bertsimas, R. Weismantel: Optimization over Integers, Dynamic Ideas, Belmont,
2005.

MAT/151 Data Structures
Zoltdn Kirdly - KIZKAAT.ELTE
6 credits, theory, -, cannot be repeated
Basic data structures: arrays, lists, linked
lists, queues, stacks. Graphs, trees storage. Sets
Data structures for the union-where task.
Search trees. Balanced, semi-balanced
trees, Fibonacci trees, Sleator--Tarjan tree-tilting
algorithm. Heaps: 2--3 trees, heaps, priority
rows, combable and concatenable
piles. Amortized cost. Fibonacci pile, paired
lake heaps. Data structures in graph algorithms.
Hashing. Data compression: Huffman coding, Lempel--Ziv
algorithm.
Literature:
Robert Endre Tarjan: Data Structures
and Network Algorithms, 1983

MAT/152 Applied Discrete Mathematics Seminar
Zoltdn Kirdly - KIZKAAT.ELTE
6 credits, theory, -, repeatable
Discussion of current results and interesting articles in various areas of applied
discrete mathematics, mostly in student presentations. Featured topics:
telecommunication network design, network codes and their applications. Literature:
Current FOCS, STOC, SODA conference volumes, ECCC.

MAT/153 Complexity Theory

From September 2025: Complexity Theory Seminar
Zoltdn Kirdly - KIZKAAT.ELTE
Pdlvélgyi Démotér
6 credits, theory, -, cannot be repeated
Randomized algorithms. Prime testing. Universal
walking series, volume calculation. Decision-making
trees. Lower bounds for the depth of decision trees.
Non-deterministic and randomized decision trees.
Communication complexity (deterministic and
nondeterministic). Randomized communication
complexity. Interactive and zero-knowledge proof
tations. Cryptography. RSA code. Information
complexity. Kolmogorov--complexity, entropy,
encoding. generating pseudo-random bits and
testing. Parallel algorithms, addition and
multiplication. Brent's theorem. Applications of matrix multiplication.
Calculating the determinant. The parallel calculator
different models of tations. Sorting. Randomized
parallel algorithms. Lower bounds on Boolean networks
literature:
literature
Laszlé Lovasz: Complexity of Algorithms, note, 1992
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Hopcroft-Ullman: Introduction to Automata Theory, Languages,

and Computation, 1979

Cormen-Leiserson-Rivest: Algorithms, 1997

Aho-Hopcroft-Ullman: Design and Analysis of Computer Algorithms, 1982
DE Knuth: The Art of Computer Programming, Volume III, 1988
Ivanyos-Rényai-Szab6: Algorithms, 1998

Papadimitriou: Computational Complexity, 1994

MAT/154 Computer Science Seminar
Zoltdn Kirdly - KIZKAAT.ELTE
6 credits, theory, -, repeatable
Discussion of current results and interesting articles from various areas of theoretical
computer science, mostly in student presentations. Featured topics: communication
complexity, randomized algorithms, derandomization. Literature: Current FOCS,
STOC conference volumes, ECCC.

MAT/155 Finite Geometry
Gyérgy Kiss — KIGKABT.ELTE
6 credits, theory, -, cannot be repeated
The problem of the existence of finite planes. Bruck—Ryser theorem. Hall coordina-
tion of projective planes. The relationship between configuration theorems (Desar-
gues, Papposz) and the coordinate structure. Baer theorem. Collineation group of
projective planes.
Arcs, ovals. Segre's theorem on ovals of odd-order Desargues planes.
Higher dimensional projective spaces. Polarities. Quadrics, Hermite curves, general-
ized quadrilaterals. Pliicker coordinates, linear complexes.
Some combinatorics and cryptographic applications of finite geometry.

Recommended literature:
1) Gyoérgy Kiss, Tamas Sz6nyi: Finite Geometry, Polygon Publishing House,
Szeged, 2001.

MAT/156 Finite Geometry Seminar
Zoltan Lorant Nagy
Bence Csajbdk
6 credits, theory, -, repeatable
The seminar will discuss new results in finite geometry.

MAT/157 Chapters in Set Theory
From September 2025: Set Theory I.
Peter Komjdth — KOPKAAT.ELTE
6 credits, theory, -, cannot be repeated
Combinatorial set theory. Infinite graphs. Stationary sets.
Ramsey theorem and partition calculus.
Unreachable, Mahlo, weakly compact, measurable, supercompact cardinalities.
Singular cardinality is a problem.
Axiomatic set theory.
Forcing, Cohen reals. \diamondsuit, Suszlin tree forcing. Lévy decomposition,
Kurepa trees.
Iterated forging. Martin axiom. Prikry forging.
It is consistent that kappa is measurable and 2/kappa > kappa/\+.
L, properties. L \models AKH, \diamondsuit.
OM\sharp, Kunen's theorem, covering lemma. L[U], iterated ultrapower.
Literature:
Andras Hajnal--Péter Hamburger: Set Theory, Textbook Publisher, 19Péter
Komjath94.
K. Kunen: Set Theory:
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An Introduction to Independence Proof, North-Holland.

A.~Kanamori: The higher infinite, Springer, 1994.

Handbook of Set Theory, (eds. M.~Foreman, A.~Kanamori, M.~Magidor), Springer,
1999.

MAT/158 Set Theory 2.
Peter Komjdth — KOPKAAT.ELTE
6 credits, theory, -, cannot be repeated
Constructibility. Productive forging. Iterated forging. Lévy forging. Kurepa tree.
Consistency of the Martin axiom. Prikry forging. Supercompact cardinalities.
Strongly compact cardinalities. Laver damage. Extenders. Strong, superstrong and
Woodin cardinalities. The singular cardinality problem. Saturated ideals. Giant and
almost giant cardinalities. Chang conjecture. PCF theory. Shelah's theorem.

Recommended reading: Hajnal A., Hamburger P.: Set Theory.
K. Kunen: Set Theory.
A. Kanamori: The Higher Infinite.T. Jech: Set Theory .

MAT/159 Set Theory 4.
Peter Komjdth — KOPKAAT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/161 Mathematics Problem Solving Seminar
Géza Kés — KOGKABLELTE
6 credits, theory, -, repeatable
Missing description.

MAT/162 Macroeconomics
Robert Fullér — FURKAAT.ELTE
6 credits, theory, -, repeatable
The subject and basic concepts of macroeconomics. Gross national product,
aggregate goods, aggregate demand and supply. Consumption, investment, saving,
government spending. Nominal and real quantities. Economic actors: companies,
households, government. Open economy, the role of exports and imports. Basic
markets of the economy: labor market, goods market, money market, securities
market. Employment. Prices and inflation. Fiscal and monetary policy.
Methods and models of macroeconomic analysis.

MAT/163 Life Insurance
Miklos Arato
6 credits, theory, -, cannot be repeated
Mortality tables. Principles of premium calculation. The most important life
insurance policies: mortality, achievement, mixed and annuity insurance. Calculation
of net and gross premiums, with annual and monthly payments. Calculation of
premium reserves (prospective and retrospective premium reserves; net, gross and
Zilmer reserves; recursion formulas). Surrender, waiver of premiums. Two-person
life insurance. Supplementary accident and disability insurance.

Recommended literature:

Banyar J. — Popper K.: Life Insurance . Aula, 2003.

Béla Kreko: Life Insurance 1. , Aula, 1994.

Szabo LI-Viharos L.: The basics of life insurance . Polygon, Szeged, 2001.

MAT/164 Abstract Integral Theory
Jdnos Kristof - KRIKABT.ELTE
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6 credits, theory, -, cannot be repeated
Missing description.

MAT/166 Banach algebras
Jdnos Kristof - KRIKABT.ELTE
6 credits, theory, -, cannot be repeated
Representations of C*-algebras, positive functionals and the GNS construction,
representations of B*-algebras, abstract Gelfand-Rajkov theorem, second Gelfand-
Najmark theorem, Hilbert integral of representations, spectral theorems for C*-
algebras and measurable function calculus.
Basic properties of topological groups, continuous topological and unitary
representations, Radon measures on locally compact spaces, existence and
uniqueness of left Haar measure, modular function, regular representations, measure
algebra of locally compact group, fundamental theorem of harmonic analysis,
Gelfand—Rajkov theorem, continuous unitary representations of compact groups
(Peter-Weyl theorems), continuous unitary representations of commutative locally
compact groups (Stone theorems), factorization of Radon measures, induced unitary
representations and Mackey's theorems.

Required reading: Krist6f Janos Analysis I'V. http://cs.elte.hu/~krja

MAT/167 C*-algebras
Zsigmond Tarcsay
6 credits, theory, -, cannot be repeated
Missing description.

MAT/168 Surface measures
Jdnos Kristof - KRIKABT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/169 Geometric functional analysis
instructor: Jdnos Kristéf - KRIKABT.ELTE
Tibor Gruber - GRTMAAT.ELTE
6 credits, theory, -, cannot be repeated
Extremal points of a convex set; Krein-Milman theorem; Carathéodory-Minkowski
theorem; upper integral generated by a positive Radon measure and Carathéodory's
exterior measure; Fatou's theorem; subtractivity formulas; exterior regularity and
moderate sets; measurable sets; internal regularity of measurable moderate sets;
measure-theoretic Reisz representation theorem; Radon measure concentration;
barycenter of probability Radon measure over a compact convex set; existence of
topologically concentrated probability Radon measure on the set of extremal points;
Choquet's theorem for metrizable compact convex sets; Mokobodzki's lemmas;
“internal” characterization of the barycenter; Bauer's maximum-minimum principle;
Choquet's ordering and existence of maximal measures; Choquet's theorem for
compact convex sets (the non-metrizable case)

MAT/170 Harmonic Analysis I.
Jdnos Kristof - KRIKABT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/171 Harmonic Analysis II.
Jdnos Kristéf - KRIKABT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.
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MAT/172 Fundamentals of Modeling

Jdnos Kristof - KRIKABT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/173 Topological vector spaces II.

Zsigmond Tarcsay
6 credits, theory, -, cannot be repeated
Missing description.

MAT/174 Real Functions I.

Jdnos Kristof - KRIKABT.ELTE

6 credits, theory, -, cannot be repeated

Topological foundations. Polish spaces. The category theorem. The monotonicity
theorem and

consequences. Typical properties of continuous functions. The Banach theorem and
its consequences. The Banach-Mazur game and its applications.

Recommended literature: Miklos Laczkovich: Real Function Theory, ELTE 1995.
JC Oxtoby: Measure and Category, Springer 1980.

MAT/175 Real Functions II.

Tamds Keleti — KETKABT.ELTE

6 credits, theory, -, cannot be repeated

Elements of descriptive set theory.

Borel sets. Baire's function classes. Analytic and coanalytic

sets. Applications.

Recommended literature: Mikl6s Laczkovich: Real function theory,

ELTE 1995. AS Kechris: Classical Descriptive Set Theory, Springer 1995.

MAT/177 General differential geometry structures

topics:

Kalmar Boldizsar
6 credits, theory, -, cannot be repeated
The topic of the presentation is determined by the presenter. There are two possible

Symplectic manifolds. Lagrangian subsets. Darboux's theorem. Poisson manifolds
and their decomposition into symplectic leaves. Symplectic structure on the orbits of
the coadjoint representation. Classification of homogeneous symplectic manifolds.
Geometric quantization of symplectic manifolds, the orbit method.

Recommended literature:

3) VI Arnold: Mathematical Methods of Mechanics, Technical Publishing House,
Budapest, 1985.

4) V. Guillemin, S. Sternberg: Symplectic Techniques in Physics, Cambridge Uni-
versity Press 1996.

Hyperbolic manifolds. Mostow's stiffness theorem, Kazhdan and Margulis' lemma.
The role of hyperbolic geometry in 3-dimensional manifold theory. Elements of
Thurston—Jorgensen theory.

MAT/178 Differential forms

Kalmar Boldizsar
6 credits, theory, -, cannot be repeated
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De Rham cohomology. Poincaré lemma. Mayer—Vietoris series. Kiinneth formula.
Poincré duality. Thom isomorphism. Sheaves and presheaves. Axiomatic sheaf co-
homology. Classical cohomology theories. The de Rham theorem. Introduction of
characteristic classes (Chern and Pontrjagin classes, Euler class) with differential
forms, applications.

The volumetric form and the Hodge operator on Riemann spaces. The Laplace—Bel-
trami operator. Harmonic forms, Hodge's theorem. Elliptic operators.

1) R. Bott, LW Tu: Differential Forms in Algebraic Topology, Graduate Texts in
Mathematics 82. Springer, New York, 1982.

2) F. Warner: Foundations of Differentiable Manifolds and Lie Groups, Graduate
Texts in Mathematics 94, Springer, 1983.

MAT/179 Complexity Theory II.
LdszI6 Lovdsz - LOLKAAT.ELTE
6 credits, theory, -, cannot be repeated
Randomized complexity classes. Pseudorandom generators. Interactive
protocols. Shamir's theorem: IP=PSPACE. Approximability and irreducibility
of hard problems, the PCP theorem. Lower bounds on Boolean networks.
Parallel algorithms for arithmetic problems, sorting, graph problems and
linear algebra tasks. Parallel algorithms on low-degree networks.
Kolmogorov complexity.

MAT/180 Graph Homomorphisms I.
LdszI6 Lovdsz - LOLKAAT.ELTE
6 credits, theory, -, repeatable
Homomorphisms of graphs, their algebraic properties. Characterization of
homomorphism functions. Theory of large graphs, convergent graph
sequences, graphons as graph limits. Regularity lemmas. Their applications in
graph property testing and extremal graph theory.

MAT/183 Topological and other methods in graph theory
LdszIo Lovdsz - LOLKAAT.ELTE
6 credits, theory, -, repeatable
Applications of algebraic topology and nonlinear algebra methods in graph
theory. Simplicial complexes, topological connection. Connected partitioning,
Kneser graphs and hypergraphs. Topological estimation of the size of
algebraic and binary decision trees. Combinatorial Nullstellensatz and its
applications.

MAT/184 Selected Chapters in Graph Theory Seminar
Tibor Jordan 6
credits, theory, -, repeatable
A brief (a few lines) description of the knowledge to be acquired:
Selected chapters from graph theory. Some topics: eigenvalues, automorphisms,
graph polynomials (e.g. Tutte polynomial), topological problems.

Recommended literature:
Lovasz L.: Combinatorics problems and tasks, Typotex

MAT/185 Random Structures and Applications
LdszI6 Lovdsz - LOLKAAT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.
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MAT/186 Advanced Data Mining
Andrds Lukdcs — LUALAAE.ELTE
6 credits, theory, -, cannot be repeated
Frequent pattern search. Association rules. Level-wise algorithms, Apriori. Partition
and Toivonen algorithm. Pattern growth algorithms, FP-growth. Hierarchical
association rules. Handling constraints. Correlation search.
Dimension reduction methods. Spectral methods, approximation with low rank
matrix. Singular resolution. Fingerprints, fingerprint-based similarity search.
Classification. Decision trees, neural networks, k-NN, Bayesian methods. Kernel
method, SVM.
Clustering. Partitioning algorithms, k-means. Hierarchical algorithms. Density and
link-based methods, DBSCAN, OPTICS. Spectral clustering. Applications and
implementation issues. Data mining system architectures. Data structures.

Recommended reading: Ferenc Bodon's data mining notes,
http://www.cs.bme.hu/~bodon/magyar/adatbanyaszat/

Jiawei Han and Micheline Kamber: Data Mining: Concepts and Techniques, Morgan
Kaufmann Publishers, 2000, ISBN 1558604898, in Hungarian ,,Adatbanyészat,
Koncepciodk és teknikak", Pannem 2004, ISBN 9635453949. Dr. Janos Abonyi (ed.):
Data Mining - a tool for efficiency, Computerbooks Kiado, 2006. Pang-Ning Tan,
Michael Steinbach, Vipin Kumar: Introduction to Data Mining, Addison-Wesley,
2006, ISBN 0321321367. T. Hastie, R. Tibshirani, JH Friedman: The Elements of
Statistical Learning: Data Mining, Inference, and Prediction, Springer-Verlag, 2001.

MAT/187 Representations of Lie groups
Zoltdn Magyar — MAZOAAT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/188 Lie groups, algebraic groups
Peter Erné Frenkel
6 credits, theory, -, cannot be repeated
Missing description.

MAT/189 Time Series Analysis 1.
LdszI6 Mdrkus — MALKABT.ELTE
6 credits, theory, -, cannot be repeated
Classical (autocovariance, autocorrelation and partial autocorrelation) and more
recently emphasized (dynamic copulas, Kendall tau) characterization of correlation
structures of time series. The relationship between unitary operators and the spectral
generation of a stationary process. Phase connectivity. Overview of the properties of
the integrated autoregressive moving average ARIMA(p,d,q) processes. Existence of
a stationary solution to stochastic recursion equations with Lyapunov exponent.
Kesten-Vervaat-Goldie theorem on the existence of a stationary distribution with a
regular variation distribution. Condition for the existence of a stationary solution to
the ARCH(1) equation. Results on GARCH processes. Condition for the existence of
a solution with a regular distribution for bilinear processes. AR with random
coefficients and SETAR models. Estimation of the expected value as a function of
the properties of the spectral measure. Bias, standard deviation, consistency and limit
distribution of the autocorrelation function estimate — with special regard to the non-
normal limit distribution. The periodogram for discrete spectrum estimation,
properties. Estimation of the spectral density function by windowing, its bias,
standard deviation and consistency. Tailoring the window to the task — bandwidth.
Pre-whitening method, CAT criterion.

Recommended literature:
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Michelberger-Szeidl-Varlaki: Applied process statistics and time series analysis ,
Typotex, 2001.

Priestley, MB: Spectral Analysis and Time Series , Academic Press 1981

Brockwell, PJ, Davis, RA: Time Series: Theory and Methods. Springer, NY 1987
Tong, H.: Non-linear time series: a dynamical systems approach , Oxford University
Press, 1991.

Hamilton, JD: Time series analysis , Princeton University Press, Princeton, NJ 1994
Brockwell, PJ, Davis , RA : Introduction to time series and forecasting , Springer.
1996

Pena, D., Tiao and Tsay, R.: A Course in Time Series Analysis , Wiley 2001.

MAT/190 Time Series Analysis 2.
LdszI6 Mdrkus — MALKABT.ELTE
6 credits, theory, -, cannot be repeated
Tests for uncorrelatedness and independent values of time series: Box-Pierce and
Ljung-Box turning point etc. tests and their generalizations. Unit root tests: Dickey-
Fuller test and generalizations, KPSS test, etc. Parameter estimates of models. For
AR process with Yule-Walker estimation and Burg algorithm. For MA process the
Box-Jenkins method, for ARMA process Durbin-Levinson and Hannan-Rissanen
algorithms. For GARCH process quasi maximum-likelihood estimation, its
asymptotic unbiasedness, consistency and asymptotic normality. Order selection
with Akaike, Bayes and Hannan-Quinn information criteria. Long-term coherence or
long memory: equivalence of 3 definitions. Fractionally integrated processes and
self-similar processes, their relationship with long memory. Donsker theorem —
invariance principle — Lampert's triple theorem. Fractional Brownian motion,
fractional white noise, and FARIMA processes. Limit distribution theorems for the
functionals and spectra of long-memory processes. Adjusted range (R/S) statistics
for estimating the Hurst coefficient (classical, Taqqu's graphical, Lo's modified R/S)
and their properties. Estimation with V/S and KPSS statistics, then with the
aggregate variance method. Spectrum-based estimates: Geweke — Porter-Hudak, and
Lobato — Robinson. Among the parametric estimates of the order of fractional
differentiation, the Whittle and local Whittle estimates are used. After defining
regime-switching processes, we show that they are able to mimic long memory in
the detection statistics. The regime-switching and More generally, we introduce
Markov Chain Monte Carlo (MCMC) estimations as a possible Bayesian
identification method for hidden state processes, and also discuss their diagnostics.
Maxima of time series. Clustering of maxima and the extremal index.

Recommended literature:

Michelberger-Szeidl-Varlaki: Applied process statistics and time series analysis ,
Typotex, 2001.

Priestley, MB: Spectral Analysis and Time Series , Academic Press 1981
Brockwell, PJ, Davis, RA: Time Series: Theory and Methods. Springer, NY 1987
Tong, H.: Non-linear time series: a dynamical systems approach , Oxford University
Press, 1991.

Beran, J.: Statistics for Long-Memory Processes. Chapman and Hall, New York.
1994

Hamilton, JD: Time series analysis , Princeton University Press, Princeton, NJ 1994
Brockwell, PJ, Davis, RA: Introduction to time series and forecasting , Springer.
1996

Pena, D., Tiao and Tsay, R.: A Course in Time Series Analysis , Wiley 2001.

MAT/193 Fundamentals of Modeling
Tamds Matolcsi — MATKAAT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.
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MAT/194 The structure of space-time
Tamds Matolcsi — MATKAAT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/197 Limit distribution theorems for independent variables
Gyérqgy Michaletzky - MIGKAAT.ELTE
6 credits, theory, -, cannot be repeated
Indefinitely divisible distribution and characteristic function. Poisson process,
composite Poisson process. Poisson point process with general characteristic
measure. Integral according to a point process. Lévy—Hincsin formula. Characteristic
function of non-negative and finitely divisible distributions. Characteristic function
of stable distributions. Generation of stable distributions, magnitude of tail
probability. Limit distributions of series.

Recommended literature:

YS Chow - H. Teicher: Probability Theory: Independence, Interchangeability,
Martingales. Springer, New York, 1978.

W. Feller: An Introduction to Probability Theory and its Applications, vol. 2. Wiley,
New York, 1966.

MAT/198 Estimation of parameters of stationary processes
Laszlo Markus
6 credits, theory, -, cannot be repeated
Estimation of the expected value and covariance function of stationary processes.
Spectrum estimation. Periodogram. Discrete spectrum. Continuous spectrum.
Consistent spectrum estimation, smoothing, use of window functions. Mixed
spectrum processes.
Hypothesis testing.

MAT/199 Risk processes
Gydrgy Michaletzky - MIGKAAT.ELTE
6 credits, theory, -, cannot be repeated
Damage process, complete damage process. Special cases: complex Poisson process,
Markov process, renovation process. Approximate definition of the damage process
distribution.
Failure theory. Probability of failure in the case of a complex Poisson process (for
finite and infinite time horizons). Lundberg theorem (Cramer-Lundberg
approximation), in the case of an autoregressive process (CL approximation in the
case of a stable autoregressive polynomial), in the case of general independent
increment processes.
Probability of failure during renovation processes.

Recommended literature:

Gyorgy Michaletzky: Risk processes. ELTE Eo6tvés Publishing House, university
notes, 2001

P. Embrechts, C. Kliippelberg, T. Mikosch: Modeling extremal events. Springer,
1999.

HU Gerber: An introduction to mathematical risk theory. SSHeubner Found.
Philadelphia, 1979.

HH Panjer, GE Willmot: Insurance Risk Models. Society of Actuaries, 1992.

MAT/200 Markov chains
Vill6 Csiszdr — CSVKAAT.ELTE
6 credits, theory, -, cannot be repeated
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Stochastic processes: Markov property, strong Markov property, homogeneity.
Markov chains with discrete parameters: definition, transition matrix, classification
of states. Period, recurrence. Convergence of transition probabilities. Stationary
distribution. Law of large numbers and central limit theorem for irreducible, positive
recurrent Markov chain functionals. Transition probabilities with taboo states.
Regular measure, Doeblin's quotient theorem. Inverted Markov chain. Absorption
probabilities. Perron-Frobenius theorems.

Recommended literature:

Karlin — Taylor: Stochastic processes. Gondolat Publishing House, 1985.
Chung: Markov Chains With Stationary Transition Probabilities. Springer, 1967.
Isaacson-Madsen: Markov Chains: Theory and Applications. Wiley, 1976.

MAT/206 Crowd-sourcing systems
Gyorgy Michaletzky - MIGKAAT ELTE
6 credits, theory, -, cannot be repeated
Fundamentals of the theory of crowd-sourcing systems. Little's formula. Crowd-
sourcing models: Lindley's theorem, Kiefer-Wolfowitz's theorem, Wiener-Hopf
equation for general models. Characterization of the arrival process. Grigelionis's
theorem. Renewal processes, Blackwell's theorem. Stationary solution of special
single-server models. Extreme value and large deviation problems in crowd-sourcing
systems. Approximation of multi-server systems. Markov models, embedded
Markov processes. Pollaczek-Hincsin formula. Wiener-Hopf factorization.

Recommended literature:
L. Kleinrock : Queuing and Serving. Introduction to the Theory of Crowded Service
Systems . Technical Publishing House, Budapest, 1979.

MAT/207 Distribution of eigenvalues of random matrices
Gyorgy Michaletzky MIGKAAT.ELTE
6 credits, theory, -, cannot be repeated
Limit distribution of eigenvalues of symmetric matrices with independent elements
(Wigner theorem).
Limit distribution in the case of finite low-order moments (Arnold's theorem).
Convergence of expected value, stochastic convergence, convergence with
probability 1.
Asymptotic distribution of eigenvalues of covariance-type matrices (Marchenko—
Pastur theorem, Bai—Lin theorem).
Lindeberg-type necessary and sufficient condition for the limit distribution of
symmetric matrices with independent elements (Girko theorem). Stieltjes-
transformed, continuity theorem.
Equivalence of expected value convergence and convergence with probability 1.

Recommended literature:

VL Girko: Sluchsanyye vignette. Vyshcha School, Kyiv, 1975

VL Girko: Spectral theory of the sluchaynuh matrix. Nauka, Moscow, 1988
Marchenko, VA, Pastur LA:, Distribution of eigenvalues for some sets of random
matrices. Math. USSR, Vol. 1, 457-483 (1967)

Wigner, E.: On the distribution of the roots of certain symmetric matrices. Ann. of.
Math. 67, 325-327 (1958)

MAT/208 Fundamentals of Mathematical Statistics 1.
Tamds Méri — MOTKAAT.ELTE
9 credits, theory, -, cannot be repeated
Estimation of the density function. Smoothed empirical distribution, Parzen-
Rosenblatt empirical density function, histogram.
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Sufficiency, minimal sufficiency, completeness, limited completeness.

Statistical analysis of exponential distribution family

Secondary sampling, jackknife, bootstrap.

Jeffrey's non-informative prior distribution. Generalized (formal) Bayesian
estimates.

Equivariant estimates, Pitman estimation.

L-estimates, linear model with correlated errors. Asymptotically optimal L-estimates
of the shift parameter.

M-estimates, robustness. Asymptotic behavior of M-estimates. Asymptotic minimax
property of Huber's M-estimate. Relationship between M- and L-estimates.
Sampling from a finite population. Admissibility of linear estimates with constant
coefficients.

Recommended literature:
EL Lehmann: Theory of point estimation. Wiley, New York, 1983.

MAT/209 Fundamentals of Mathematical Statistics 2.
Tamds Mori — MOTKAAT.ELTE
6 credits, theory, -, cannot be repeated
One-sided counterhypothesis in a class with monotone likelihood ratios. Two-sided
counterhypothesis in an exponential distribution family. Similarity, Neyman
structure. Hypothesis testing in the presence of confounding parameters.
Optimality of classical parametric tests. Asymptotic tests. Generalized likelihood
ratio test, derivation of chi-square tests.
Convergence of the empirical process to a Brown bridge. Karhunen-Loéve series
expansion of Gaussian processes. Asymptotic analysis of classical nonparametric
tests.
Invariant and Bayesian tests.
The relationship between confidence set theory and hypothesis testing.

Recommended literature:

EL Lehmann: Testing Statistical Hypotheses, 2nd Ed., Wiley, New York, 1986.
Tamas Mori: Statistical Hypothesis Testing (e-book). Typotex, Budapest,
2011. [ www.interkonyv.hu ]

MAT/210 Analysis of Lifespan Data
Tamds Mori — MOTKAAT.ELTE
6 credits, theory, -, cannot be repeated
Basic concepts, failure times, types of censoring, total operating time. Hazard -
function, failure factor.
Lifespan distributions. Exponential sample analysis
Nonparametric maximum likelihood. Survival function estimation from a censored
sample: the Kaplan—Meyer product estimate. Greenwood formula. Actuarial
estimation.
Proportional hazard model. Full, conditional, and partial likelihood.
Classes of aging distributions: IFR, IFRA, NBU. Content relations. Closedness of
classes for weak convergence and convolution.
Monotone and coherent systems, system reliability. Closedness of the IFRA and
NBU classes. Closure of the TFR class.
Reservoir model. Preservation of aging properties in shock models.
IFRA distribution function ML estimation, inconsistency. IFR distribution function
ML estimation, largest convex minorant. Consistency.
The bioassay problem.
The EM algorithm.

Recommended literature:
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Tamas Mori - Analysis of Lifetime Data (e-book). Typotex, Budapest, 2011. [
www.interkonyv.hu ]

DR Cox —D. Oakes: Analysis of Survival Data. Chapman and Hall, London, 1984.
RE Barlow—F. Proschan: Statistical Theory of Reliability and Life Testing. Holt,
Rinehart and Winston, New York, 1975.

MAT/211 Martingale Theory
Tamds Méri — MOTKAAT.ELTE
6 credits, theory, -, cannot be repeated
Martingales with probability 1 and convergence in L ,, regular martingales.
Regular stopping times, Wald identity.
Convergence set of square-integrable martingales.
Hilbert space-valued martingales.
Central limit theorem for martingales.
Inverted martingale, U -statistics, commutability.
Applications: Martingales in financial mathematics, Conway's algorithm, optimal
strategies in profitable games, branching process with two types of individuals.

Recommended literature:

Tamas Mori - Discrete parameter martingales (e-book). Typotex, Budapest,
2011. [ www.interkonyv.hu ]

YS Chow - H. Teicher: Probability Theory - Independence, Interchangeability,
Martingales. Springer, New York, 1978.

J. Neveu: Discrete-Parameter Martingales. North-Holland, Amsterdam, 1975.

MAT/213 Network Theory
Péter Pdl Pdlfy — PAPKAAT.ELTE
6 credits, theory, -, cannot be repeated
Partition nets, every net can be embedded in a partition net. Free nets, Whitman's
condition, the canonical form of elements, atoms of free nets, free nets are
semidistributive, operations are continuous. There is a fixed-point-free monotone
mapping. Closure systems. Complete algebraic and geometric nets. Modular nets.
The free modular net generated with three elements. The Jordan—Dedekind chain
condition. Semimodular nets. Distributive nets. The relationship between nets and
geometry: subnets of projective geometries. The Desargues identity, geomodular
nets. Coordinates. Net congruences. Net varieties. The Jonsson lemma.
Complementary nets. Congruences of relative complement nets. Subalgebra nets.
Congruence nets. The Gratzer—Schmidt theorem.

MAT/214 Algebra Seminar
Péter Pdl Palfy — PAPKAAT.ELTE
6 credits, theory, -, repeatable,
Research seminar.

MAT/215 Lie algebras
Zoltdn Halasi
6 credits, theory, -, cannot be repeated
Basic concepts; solvable and nilpotent Lie algebras. Derivations. Representations
and modules. Modules over nilpotent Lie algebras; weights. Cartan subalgebra,
Cartan decomposition. Killing form. Cartan decomposition of semisimple Lie
algebras, roots. Fundamental roots, fundamental reflections. Weyl group. Cartan
matrix, Dynkin diagram. Classification of connected Dynkin diagrams. Simple Lie
algebras over complex fields, constructions. Exceptional Lie algebras. Real field or
modular Lie algebras.
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Recommended literature:
Humphreys: Introduction to Lie Algebras and Representation Theory

MAT/216 Lie-type simple groups
instructor: Péter Pdlfy — PAPKAAT.ELTE
Jozsef Pelikdn - PEJKABT.ELTE
6 credits, theory, -, cannot be repeated
Classical groups: special linear, symplectic, orthogonal, unitary groups. Finite
Chevalley groups: diagonal, monomial and parabolic subgroups; BN pairs. Twisted
simple groups. Sporadic simple groups (Mathieu groups, Higman-Sims group,
Leech lattice, Conway groups, Monster).

MAT/217 p-groups
Péter Pdl Pdlfy — PAPKAAT.ELTE
6 credits, theory, -, cannot be repeated
Combinatorial group theory: free groups, the Nielsen—Schreier theorem, Schreier's
index formula, Cayley graphs. Solvable groups: generalization of Sylow theorems to
Hall subgroups, p- solvability. Applications of transfer (Burnside's theorem on the
existence of a p -complement, Schur's theorem: the commutator subgroup is finite if
the index of the center is finite). Commutators, central chains in p- groups. Regular p
-groups, p- groups of maximal class . Power groups: analogue of some properties of
Abelian groups (and regular groups), existence of large power subgroups in an
arbitrary group. Linear methods in the theory of finite p- groups. Asymptotic group
theory.

Recommended literature:
Robinson: A Course in the Theory of Groups

MAT/218 Permutation groups
Péter Pdl Pdlfy — PAPKAAT.ELTE
6 credits, theory, -, cannot be repeated
Basic concepts: group action, stabilizers, orbits, blocks. Primitiveness, 2-transitive
and multiply transitive groups, strict transitivity, Frobenius groups, Zassenhaus
groups. Imprimitive and primitive effect of the wreath product, twisted wreath
product. Structure of primitive groups, O'Nan—Scott theorem. Constraints on the
order and minimal degree of uniprimitive and 2-transitive groups.

Recommended literature:
Dixon-Mortimer: Permutation groups

MAT/220 Applications of group characters
Jozsef Pelikdan - PEJKABT.ELTE
6 credits, theory, -, cannot be repeated
Group representations, group algebra. Schur's lemma. Maschke's theorem.
Wedderburn—Artin theorem for semisimple algebras. Irreducible and completely
reducible representations. Characters. Orthogonality relations. Center, commutator
subgroup, determination of normal divisors from character tables. Algebraic
integers. Burnside's p “q ” theorem. Theorems on the degree of characters. Product of
characters. Induced representations and characters. M-groups, Taketa's theorem.
Frobenius groups. Frobenius theorem for the Frobenius kernel. TI sets and
exceptional characters. Characterization of groups by their 2-Sylow subgroup and
the centralizer of involutions.

Recommended literature:
Isaacs: Character Theory of Finite Groups
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MAT/222 Chapters in Group Theory
Zoltan Halasi
6 credits, theory, -, cannot be repeated
Various topics in the theory of finite groups.
Permutation groups. Multiply transitive groups, Mathieu groups. Primitive
permutation groups, O'Nan-Scott theorem.
Simple groups. Classical groups, Lie-type simple groups, sporadic groups. Group
extensions. Projective representations, Schur multiplier.
p -groups. Frattini subgroup. Special and extraspecial p -groups. Groups of maximal
class.
Subgroup lattices. Ore and Iwasawa theorem.

Recommended reading: DJS Robinson: A course in the theory of groups, Springer,
1993P. J. Cameron: Permutation groups, Cambridge University Press, 1999B.
Huppert: Endliche Gruppen I, Springer, 1967

MAT/223 Chapters in Ring Theory

Stephen Augustine

6 credits, theory, -, cannot be repeated

Structure theory (primitive rings, density theorem, Jacobson radical, commutativity
theorems). Central simple algebras (tensor product of algebras; Noether--Skolem
theorem, double centralizer theorem, Brauer group, cross product). Polynomial
identities (structure theorems, Kaplansky's theorem, Kuros problem). Noether rings
(Goldie theory and its generalizations, dimension theory). Neumann regular rings.
Quasi-Frobenius rings (group algebras, symmetric algebras, homological properties).

Recommended literature:
Herstein: Noncommutative Rings

MAT/224 Commutative Algebra
Peter Frenkel
6 credits, theory, -, cannot be repeated
Prime, primary ideals, nilradical, Jacobson radical. Zariski topology, Krull
dimension. Factor rings, factor modules. Local properties, local rings. Prime
resolution, cases of its uniqueness. Integer dependence, rings closed on integers. The
"Going-Up" and "Going-Down" theorems. Evaluation rings. Noether rings, Lasker—
Noether theorem. Artin rings, their structure theorem. Discrete evaluation rings,
Dedekind rings. Dimension theory, Hilbert function. Regular local rings. Grobner
basis.

Recommended literature:
Atiyah—McDonald: Introduction to Commutative Algebra

MAT/225 Sporadic simple groups
Jozsef Pelikdn - PEJKABT.ELTE
6 credits, theory, -, cannot be repeated
Affine and projective algebraic manifolds, curves, complete sections, coordinate
rings, birational mappings, Riemann—Roch theorem, elliptic curves, elimination of
singularities.

Recommended literature:
Hartshorne: Algebraic Geometry

MAT/226 Operator semigroups in Hilbert space II.
Andrds Bdtkai — BAAKAAT.ELTE
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6 credits, theory, -, cannot be repeated

Overview of basic concepts related to operator semigroups. Basic examples and
constructions. The concept of a generator, the integral representation of the resolvent
as the Laplace transform of the semigroup. Hille-Yosida theorem. Dissipative
operators, Lumer-Phillips theorem. Applications to first- and second-order
differential operators.

Regularity properties of semigroups (analytic, differentiable, norm-continuous,
compact), the relationship between them with examples and counterexamples.
Bounded perturbation, the Dyson-Phillips series. Outlook towards unbounded
perturbations.

Asymptotic properties, the relation between the spectrum of a semigroup and its
generator. Zabczyk's counterexample. Spectral mapping theorem for norm-
continuous semigroups. Gearhart's theorem for semigroups in Hilbert spaces.
The relationship between operator semigroups and the Cauchy problem, well-
definedness. The concepts of classical, strong, mild and weak solutions of the
inhomogeneous equation, the relationship between them. Representation of
solutions.

Examples: discussion of lagged and population equations.

Required reading;:
Engel, K.-J., Nagel R., A Short Course on Operator Semigroups, Springer-Verlag,
Universitext, 2006.

Recommended literature:

Engel, K.-J., Nagel R., One-parameter Semigroups for Linear Evolution Equations,
Springer-Verlag, Graduate Texts in Mathematics 194, 1999.

Batkai, A., Piazzera, S., Semigroups for Delay Equations, AK Peters, 2005.

MAT/227 Stochastic models
Andrds Prékopa — EHA.ELTE
6 credits, theory, -, repeatable
Static and dynamic models. Mathematical characterization of the resulting stochastic
programming problems and their solution methods.
Fundamental theorem of log-concave measures. Probability limits and log-
concaveness of objective functions containing probabilities. Their evaluation with
approximate simulation methods.

MAT/229 Independent incremental, stationary and Markov flows.
Vilmos Prokaj — PRIVKAAT.ELTE
Gydrgy Michaletzky MIGKAAT.ELTE
6 credits, theory, -, cannot be repeated
Characteristic function of infinitely divisible distributions, Lévy-Hincsin formula.
Poisson point process and integral. Characterization of the properties of the
distribution (non-negativity, finite variance) using the characteristic function.
Characteristic function of stable distributions. Generation of a variable with a stable
distribution.

MAT/230 Stochastic Analysis
Vilmos Prokaj — PRIVKAAT.ELTE
9 credits, theory, -, cannot be repeated
Local martingale, semimartingale. Integral according to semimartingale. Properties
of the integral. Quadratic variation, BDG inequality, isometry theorem. Ito formula,
Lévy characterization, Girsanov theorem, Kazamaki and Novikov conditions. Ito
integral.
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Recommended literature:
Revuz—Yor: Continuous martingales and Brownian motion.
Protter: Stochastic integration and differential equation.

MAT/233 Technical applications of combinatorial optimization
Andrds Recski — REAKAAT.ELTE
6 credits, theory, -, cannot be repeated
Review of the basic concepts of matroid theory. A more detailed overview of the
algebraic and geometric representation of matroids. Applications in the classical
theory of electrical networks, examination of the unambiguous solvability of
networks, determination of the number of degrees of freedom. Applications in the
wiring design of very complex integrated circuits (VLSI). Point-disjoint and edge-
disjoint models, Manhattan and unconstrained models, different geometries (single
row, channel, switchbox). Applications in statics, stiffness of rod structures and
tensegrity structures, cutting.
Recommended literature:
Andrés Recski: Matroid theory and its applications in electrical network theory and
in statics, Springer — Academic Publishers, 1989.

MAT/234 Analysis Research Seminar
Tamas Keleti
6 credits, theory, -, repeatable
The aim of the seminar is for the participants, primarily in their research work, to
young researchers at the beginning of their careers, graduate or doctoral studies
students pursuing their studies, receive help with important, interesting research
in understanding problems, primarily in the field of classical analysis. The
seminar method, that is, from the selected or discussed topics,
literature - primarily articles - each participating student will have the necessary
with extensive consultation and assistance, and will present it in a seminar
will give a lecture. The seminar lecture will be followed by the
to discuss questions worth researching, further suggestions, perhaps
also to provide literature. If someone starts to do meaningful research on the
questions raised, you can also expect further consultations and assistance.

MAT/235 Introduction to Potential Theory
Szildrd Révész — RESNAAT.ELTE
6 credits, theory, -, cannot be repeated
Potential theory - like Fourier analysis - is quite
"transversal" topic in mathematical analysis, i.e. relevant to many topics
is connected, occurs in many places, e.g. in the theory of harmonic functions, the
in the theory of differential equations, in the theory of approximation, in the
in probability theory, functional analysis, etc. The purpose of the lecture
to introduce the classical basics, and then demonstrate how the most basic
principles - e.g. equilibrium distribution, different (formally
differently interpreted) coincidence of energy-type quantities, discrete and
relationship of continuous interpretations, Frostman's maximum principle - how
much
are generally negotiable, and thus how many interesting and unexpected
can be applied to the topic.

Literature:

- DH Armitage, SJ Gardiner: Classical Potential Theory,
Springer Monographs in Mathematics, Springer, 2001.
- OD Kellog: Foundations of potential theory, Grundlehren der
mathematischen Wissenschaften in Einzeldarstellungen, Band XXXI, Springer,
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1929.

LL Helms: Introduction to potential theory, Pure and Applied

Mathematics, Volume XXII, Wiley-Interscience, 1969.

- EB Saff, V. Totik: Logarithmic potentials with external fields,
Grundlehren der mathematischen Wissenschaften Band 318, Springer, 1997.
- B. Fuglede: On the theory of potentials in locally compact spaces,

Acta Math. 103 (1960), 139--215.

B. Farkas, Sz. Gy. Révész: Potential theoretical approach to rendezvous
numbers, Monatshefte fiir Mathematik, 148 (2006), 309--331.

MAT/236 Number Theory Seminar
Imre Ruzsa — RUINAAT.ELTE
6 credits, theory, -, repeatable
Research seminar.

MAT/237 Model Theory 1.
Gdbor Sdgi — SAGEANT.ELTE
6 credits, theory, -, cannot be repeated
Ultrafilters, filter spaces and their combinatorial applications. Regular ultrafilters and
universal models. Homogeneous models. Ultrachains. Frayne's theorem. Good
ultrafilters, their constructions and weak existence and uniqueness of saturated
models. The Kesiler-Shelah theorem. Definability: Svenonius and Beth theorems.
Type avoidance theorem. Stone-space and automorphism-group characterizations of
countable categoricity. The theory of random graphs is countably-categorical. Zero-
one laws of finite graphs.

Recommended literature:

1. CC Chang, HJ Keisler, Model Theory, Elsevier, North-Holland 1990.

2. W. Hodges, Model Theory, Cambridge Univ. Press, 1997.

3. D. Marker, Model Theory, an introduction, GTM-217, Springer-Verlag, 2002.

4. G. Sagi, Selected Chapters from Model Theory, electronic notes (approx. 164
pages), 2005.

MAT/238 Model Theory II.
Gdbor Sdgi — SAGEANT.ELTE
6 credits, theory, -, cannot be repeated
Definition of stability. Examples and basic properties of stability. Definability of
types, stability spectrum, Morley rank. Dispersed spaces as Stone spaces. Minimal
sets. Atomic and prime models. Duality theorems. Morley's categoricity theorem.
Indistinguishable elements in stable and unstable structures. Ehrenfrucht-Mostowski
models. Selah's "many-model" theorem: the cardinality of pairwise non-isomorphic,
uncountable models of countable, unstable theories is as large as possible.
Foundations of geometric stability theory.

Recommended literature:

1. W. Hodges, Model Theory, Cambridge Univ. Press, 1997.

2. D. Marker, Model Theory, an introduction, GTM-217, Springer-Verlag, 2002.

3. S. Shelah, Classification Theory, Elsevier, North Holland, 1990.

4. G. Ségi, Selected Chapters from Model Theory, electronic notes (approx. 164
pages), 2005.

MAT/239 Additive Number Theory
Katalin Gyalmati — GYKKAAT.ELTE
6 credits, theory, -, cannot be repeated
The circle problem, the Erd6s—Fuchs theorem. The Hardy-Littlewood method. The
odd Goldbach problem. Large arcs, singular series. Small arcs, Vaughan's method,
Vinogradov—Vaughan and Vinogradov's lemmas. Introduction to the even Goldbach
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problem. The Waring problem. Weyl sums, the Weyl method, Weyl shift. Weyl's
lemmas, the Weyl inequality, the difference operator. Hua's lemma. The admixture
of small arcs. The admixture of large arcs as a function of the singular series and
integral (with an outline of the proof). Roth's theorem on 3-term arithmetic
sequences. Squares in difference series (outline).

MAT/240 Exponential Sums in Number Theory
Katalin Gyalmati — GYKKAAT.ELTE
6 credits, theory, -, cannot be repeated
Additive and multiplicative characters, their relationship, applications. The
Vinogradov lemma and its dual. Gaussian sums. The P6lya—Vinogradov inequality.
Estimation of the least quadratic nonresidue. Kloosterman sums. Arithmetic and
character versions of the large sieve, applications. Irregularities of the distribution in
arithmetic series, lower estimate of character sums. Uniform distribution. Weyl
criterion. Discrepancy. Erd6s—Turan inequality. Van der Corput's method.

MAT/241 Combinatory Number Theory
Katalin Gyalmati — GYKKAAT.ELTE
6 credits, theory, -, cannot be repeated
The Brun sieve and its applications. Schnirelmann's addition theorem. Prime
numbers form a basis. Additive and multiplicative Sidon series. Divisibility in series,
primitive series. The “larger sieve”. Hilbert cube in dense series. Van der Waerden
and Szemerédi's theorems on arithmetic series.

MAT/242 Computational Number Theory

Katalin Gyalmati — GYKKAAT.ELTE

6 credits, theory, -, cannot be repeated

Elementary operations and time requirements of number theory problems. For
n=pq , defining p, q as polynomially equivalent to ¢ (n) . Modular exponentiation.
Factorization with algebraic identities. Basic concepts of cryptography. RSA,
discrete logarithm, the Diffie—Hellman key exchange system. Prime testing,
pseudoprimes. Fermat factorization, the factor base algorithm, the quadratic sieve.
Elliptic curves, the Diffie—Hellman key exchange analogue. Pseudorandom
sequences, their application in the Monte Carlo method and in cryptography.

Recommended literature:
N. Koblitz: A Course in Number Theory and Cryptography

MAT/243 Unbounded operators in Hilbert spaces
Zsigmond Tarcsay
6 credits, theory, -, repeatable
Hilbert adjoint of unbounded operators; Neumann characterization of closable and
closed operators. Closure of symmetric operators, Neumann theory of self-adjoint
extensions. Unbounded normal operators on Hilbert space: general form of the
spectral theorem. Role of positive self-adjoint operators. Neumann's problem of self-
adjoint extension of a positive symmetric operator, Krein's theory: Krein-Neumann,
or Friedrichs extension, as the smallest and largest possible positive self-adjoint
extension. Problem of self-adjoint extension of non-densely defined positive
symmetric operators. Role of positive quadratic forms (Lebesque decomposition,
parallel sum, etc.). Characterization of extremal positive self-adjoint extensions
among all possible extensions

MAT/244 Operator extensions
Zoltdn Sebestyén — SEZKAAT.ELTE
6 credits, theory, -, repeatable
Missing description.
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MAT/245 Geometric functions
Gdbor Haldsz — HAGKAAT.ELTE
6 credits, theory, -, cannot be repeated
Phragmén-Lindelof-type theorems. Capacity. Chebyshev constant. Transfinite
diameter. Green
function and Robin constant. Capacity and Hausdorff measure. Conformal radius.
Area principle. Koebe's torsion theorems. Estimation of coefficients of one-
dimensional functions. Area-arc length principle. Extremal length. Extension of
conformal mappings to the limit. Modulus of a quadrilateral and a ring.
Quasiconformal mappings. Quasisymmetric functions. Quasiconformal curves.
Literature: Tsuji "Potential Theory", Hayman "Multivalent Functions",
Abhlfors "Lectures on Quasiconformal Mappings".

MAT/246 Special functions
Gdbor Haldsz — HAGKAAT.ELTE
6 credits, theory, -, cannot be repeated
Gamma function. Stirling formula on the complex plane, saddle point method.
Zeta function. Function equation, elementary facts about roots. The Prime Number
Theorem. Elliptic functions. Parameterization of elliptic curves, lattices.
Fundamental domain of the anharmonic and modular groups. Function equation of
the theta function. Holomorphic modular forms, their application to the Four Squares
Theorem.
Required literature: Gabor Halasz's "Special Functions" (in preparation). .

MAT/247 Qualitative theory of infinite-dimensional dynamical systems
Eszter Sikolya — SIEKADT.ELTE
Andrds Bdtkai — BAAKAAT.ELTE
6 credits, theory, -, cannot be repeated
Course description: The course provides insight into operator semigroup theory,
which is useful for solving linear dynamical systems interpreted on infinite-
dimensional Banach spaces, such as partial differential equations, stochastic
processes, control problems, delayed equations, etc., and for describing the behavior
of the solutions. It deals with the fundamental properties of semigroups (generator,
spectral theory, perturbation, etc.), important special classes (e.g. analytic
semigroups), and possible areas of application.

Required reading: K.-J. Engel and R. Nagel, A Short Course on Operator
Semigroups, Universitext. Springer-Verlag, New York, Berlin, Heidelberg, 2006.
Recommended literature: K.-J. Engel and R. Nagel, One-Parameter Semigroups for
Linear Evolution Equations, Graduate Texts in Math., vol. 194, Springer-Verlag,
New York, 2000.

MAT/248 Linear partial differential equations

LdszI6 Simon — SILKAAT.ELTE

6 credits, theory, -, repeatable
Fourier transform. Sobolev function spaces. Weak (Sobolev space), variational and
classical solutions of boundary value and eigenvalue problems for elasticity
problems and the equation of stationary heat conduction. Initial boundary value
problems for linear equations: investigation of the classical solution with the Fourier
method and the Galjorkin method.
Recommended reading: Simon L. — EA Baderko, Second-order linear partial
differential equations, Tankdnyvkiad6, Budapest, 1983

MAT/249 Nonlinear partial differential equations
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LdszI6 Simon — SILKAAT.ELTE
6 credits, theory, -, repeatable

Weak (Sobolev-space) solutions of boundary value problems for quasilinear elliptic
equations of divergence form using the theory of monotone and pseudomonotone
operators. Elliptic variational inequalities. Weak solutions of quasilinear parabolic
equations of divergence form and functional differential equations using the theory
of monotone type operators.

Recommended reading: Application of monotone-type operators to nonlinear PDEs,
author's edition, Budapest, 2013, or department website.

MAT/250 Theory of Partial Differential Equations I.

LdszIl6 Simon — SILKAAT.ELTE

6 credits, theory, -, repeatable

Higher index Sobolev spaces, connection with the Fourier transform. Parametric
elliptic problems, existence of classical solutions to boundary value problems.
Application of the theory of monotone type operators to nonlinear elliptic equations.
Recommended literature: Simon L. — EA Baderko, Second-order linear partial
differential equations, Tankdnyvkiad6, Budapest, 1983.

Application of monotone-type operators to nonlinear PDEs, author's edition,
Budapest, 2013, or department website.

MAT/251 Theory of Partial Differential Equations II.
LdszIl6 Simon — SILKAAT.ELTE

6 credits, theory, -, repeatable

Elliptic variational inequalities. Compact embedding theorem in time-dependent
Sobolev spaces. Investigation of nonlinear evolution equations with pseudomonotone
operators. Application to nonlinear parabolic equations and functional differential
equations.

Recommended reading: Application of monotone-type operators to nonlinear PDEs,

author's edition, Budapest, 2013, or department website .

MAT/256 Topology of low-dimensional manifolds

Victoria Andrea Féldvdri

6 credits, theory, -, cannot be repeated

The course provides an introduction to the topology of 3- and 4-dimensional
manifolds and knot theory. Topics covered include: Seifert 3-manifolds, Thurston's
conjecture, Freedman and Donaldson's theorems. Kirby diagrams and Kirby
calculus. Knot invariances. Exotic 4-manifolds, Seiberg-Witten and Heegaard Floer
theory. References: Gompf-Stipsicz: 4-manifolds and Kirby calculus (AMS, 1999)
Stipsicz: 4-dimensional topology (http://www.renyi.hu/~stipsicz/magyar/index.html)

MAT/257 Introduction to Universal Algebra

Peter Palfy

6 credits, theory, -, cannot be repeated

Similarity type, algebra, clones, terms, polynomials. Subalgebra, homomorphism,
direct product, identity, variety, Birkhoff's theorems. Congruence network,
subalgebra network, Malcev's lemma. Subdirect decomposition, subdirect irreducible
algebras. The Quackenbush problem. Graph algebras. Malcev's conditions,
characterization ~of  congruence-commutable, congruence-distributive  and
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congruence-modular varieties. The Jonsson lemma, Fleischer's theorem. Baker's
finite basis theorem. Completeness questions, primal and function-complete algebras
and their characterization (Foster—Pixley, Baker—Pixley, Rosenberg, Murskii).
Discriminator, Werner's theorem. The Boolean product and its application to
describing the algebras of discriminator varieties. The Quackenbush
characterization. Directly representable varieties. Commutator theory. Abelian
algebras, centrality, properties of the commutator in modular varieties. Gumm's shift
lemma, semantic definition of the commutator, proof of the properties of the
commutator. Difference term, fundamental theorem of Abelian algebras (Taylor—
Hermann). Structure of Abelian congruences, their assigned modulus. Gumm's
characterization of centrality. Generalized Jénsson theorem.

Recommended literature:
Burris-Sankappanavar: A course in Universal Algebra
Freese-McKen zie: Commutator theory for congruence modular varieties

MAT/258 Chapters from Universal Algebra
Kiss Emil — KIEKAAT.ELTE
Csaba Szab6 — SZCKAAT.ELTE
6 credits, theory, -, cannot be repeated
Applications of the commutator theorem: the Gumm-McKenzie—Werner theorem: in
a congruence commutable variety, every finite simple algebra is either function-
complete or polynomially equivalent to a modulus. The Freese-Lampe—Taylor
theorem on the congruence network of algebras with few basic operations. Freese
and McKenzie theorem: characterization of finitely generated modular varieties.
Simple algebras of modular varieties. Gumm's results on commutability. The
structure of nilpotent algebras, the Freese and Vaughan-Lee finite basis theorem. The
theory of gentle congruences. Algebra induced on a subset. Geometry of
environments, congruence network of algebras induced on environments. Structure
of minimal algebras: the twin lemma, the five different types. The relation between
the shape and labeling of the congruence network. Interpretation. Solvable algebras
and varieties. Higher dimensional minimal sets. Centrality and nilpotency in the
general case (Kearnes). Applications: results on the congruence network of finite
algebras (McKenzie, Palfy, Pudlak). Structure of locally finite varieties whose first-
order theory is decidable (Burris, McKenzie, Valeriote). The RS conjecture for
varieties satisfying nontrivial congruence identities, and the undecidability of the
type set in general (McKenzie, Wood). Subvariety network. Free spectrum. Abelian
varieties.

Recommended literature:
Freese-McKen zie: Commutator theory for congruence modular varieties
Hobby-McKenzie: The structure of finite algebras (Tame congruence theory)

MAT/259 Data compression
Istvan Szabo — SZILAAT.ELTE
6 credits, theory, -, cannot be repeated
Compression models. Limitations of lossless compression (Kraft-Fano inequality,
entropy).
Practical lossless data compression methods and estimation of their efficiency
(Shannon, Gilbert-Moore, Huffman code, block codes, arithmetic code). Studies in
the field of Huffman codes (sharper bound, length-bounded Huffman codes).
Limitations of written text compression. L.Z77, LZ78, LZW, LZSS encodings and
their practical implementations (GZIP, PKZIP, Compress, GIF,...). Markov source
compressibility, one- and two-dimensional run-length compressions: RLE, the
principle of FAX compression.
Lossy compression methods: principles of psycho-visual and psycho-acoustic
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compression, image compression (JPEG, tail compression,...), video compression
standards, Shannon's sampling theorem, quantization, modulations, theoretical
foundations of sound and speech compression, quality evaluation methods.

Recommended literature:
Gyérfi L.- Gy6ri S.- Vajda I.: Information and code theory;
D. Salomon: Data Compression

MAT/260 Cryptography
Istvdn Szabo — SZILAAT.ELTE
6 credits, theory, -, cannot be repeated
The place of cryptography in data protection: legal environment, grouping of threats,
programmed threats: viruses, covert channels,... Basic concepts of steganography-
cryptography.
Cryptographic primitives: algorithms and security guarantee /proof/ methods.
History of cryptography, historical flaws and their exploitation. Information theory
security. Symmetric (secret) key systems. Cryptographic requirements of pseudo-
random sequences. Stream ciphers: encryption based on linear feedback shift
registers, basics of linear cryptanalysis. Block ciphers: LUCIFER, DES, Advanced
Encryption Standard, differential cryptanalysis. Asymmetric (public) key (PKI)
systems, one-way functions, algorithms based on classical mathematical problems,
key matchers, PKI encoders (RSA, ECC), hash functions. Cryptographic protocols
(blind signature, secret sharing, ...) Factorization methods, protocol errors.
Cryptographic systems and their security applied in practice: GSM, WLAN,
BlueTooth, Skype, electronic signature systems, Secure Electronic Transaction
Standard,... International and domestic standards and projects.

Recommended literature:

Nemetz-Vajda: Algorithmic data protection,

Buttyan-Vajda: Cryptography and its Applications

Bruce Schneier: Applied Cryptography Alfred J. Menezes, Paul C. van Oorshchor,
Scott A. Vanstone: Handbook of Applied Cryptography, CRC Press, 1997,

http://www.cacr.math.uwaterloo.ca/hac/

MAT/261 Analytic Number Theory
Gergely Zabradi
6 credits, theory, -, cannot be repeated

Prime number theorem with an error term of the following form:
X

7(x) = [ + O(xexp(- cflog(x)))

2
Irregularities in the distribution of primes. Prime number theorem for arithmetic
sequences, Siegel root, proof of the Siegel-Walfisz theorem.

MAT/262 Algebraic Geometry and Differential Topology
Andrds Stipsicz — STALAAT.ELTE
6 credits, theory, -, cannot be repeated
Weekly seminar of the 'Algebraic Geometry and Differential Topology' department
of the Alfred Renyi Institute of Mathematics of the Hungarian Academy of Sciences
on the latest research results, with invited foreign and Hungarian speakers. Weekly
changing topic, usually in English.

MAT/263 Galois theories in mathematics
Tamds Szamuely — SZTKAKT.ELTE
6 credits, elmGalois theory for fields. Classical Galois theory (short review).
Profinite groups, the main theorem of Galois theory for infinite extensions. Finite
étale algebras, the Grothendieck form of the main theorem of Galois theory. Galois
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theory for topological covers. Covers in topology, Galois covers. Main theorems of
Galois theory for covers. Existence of universal cover, connection with the
fundamental group. Monodromy groups. Classification of locally constant sheaves
by the fundamental group. Local systems, monodromy group. Local systems
belonging to differential equations, the Riemann—Hilbert problem. Galois theory of
Riemann surfaces. Basic concepts of Riemann surfaces. Branched covers of
Riemann surfaces, connection with finite étale algebras over the function field.
Application: all finite groups over Galois group C (t). The stiffness method.
Branched covers of the complex projective line as algebraic curves, their definition
over a finite extension of Q. The algebraic fundamental group. The stiffness method
for realizing Galois groups over Q. Thompson's theorem: the Monster Galois group
over Q.

MAT/265 Differential Geometry Tasks and Problems
Janos Szenthe — SZIKAAT.ELTE
6 credits, theory, -, cannot be repeated
The aim of the presentation is to demonstrate how classical curve and surface theory
and modern differential geometry problems can be solved using the Mathematica
program, and how various differential geometry concepts can be illustrated using the
graphics and animation capabilities of the Mathematica program.

Recommended literature:
2) Alfred Gray: Modern Differential Geometry of Curves and Surfaces with
Mathematica, CRC Press 1999.

MAT/266 Physics and Geometry
Jdnos Szenthe — SZIKAAT.ELTE
6 credits, theory, -, cannot be repeated
The topic of the presentation is determined by the presenter. There are two possible
topics:

Lagrangian mechanics. Geometry of the second tangent beam, second-order differ-
ential equation over a manifold, the concept and basic properties of the general
spray, Lagrangian function and the Euler-Lagrange equation. Symmetries of La-
grangian systems, Noether's theorem. Legendre transformation, the relationship be-
tween Lagrangian and Hamiltonian mechanics.

Recommended literature:

2) Janos Szenthe: Newer Mathematical Tools of Mechanics, Institute of Continuing
Education of the Budapest University of Technology, Budapest, 1976.

3) VI Arnold: Mathematical Methods of Mechanics, Technical Publishing House,
Budapest, 1985.

Donaldson theory. Maxwell equations, calibrated fields, Yang-Mills functional. In-
stantons. K-functor, Adams operations, Hopf invariant, exotic differentiable struc-
tures on R *.

Recommended literature:
2) MM Postnikov: Lecons de geometrie, Geometrie differentialelle, Semester 4.
3) D. Freed, KK Uhlenbeck: Instantons and Four-Manifolds, Springer 1984.

MAT/267 Sailing seminar
George Kiss
6 credits, theory, -, repeatable
The seminar will discuss new results in geometry.
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MAT/268 Riemannian manifolds I.
Szilard Szabo
6 credits, theory, -, cannot be repeated
Levi-Civita covariant derivation on the Riemannian manifold. Geodesics.
Exponential mapping on the tangent bundle. The normal coordinate system.
Identities of the curvature tensor. Manifolds of constant curvature, Schur's theorem.
Jacobian fields along a geodesic curve. Conjugate points. The Gauss lemma. Metrics
on the connected Riemannian manifold. The first and second variational formulas for
the arc length. The index form assigned to the geodesic segment.
The semi-Riemannian manifold and the Lorentz manifold. The Schwarzschild
solution.

Recommended literature:

1) D. Gromoll, W. Klingenberg, W. Meyer: Riemannsche Geometrie im Grossen.
Springer-Verlag, Berlin, 1968.

2) M. Do Carmo: Riemannian geometry. Birkhduser, Boston, 1992.

3) B. O'Neill: Semi-Riemannian geometry. Academic Press, New York, 1983.

MAT/269 Riemannian manifolds II.
LdszI6 Verhéczki — VELKAAT.ELTE
6 credits, theory, -, cannot be repeated
The completeness problem of a connected Riemannian manifold, the Hopf-Rinow
theorem. The Morse index theorem. Comparison of index forms for two Riemannian
manifolds, Rauch's theorem. Manifolds with nonpositive Gaussian curvature, the Ha-
damard—Cartan theorem. Local isometries, the Cartan—Ambrose—Hicks theorem.
Characteristics of a subset of a Riemannian manifold: the second basic form, Wein-
garten mappings, connection on the normal vector bundle. Gauss equation, Codazzi
equation and Ricci equation for curvature tensors. Minimal subsets. Focal points of
the subset. Fermi coordinate system around the subset. [sometric embeddings in Eu-
clidean space.

Recommended literature:

1) D. Gromoll, W. Klingenberg, W. Meyer: Riemannsche Geometrie im Grossen.
Springer-Verlag, Berlin, 1968.

2) M. Do Carmo: Riemannian geometry. Birkhauser, Boston, 1992.

3) B. O'Neill: Semi-Riemannian geometry. Academic Press, New York, 1983.

MAT/270 Applied Cryptography Seminar
Peter Sziklai — SZPKABT.ELTE
6 credits, theory, -, repeatable
We will cover current issues in cryptography, after a theoretical introduction.
we mainly read articles. The goal is to acquire knowledge that can be used in
practice
can be used in emerging encryption tasks. Recommended literature is
course-related notes:

http://www.cs.elte.hu/~rfid/elte-notes.pdf

MAT/271 Nonlinear functional analysis
Jdnos Kardtson — KAJKAAT.ELTE
6 credits, theory, -, cannot be repeated
A brief (a few lines) description of the knowledge to be acquired:
Basic concepts of nonlinear operators in normalized spaces. Hemi- and
bihemicontinuous operators. Gateaux and Frechet derivatives,
Mean value theorems. Potential operators, the concept of potential and its existence
conditions. Monotone operators and convex functionals. Space structures. No
energy space of bounded positive linear operators, weak solution,
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Friedrich extension. Duality in reflexive Banach spaces.

Solvability of operator equations. Variational principle nonlinear

operator equation, equation solving and functional minimization

relationship. Quadratic functional. Existence of a minimum of a functional.

General conditions for a nonlinear mapping to be a bijection,

inverse function theorems. Fixed point theorems. Extension of the variational
principle is not

for a convex functional, the “mountain pass” lemma. The solvability theorems
application to nonlinear differential equations

Approximation methods. Iteration methods: Gradient method in Hilbert space.
Solving operator equations for continuous operators. Construction and
convergence for linear operators based on the quadratic functional, or

for nonlinear monotone potential operators. The case of a discontinuous operator,
preconditioning and energy field. The conjugate gradient method is linear
operators. Construction and convergence symmetric and non-symmetric
operators. Compact perturbations and superlinear convergence.

Preconditioning. The Newton-Kantorovich method for nonlinear operators

In Banach space. Damped and inexact version. Ritz—Galjorkin

projection methods for linear and nonlinear operators.

Required reading: -----
Recommended literature:

Zeidler, E.: Nonlinear functional analysis and its applications I-III.
Kantorovich, LV, Akilov, GP: Functional Analysis

MAT/273 Complex manifolds
Szilard Szabo
6 credits, theory, -, cannot be repeated
Complex and almost complex structures on manifolds, complex fibrated sheaves,
vector sheaves, Lie groups and transformation groups, cohomology, Serre duality,
factor and submanifolds, inflation, Hopf, Grassmann, projective algebraic manifolds,
Weierstrass's preparation and division theorem, analytic sets, Remmert Stein's
theorem, meromorphic functions, Siegel's theorem, Levi's extension theorem,
Chow's theorem, rational functions.

Recommended reading: Klaus Fritzsche, Hans Grauert: From holomorphic functions
to complex manifolds, Springer Verlag, 2002K. Kodaira: Complex manifolds and
deformations of complex structures, Springer Verlag, 2004Huybrechts: Complex
geometry: An introduction, Springer Verlag, 2004 .

MAT/274 Multivariable Complex Functions
Robert Szoke — SZRKAAT.ELTE
6 credits, theory, -, cannot be repeated
Power series, integral formulas, expansion theorems,
biholomorphisms, inhomogeneous Cauchy-Riemann equation one and
in multivariate, Dolbeault groups, holomorphic convexity, polynomial
polyhedra.

Recommended literature:

1. Lars Hoérmander: An introduction to complex analysis in several
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variables (North-Holland, 1990)

2. Takeo Ohsawa: Analysis of several complex variables
(American Math. Society, Translations of Mathematical monographs
(vol. 211, 1998)

3. Robert Sz6éke: Multivariable complex functions (university notes,
Eo6tvos Publishing House, 2003).

MAT/275 Error correction codes
Tamds Szényi — SZTKABT.ELTE
6 credits, theory, -, cannot be repeated
Constraints on code parameters. Linear, cyclic codes. Notable examples (Hamming,
BCH, oR, Reed-muller). Perfect codes, Golay codes.
Random codes, asymptotically good codes (Forney concatenated codes,
Justesen codes).
Literature:
Laszlo Gyorfi, Sandor Gy®ri, Istvan Vajda, Information and code theory,
Typotex, 2002
JH van Lint, Introduction to Coding theory, Springer, 1992

MAT/276 Countdowns
Tamds Szényi — SZTKABT.ELTE
6 credits, theory, -, cannot be repeated
Generator functions and their variants. Number and set partition problems, identities
for Stirling numbers. Methods for proving identities: Snake Oil method, WZ pairs,
Gosper-Zeilberger algorithm. Subordered sets and their Mobius function. The Pélya-
Redfield method.

MAT/277 Symmetric combinatorial structures
Tamds Szényi — SZTKABT.ELTE
6 credits, theory, -, cannot be repeated
Definition of projective and affine planes, their properties, their relation to
orthogonal Latin squares. Some results on the number of pairwise orthogonal Latin
squares (Erdds--Chowla--Straus)
Planes built on fields and their various representations. Projective and affine spaces.
Combinatorial questions: limiting point sets on projective planes and affine spaces
built on fields. De Bruijn--Forest theorem, Steiner--systems.
t-(v,k,]Jambda ) block systems. Constraints between parameters. Fisher inequality (for
t=2). Obliquely intersecting systems, square block systems.
Extension of Fisher's inequality to larger t (Wilson and Petrenjuk). Linear algebraic
methods, Oddtown theorem, Hoffmann--Singleton theorem.
Further non-existence theorems: the Bruck--Ryser € Chowla theorem and its
variants. Questions related to the existence of projective planes.
Characterization of the block system formed by the hyperplanes of projective spaces
(Dembowski-Wagner); the parameters do not define the block system
unambiguously (Kantor).
Biplanes (lambda =2), Hadamard matrices and Hadamard block systems (t=2). Some
examples, Paley block system PG_n-1(n,2).
Strongly regular graphs: constraints on parameters. Point graphs of block systems
and strongly regular graphs. Modification of strongly regular graphs: *“switching"
(Seidel). Examples: the ladder graph, the triangular graph, etc.
Recursive constructions of block systems: point-residual and block-residual systems,
expansion. Hadamard 3-block systems, expansion of affine planes (Mobius planes).
Expansion of projective planes, expansion of square block systems in general
(Cameron's theorem). Witt block systems belonging to Mathieu groups (schematic
construction).
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Asymptotic results on the existence of block systems (Wilson's theorem, Teirlinck's
theorem on the existence of block systems with t>5). (These are not confirmed).
Difference sets and Hall's multiplier theorem.

literature

F. De Clerck, MJ de Resmini: Symmetric structures, TEMPUS note, 1993

Sz6nyi T.: Symmetrical structures, educational material, 1997.

JH van Lint, R. Wilson: A course in combinatorics, Cambridge, 1992

MAT/278 Selected Chapters (Error Correction Codes)
Tamds Szényi — SZTKABT.ELTE
6 credits, theory, -, cannot be repeated
Codes Channel coding, capacity, Shannon's theorem. Error-correcting codes, notable
examples (
Hamming codes, Reed--Solomon codes, Reed--Muller codes, BCH codes).
Constraints on code parameters (e.g. Hamming, Singleton, Griesmer). Random
codes (Gilbert--Varshamov constraint, Forney's concatenated codes), explicit
asymptotically good codes (Justesen). Perfect codes and their relation to block
systems. Golay codes.

MATY/279 Differential Topology III.
Andrds Sziics — SZAKABT.ELTE
6 credits, theory, -, cannot be repeated

Cobordism group of immersions of surfaces.

Rohlin's theorems: Calculation of the third stable homotopic group of
spheres. The signature of a spin 4-manifold is divisible by 16. The cobordism
ring of directed manifolds tensor-multiplied by Q.

Literature:
Milnor-Stasheff: Characteristic classes.

Andras Sziics's website: http://www.cs.elte.hu/~szucs/
Topology band notes 4th semester.

MAT/280 Extraordinary cohomology theories
Kalmar Boldizsar
Laszlo Feher
6 credits, theory, -, cannot be repeated
Homotopic descriptions of extraordinary homology and cohomology theories
using spectra of spaces. Examples: stable homotopic and cohomotopic
groups, bordisms and cobordisms, K-theory. Application to the study of
immersions. Group effects on manifolds, their cobordism groups.
Literature:
Stong: Notes on cobordism theory
Conner-Floyd: Differentiable periodic maps.

MAT/281 K-theory and cobordism
Laszlo Feher
6 credits, theory, -, cannot be repeated
Cohomological properties of K-theory. Applications: Hopf invariant, vector
fields on spheres.
Atiyah: K-theory
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MAT?/282 Global properties of smooth mappings
Boldizsdr Kalmdr - Andrds Sziics — SZAKABT.ELTE
6 credits, theory, -, cannot be repeated
The cobordism groups of smooth mappings with singularities of a given type,
construction of a classifying space, homotopy analysis, homology classes
There is no finite, sufficient set of multisingularities to realize it.

Literature:
Rimanyi R, Sz{ics, A: Pontrjagin-Thom type construction for maps with
singularities. Topology 37: (6) pp. 1177-1191 (1998)

Sziics, A: Cobordism of singular maps, Geometry & Topology 12: (4) pp.

2379-2452 (2008)

MAT/283 Singularity Theory
Boldizsdr Kalmdr - Andrds Sziics — SZAKABT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/284 Topology Seminar
Victoria Andrea Foldvdri
6 credits, theory, -, repeatable
Course description: Modern results of general topology
processing and presentation with the help of selected papers and
under the guidance of the seminar leaders.

Recommended reading: Variable.

MAT/288 Algorithmic problems on point grids
Béla Uhrin — UHBOAAI.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/289 Complexity Theory III.
instructor: Grolmusz Vince — GRVKAAT.ELTE
Daniel Varga — VADKABT.ELTE
6 credits, theory, -, cannot be repeated
Finite automata and small (o(n)) Turing machines, Hierarchy theorems, PAD-
ing, Sekely Boolean networks, Polynomial hierarchy, PSPACE-complete
problems, practice exercises for the presentation.

MAT/290 Transformation groups and symmetric spaces
Ldszl6 Verhéczki — VELKAAT.ELTE
6 credits, theory, -, cannot be repeated
Differentiable quotient spaces, homogeneous Riemann spaces. Characterization of
locally symmetric spaces by the curvature tensor. The connected compact Lie group
as a symmetric space. The isometry group of a symmetric Riemann space as a Lie
group. Construction from a Riemannian symmetric triple. The exponential map and
the exact description of the curvature tensor in a symmetric space. Total geodesic
subsets and Lie triple systems. Interpretation of rank. Classification of semisimple
symmetric Riemann spaces. Irreducible symmetric spaces.

Recommended literature:
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1) S. Helgason: Differential geometry, Lie groups, and symmetric spaces. Academic
Press, New York, 1978.

2) J. Cheeger, D. Ebin: Comparison theorems in Riemannian geometry. North
Holland, Amsterdam, 1975.

MAT/291 Geometrical foundations of 3D graphics
Ldszl6 Verhéczki — VELKAAT.ELTE
6 credits, theory, -, cannot be repeated
Producing projections of shapes is with traditional representational geometric
methods. Analytical description of affine transformations of Euclidean space.
Description of collineations of projective space with homogeneous coordinates.
Coordinate systems used to describe parallel and central projections in computer
graphics. Specifying the position of a rigid body (in the basic coordinate system).
r, g, b coordinates assigned to the light beam . Geometric and photometric concepts
related to tinting, the radiance of a surface element in a given direction. The basic
formula of photometry. Concepts related to the light source: total flux, luminous
intensity. Determination of the radiance of a surface illuminated by a light source in
a given direction using Phong's method.
Digital description of a raster image. Simplified calculation for determining the light
intensity of a pixel. Creation of a shaded image using the ray tracing method. Phong
shading and Gouraud shading applied to bodies with tessellated boundaries.

Recommended literature:

1) JD Foley, A. van Dam, SK Feiner, and JF Hughes: Computer Graphics, Principles
and Practice . Addison-Wesley, Bonn, 1990.

2) Laszl6 Szirmay—Kalos, Gyoérgy Antal, Ferenc Csonka: Three-dimensional
graphics, animation and game development. Computerbooks, Budapest, 2003.

MAT/292 Geometric Modeling
LdszIl6 Verhoczki — VELKAAT.ELTE
6 credits, theory, -, cannot be repeated
Basic modeling procedures. The wireframe model and the boundary surface model.
Description of the boundary surfaces of bodies with a bivariate vector function and
implicit equation. Constructive solid geometry.
Interpolation curve fitting to a given sequence of points. Application of Hermite
cubic curves. Univariate polynomial spline functions. Approximation curve fitting to
control points. Bernstein polynomials as weight functions. Bézier curve. The de
Casteljau algorithm. Determination of B -spline functions suitable for a given
sequence of numbers using the Cox—de Boor algorithm. Application of rational B -
spline curves, weights assigned to control points. Second-order smooth connection
of cubic B -spline curves , the role of coupling coefficients.
Interpolation surface fitting to a two-index point sequence using Hermite bicubic
surface pieces. Approximation surface design. Interpretation of Bézier surface pieces
and B -spline surfaces. Rational B -spline surfaces. Smooth connection of surface
pieces in first order (and second order).

Recommended literature:

1) G. Farin: Curves and surfaces for computer aided geometric design . Academic
Press, New York, 1988.

2) ID Faux, MS Pratt: Computational geometry for design and manufacture. Ellis
Horwood, New York, 1979.

MAT/293 History of Mathematics

Katalin Vesztergombi — VEKMAAT.ELTE
6 credits, theory, -, cannot be repeated

Missing description.
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MAT/294 Discrete mathematical models
Peter Sziklai
6 credits, theory, -, cannot be repeated
Missing description.

MAT/296 Integer Programming II.
Tamds Kirdly — PUBLISHED.ELTE — Kis Tamds
6 credits, theory, -, repeatable
Sperner systems, binary point sets defined by inequalities. Lattices, basis reduction.
Solving fixed-dimensional integer programming problems in polynomial time.
Equivalence of the ellipsoid method, separation and optimization. Balas's Restriction
and Cut method. Cuts for the traveling salesman problem. L.P-based approximation
algorithms.

Required reading:

Béla Vizvari: Integer Programming, Typotex, Budapest, 2006.

Tamas Kiraly and Laszlé Szeg6; Supplement to the Integer Programming I-II course,
electronic notes

Recommended literature:

GL Nemhauser, LA Wolsey: Integer and Combinatorial Optimization, John Wiley
and Sons, New York, 1999.

D. Bertsimas, R. Weismantel: Optimization over Integers, Dynamic Ideas, Belmont,
2005

MAT/299 Microeconomics
Béla Vizvdri — VIBKAAT .ELTE
6 credits, theory, -, repeatable
Supply and demand; production function, Cobb-Douglas and Leontief technology,
weak axiom of profit maximization, optimality conditions; cost minimization;
Hotelling lemma, LeChatelier principle; cost functions; profit and cost relationship;
consumer preference, utility function, Marshall and Hicks demand function, Roy
identity; consumer behavior and demand, Engel curve, Slutsky equation; competitive
market, effect of taxes.

Required reading: Hal R. Varian, Microeconomic Analysis, 3rd edition, Norton,
1992, New York.
Recommended reading: Hal R. Varian, Microeconomics, Aula Publishers

MAT/301 Production Management
Little Thomas
6 credits, theory, -, repeatable
Production as a physical and information process, production management
relationships within the company, Harris formula, batch size determination: Wagner-
Within model and its generalizations, assembly line balancing, flexible
manufacturing system scheduling, group technology, MRP and JIT systems.

Required reading:
Béla Vizvari, Introduction to the Mathematical Theory of Production Control, ELTE,
1994

MAT/304 Statistical analysis of environmental data
Andrds Zempléni — ZEAKAAT.ELTE
Ldszl6 Mdrkus — MALKABT.ELTE
6 credits, theory, -, repeatable
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Processing of the literature on modern models related to the topic in a seminar
format. We will select from the latest articles on the following topics: time series,
spatial models, Markov models. Estimation and testing of multidimensional
structures (copulas). Simulation techniques (bootstrap, Markov chain Monte Carlo
methods). Programming of the methods in R language, their application to real and
simulated data.

MAT/306 Induced unitary representations
Jdnos Kristof - KRIKABT.ELTE
6 credits, theory, -, cannot be repeated
Radon measure factorization on a locally compact group; existence of Bruhat's
cross-section function; existence and uniqueness of invariant, relatively invariant and
quasi-invariant Radon measures on coclass spaces; induced linear representations;
Mackey's scalar multiplication and induced unitary representations; examples of
induced unitary representations; irreducibility theorem; Frobenius's reciprocity
theorem; unitary equivalence theorem; imprimititivity systems; Mackey's
imprimititivity theorem; Mackey's representation theorem; alternative form of
induced unitary representations; irreducible continuous unitary representations of the
universal covering group of the arithmetic Poincaré group

MATY/307 Credit risk 1.
Ldsz16 Gerencsér — GELLAAE.ELTE
Miklés Rdsonyi — ELTE.EHA
6 credits, theory, -, cannot be repeated
Basic concepts of interest rate theory. Credit default swap (CDS) transactions.
Structural models. Point processes. Hedging transactions. Calibration: maximum
likelihood.

MAT/308 Absolutes
Emperor Akos — CSAMAAE.ELTE
6 credits, theory, -, cannot be repeated
EDC spaces. Absolutes: EDC spaces for which every (Hausdorff) topological space
can be represented as a general image of a set of maps with certain properties.

MAT/309 Complex dynamics II.
Gdbor Haldsz — HAGKAAT.ELTE
6 credits, theory, -, cannot be repeated
Siegel circles. Cremer points. Herman rings. Dynamics of Fatou components of
rational fractional functions. Critically finite mappings. Finding zeros of polynomials
by iteration. The Mandelbrot set.

MAT/310 Modular forms
Arpdd Téth — TOALAJT.ELTE
6 credits, theory, -, non-repeatable Ruziewicz conjectured that on SA2, and more
generally on SAn, for n>1 the Lebesgue measure is the only finitely additive,
rotation invariant set function on Lebesgue measurable sets up to a constant power.
The conjecture was first proven by Margulis and Sullivan for n>3, and then by
Drinfeld for n=2 and 3.
The aim of the course is to explore this topic and to present the tools used for proof.
The emphasis is on examining and understanding some abstract definitions and
theorems of Lie groups, representation theory, and functional analysis in concrete
situations.

MAT/312 Character theory of finite groups
Jozsef Pelikdn - PEJKABT.ELTE
6 credits, theory, -, cannot be repeated
Group representations, the group algebra. Schur's lemma. Maschke's theorem.
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Wedderburn's theorem on semisimple algebras. Irreducible and completely reducible
representations. Characters. The orthogonality relations. Determination of center,
commutator subgroup, normal subgroups from the character table. Algebraic
integers. Burnside's pAag/Ab theorem. Theorems on character degrees. Products of
characters. Induced representations and characters. M-groups, Taketa's theorem.
Frobenius groups. Frobenius' theorem on Frobenius kernels. TI-sets and exceptional
characters. Characterizations of groups by 2-Sylow subgroups and centralizers of
involutions. Normal subgroups. Clifford's Theorem References: I. Martin Isaacs:
Character Theory of Finite Groups.

MAT/313 Geometric graph theory
LdszI6 Lovdsz - LOLKAAT.ELTE
Katalin Vesztergombi — VEKMAAT.ELTE
6 credits, theory, -, cannot be repeated
Introduction: a survey of spectra of graphs. Unit distance graphs. Bounds on the
number of edges and on the chromatic number. Planar graphs, straight line drawing.
Polyhedra and planarity, Steinitz's Theorem. Rubber band representation, Tutte's
method for drawing planar graphs. Applications of rubber band representations to
non-planar graphs; connectivity testing. Touching circle representations. Koebe's and
Andre'ev's theorems. Applications to planar separators and bisections. Orthogonal
representations. Applications to Shannon capacity and perfect graphs. The Colin de
Verdiere number of a graph. Van der Holst's Lemma and characterizing planar
graphs.

MAT/314 Algebraic and Probability Methods in Graph Theory
LdszI6 Lovdsz - LOLKAAT.ELTE
6 credits, theory, -, cannot be repeated
The most important methods used in graph theory are from other areas of
mathematics, primarily from algebra and probability theory. Main topics: Linear
algebraic methods, eigenvalues of graphs; walks on graphs, reaching, covering and
mixing time; expander and extractor graphs; strongly symmetric graphs; growth of
random graphs.

MAT/315 Interactive proofs
LdszI6 Lovdsz - LOLKAAT.ELTE
Zoltdn Kirdly - KIZKAAT.ELTE
Vince Grolmusz - GRVKAAT.ELTE
6 credits, theory, mandatory -, cannot be repeated
Interactive proof systems and Arthur-Merlin classes. The relationship between the
two models. Interactive proofs for some notable problems (graphisomorphism,
permanence, ...). IP=PSPACE. Multi-participant proofs, MIP=NEXP,
characterization of NP. Zero-knowledge proofs, examples. Fiat-Shamir protocol,
connections with cryptography. Perfect, statistical and computational zero-
knowledge proofs. Cheating checkers.

MAT/316 Graphs and Algebras II.
Fried Ervin — FREKAAT.EITE
6 credits, theory, -, cannot be repeated
Universal algebraic knowledge related to the dual discriminant, as well as a
discussion of graphs whose generated manifold has as many submanifolds as the
continuum.

MAT/317 Invariant theory
Madtyds Domokos - DOMKAAT.ELTE
6 credits, theory, -, cannot be repeated
The course is an introduction to the notable problems, methods, results and
applications of invariant theory. Problems covered: polynomial invariants of finite
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groups, vector invariants of classical groups, invariants of binary forms, applications
(e.g. in algebraic geometry, combinatorics, code theory), open problems.

MATY/318 Finite simple groups
Jozsef Pelikdn - PEJKABT.ELTE
6 credits, theory, -, cannot be repeated
The lecture presents the 16+1 infinite series of finite simple groups and the 26
sporadic simple groups, with detailed proofs of simplicity for many of them. We will
also examine some notable examples of infinite simple groups.

MAT/319 Introduction to functional analysis
Laszlo Czach — CZLMAAT.ELTE
6 credits, theory, -, cannot be repeated
Basic spaces of functional analysis. Operators between normal, Banach and Hilbert
spaces.

MAT/320 Spectral synthesis on Abelian groups

Miklés Laczkovich - LAMKAAT.ELTE

6 credits, theory, -, cannot be repeated

The course provides an introduction to a notable chapter in harmonic analysis, the
central theorem of which states that spectral synthesis is valid in the space of
complex-valued continuous functions interpreted on the number line. The aim of the
course is to prove this important theorem and then to examine possible
generalizations of this theorem to the field of discrete Abelian groups.

MAT/321 Combinatorics of interval systems
Andrds Gydrfds — GYALAAT.ELTE
6 credits, theory, -, cannot be repeated
Missing description.

MAT/322 Credit risk 2.
Ldsz16 Gerencsér — GELLAAE.ELTE
Miklés Rdsonyi — ELTE.EHA
6 credits, theory, -, cannot be repeated
6 credits, theory, -, cannot be repeated
CDS forwards and options. Pricing in structural models. Bond packages, indices,
tranches. Calibration: copulas, thinning. Feedback processes.

MATY/323 Introduction to Finite Geometry
Peter Sziklai — SZPKABT.ELTE
6 credits, theory, -, repeatable
The course provides a fast-track introduction to geometries built on finite fields. We
outline the theoretical foundations (affine, projective geometries, finite fields,
polynomials, algebraic curves), focusing primarily on algebraic methods. We
present/navigate many unsolved research problems.
Recommended reading: 1) Gyorgy Kiss, Tamas Szényi: Finite geometries, Polygon
Publishing House, Szeged, 2001.
2) Hirschfeld, JWP: Projective Geometries over Finite Fields, 2nd edition,
Clarendon Press, Oxford, 1999.
3) Hirschfeld, JWP: Finite Projective Spaces of Three Dimensions , Clarendon Press,
Oxford, 1985. .

MAT/324 On the volume of convex bodies
Junior Béréczky Kdroly
3 credits, theory, -, cannot be repeated
The aim of the course is to discuss the fundamental question of how to calculate the
volume of a high-dimensional convex solid. We review the most important theorems
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on the volume of convex solids (e.g. Brunn-Minkowski inequality). We show the
difficulty of the exact calculation and describe a randomized polynomial-time
algorithm for the approximate calculation of the volume. To analyze the algorithm,
we will familiarize ourselves with results from several branches of mathematics: the
Markov chain-Monte-Carlo method, the theory of log-concave functions,
isoperimetric problems of convex solids, and the discrete form of the Poincaré
inequality for heat transfer.

MATY/325 Nonlinear Partial Differential Equations II.
LdszI6 Simon — SILKAAT.ELTE
6 credits, theory, -, cannot be repeated

Existence of a classical solution to a mixed problem involving hyperbolic and
parabolic equations. Investigation of nonlinear equations using the theory of
pseudomonotone operators. Elliptic variational inequalities. Investigation of
nonlinear evolution equations using pseudomonotone operators. Qualitative
properties of solutions. Semilinear hyperbolic equations.

Recommended literature: Simon L. — EA Baderko, Second-order linear partial
differential equations, Tankonyvkiad6, Budapest, 1983.

Application of monotone-type operators to nonlinear PDEs, author's edition,

Budapest, 2013, or department website .

MATY/326 Selected chapters from the theory of dynamical systems
Domokos Szasz — EHA.ELTE
6 credits, theory, -, cannot be repeated
One of the exciting topics of the last 20-30 years --- affecting many sciences --- has
been chaos. Mathematically, this is simply defined, but technically it requires an
understanding of the stochastic behavior of low-dimensional mappings that can only
be handled with great difficulty (the 1D logistic, 2D Hénon, or 3D Lorenz mapping
families are the most important). My goal is to show the background of the related
spectacular results through the simplest possible examples and paradigms. As a
preparation, I will summarize the main necessary tools of the previous Ergodic
Theory and Dynamical Systems course in about 2 hours, then I will deal with the
subadditive and multiplicative ergodic theorem, which is well applicable in many
branches of mathematics, and then I will introduce basic Lyapunov exponents in
dynamics. Then the mentioned paradigms will be discussed. I also plan to discuss a
model that exhibits polynomial correlation decay, which is closely related to self-
similar processes that appear in very interesting phenomena (internet, stock market,
...), such as fractional Brownian motion.
The special feature of the 2-hour weekly course is that it also includes a 2-hour
weekly practice session led by Assistant Professor Dr. Péter Balint.

MATY/ 327 Elliptic curves
Gergely Zabradi
6 credits, theory, -, cannot be repeated
Mordell-Weil theorem, Hasse-Weil theorem, prime decomposition with elliptic
curves, Birch and Swinnerton-Dyer conjecture.

MAT/328 Differential Calculus in Normalized Spaces
Laszlo Czach — CZLMAAT.ELTE
6 credits, theory, -, cannot be repeated
Continuous linear and multilinear mappings, Frechet derivative, directional and
partial derivatives, the inverse function theorem and its applications, higher-order
derivatives, Taylor formula, extreme values of functions, functions interpreted in
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RAn.

MATY/329 Additive Combinatorics I.
Norbert Hegyvdri — HENKAAF.ELTE
6 credits, theory, -, cannot be repeated
Additive combinatorics is an intensively researched field nowadays (leading
researchers: Green, Tao, Bourgain, Ruzsa, Sarkozy and others). The main issue of
the topic: The structure and number of elements of sum, difference, and product sets
in algebraic structures. The tools of the investigation are very diverse: combinatorial
and algebraic methods, Fourier analysis, etc. The main goal of the lectures is to
present the most important results achieved in the topic in the last 20 years.

MATY/330 Polynomial Estimations
Géza Kés — KOGKABLELTE
2 credits, theory, -, cannot be repeated
We examine old and new problems related to the distribution of coefficients, values,
and roots of polynomials, partly based on Prasolov's book Polynomials.

MAT/ 331 Brauer groups
Tamds Szamuely — SZTKAKT.ELTE
6 credits, theory, -, cannot be repeated
Central simple algebras, Galous descent, noncommutative HA1. Foundations of
Galois cohomology, cohomological Brauer group. Cohomological dimension, C_1-
fields. Applications: Rationality of invariant fields. Local class field theory, Hilbert
symbol.
Recommended reading:
P. Gille — T. Szamuely: Central Simple Algebras and Galois-cohomology,
Cambridge 2006.

MAT/332 Brazing
LdszI6 Csirmaz — CSLLAAT.ELTE
6 credits, theory, -, cannot be repeated
Axioms of set theory ZFC; transitive models; class models. Godel operations,
constructible sets. Forssing, constraint representation. Combinatorial properties of
constraint representations and the relationship between statements true in the forssed
model. Denial of the continuum hypothesis. Martin's axiom, its consequences.
Independence of the axiom of selection.

MATY/333 Set Theory and Real Functions
Madrton Elekes — ELMKAAT.ELTE
6 credits, theory, -, cannot be repeated
Application of set theory methods (continuum hypothesis, other axioms, forsaling,
V=L) to the topic of real numbers and real function theory. Independence results (i.e.
undecidable statements), absoluteness theorems (i.e. certain statements are definitely
decible, even if we cannot decide them).

MATY/334 Percolation Theory
Bdlint Téth — TOBNAAT.ELTE
6 credits, theory, -, cannot be repeated

o} The phenomenon of precolation, geometry of random graphs, phase
transition.

0 Elementary tools: Harris inequality (FKG inequality) and the simplest
estimates of the critical probability (p_c).

o} Infinite number of clusters (unicity theorem: Aizenman-Kesten, Burton-
Keane). Continuity of the percolation probability over p_c.

0 Additional tools: Russo formula, van den Berg-Kesten inequality.

0 Subcritical region: exponential decay of the cluster size distribution and the
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“sharpness™ of the phase transition (Aizenman-Barsky and Menshikov theorems).

0 Two dimensions 1. : Topological duality of graphs, Sykes-Essam conjecture,
Russo-Seymour-Welsh theorem.

0 Two dimensions 2.: Kesten and Russo's theorems: p_c+p*_c=1

0 Two dimensions 3.: Conformal invariance of critical percolation, Cardy
formula, Smirnov's theorem, SLE.

0 Outlook.

Literature:

1. G. Grimmett: Percolation (2nd edition), Springer 1999

2. H. Kesten: Percolation Theory for Mathematicians, Birhauser 1982

3. Bélint Té6th: Percolation -- manuscript notes, http://math.bme.hu/~balint
4. Articles

MATY/335 Geometric Analysis Seminar
Ldszl6 Fehér — FELKABT.ELTE
Robert Szoke — SZRKAAT.ELTE
Arpdd Téth — TOALAJT.ELTE
6 credits, theory, -, repeatable
The collaboration between geometry and analysis is one of the most active areas of
modern mathematics. We give a taste of these multidirectional connections through
problem sets. Instead of general theory, we emphasize concrete, illustrative
examples. Thus, we do not assume any particular prior knowledge.

MAT/336 Combinatorial analysis of the stiffness of graphs and structures
Tibor Jordan — JOTKAAT.ELTE
6 credits, theory, -, cannot be repeated
We review the basic results of combinatorial stiffness studies:
We primarily investigate the two- and three-dimensional generic stiffness and global
stiffness properties of rod-hinge structures, but we also cover body-rod and body-
hinge structures and non-generic realizations. We introduce stiffness matroids and
discuss algorithmic consequences.
We also examine open questions in the field and potential applications of the results.

MATY/337 Control theory of partial differential equations
Vilmos Komornik — EHA.ELTE
6 credits, theory, -, cannot be repeated
- observability, controllability and stabilization of finite-dimensional linear systems
- a complete description of the motion of vibrating bodies based on the observation
of their behavior along their boundaries: the multiplier method and the Fourier series
method
- full controllability of the motion of vibrating bodies by means of control at their
boundaries: the Lions "Hilbert uniqueness method"
- exponential damping of the motion of vibrating bodies using feedback control
applied at their boundaries: multipliers and Lyapunov functions

Literature:

Komornik V., Control theory of linear partial differential equations, Matematikai
Lapok 5 (1995) 1--2, 28--52, published in 2000.

V. Komornik, Exact Controllability and Stabilization. The Multiplier Method,
Collection RMA, vol. 36, Masson-John Wiley, Paris-Chicester, 1994.

V. Komornik, P. Loreti, Fourier Series in Control Theory, Springer-Verlag, New
York, 2005.

MAT/338 The algebra of the canonical commutation relation
Dénes Petz — PEDOAAT.ELTE
6 credits, theory, -, cannot be repeated
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The Heisenberg commutation relation pg-qp=il, which is clearly not satisfiable with
matrices, or even with bounded operators. One possibility for easier discussion is to
switch to the one-parameter unitary groups generated by self-adjoint p and q:
U(t)=exp(itp) and V(t)=exp(itq). The algebra of the canonical commutation relation,
the CCR-algebra, is defined by such unitary groups.

The course provides an introduction to the theory of C*-algebras and then a
discussion of CCR-algebra. Since the Fock representation of the algebra also
introduces unbounded operators, these are also discussed. The Gaussian states of the
algebra resemble normal distributions in that they maximize entropy while fixing the
second moment and also come with a central limit theorem.

Basic knowledge of functional analysis and probability is required.

MAT/339 Additive Combinatorics II
Norbert Hegyvdri — HENKAAF.ELTE
6 credits, theory, -, cannot be repeated
The lecture is titled “Additive Combinatorics” by Terence Tao and Van Vu.
is based on two chapters of his recently published book, with numerous additions
and related topics. In the first semester, we would examine the chapter “Summarized
sets” and related questions. By summarized set (difference, product, etc. set) we
mean the usual set A+B:={a+b} (AB={ab}, etc.). The typical question is what is the
relationship between the element numbers of these sets, and some inverse questions;
what can be concluded about the sets from knowing the element number. These
questions and answers are surprisingly related to other unsolved questions, such as
the Kakeya conjecture. The topic is as follows: Some inverse questions. Additional
theorems regarding equivalent forms of the Cauchy-Davenport lemma.
Distance introduced on a sum set, basic properties; triangle inequality. Further
theorems on the additive representation function and its moments. Additive energy.
Some related estimates of the number of elements in a sum-difference set. A more
general form of the triangle inequality; On Freiman's two problems.
Further theorems on the distance function. Relationship between the element
numbers of a sum set and a difference set. Investigation of the “doubler” of sets
(Dbl(A)). Theorems on the relationship between additive and set operations and
DBI(.). Further estimates using theorems on the doubler, the distance function and
the additive energy. Ruzsa's theorems. Pliinnecke-Ruzsa theorem. “Statistical
Pliinnecke-Ruzsa theorem”. Additive sets on graphs. Katz-Tao theorem and its
relationship with the Kakeya conjecture.
Some remarks regarding the non-commutative case.

MAT/340 Set Theory Seminar
Kdroly Béroczky — BOKKAAT.ELTE
6 credits, theory, -, cannot be repeated
Weekly seminar of the Set Theory and General Topology Department of the Alfréd
Rényi Mathematical Research Institute of the Hungarian Academy of Sciences on
the latest research results, with invited foreign and Hungarian speakers. Weekly
changing topic, usually in English.

MAT/341 Algorithmic Issues in Bioinformatics
Grolmusz Vince — GRVKAAT.ELTE
6 credits, theory, -, cannot be repeated
Weekly seminar of the Set Theory and General Topology Department of the Alfréd
Rényi Mathematical Research Institute of the Hungarian Academy of Sciences on
the latest research results, with invited foreign and Hungarian speakers. Weekly
changing topic, usually in English.

MAT/342 Geometric Measure Theory
Martin E. Lekes
6 credits, practice, -, cannot be repeated
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Hausdorff measure, energy integral and capacity. Dimension of product. Projection
theorems.

Vitali and Besicovitch's covering theorems. Differentiation of measures.

Kakeya problem, Besicovitch set, Nikodym set.

Dini derivatives. Contingency theorem. Denjoy—Y oung—Saks theorem.

MAT/343 Geometric Measure Theory
Martin Elekes
9 credits, theory, -, cannot be repeated
Hausdorff measure, energy integral and capacity. Dimension of product. Projection
theorems.
Vitali and Besicovitch's covering theorems. Differentiation of measures.
Kakeya problem, Besicovitch set, Nikodym set.
Dini derivatives. Contingency theorem. Denjoy—Y oung—Saks theorem.

MAT/344 Descriptive Set Theory Seminar
Martin Elekes
6 credits, practice, -, repeatable
The aim of the seminar is partly to process the classical results of Leiro set theory
(Borel, properties of projective sets), partly to discuss the connections between set
theory and real functional theory, and partly to initiate and coordinate research.

MATY/345 Descriptive Set Theory EA
Martin Elekes
9 credits, theory, -, cannot be repeated
General topological foundations. The Baire property. The category theorem. Typical
continuous functions. Borel sets and their transfinite classification. The Baire half-
functions. Suszlin operation. Analytic and co-analytic sets. Projective sets.

MAT/346 Descriptive set theory
Martin Elekes
6 credits, practice, -, cannot be repeated
General topological foundations. The Baire property. The category theorem. Typical
continuous functions. Borel sets and their transfinite classification. The Baire half-
functions. Suszlin operation. Analytic and co-analytic sets. Projective sets.

MAT/347 Dynamical Systems
Zoltdn Buczolich — BUZKAAT.ELTE
6 credits, theory, -, cannot be repeated
Contractions, fixed point theorem. Examples of dynamical systems. Newton's
method, interval
mappings, quadratic function family, differential equations, rotations of the circle.
Graphical
analysis. Hyperbolic fixed points. Cantor sets as repulsive hyperbolic sets,
space of symbol sequences as a metric space. Symbolic dynamics and coding. Topo-
logical
transitivity, sensitive dependence on initial values, chaos/chaotic mappings,
structural stability, chaos and three periodic points. Schwarz derivative.
Bifurcation theory. Period doubling.

MAT/348 Complex Dynamics I .
Istvan Sigray
6 credits, theory, -, cannot be repeated
Julia and Fatou
Leau-Fatou theorem. Cremer points and Siegel circles. Holomorphic fixed point for-
mula.
Dense subsets of the Julia set. Herman rings. Migratory domains.
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Iteration of polynomials. The Mandelbrot set. Root search with iterations.
Hyperbolic mappings. Examination of local continuity.

The purpose of the subject is twofold. On the one hand, it provides a thorough de-
scription using relatively elementary methods

of the phenomena of complex dynamics, and on the other hand, it aims to provide a
basis for those

those who want to delve deeper into this area of mathematics,

Several representatives of this field have received the Fields Medal.

MAT/349 Bioinformatics
Grolmusz Vince — GRVKAAT.ELTE
6 credits, theory, -, cannot be repeated
The course provides an introduction to the algorithmic world of bioinformatics.
The aim of the subject is to familiarize students with the various aspects of bioinfor-
matics.
theoretical problems and mathematical models in the fields of
During the semester, we will examine many such problems using algorithmic meth-
ods.
perspective: we review the basic principles in the literature
algorithms, approximate algorithms and complexity results.
No prior biological knowledge is required to master the subject.

Main topics: pattern matching, sequence alignment, physical
mapping, algorithmic issues of DNA sequencing,

block rearrangements, evolutionary trees, haplotype determination,
spatial structure prediction.

MAT/350 Additive Combinatorics II.
Norbert Hegyvdri — HENKAAF.ELTE
6 credits, theory, -, cannot be repeated
Fourier method for investigating additive questions
The semester focused on commutative groups (later on finite fields)
It is about approaching problems using Fourier analysis.
The semester is based on the corresponding chapter of the aforementioned Tao-Vu
book, with a number of
supplemented by examination of other items.
Weeks 1-3: Additional concepts in harmonic analysis; bilinear
form, orthogonality property, the Fourier inversion formula. The
two types of convolution and its FT. FT and Lp norm. Its relation is additive
with problems. Square numbers in arithmetic sequences, Rudin conjecture.
Weeks 4-6: Additive energy and the norm of the FT of a set function. Some
example of treating an additive problem using the Fourier method
"Indeterminacy relation", a stronger uncertainty relation and
its relationship to the Cauchy-Davenport lemma.
Weeks 7-9: Theorems of Halberstam, Green, Freiman, Ruzsa, Sarkozy.
Arithmetic sequences in sum sets. Sum-product theorems.
Weeks 10-12: Bohr set. Bogolyubov, Folner theorems and their relationships
with difference and iterated difference sets.
Spectrum of an additive set. Its relation to additive sets.

MAT/351 Algebraic Geometry
Tamds Szamuely — SZTKAKT.ELTE
6 credits, theory, -, cannot be repeated
Brief overview of operator semigroups; Analytic semigroups, sectorial operators;
Dunford function calculus; Heo-function calculus; introductory Banach space
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interpolation; inhomogeneous differential equations; maximal regularity; semilinear
equations.

Lunardi: Analytic Semigroups and Optimal Regularity in Parabolic Problems
Arendt, Batty, Hieber, Neubrander: Vector-valued Laplace Transforms and Cauchy
Problems

Engel, Nagel: One-Parameter Semigroups for Linear Evolution Equations

MATY/352 Analytic operator semigroups
Bdlint Farkas - FABKACT.ELTE
6 credits, theory, -, cannot be repeated
Affine varieties, Nullstellensatz, morphisms. Rational functions and mappings,
dimension. Quasiprojective varieties, direct product, separation. Morphisms of
projective varieties, the main theorem of elimination theory. Tangent space, smooth
points, connection with regular local rings. Birational mappings, inflation.
Factorization of birational mappings of surfaces. Elementary section theory on
surfaces, Bezout's theorem. Resolution of singularities of curves lying on a surface.

MAT/353 Harmonic analysis, the science of symmetry

Miklés Laczkovich - LAMKAAT.ELTE

6 credits, theory, -, cannot be repeated

The key to solving many mathematical problems is to discover the symmetries of the
problem. How to then use the symmetries in the solution is given by harmonic
analysis (also known as representation theory). One goal of the lecture series is to
familiarize the audience with the basics of harmonic analysis—representation theory,
and the other is to present the interaction of the theory and its applications, starting
from Fermat's 17th century number theory investigations to applications in quantum
mechanics.

Topics covered: The fundamental principle; finite Abelian groups; early applications
of probability; quadratic forms in number theory (Fermat, Euler, Lagrange and
Gauss); Dirichlet and harmonic analysis; noncommutative representation theory
(Frobenius); partial differential equations; ordinary differential equations and Lie
groups; Weyl and the Lie groups; old and new quantum mechanics; Wigner and the
energy levels of atoms; Weyl, Stone, Neumann, Mackey and the canonical
commutation relation.

MAT/354 Matrix Analysis
Dénes Petz — PEDOAAT.ELTE
6 credits, theory, -, cannot be repeated
Finite dimensional Hilbert spaces (basis, linear mappings and matrix representation),
spectrum, trace, determinant. Tensor product and tensor power (symmetric and
antisymmetric). Positive definite matrices, Hadamard product. Functional calculus
for matrices, exponential function, differentiation. Block matrices.
Matrix means (arithmetic, geometric, logarithmic). Matrix monotone and matrix
convex functions. Applications in quantum theory.
Basic knowledge of linear algebra is essential, and knowledge of functional analysis
is advantageous.

Recommended literature:

R. Bhatia, Matrix Analysis, Springer, 1997.
D. Petz, Introduction to matrix analysis and its  applications,
http://www.math.bme.hu/~petz/matrixPD.pdf

MATY/356 Stochastic interacting particle systems
Bdlint Téth — TOBNAAT.ELTE
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6 credits, theory, -, cannot be repeated

Topic:

1. Basic examples of interacting particle systems: asymmetric exclusion
process, zero range, K-exclusion process, other examples

2. Generator, semigroup (fundamentals), graphic construction

3. Monte Carlo simulations, multispin coding

4. Stationary shift-invariant product measures; ergodicity

5. Condensation in zero range processes

6. TASEP: Burke's theorem

7. Stationary non-shift invariant product measures (blocking measure);
reversibility

8. Matrix product technique for finding non-product stationary measures

9. Heuristic derivation of hydrodynamics; shock and rarefaction waves

10. Boundary-induced phase transitions

11. Couplings, attraction, the second-class particle

12. Microscopic properties of shock waves (Ferrari-Kipnis-Saada; product
distributions)

13. Relationship between particle flow and second-order particle, Large numbers
law (current fluctuations)

14. Large-deviation functions of currents, Gallavotti-Cohen symmetry
Literature:

Thomas M. Liggett: Interacting particle systems, Springer, 1985

Thomas M. Liggett: Stochastic interacting systems: contact, voter and
exclusion processes, Springer, 1999

Gunter M. Schiitz: Exactly solvable models for many-body systems far from
equilibrium, London: Academic Press, 2001

Lecturer's notes, http://www.math.bme.hu/~balazs

articles

MAT/357 Mathematical Methods in Statistical Physics
Bdlint Téth — TOBNAAT.ELTE
6 credits, theory, -, cannot be repeated
Topic:
1. Probability warm-up
. Subject of statistical physics, canonical distribution, Ising model
. Curie-Weiss (mean field) model
. Ising model ZAdn, thermodynamic limit
. Analyticity I: Kirkwood-Salsburg equations
. Analyticity II: Lee-Yang theorem
. Phase transition in the Ising model: Peierls method;
. Griffiths inequalities
. The classical Heisenberg model: reflection positivity, infrared limits,
Frolich-Simon-Spencer theorem
10. The Quantum Heisenberg Model I: Mermin-Wagner Theorem
11. The Quantum Heisenberg Model II: Dyson-Lieb-Simon Theorem
Literature:
Té6th B.: Mathematical methods of statistical physics, notes,
http://www.math.bme.hu/~balint/
articles
D. Ruelle: Statistical Mechanics - Rigorous Resuls. WA Benjamin, NY 1969
R. Griffiths: Rigorous results and theorems. In: Phase Transitions and Critical
Phenomena, eds: C. Domb, MS Green, Academic Press, 1972
C. Thompson: Mathematical Statistical Physics, Princeton UP 1992
there are lots of good books and notes

Lok WN

MATY/358 Ergodic Theory and Dynamical Systems-DELETED
Bdlint Téth — TOBNAAT.ELTE
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6 credits, theory, -, cannot be repeated

1. Basic examples: contour rotation, Arnold's cat, baker's map, dyadic map, Gauss
map.

2. Poincaré's recurrence theorem. Ergodic theorems (von Neumann and Birkhoff-
Hincsin theorems). The concept of ergodicity.

3.Relationship with stationary processes. Symbolic dynamics, finite type
displacements, Bernoulli mappings.

4. Mixing properties. Convergence to equilibrium.

5.Fourier methods for proving ergodicity.

6.Chaos and hyperbolicity (Hopf's geometric method).

7.Markov mappings: Rényi's method for the existence of an absolutely continuous
invariant measure.

8. The problem of stability of the planetary system. Invariant tori and KAM theorem.
The problem of small denominators: solution of the homological equation.

9. Non-conservative (dissipative) systems and special attractors,

fractals, representation of the solenoid.}

Literature:
Szasz D..: Dynamical systems notes, http://www.math.bme.hu/~szasz/

M. Brin-G. Stuck: Dynamical Systems, CUP, 2002

MAT/358 General Actuarial Science
Miklos Arato - ARMKAAT.ELTE
6 credits, theory, -, cannot be repeated
The model of individual risk.
Notable damage number distributions.
Distribution of damage.
Complex risk model.
Pricing principles and their properties
Credibility theory and experience fee calculation.
Bonus systems: damage waiver premium refunds and discounts, bonus-malus.
Purpose and types of reinsurance.
Reinsurance premium calculation.

MAT/360 Riemannian Geometry
Szilard Szabo
10 credits, theory, -, cannot be repeated
The exponential map on the Riemann manifold. Variational formulas for the arc
length. Conjugate points. The index form assigned to the geodesic. The problem of
the completeness of the Riemann manifold, the Hopf-Rinow theorem. Rauch's
comparison theorems. Manifolds with nonpositive Gaussian curvature, the Cartan-
Hadamard theorem. Local isometries between Riemann manifolds, the Cartan-
Ambrose-Hicks theorem. Locally symmetric Riemann spaces. The linear connection
induced on a subset. The second basic form, the Weingarten equation. The total
geodesic subset. Variation of the volume, the interpretation of the minimal subset.
Relations concerning curvature tensors. The Fermi coordinate system around the
subset. Focal points of the subset.

MAT/361 Chapters in Differential Geometry
C Sikés Baldzs — CSBKABT .ELTE
Gyula Lakos — LAGEAFT.ELTE
Gdbor Moussong - MOGKAAT.ELTE
Jdnos Szenthe — SZJIKAAT.ELTE
LdszIl6 Verhéczki — VELKAAT.ELTE
6 credits, theory, -, cannot be repeated

93


http://www.doktori.hu/index.php?menuid=192&sz_ID=4117
http://www.doktori.hu/index.php?menuid=192&sz_ID=6265
http://www.doktori.hu/index.php?menuid=192&sz_ID=4107
http://www.doktori.hu/index.php?menuid=192&sz_ID=6278
http://www.doktori.hu/index.php?menuid=192&sz_ID=4061
http://www.doktori.hu/index.php?menuid=192&sz_ID=4061
http://www.doktori.hu/index.php?menuid=192&sz_ID=4061
http://www.doktori.hu/index.php?menuid=192&sz_ID=4060
http://www.doktori.hu/index.php?menuid=192&sz_ID=4060

Differential geometric characterization of convex surfaces. Steiner-Minkowski
formula, Herglotz integral formula, stiffness theorems for convex surfaces. Line
surfaces and line congruences.

Surfaces of constant curvature. Chebyshev nets, sine-Gordon equality, Béacklund
transformation, Hilbert's theorem. Comparison theorems.

Variational calculus problems in differential geometry. Euler-Lagrange equation,
brachistochrone problem, geodesics, Jacobian fields, Lagrangian mechanics,
symmetries and invariants, minimal surfaces, conformal parameterization, harmonic
mappings.

MAT/362 Differential Geometry and Physics Seminar
C Sikos Baldzs — CSBKABT .ELTE
Jdnos Szenthe — SZIKAAT.ELTE
Ldszl6 Verhéczki — VELKAAT.ELTE
6 credits, practice, -, repeatable
The aim of the research seminar is to process new differential geometry results
related to theoretical physics.

MATY/363 Lie groups and symmetric spaces

Szilard Szabo
10 credits, theory, -, cannot be repeated
Lie groups and their Lie algebras, exponential mapping, adjoint representation, the
Hausdorff-Campbell-Baker series. Structure of Lie algebras, nilpotent, solvable,
semisimple and reductive Lie algebras. Cartan subalgebra, classification of
semisimple Lie algebras.
Differentiable quotient spaces, homogeneous Riemann spaces. The connected
compact Lie group as a symmetric space. The isometry group of a symmetric
Riemann space as a Lie group. The symmetric Riemann space as a quotient space.
Construction from a Riemannian symmetric triple. The exponential map and the
exact description of the curvature tensor. Total geodesic subsets and Lie triple
systems. Interpretation of rank. Classification of semisimple symmetric Riemann
spaces. Irreducible symmetric spaces.

MAT/364 Lie groups and symmetric spaces
Szilard Szabo
6 credits, practice, -, cannot be repeated
Lie groups and their Lie algebras, exponential mapping, adjoint representation, the
Hausdorff-Campbell-Baker series. Structure of Lie algebras, nilpotent, solvable,
semisimple and reductive Lie algebras. Cartan subalgebra, classification of
semisimple Lie algebras.
Differentiable quotient spaces, homogeneous Riemann spaces. The connected
compact Lie group as a symmetric space. The isometry group of a symmetric
Riemann space as a Lie group. The symmetric Riemann space as a quotient space.
Construction from a Riemannian symmetric triple. The exponential map and the
exact description of the curvature tensor. Total geodesic subsets and Lie triple
systems. Interpretation of rank. Classification of semisimple symmetric Riemann
spaces. Irreducible symmetric spaces.

MATY/365 Probability Methods in Convex Geometry

Marton Naszédi — NAMKADT.ELTE

6 credits, theory, -, cannot be repeated

Concentration of measure on the sphere: Lévy's spherical isoperimetric inequality.
Lévy families. Random constructions: Construction of strictly antipodal sets from
the vertices of the cube (Erdds P. - Fiiredi Z.), and from the points of the sphere.
[llumination of sets of constant width (O. Schramm). Banach-Mazur distance of
convex bodies: Various generalizations of the definition. John ellipsoid: Upper
estimates of the Banach-Mazur distance. Dvoretzky's theorem: Probability and
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global form. Johnson-Lindenstrauss flattening lemma: Embedding finite metric
spaces in n-dimensional Euclidean space. Covering numbers: How many shifts of a
given convex body cover the Euclidean sphere. Sudakov's inequality and its dual.

MAT/366 Riemannian Geometry
Szilard Szabo
6 credits, practice, -, cannot be repeated
The exponential map on the Riemann manifold. Variational formulas for the arc
length. Conjugate points. The index form assigned to the geodesic. The problem of
the completeness of the Riemann manifold, the Hopf-Rinow theorem. Rauch's
comparison theorems. Manifolds with nonpositive Gaussian curvature, the Cartan-
Hadamard theorem. Local isometries between Riemann manifolds, the Cartan-
Ambrose-Hicks theorem. Locally symmetric Riemann spaces. The linear connection
induced on a subset. The second basic form, the Weingarten equation. The total
geodesic subset. Variation of the volume, the interpretation of the minimal subset.
Relations concerning curvature tensors. The Fermi coordinate system around the
subset. Focal points of the subset.

MAT/367 Large networks seminar
Zoltdn Kirdly - KIZKAAT.ELTE
LdszI6 Lovdsz - LOLKAAT.ELTE
6 credits, theory, -, repeatable
The theory of large networks (graphs) has become very important through its
applications in other sciences, as well as through the internal development of graph
theory. Speakers at the seminar are students presenting recent papers from the
literature, and researchers of mathematics and other areas who describe their recent
results.

MAT/368 Operator semigroups
Sikolya Eszter — SIEKADT.ELTE

6 credits, theory, -, cannot be repeated

Basic concepts related to operator semigroups. Hille-Yosida theorem. Applications
to first- and second-order differential operators. Regularity properties of semigroups
(analytic, differentiable, norm-continuous, compact). Asymptotic properties, the
relationship between the spectrum of the semigroup and the generator. The
relationship between operator semigroups and the Cauchy problem, well-
definedness. Representation of solutions. Examples: discussion of delayed and
population equations. References: Engel, K.-J., Nagel R., A Short Course on
Operator Semigroups, Springer-Verlag, Universitext, 2006.

MAT/369 Evolutionary equations
Andrds Bdtkai — BAAKAAT.ELTE
Eszter Sikolya — SIEKADT.ELTE
6 credits, theory, -, repeatable
Evolutionary equations can be used to describe many phenomena. The aim of the
course is to present some examples and to examine the solution(s) of the
corresponding equation(s). We would like the students to be able to get acquainted
with current problems, partly by processing the results found in recent articles.
References: Engel, K.-J., Nagel R., A Short Course on Operator Semigroups,
Springer-Verlag, Universitext, 2006. Batkai, A., Piazzera, S., Semigroups for Delay
Equations, AK Peters, 2005.

MAT/370 Dynamical Systems and Differential Equations
Simon Péter — SIPKAAT.ELTE
12 credits, theory, -, cannot be repeated
Classification of phase images of linear differential equations according to
topological equivalence. Classification of nonlinear systems using Poincaré normal
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form. Stable, unstable, central manifold, Hartman-Grobman theorem. Local
investigation around periodic solutions. Index of two-dimensional vector field,
behavior of trajectories at infinity. Chaos in the Lorenz meteorological model.
Bifurcations of dynamical systems, basic examples and applications. Saddle-knot
and Andronov-Hopf bifurcation. Definition of bifurcation diagrams, two-
codimensional bifurcations. Structural stability, types of attractors. Discrete
dynamical systems. Classification according to topological equivalence. Interval
mappings: tent mappings, logistic function family. Symbolic dynamics. Chaotic
systems. Smale-horseshoe. Sarkovsky theorem. Bifurcations.

Perko, L., Differential Equations and Dynamical Systems, Springer, New York,
2008.

Janos Téth, Péter L. Simon, Differential Equations; Introduction to Theory and
Applications, Typotex, Budapest, 2009.

Simon L. Péter Differential equations and dynamical systems
(electronic note)
http://www.cs.elte.hu/~simonp/DinRJegyz/dinrendjegyzet.pdf

Simon L. Péter Differential equations and dynamical systems
(electronic lecture notes) http://www.cs.elte.hu/~simonp/dynsysdiffe-

q.pdf

MAT/371 Numerical methods and applications of time-dependent partial differential
equations

Ferenc Izsdk — IZFKAAT.ELTE

12 credits, theory, -, repeatable

In this lecture, we will discuss finite difference and finite element methods for
solving time-dependent partial differential equations. We will mainly examine the
solution of linear equations, and the main goal of the theoretical part is to determine
the partition parameters necessary for the convergence of the solution.

MAT/372 Mathematical Modeling
Ferenc Izsdk — IZFKAAT.ELTE
6 credits, theory, -, repeatable
Fundamentals of transport processes: balance equation, densities, currents,
conduction equations. Meaning of characteristics. Navier-Stokes equations. Heat
conduction, diffusion equations: differential equation of heat conduction,
superposition principle, heat propagation velocity, maximum principle, alternative
diffusion models. The wave equation: wave propagation velocity, characteristics.
Propagation of water waves, alternative models. Chemical reactions: spatially
homogeneous and inhomogeneous systems, reaction mechanism, discrete and
continuous models, stochastic models, reaction-diffusion systems, exotic
phenomena: oscillations, waves. Electrodynamic models: Maxwell equations,
excitation problems, special boundary conditions.

MAT/373 Functional Analysis
Zoltdn Sebestyén — SEZKAAT.ELTE
6 credits, theory, -, cannot be repeated
Banach algebras: spectrum, spectral ray, Gelfand-Mazur theorem, spectral ray
theorem, Gelfand representation of commutative Banach algebras: commutative
Gelfand-Naimark theorem, Hirshfeld-Zelazko theorem, Wiener's theorem, Stone-
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Weierstrass theorem, Gleason-Kahane-Zelazko theorem, Noncommutative Gelfand-
Naimark theory for C*-algebras.

MAT/374 Numerical methods for ordinary differential equations
Imre Black
9 credits, theory, -, cannot be repeated
One-step elementary methods. Order, stability and convergence of explicit Runge-
Kutta-type methods. Implicit RK methods. A-stable methods. Solving stiff problems.
Multistep methods. Order, stability, convergence. Numerical solution of two-point
boundary value problems. The shot-in method and its application. Finite difference
method. Order and consistency testing. Convergence in the 2nd and maximum norm.
Application to the semi-discretization of partial differential equations.

MAT/375 Algorithm Theory
Zoltdn Kirdly - KIZKAAT.ELTE
6 credits, theory, -, cannot be repeated
Finding the median, quicksort analysis, numerical sorting. Computation with large
numbers and remainder classes, RSA, Schonhage-Strassen multiplication. Data
compression. Advanced shortest path finding algorithms, Suurballe's algorithm.
Stable matching in even and odd graphs, the university admission system. Hopcroft-
Karp and Dinitz algorithms, multiproduct streams. Network codes. Approximation
algorithms, schemes, health gap. Class of problems solvable with fixed parameters.
Pathfinders in practice. Parallel computations.

MATY/376 Operator Semigroups and Numerical Analysis
Andrds Bdtkai — BAAKAAT.ELTE
Bdlint Farkas - FABKACT.ELTE
Administrator: NAAKAAT.ELTE
6 credits, theory, -, cannot be repeated
The aim of the course is to introduce the theory of operator semigroups with a
focus on applications in numerical analysis. We will show how spatial and
temporal discretizations can be treated in an abstract way, thereby unifying
many results found in the literature. Topics: Motivating examples and basic
properties, Trotter-Kato theorems, finite difference and finite element spatial
discretizations. Lax equivalence theorem, Chernoff's product formula, time
discretizations. Rational approximations, splitting. The discussion concludes
with a discussion of various applications.

MAT/377 Groups and graphs
Miklés Abert — ABMEAAT.ELTE
6 credits, theory, -, cannot be repeated
Group theory and graph theory are related to each other in many ways. One
such well-researched connection is the geometric understanding of groups
using Cayley graphs, and the theory of vertex transitive graphs. A new such
connection is the convergence of bounded degree graph sequences. The
course introduces these connections and the main results of the field.

MAT/378 Algebraic Number Theory I.

From September 2025: Algebraic number theory
Gergely Zdbradi — ZAGGAAT.ELTE
6 credits, theory, -, cannot be repeated
This course aims to provide an introduction to algebraic number theory. In
the first few lectures, we will introduce the basic concepts related to algebraic
integrals of number fields (i.e., finite extensions of rational numbers). We
will then move on to ideal theory of Dedekind rings, the Minkowski estimate
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of the class number, bifurcation theory, and localization and completion of
prime ideals. In the second half of the semester, we will focus on local fields,
i.e. fields that are complete under a discrete evaluation and have finite
remainder fields. We will describe their structure in detail using so-called
“Witt rings”. If time permits, we will also examine extensions of local fields
and introduce bifurcation subgroups of Galois groups. Required prior
knowledge: basic knowledge of group, ring, and Galois theory. Algebraic
geometry is useful but not a prerequisite.

MAT/379 Algebraic Number Theory II.

From September 2025: Selected chapters from arithmetic geometry
Gergely Zabrddi — ZAGGAAT.ELTE
6 credits, theory, -, cannot be repeated
Our main goal will be to understand local class field theory, as well as its
(global) applications. We start with introductory group cohomology, with
special attention to Galois cohomology. Then we continue with “abstract
class field theory”: class formations, fundamental classes and reciprocity
mappings. We calculate the Brauer group of local fields, thereby proving the
local reciprocity theorem. As an application, we will show how such classical
theorems as the Kronecker-Weber theorem on Abelian extensions of Q, or
quadratic reciprocity, follow easily from the constructed theory. If time
permits, depending on the audience's interest, the following topics may also
be covered: field of norms, p-adic Galois representations and (\phi, \Gamma)-
modules, the theory of “slopes”, p-adic modular forms. Required prior
knowledge: basic group, ring and Galois theory. Algebraic Number Theory I
is recommended, but not a formal requirement. Homologous algebra and
algebraic geometry are also useful, but not required.

MATY/380 Lie theory with applications
Fialowski Alice — FIAKAAT.ELTE
Administrator: Péter Hermann HEPKAAT.ELTE
6 credits, theory, -, cannot be repeated
I will discuss the following topics: 1. Overview of the basics of Lie algebras
2. Kac-Moody algebras 3. Vector field algebras 4. Cohomology of Lie
algebras 5. Algebraic deformation theory 6. Foundations of representation
theory 7. Generalizations of Lie algebras 8. Hopf algebras and quantum
groups

MAT/381 Analysis seminar
Tamds Keleti — KETKABT.ELTE
6 credits, theory, -, repeatable
The seminar is primarily about research conducted at the Department of
Analysis, and students can participate in it, and of course they will also give
lectures. The topics of the lectures can be complex or real function theory, as
well as topology.

MAT/382 Countdown - algebraic geometry meets topology
LdszIl6 Fehér — FELKABT.ELTE
6 credits, theory, -, cannot be repeated
How many lines intersect four lines of general position in space? How many
lines are there on a cubic surface? Similar questions dominated algebraic
geometry in the 19th century and are currently experiencing a renaissance.
The main solution method became the so-called Schubert calculus. Schubert
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calculus can be considered the first result of algebraic topology, although
algebraic topology itself was born much later. With the help of this topic, we
gain insight into algebraic topology, algebraic geometry and the theory of
representations of Lie groups through classical examples. Topics: topology of
Grassmann manifolds, cohomology, vector bundles, characteristic classes,
representations of GL(n).

MATY/384 Equivariant cohomology
LdszI6 Fehér — FELKABT.ELTE
6 credits, theory, -, cannot be repeated
On spaces with group action, a richer theory than cohomology, the
equivariant cohomology (EC), can also be defined. In a certain sense, EC also
encodes the geometry of the factor. Since the G-equivariant cohomology of a
point is the ring of G-characteristic classes, EC can also be considered a
natural generalization of the theory of characteristic classes. Classifying
spaces, Borel construction. Equivariant Poincaré dual of invariant
submanifolds. Connection with obstruction theory, avoiding ideal. Counting
problems. Schur and Schubert polynomials as G-equivariant cohomology
classes. Atiyah-Bott localization, degree of discriminants. Thom-Porteous-
Giambelli theorem. Global singularity theory: Thom polynomials.

MAT/385 Algebraic and Differential Topology EA
Kalmar Boldizsar
12 credits, theory, -, cannot be repeated
Characteristic classes and their applications, immersions, cobordism ring of
manifolds, existence of exotic spheres, their classification. Serre's theorems
on homotopic groups of spheres. Rational homotopic groups of Lie groups
and H-spaces. Recommended reading: 1) JW Milnor, JD Stasheff:
Characteristic Classes, Princeton, 1974. 2) RE Stong: Notes on Cobordism
Theory, Princeton,1968. 3) Kervaire - Milnor: Groups of homotopy spheres I,
Annals of Mathematics , 77 (1963) 504- 537.

MATY/386 Algebraic and differential topology GY
Kalmar Boldizsar
6 credits, practice, -, cannot be repeated
Characteristic classes and their applications, immersions, cobordism ring of
manifolds, existence of exotic spheres, their classification. Serre's theorems
on homotopic groups of spheres. Rational homotopic groups of Lie groups
and H-spaces. Recommended reading: 1) JW Milnor, JD Stasheff:
Characteristic Classes, Princeton, 1974. 2) RE Stong: Notes on Cobordism
Theory, Princeton,1968. 3) Kervaire - Milnor: Groups of homotopy spheres I,
Annals of Mathematics , 77 (1963) 504- 537.

MAT/387 Geometrization of Riemann surfaces

Arpdd Téth — TOALAJT.ELTE
6 credits, practice, -, cannot be repeated

In this course, we study the Ricci flow on closed surfaces. We show that the
solution of the Ricci flow leads to a metric of constant curvature that is
conformally equivalent to the original metric. This can also be interpreted as
meaning that on every surface there is a canonical geometry that is locally
Euclidean, spherical, or Bolyai-Lobachevsky. The existence of a metric of
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constant curvature, the so-called uniformization theorem, is one of the
defining results of 19th century mathematics. The proof based on the Ricci
flow is a fresh and modern approach that provides a good introduction to the
study of the Ricci flow that arises in the classification of closed 3-manifolds.

MATY/388 Innovative numerical integrations

From September 2025: Innovative numerical integrators
Petra Ksomos
6 credits, theory, -, cannot be repeated
The aim of the course is to introduce the study of time discretization methods
used to solve partial differential equations or more general evolution
equations using the tools of functional analysis. The following topics will be
discussed in detail during the course: operator splitting, rational
approximations, exponential integrators. The necessary operator theory
background is also discussed.

MATY/389 Numerical solution of time-dependent partial differential equations
Ferenc Izsdk — IZFKAAT.ELTE
6 credits, theory, -, cannot be repeated
- the range of equations examined, the general form of schemes
approximating the solution, the principles of writing the schemes:
conservation laws, semidiscretization - consistency and stability: the Lax
equivalence theorem - stability testing methods: application of Gersgorin's
theorem, Neumann's stability condition - examination of the heat equation,
explicit, implicit, ADI-type schemes in two and three dimensions, their
stability - examination of hyperbolic equations, notable schemes, their
stability - analytical and numerical dependence domain: necessary condition
for stability - construction of multi-step schemes, application to solving
hyperbolic systems and second-order hyperbolic problems - new definition of
stability, its necessity, convergence - numerical solution of the Burgers
equation - finite element and finite volume discretization principle for the
spatial differential operator

MATY/390 Chapters from ring theory
Istvdn Agoston — AGIKAAT.ELTE
4 credits, theory, -, cannot be repeated
Simple algebras. Central simple algebras. Tensor product of algebras.
Noether--Skolem theorem, double centralizer theorem, Brauer group, cross
product. Representation theory. Hereditary algebras, Coxeter transformations
and Coxeter functors, preprojective, regular and preinjective representations,
almost splitting series, Auslander--Reiten graph, Brauer--Thrall conjectures,
finite representation type. Homological algebra. Derived functors. Projective
and injective solutions, structure and basic properties of Ext and Tor functors.
Exact series and the Ext functor, Yoneda product, Ext algebras. Homological
dimensions. Projective and injective dimension, global dimension, dominant
dimension, finitistic dimension, representation dimension. recommended
literature: 1. Herstein: Noncommutative rings (MAA 1968) 2. Rotman: An
introduction to homological algebra (AP 1979, Springer 2000) 3. Assem--
Simson--Skowronski: Elements of the representation theory of associative
algebras (CUP 2007)

MAT/391 Additive Combinatorics
Gabor Somlai
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6 credits, practice, -, cannot be repeated

1. Some simple remarks on the number of elements of the Minkowski sum in
Z 2. On the functions r_{A+B}(x), r_{AB}(x) and the additive energy E_+
(A,B) 3. Ruzsa's distance theorems 4. Pliinnecke's theorem 5. Cauchy-
Davenport theorem; Kneser's theorem 6. Noncommutative Kneser's theorem
7. Cover theorems 8. Restricted sums 9. Algebraic methods 10. (New) proofs
of the Erd6s-Heilbronn conjecture, the Cauchy-Davenport and the Erdds-
Ginzburg-Ziv theorems 11. Gowers-Balog-Szemerédi theorem and its
applications 12. Additive-Multiplicative combinatorics in finite fields

MATY/392 Stationary processes

Gyorgy Michaletzky - MIGKAAT.ELTE
6 credits, practice, -, cannot be repeated

Stationary processes, covariance function. Bochner-Hinchin theorem.
Spectral resolution. Karhunen-Loeve series expansion, Kotelnikov-Shannon
theorem. Wold resolution. Completely regular and singular processes. Linear
filters. Ergodicity. State space description of discrete parameter processes.
Ho-Kalman algorithm, Faurre-Anderson theory. Forecasting.

Recommended literature:

TW Anderson, The statistical analysis of time series, Wiley and Sons, 1958.
S. Karlin — HM Taylor: Stochastic processes. Gondolat Publishers, 1985.

AM Yaglom, Correlation Theory of Stationary and Related Random
Functions, I1.-11.,

Springer Publishing, 1987.

MAT/393 Dynamical Systems and Differential Equations ¥.
Peter Simon SBMANZ2
6 credits, theory, -, cannot be repeated

Brief description of the subject:

Classification of phase images of linear differential equations according to
topological equivalence. Classification of nonlinear systems using Poincaré
normal form. Stable, unstable, central manifold, Hartman-Grobman theorem.
Local investigation around periodic solutions. Index of a two-dimensional
vector field, behavior of trajectories at infinity. Chaos in the Lorenz
meteorological model.

Title of Course: Dynamical systems and differential equations

Short description of Course: Topological equivalence, classification of linear
systems. Poincaré normal forms, classification of nonlinear systems. Stable,
unstable, center manifolds theorems, Hartman - Grobman theorem. Periodic
solutions and their stability. Index of two-dimensional vector fields, behavior
of trajectories at infinity. Chaos in the Lorenz equation.

Perko, L., Differential Equations and Dynamical Systems, Springer, New York,
2008.

Janos Téth, Péter L. Simon, Differential Equations; Introduction to Theory and
Applications, Typotex, Budapest, 2009.
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Simon L. Péter Differential equations and dynamical systems
(electronic note)
http://www.cs.elte.hu/~simonp/DinRJegyz/dinrendjegyzet.pdf

Simon L. Péter Differential equations and dynamical systems
(electronic lecture notes) http://www.cs.elte.hu/~simonp/dynsysdiffe-

q.pdf

MAT/394 Dynamical systems and differential equations II.
Peter Simon SBMANZ2
6 credits, theory, -, cannot be repeated

Brief description of the subject:

Bifurcations of dynamical systems, basic examples and applications. Saddle-
knot and Andronov-Hopf bifurcation. Definition of bifurcation diagrams,
two-dimensional bifurcations. Structural stability, types of attractors.
Discrete dynamical systems. Classification by topological equivalence.
Interval mappings: tent mappings, logistic function family. Symbolic
dynamics. Chaotic systems. Smale-horseshoe. Sarkovsky theorem.
Bifurcations.

Title of Course: Dynamical systems and differential equations II
Short description of Course:

Bifurcations in dynamical systems, basic examples. Definitions of local and
global bifurcations. Saddle-node bifurcation, Andronov-Hopf bifurcation.
Two-dimensional bifurcations. Methods for finding bifurcation curves.
Structural stability. Attractors.

Discrete dynamical systems. Classification according to topological
equivalence. 1D maps, the tent map and the logistic map. Symbolic dynamics.
Chaotic systems. Smale horseshoe, Sharkovski's theorem. Bifurcations.

Perko, L., Differential Equations and Dynamical Systems, Springer, New York,
2008.

Janos Téth, Péter L. Simon, Differential Equations; Introduction to Theory and
Applications, Typotex, Budapest, 2009.

Simon L. Péter Differential equations and dynamical systems
(electronic note)
http://www.cs.elte.hu/~simonp/DinRJegyz/dinrendjegyzet.pdf

Simon L. Péter Differential equations and dynamical systems
(electronic lecture notes) http://www.cs.elte.hu/~simonp/dynsysdiffe-

q.pdf
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MAT/395 Continuous Optimization Seminar
Tibor Illés HHGMN1
6 credits, theory, -, repeatable

Brief description of the subject:

Topics on the theory and applications of optimization are presented, with
particular attention to the theory, algorithms and applications of linear and
nonlinear optimization. Important topics include linear complementarity
problems, semidefinite optimization problems, global optimization problems,
interior point algorithms, multi-objective problems, equilibrium models and
their applications.

The seminar provides an opportunity to present topics that are being studied
in Hungary, including global optimization algorithms based on interval
arithmetic, game theory, portfolio optimization, economic mathematics, set-
valued functions, operations research issues in transportation, oil industry
optimization models; production planning, scheduling and location problems.

Title of Course: Continuous Optimization seminar
Short description of Course:

The areas of optimization theory and application are presented, in particular
the theory of linear and non-linear optimization, related algorithms and their
applications. Important topics of the seminar are linear complementarity
problems, semidefinite optimization problems, global optimization problems,
interior point methods, multi-objective optimization problems, equilibrium
models and their applications.

MAT/396 Multiplicative Number Theory
Catherine of Gyolai

6 credits, theory, -, cannot be repeated

Brief description of the subject:

Estimates of the distribution of prime numbers. The primes of arithmetic
sequences

Proof of Dirichlet's theorem. Generating function for additive and
multiplicative problems. Elementary proof of the prime number theorem.
Introduction to analytic number theory.

Title of Course: Multiplicative number theory

Short description of Course:

Estimates on the distribution of primes. The proof of Dirichlet's theorem on
primes in arithmetic progressions. Generating functions in additive and
multiplicative problems. Elementary proof for the prime number theorem.
Introduction to analytic number theory.

MAT/397 Analysis of Financial Processes 1.
Markus Laszlo XLAPMO

6 credits, theory, -

Brief description of the subject:
Discrete-time trading: one bond — one stock market. Self-financing strategies.
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Hedge. Derivative claim, option. Arbitrage. Binary market. Equivalent
martingale measure. Completeness and martingale representation for binary
market. European option pricing. Cox-Ross-Rubinstein (CRR) formula. Snell
envelope, optimal stops. American option pricing.. Asset pricing: I.
fundamental theorem: Arbitrage-free and the existence of the martingale
measure. II. fundamental theorem: Market completeness and the
unambiguousness of the martingale measure. Options prices according to
buyers and sellers in an incomplete market. Transaction costs. Black-Scholes
(B-SCH) formula as the boundary value of the CRR.

Stochastic integral according to Wiener process as martingale, or local
martingale. It6 formula. Stochastic differential equations, examples. Integral
representation of martingales. Stocks and bonds in continuous time. Self-
financing strategies. Equivalent martingale measures. European options price.
B-SCH formula and differential equation. Stochastic volatility models
(Heston). Implied volatility, smile.

Title of Course: Financial Processes 1

Short description of Course:

Discrete time, finite horizon, one-bond - one-stock markets. Self-financing
strategies, hedge. Options and contingent claims. Arbitrage. Binary market.
Equivalent martingale measure. Completeness and "Integral" representation
of martingales in binary markets. Pricing of European options. The Cox-
Ross-Rubinstein (CRR) formula. Snell envelope and optimal stopping.
Pricing of American options. Fundamental theorems of asset pricing:
Absence of arbitrage and the existence of martingale measures. Market
completeness and the uniqueness of martingale measures. Non-complete
markets - atomic martingale measures. The seller's and the buyer's prices of
an option in non-complete markets. Transaction costs. Black-Scholes (B-
SCH) formula as a limit of CRR.

Overview of some aspects of the stochastic integral by Wiener process, Ito's
calculus and stochastic differential equations. Integral representation of
martingales. Bond-Stock market in continuous time. Self financing strategies
and equivalent martingale measures. Pricing of European options the B-SCH
formula and PDE. Stochastic volatility models (Heston). Implied volatility,
smile.

MAT/398 Stochastic processes

William Prokaj

9 credits, theory, -
Brief description of the subject:
Introduction to the Wiener process. Donsker's theorem. Series expansions.
Simple properties of trajectories. Quadratic variation and isometry. Integral
with square integrands. Ito's lemma. Reflection principle, strong Markov
property. Level-reaching time, inverse Gaussian distribution. Level-reaching
process as a Lévy process. Girsanov's theorem. Stochastic differential
equation. Existence, uniqueness in the case of Lipschitz continuous
coefficients. Diffusion processes, Feyman-Kac formula

Title of Course: Stochastic Processes

Short description of Course:
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Introduction to the Wiener process. Donsker's theorem, series expansions.
Simple path properties. Quadratic variation and isometry. Integral with square
integrable integrands. Ito lemma. Reflection principle, strong Markov
property. Hitting time, inverse Gaussian distribution. Girsanov theorem.
Stochastic differential equation. Existence and uniqueness for Lipshcitz-
continuous coefficients. Diffusions. Feyman-Kac formula.

MAT/399 Operator semigroups in numerical analysis
Petra Ksomds SNISB3
6 credits, theory, -

Brief description of the subject:

The aim of the course is to theoretically investigate the properties of methods
used in the numerical solution of partial differential equations. During the
lectures, we will demonstrate how to perform error analysis of numerical
methods without knowing the exact solution of the problems. To do this, we
will recognize and exploit the special structure characteristic of each of the
exact solutions (namely, that they are generated by operator semigroups).
This abstract approach provides us with the opportunity to discuss the
convergence of various numerical methods applied to various partial
differential equations in the same context. The material of the lectures is
illustrated by examples.

Topics: spatial and temporal discretizations, Lax's equivalence theorem,
rational approximations, operator splitting, exponential integrators

Title of Course: Operator semigroups for numerical analysis
Short description of Course:

The aim of the course is to study theoretically the properties of the numerical
methods used for solving partial differential equations. During the lectures we
will show how to analyze the error without knowing the exact solution. To
this end we recognize and exploit the special structure which all the exact
solutions possess, namely, that they are obtained from operator semigroups.
This abstract framework allows us to study the convergence of various
numerical methods applied to various partial differential equations in the
same setting. The lectures are supported by numerous examples.

MAT/401 Basic issues in mathematics didactics
Gabriella Ambrus
6 credits, theory, compulsory in the Mathematics Didactics program -, cannot be repeated

Brief description of the subject

The subject, tasks, and brief history of mathematics didactics.

Fundamentals of mathematics learning, learning theories: associative learning (stimulus-response,
reinforcement), information acquisition (adding knowledge to memory content), shape theory,
construction of knowledge (cognitive representations).
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Three principles of learning: Paivio's dual theory, cognitive load theory, active cognitive process.
Motivation and metacognition. Teaching mathematics. Knowledge elements as objects of teaching:
facts, concepts, procedures, strategies, beliefs, attitudes. Types of cognitive processes: remembering,
understanding, applying, analyzing, evaluating, creating.

Principles of instructional design: distributed practice, feedback, elaborated examples, guided
practice, checking (testing), student explanations, questioning, summarizing. Instructional
techniques. Checking and evaluating students’ mathematical knowledge. Phases: checking students'
existing knowledge at the beginning of teaching; guiding learning during the instructional process,
modifying it if necessary, final checking and evaluation. Formative and summative assessment.
Different types of checking and evaluation.

Notes, textbook, available literature:

Ambrus, A.(2004): Introduction to mathematics didactics. E6tvos Publishing House Gabriella
Ambrus, Katalin Munkécsy, Eva Szeredi, Eva Vasarhelyi, Gergely Wintsche sk612B (2013):
Mathematics methodological example library. URL:tankonyvtar.ttk.bme.hu/pdf/160.pdf

MAT/402 Some basic issues in teaching mathematical problem solving
6 credits, practice, -, cannot be repeated
Gabriella Ambrus

Brief description of the subject:

The concept of the problem, its various definitions. The process of problem solving: problem-solving
phases. (Pdlya, Mason, Schoenfeld) Problem-solving strategies: goal-oriented, reverse solution
processes, systematic attempts. Solution techniques: use of analogy, symmetry principle, geometric
reasoning in algebra, case distinction, invariance principle. The theory of cognitive load and
mathematical problem solving. Problem-solving schemes, the fundamental role of schemes. Options
for reducing cognitive load: open problems, elaborated examples, completion of incomplete
solutions, modality effect, reduction of divided attention. The topic dependence of problem-solving
schemes. Phases of the development of schemes: elaborated tasks, carefully planned and
implemented practice with constant feedback. Traditions of teaching mathematical problem-solving
in Hungary. Problem-solving for All? Differentiation in teaching mathematical problem solving

Notes, textbook, available literature:

Gyorgy Pélya: The School of Thinking, The School of Problem Solving I-II, Induction and Analogy
J. Mason, L. Burton, K. Stacey: Thinking Mathematically. Addison Wesley 1985

A. Schoenfeld: Mathematical Problem Solving. Academic Press New York, 1985

MAT/403 Research Methods in Mathematics Didactics
6 credits, internship, in the Mathematics Didactics program, mandatory -, cannot be repeated
Gabriella Ambrus - Rézsahegyiné Eva Vaséarhelyi O0G0O32

Brief description of the subject:

The related sciences used in mathematics didactics and their relationship. Empirical research
methods, measurement aspects and tools. We will review the individual points of the basic scheme
using specific examples presented by the lecturer and to be prepared by the students: a) the steps of
planning and implementing a scientific investigation (problem formulation - modeling and model-
centered investigation of the problem - review of the modeling process); b) the documentation
elements expected in international literature (theories, design, instructions, course of the
investigation, presentation of the results, evaluation of the results)

Current research that can be linked to any point of the topic, e.g. participation in specific research,
analysis of own research.

Notes , textbook, usable literature: Gabriella Ambrus, Katalin Munkécsy, Eva Szeredi, Eva
Vasarhelyi, Gergely Wintsche sk612B: Mathematics methodological example library URL:
tankonyvtar.ttk.bme.hu/pdf/160.pdf
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Falus Ivan - Ollé Janos (2008): The practice of empirical research. Data processing and statistical
analysis. National Textbook Publishing House, Budapest,

Herber, H.-J. & Vasarhelyi, E. (2004). Empirische Forschung in der Didaktik der Mathematik und
ihre wissenschaftliche Dokumentation. In: Parisot, KJ & Vasarhelyi, E. (Hg.), Positionen —
Mathematikdidaktik in Entwicklung. 65-90. URL:
https://dl.dropboxusercontent.com/u/100162898/dissem2004/dissem2004.html

Herber, H.-J. & Vasarhelyi, E. (2006). Kompetenzstreben und Kompetenzerwerb: Funktionale
didaktische Fordermdoglichkeiten durch Differenzierung und Individualisierung. Teaching
Mathematics and Computer Science IV. I.

Vésérhelyi E.(2010): Empirical research in mathematics didactics. Presentation at the conference of
the Doctoral School of Mathematics and Informatics Didactics of the University of Debrecen, 21-23
January 2010. URL: https://dl.dropboxusercontent.com/u/100162898/dissem2004/dissem2004.html
Eva Vasarhelyi: What entitles the didacticist to consider what he or she does as a scientific activity,
and how can he or she ensure that others consider it as such? URL: http://matserv.pmmf.h

MAT/404 Methodological research: changing task culture
6 credits, practice, -, cannot be repeated
Gabriella Ambrus

Brief description of the subject:

Process-oriented learning and competencies. Old and new task types and their relationships: with emphasis
on the didactic issues and research of practice, error, homework in mathematics learning. Methods and
teaching trends.

Notes, textbook, available literature:
Biichter, A./Leuders, T.: Mathematikaufgaben selbst entwinkelten, Cornelsen Scriptor, 2005

Wittmann, E.Ch.: Grundfragen des Mathematikunterrichtes, Vieweg, 1981

Varga, T.: Post -"New Math" Since 1963: Its Implementation as a Historical Process In: Development in
School Mathematics Education Around the World. ed. Izaak Wirszup, Chicago, 1987 237-249

MAT/405 Introduction to the didactics of the application of realistic situations
6 credits, practice, -, cannot be repeated
Gabriella Ambrus

Brief description of the subject
The objective of the course is to learn about the role of mathematical modeling and realistic situations

in school, its educational issues and didactic background - primarily based on European literature and
traditions.

Detailed topics of the course:

Concepts, task types and categories, and their appearance in the literature.

Realistic tasks as part of the changing task culture.

Methods and teaching approaches for applying tasks based on real situations.

The place and role of real applications in the teaching-learning process. Teacher and student role
change.

Learning organization - curriculum design with real-world content applications.

Evaluation questions during the preparation and solution of realistic tasks.

Modeling competence and its levels.

Methods and possibilities of methodological research in relation to the application of realistic tasks
in schools.

Notes, textbook, available literature:
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¢ Ambrus G.: Realistic Mathematics (workbook and teacher's guide CD), Technical Publishing House,

Budapest, 2007

¢ Ambrus G.: Titanic on Lake Balaton - Modeling exercises in mathematics (exercise collection for

high school students) — Technical Publishing House 2012

e Ambrus, G., Vancsé O.:The Application of Modelling Tasks in the Classroom - Why and How?
With reflections on an EU teacher training course (co-authors Odén Vancsé, Baldzs Koren),

In:TMCS, Debrecen , 2012, 10/2 231-244
e Engel, J.: Anwendungorientierte Mathematik: Von Daten zur Funktion, Springer, 2010

e Hinrichs, G.: Modellierung im Mathematikunterricht (Primar und Sekundarstufe), Spektrum, 2008

MAT/406 University Mathematics at School
6 credits, theory, cannot be repeated

Norbert Hegyvdri — HENKAAF.ELTE

Brief description of the subject

The detailed topic can be found in [1]. The lecture will discuss problems in number theory, algebra,

classical analysis, mathematical logic (etc.) and their educational implications. As a research topic,

several people have recently dealt with this topic (a TDK thesis was also prepared at the Institute of

Mathematics of the ELTE TTK). A PhD thesis is also justified in this area; not only a systematic

processing of this topic is expected, but also a follow-up study: how conscious is this type of thinking in

school education among teachers of different age groups.

Notes, textbook, available literature:

[1] Norbert Hegyvari: University Mathematics at School (electronic notes, 2013)
http://hegyvari.web.elte.hu/Egyetemi.pdf

[2] some issues of the “Journal for Research in Mathematics Education” (foreign perspective)
[3] Tim Gowers' Weblog's pedagogical writings:

https://gowers.wordpress.com/2012/11/20/what-maths-a-level-doesnt-necessarily-give-you/#more-4693

https://gowers.wordpress.com/2012/07/07/a-trip-to-watford-grammar-school-for-boys/
https://gowers.wordpress.com/2009/06/08/why-arent-all-functions-well-defined/
https://gowers.wordpress.com/2008/08/16/just-do-it-proofs/

[4] Tim Gowers: Mathematics in a nutshell, Typotex 2010

MAT/407 Introduction to Bayesian Statistics with a Didactic Perspective
6 credits, theory, cannot be repeated
Odén Vancsé IC10YJ

Brief description of the subject:

Different interpretations of the concept of probability (frequency, propensity, classical Laplace's).

Subjective probability as the concept of probability underlying Bayesian statistics.
Expressing information in the form of probability distributions, priori and posterior distribution
Bayes' theorem, its interpretation and significance in Bayesian statistics

Elements of classical mathematical statistics, hypothesis testing, types of errors. Point and interval

estimates
Modeling problems classically and using Bayesian statistics. Evaluation and comparison of results

Notes, textbook, available literature:
D. Wickmann: Bayesian Statistics (E6tvos Publishing, 2000)

W. Tschirk: Statistics: Klassisch oder Bayes Zwei Wege im Vergleich Springer Spektrum Berlin Heidelberg

2014
Vancso, O: Classical and Bayesian statistics in mathematics didactics PhD dissertation, Debrecen 2004
Fisher, AR: Design of Experiment Oliver and Boyd Edinburgh 1935
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Neyman, J.: "Mathematical Statistics and Probability", Lectures and Conferences, USDA Graduate School
1952

Gigerenzer, G. (1993): The Superego, the Ego and the Id in Statistical Reasoning. in: A Handbook for Data
Analysis in the Behavioral Sciences pp. 311-339 Lawrence Erlbaum Publisher Hillsdale New York, 1993

Borovcnik, M.: Wechselspiel zwischen Intuitionen und Mathematik, BI Verlag
Mannheim/Leipzig/Wien/Ziirich 1992

Szabd, G.: Interpretations of probability Typotex 2013
Berger, JO: Statistical Decision Theory and Bayesian Analysis, Springer: New York 1985

von Mises, R.: Critical discussion of the foundation of Probability pp.66-103 in: Probability, Statistics and
Truth. Dover Publications, New York 1957

MAT/408 Educational opportunities in classical and Bayesian statistics with historical
background

6 credits, internship, cannot be repeated

Odén Vancs6 IC10YJ

Brief description of the subject:
Study and elaboration of the Teacher Corner debate published in the August 1997 issue of AMS,
including later reactions, such as the manuscripts of E. Warmuth and D. Wickmann.

Notes, textbook, available literature:
Dinges, H.; Rost, H.: Prinzipien der Stochastik. Teubner Studienbiicherei: Stuttgart, 1982

Gigerenzer, G. (at all.): The empire of Chance Cambridge University Press 1989
The American Statistician (AMS) August 1997. Teacher Corner
Moore DS: Bayes for Beginners Some hesitate in: AMS Vol. 51, No. 3. 254-260., 1997

Wickmann, D.: Eine Antwort auf E. Warmuths Beitrag zu “Bayes for Beginners” von DS Moore
Manuskript 2000

Borovcnik, M.; Engel, J.; Wickmann, D. eds.: Anregungen zum Stochasticunterricht Verlag
Franzbecker: Hildesheim, Berlin 2001

HS Mignon, HS - Gamermann, D.: Statistical Inference An integrated approach Arnold: London-
New York-Sydney-Auckland 1999

MAT/409 Teaching combinatorics and probability in high school
6 credits, theory, cannot be repeated
Katalin Gosztonyi — Odén Vancsoé

Brief description of the subject:

Probability teaching concepts. Gambling and the analysis of chances, basic probability concepts.
Relative frequency and probability. Logical model, combinatorics as the "serving daughter" of
probability. Combinatorics and combinatoric thinking as an independent field (methods, ideas
instead of procedures, mechanical templates and formulas). Analysis of secondary school textbooks.
International overview, where and what structure is used. Fundamental differences between the
Anglo-Saxon and continental traditions. Transitions between primary school and secondary school in
the two subjects.

Notes, textbook, available literature:
Nemetz T.- Bognar K. —Tusnady G.: Playing with Chance

Rényi, A.: Letters on Probability in: Ars Mathematica, Typtex 2003.
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Nemetz T.: Probability Calculus for Special Mathematics Classes Textbook Publisher 1983

H. Wolpers - S. Gotz: Mathematikunterricht in der Sekunarstufe I Band 3 Didaktik der Stochastik

Lovasz L. — Pelikan J. — Vesztergombi K.: Discrete Mathematics Textbook Publishing House 1990,
Typotex 2003

Lovasz L.: Combinatorics problems and tasks . Typotex. Bp., 1999

Vilenkin: Combinatorics, Technical Publishing House 1970

Péter Hajnal: Elementary combinatorics problems . Polygon, Szeged, 1997

Mathematics textbooks 9-12.

MAT/410 Philesophy of mathematics and its appearance in mathematics didactics
6 credits, theory, cannot be repeated
Katalin Gosztonyi - Odén Vancsé IC10Y]J

Brief description of the subject:

Mathematics as a science, the different foundations of mathematics. Changes in the 19th and 20th
centuries. Contribution of Hungarian thinkers to the philosophy of mathematics. Janos Bolyai and
the revolution of non-Euclidean geometries. Presentation of three major trends from the 20th century
(formalism, intuitionism and constructivism) and their consequences for mathematics education.
Frege, Russell and logical foundations. Consequences of the work of T. Kuhn and K. Popper. 1.
Lakatos' image of mathematics on the page of his work Proofs and Refutations. "Belief" theories in
mathematics didactics.

Notes, textbook, available literature:

P. Davies-R. Hersch: The Experience of Mathematics. Thought, 1989

Rényi A.: Dialogues on Mathematics in: Ars Mathematica Typotex 2005

R. Hersch: What is mathematics, really? Vintage 1997 in Hungarian The Nature of Mathematics
Typotex 2000

Staar Gy.: The mathematics of experience Thought 1990

Trostnikov: Constructive Methods in Mathematics. Gondolat 1981

Lakatos, I.: Proofs and Refutations Gondolat 1981, Typotex 1998

Popper, K.: The Logic of Scientific Research, Eur6pa Publishers, 1997

Poélya, Gy.: The Plausible Conclusion Gondolat 1989

MAT/411 Complex Mathematics Education and Varga Tamas 1.
6 credits, theory, compulsory in the Mathematics Didactics program -, cannot be repeated
Odén Vanes6 IC10Y]J

Brief description of the subject:

The 20th-century antecedents of the Hungarian mathematics teaching reform era of the 1960s-70s in
terms of curriculum and subject matter . From the elementary school Mathematics subject to the
1978 primary school curriculum. Professional and methodological sources of the complex
mathematics teaching (KMK) experiment (Bourbaki group, Gy. Pélya, Z. Dienes). The curriculum of
the KMK experiment. Five main topics are uniform from the lower grades to the 8th grade: Sets and
logic; Arithmetic, algebra; Functions, series; Geometry, measurement; Combinatorics, probability,
statistics. The KMK curriculum also formulated the new methodological principles necessary for the
implementation of content that was largely new compared to previous school materials. The
introduction of the new curriculum based on KMK in 1978, the results and difficulties of
implementation in the 1980s and 1990s. Content and methodological analysis of Textbooks and
Worksheets prepared based on the curriculum. The curriculum, textbooks, and documents of the high
school curriculum experiment based on complex mathematics. The impact of complex mathematics
teaching on teacher training and college mathematics teacher training. The international aspects of
the Hungarian mathematics teaching reforms of the 1960s-70s, the widespread spread of the basic
principles.
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Notes, textbook, available literature:

Contact ( Journal presenting the process of complex mathematical experimentation) OPI

On the Road ( the high school mathematics teaching experiment ) OPI, 1974-1985

Varga T.: The expected development of mathematics teaching in the volume " Some questions of the
methodology of mathematics teaching" . Tankonyvkiado (TK) Budapest, 1972

Worksheets and Textbooks ("'. checkered books"), Teacher's Manuals and Curriculum Guides for
grades 6-7-8, based on the 1978 curriculum. TK Budapest

Varga T.: Towards modern mathematics teaching. Five studies. In the volume " Some Hungarian
and foreign experiments' Budapest, TK, 1972.

Varga T., Radnainé Szendrei J.: Elementary school education and teaching plan. Mathematics 6th
grade. Budapest, TK, 1979.

Varga T., Radnainé Szendrei J.: Elementary school education and teaching plan. Mathematics 7th
grade. Budapest, TK, 1981.

Varga T., Radnainé Szendrei J.: Elementary school education and teaching plan. Mathematics 8th
grade. Budapest, TK, 1984.

MAT/412 Complex Mathematics Education and Varga Tamas II.
6 credits, theory, cannot be repeated
Odén Vancs6 IC10YJ

Brief description of the subject:

The impact of the Complex Mathematics Teaching Experiment (KMK) and the work of Tamas
Varga, the emergence of basic ideas in 21st century Hungarian mathematics teaching. Comparison of
KMK, the 1978 primary school curriculum and NAT, analysis of similarities and differences. The
emergence of the roots of 21st century didactic and methodological trends in the methodological
principles of complex mathematics teaching: development-centeredness, concept building,
maturation, close connection of topics, unified, complex construction. Individual development and
age differences, differentiation. Abstraction based on concrete action and activity, processing of
practical, real-life problems, the importance of motivation. The use of age-appropriate information
tools, the variety of methods and work forms, group activity, the effective application of games in
learning, freedom of discussion and error. How can all of this be adapted to the requirements of high
school mathematics teaching, how can it be applied in preparation for the final exam and further
education? To what extent can the exploration and further development of old principles help in the
development of a new modern high school mathematics curriculum? We will seek answers to the
questions raised during the seminar work with the participation of the participating students.

Notes, textbook, available literature:

The curriculum of the complex mathematics teaching experiment.

Textbooks for the secondary school mathematics teaching experiment.

Workbook for grades 1-4 of secondary school, basic and optional curriculum, Textbook Publisher
Bp.

The NAT 1995 and its revision 2012

Maturity requirements

SuliNova: Mathematics grades 1-12. 2008.

Akos Csaszar: The Living Mathematics of Taméas Varga. Mathematics Teacher Training
Mathematics Teacher Training 1.

Calibra Publishing 1993

Jozsefné Palfalvi: The complex mathematics of NAT and Tamdas Varga. Mathematics teacher
training Mathematics teacher training 4.

Calibra Publishing 1997
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MAT/413 History of Mathematics I
6 credits, theory, cannot be repeated
Katalin Gosztonyi

Brief description of the subject:

The course is fundamentally of a historical-ideological nature; instead of conveying sporadic
knowledge, it aims to introduce and provide a deeper understanding of six to eight major historical-
ideological trends — spanning centuries, sometimes millennia. (In addition, it also fulfills some of the
tasks of the widespread chronological, cumulative or anecdotal history of mathematics.) A novel
guiding principle applies when selecting the historical-ideological trends: those areas from which
certain conceptual and linguistic traditions, widespread in education and still preserved to this day,
that have become rigid and anachronistically distorted over the course of centuries, even millennia,
and that have been didactically disadvantageous, are brought to the fore.

(For further details, see the introductory description of the required reading provided.)

The course is of a higher level in terms of content, methodology, and requirements than the MA or
undivided teacher training course of the same title (where the "booklets" are only partially utilized),
so it cannot be replaced by it.

Notes, textbook, available literature:
Ervin Deak EWOHTB: History of Mathematics, Volumes 1-5
http://mathdid.elte.hu/html/mscmattudtoert.html

Taking into account the direction of individual interest, excerpts from leading authors and historical
sources in English, Hungarian, German, etc.

MAT/414 History of Mathematics II.
6 credits, theory, mandatory, cannot be repeated
Katalin Gosztonyi

Brief description of the subject:

The course is fundamentally of a historical-ideological nature; instead of conveying sporadic
knowledge, it aims to introduce and provide a deeper understanding of six to eight major historical-
ideological trends — spanning centuries, sometimes millennia. (In addition, it also fulfills some of the
tasks of the widespread chronological, camulative or anecdotal history of mathematics.) A novel
guiding principle applies when selecting the historical-ideological trends: those areas from which
certain conceptual and linguistic traditions, widespread in education and still preserved to this day,
that have become rigid and anachronistically distorted over the course of centuries, even millennia,
and that have been didactically disadvantageous, are brought to the fore.

Notes, textbook, available literature:
Ervin Deak EWOHTB: History of Mathematics, Volumes 1-5
http://mathdid.elte.hu/html/mscmattudtoert.html

Taking into account the direction of individual interest, excerpts from leading authors and historical
sources in English, Hungarian, German, etc.

MAT/415 The indirect genetic method I. Logarithm, real-number concept
6 credits, theory, -, cannot be repeated
Odon Vancso

Brief description of the subject:

The prehistory of logarithms (prostapheresis), their early history (up to Euler) and their classical
period (until the creation of the real number field) differ significantly from the concept of logarithms
that eventually crystallized. Analyzing this provides a basis for a concept construction — in the sense
of the indirect genetic principle and the “fundamental idea” principle — that does not presuppose a
thorough knowledge of the real number field (and thus avoids a serious, traditional didactic trap), but
requires extremely instructive work and orientation from the student in the field of rational numbers,
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natural numbers and decimal fractions; it ultimately also points the way to the concept of real
numbers.

Mathematical analysis; learning psychology analysis; detailed didactic elaboration for practical
education; natural, didactically marketable connection with elementary information theory; domestic
and foreign educational experiments in school mathematics and teacher training. Getting to know the
aforementioned principles in the light of this specific concept.

Notes, textbook, available literature:

Individually selected excerpts in English and German from leading historians of mathematics and
historical sources on the history of the real number field, analysis, functional equations,
prostapheresis (part of goniometry), and from Ervin Dedak's booklets EWOHTB: History of
Mathematical Science (http://mathdid.elte.hu/html/mscmattudtoert.html).

MAT/416 The indirect genetic method II. From Eudoxus to Dedekindig, concept of real
numbers

6 credits, theory, cannot be repeated

Katalin Gosztonyi

Brief description of the subject:

In addition to the principle indicated in the title, we will also study the non-linear and very
combative story in the spirit of the “fundamental idea” principle, the ideological elements of which
are the opposition between synthetic and measure geometry in the problematic of section ratio and
section ratio equality, Eudoxus’s “devious” yet fruitful resolution of the shock caused by the
discovery of incommensurability, the unfounded “use” of infinite decimal fractions for millennia,
and finally the transformation of Eudoxus’s ratio theory into the theory of Dedekind slices. We will
pay special attention to those negative phenomena and processes that — having solidified into a
strong tradition — have left harmful traces in education to this day.

Notes, textbook, available literature:

Individually selected excerpts in English and German from leading historians of mathematics and
historical sources, as well as from Ervin Dedk's EWOHTB: The History of Mathematics
(http://mathdid.elte.hu/html/mscmattudtoert.html).

MAT/417 The indirect genetic method III. Measurement, measure and integral
6 credits, theory, cannot be repeated
Katalin Gosztonyi

Brief description of the subject:

The history of ideas in these fields is constantly underpinned by certain deep tensions, for example
between synthetic geometry and measure geometry and between the use of unfounded geometric
measure concepts — often not unsuccessful — and the lack of a correct real-number concept (or the
structural mathematical thinking required for it). The history, which stretches from the beginnings of
Greek mathematics to the end of the 19th century, also has such “detours” as the mystical “theory of
infinitesimals” of the 17th century, the technique of which — but not the basic principle — can be
verified retrospectively with the Riemann integral within certain limits. Today, this technique is
called the Cavalieri method, and it is not foreign to school mathematics. The centuries-long struggle
for correct convergence concepts led to numerical area measurement procedures such as the
Riemann integral and the Jordan-Peano measure; and questions of integrability induced the
development of modern measure theory. The emphasis on the historical perspective serves to deepen
mathematical understanding. Didactically, the course provides constructions (developed or open to
research opportunities) that have indirect historical motivations.

Notes, textbook, available literature:

Individually selected excerpts in English and German from leading historians of mathematics and
historical sources, as well as from Ervin Dedk's EWOHTB: The History of Mathematics
(http://mathdid.elte.hu/html/mscmattudtoert.html).
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MAT/418 The indirect genetic method IV. The best linear approximation as a "fundamental
idea"

6 credits, theory, -, cannot be repeated

Katalin Gosztonyi

Brief description of the subject:

This course presents a didactic construction for the construction of differential calculus in school
mathematics, which builds a long (because it is composed of small steps) conceptual development
path. Its guiding problem is not the instantaneous growth, but the construction of the concept of
tangent, and its guiding idea is the best linear approximation. Of course, the latter does not initially
appear in this conceptual structure, but in the illustrative and natural way in which Euclid viewed the
tangent to a circle (this was not taken into account for more than 2000 years), and we only very
slowly rise to the level where we can form a fairly correct and concrete picture of the meaning of
“approximation”, “linear” and “best” in this relationship. A long phase of cognition moves on the
plane of elementary (i.e. school) algebra, incorporating its important customary and desirable parts.
The students' work is largely focused on building the mathematical apparatus itself, which is
significantly different from the usual "problem solving". The most important basic idea is Lagrange's
basic idea (to avoid convergence concepts) in developing "algebraized" analysis, but with reference
to polynomials instead of power series; however, we are building the path to convergence thinking
with this.

Notes, textbook, available literature:

Individually selected excerpts in English and German from leading historians of mathematics and
historical sources, as well as from Ervin Dedk's EWOHTB: The History of Mathematics
(http://mathdid.elte.hu/html/mscmattudtoert.html).

MAT/419 Media and Mathematics

6 credits, practice, -, cannot be repeated
Mrs. Rézsahegyiné Eva Vasarhelyi O0GO32
Joseph Korandi UBB74L

Brief description of the subject:

Aspects of media selection appropriate to the levels of conceptual representation, analytical
presentation of good and bad examples. Processing of mathematical content through concrete
examples. Examination and comparison of media, mainly from the perspective of presenting
mathematical content. The image of mathematics, mathematicians and mathematics teachers. Current
research that can be linked to any point of the topic, e.g. examination of the integrated application of
traditional and modern tools and content in mathematics education, or the possibilities and results of
examining the image of mathematics, mathematicians and mathematics teachers, analysis of the
results of already conducted studies.

Notes, textbook, available literature:
Andréas Ambrus 1995. Introduction to Mathematics Didactics. E6tvos Publishing House, revised
edition 2004.

Gabriella Ambrus, Katalin Munkacsy, Eva Szeredi, Eva Vasarhelyi, Gergely Wintsche sk612B:
Mathematics methodology example library URL: tankonyvtar.ttk.bme.hu/pdf/160.pdf

Korandi, J. 2012. Examining the relationship between mathematics and the media. PhD thesis
https://dea.lib.unideb.hu/dea/handle/2437/133215

M. Mead, R. Metraux. 1957. The image of the scientist among high school students: a pilot study,
Science, 126(3270), pp. 384-390.

DW Chambers. 1983. Stereotypic images of the scientist: The Drawa- Scientist Test. Science
Education, 67(2):255-265.
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L. Flick. 1990. Scientist in residence program improving children's image of science and scientists.
School Science and Mathematics 90, pp. 204-214.

CL Mason, JB Kahle, AL Gardner. 1991. Draw-A-Scientist Test: Future Implications. School
Science and Mathematics 91, pp. 193-198.

JS Berry, SH Picker. 2000. Your pupils' images of mathematicians and mathematics. Mathematics in
School. 29:24-26.

CR Barman. 1996. How Do Students Really View Science and Scientists? Science and Children
34(1), pp. 30-33.

MAT/420 Textbook and teaching aid development
Development of study tools and textbooks

6 credits, practice, repeatable

Gregory Wintche

Brief description of the subject:

The place and role of teaching aids and textbooks in education. What do we consider to be teaching
aids? New and old trends in teaching aids. New media and technical possibilities. General principles
of textbook research. Participants in textbook research. Organizations dealing with international
textbook research (e.g. IARTEM). The concept of knowledge and understanding, conceptual
changes. The concept of abilities and skills, development requirements. Overview of content and
language requirements.

Overview of NAT and framework curricula. Processing and production of a knowledge material
according to a freely chosen and agreed-upon set of criteria, and comparison with other existing
teaching materials. What would be necessary for reliable efficiency and success tests?

Notes, textbook, available literature:
The process of declaring a textbook. 2014. OH criteria
http://www.oktatas.hu/kozneveles/tankonyv/tankonyvve_nyilvanitas/engedelyeztetes_folyamata

Csapd, B. 2008. The foundation of teaching aid development: knowledge about knowledge. In:
Simon, M. (ed.) Textbook Dialogues. Institute for Educational Research and Development, Budapest

Gordon Gyéry, J., Halmos, M., Munkacsy, K., Pélfalvi, J. 2007. Ed. The craft of teaching
mathematics — Master teachers on teaching mathematics. Gondolat Publishing House, Budapest

Gabor Halasz: General impact and effectiveness assessment system of pedagogical systems
http://halaszg.ofi.hu/download/NTK_tanulmany_rendszer.pdf

Ivic, I. Antic, S. and PeSikan, A. (eds.) 2013. Textbook Quality: A Guide to Textbook Standards,
V&R unipress

Framework plans on the OFI and Sulinova websites http://kerettanterv.ofi.hu/

Mikk, Jaan: Textbook: Research and Writing, Frankfurt/M., Berlin, Bern, Bruxelles, New York,
Oxford, Wien, 2000. 426 pp.

Pala, K. 2008. Competency-based education and teaching aids. In: Simon, M. (ed.) Textbook
Dialogues. Educational Research and Development Institute, Budapest

Simon, M. (ed.): Textbook Dialogues, OFI, 2008
Experimental mathematics textbooks, http://etananyag.ofi.hu/tantargyak/matematika

MAT/421 More chapters on stochastic analysis
6 credits, theory, cannot be repeated
Vilmos Prokaj, AJSGLE

Brief description of the subject:

Depending on the audience's interest, one of the following topics:
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Stochastic differential equations, local time, martingale problem, theorems related to strong
and weak uniqueness.

Weak convergence of probability measures in D-space, continuous limits of discrete-time
models.

Malliavin calculus, financial applications.

Standard filtration, Vershik criterion, split-word process, Tsirelson brick construction..
Any other current topic related to stochastic analysis.

MAT/422 Mathematics of financial risk analysis
6 credits, theory, cannot be repeated
Laszlo Markus, XLAPMO

Brief description of the subject:

Within the scope of this subject, we discuss the construction of mathematical models of asset price volatility,
credit and liquidity risks, the identification and calibration options of the models, the determination of the
risk premium based on these, and the pricing of derivative products.

It is well known that the price fluctuation and volatility of a financial instrument fundamentally determines
the price of its derivatives. Identifying the characteristics of this volatility, e.g. its generating distribution,
and quickly calibrating an appropriate model based on this is a difficult and unfinished task, which in some
cases is examined using e.g. multidimensional GARCH, discretized Heston or Bates models.

The two approaches to examining a credit risk event (bankruptcy) are structured and reduced modeling. The
structured approach considers the time of bankruptcy as the predictable level reaching time of an adapted
stochastic process (e.g. the nominal value of the company's liabilities exceeds the value of its assets). The
advantage of the methodology is that it is based on information available to the company, which means
continuous consideration of the value of its assets and its sources ("full information"), but it has two
significant problems: firstly, the value process is not (fully) observable; secondly, in the case of short
maturities, the predictable bankruptcy time would require spreads to take a value around 0, which is
inconsistent with what is observed in the market. In contrast, reduced models assume bankruptcy as the first
jump of a jumping process (often a Cox process), and since this is a completely unattainable stopping time,
the aforementioned problem is avoided for short-term products. On the other hand, there is no close
relationship between the value of the company's assets and the process, since reduced models only use
information about the company that is indirectly available in the market, and this is only a fraction of what
was mentioned previously. However, reduced models can be examined as structured, with other filtrations.

Market liquidity risk is the risk that a market participant will not be able to sell (or will only be able to sell)
their assets at a significant loss. We deal with market liquidity, which shows how easy it is to sell (buy)
assets or how easy it is to execute a transaction without causing a significant price movement. The first group
of models includes those that assume that the investor trades only in marginal volume, so the prices of
various assets depend on the size of the transaction and the depth of the order book, but the price
immediately returns to an equilibrium value. The second category includes so-called "large trader" models,
in which we assume that the trader buys and sells in significant lots, thus deviating the market price from the
current one in the long term, i.e. the transaction generates a kind of permanent price effect. We examine the
possibilities of pricing financial products with a price effect.

MAT/423 Price fluctuations
12 credits, theory, practice, cannot be repeated
Andras Zempleni, FSGMPN

Brief description of the subject:
Probability calculation tools (moments, cumulants, characteristic function, some important distributions);
Statistics of extremes, Fisher-Tippet theorem, method of peaks above threshold, application in risk
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management;

The central limit theorem, stable distributions, regions of attraction, choice of centering and normalizing
constants, speed of convergence, large deviations;

Random matrices, Wigner's semicircle theorem, Wishart matrices, Marchenko-Pastur theorem
Multivariate distributions, copulas;

Exchange rate fluctuations in real markets, empirical “stylized” facts, non-stationary behavior (ARCH-
GARCH models);

Portfolios and risk measures, elliptical distributions, portfolio optimization, value at risk, variance as a risk
measure, absolute deviation, expected shortfall, maximum loss, coherent and spectral measures;
Elements of financial regulation (regulatory measures);

Instability of the solution to the portfolio problem, divergent estimation error, fluctuating weights, noise
filtering, Cholesky factorization; simulated markets.

Recommended literature:

G. Szeg6: Risk Measures for the 21st Century, Wiley, 2004

AJ McNeil, R. Frey and P. Embrechts: Quantitative Risk Management: Concepts, Techniques, and Tools,
Princeton University Press, 2005

J.-Ph. Bouchaud and M. Potters: Theory of Financial Risks, Cambridge University Press, 2000

MAT/424 Numerical methods and applications of elliptic partial differential equations I.
9 credits, theory, cannot be repeated
Karatson Janos B7D32Y

Brief description of the subject:

Finite difference method for Poisson's equation and general boundary value problems. Construction
and convergence.

Finite element method: theoretical foundations, construction, interpolation and convergence
estimates.

Iterative solution of discretized problems.

The multigrid method. Its convergence with the finite element method.

Literature: Horvath R.—Izsdk F.—Karatson J.: Numerical methods of partial differential equations
with computer applications, 2013.

http://www.cs.elte.hu/~karatson/pdnm vegleges 2013.pdf

MAT/425 Numerical methods and applications of elliptic partial differential equations II.
6 credits, theory, cannot be repeated
Karatson Janos B7D32Y

Brief description of the subject: this subject is a continuation of the subject "Numerical methods and
applications of elliptic partial differential equations".

Topics:

Higher-order interpolation and convergence estimates of the finite element method.

Application of the finite element method to fourth-order and non-symmetric second-order Dirichlet
problems.

The discrete maximum principle.

Saddle point problems, Uzawa algorithm.

Nonlinear elliptic problems, their solution using the finite element method.

Literature: Horvath R.—Izsdk F.—Karatson J.: Numerical methods of partial differential equations
with computer applications, 2013.
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MAT/426 Interest rate models
9 credits, theory, cannot be repeated
Gyorgy Michaletzky, K7EFIC

Brief description of the subject:

Bonds and interest rates,

Futures transactions,

Arbitrage-free pricing, counting process

Single-factor interest rate models for short-term interest rates (Vasicek, Cox-Ingersoll-Ross, Hull-
White, ...), approximate trinomial tree construction

Two-factor short-term interest rate models, volatility and correlation structure, calibration,
construction of approximate binomial tree

Heath-Jarrow-Morton model, the relationship between short-term and forward interest rates.
Interest rate derivatives

Recommended literature:

D. Brigo, F. Mercurio, Interest rate models: theory and practice, 2001, Springer Verlag

T. Bjork, Arbitrage theory in Continuous Time, Oxford University Press, 1998.

M. Baxter, A. Rennie, Financial Calculus, Cambridge University Press, 1996.

Gerencsér L., Michaletzky Gy. Rasonyi M. Vago Zs. Interest Theory, university notes, ELTE 2004.

MAT/427 Analysis of financial processes 2.
6 credits, theory, cannot be repeated
Laszlo Markus, XLAPMO

Brief description of the subject:

Stochastic volatility models (Heston). Implied volatility, smile. Ité diffusions. Doob-Meyer decomposition.
Continuous Markov processes, transition probability, infinitesimal operator. Dynkin-Kinney condition and
locality. Feynman-Kac (FK) formula. The Black-Scholes differential equation from the FK formula. Optimal
level-reached stopping, American options pricing. Snell envelope and American options.

Lévy processes (LF). Compound Poisson process. Lévy measure, jump measure. Lévy-Ité and Lévy-Hincsin
representations. Jump diffusion. Bounded change LF, subordinate. Markov LF, infinitesimal generator.
Martingale LF. Asset price models with exponential LFs Merton, Kou, Bates model. Infinite activity models,
Rescaled Brownian motion-trading time: The Variance Gamma and Normal Inverse Gaussian models. 1td
and FK formula for LF. Option value and partial integro-diff equations. American options in case of jumping
asset prices.

Recommended literature:

Ioannis Karatzas, Steven E. Shreve: Methods of Mathematical Finance, Springer, 1998.

Ioannis Karatzas, Steven E. Shreve: Brownian Motion and Stochastic Calculus, 2nd edition 1991. Springer
Janos Széaz: Stock Options, Department Ltd., Budapest, 1999.

AN Shiryaev: Essentials of Stochastic Mathematical Finance. World Scientific, Singapore, 1999.

Rama Cont and Peter Tankov: Financial Modeling with Jump Processes, Chapman and Hall, 2004.

Title of Course: Stochastic processes of mathematical finance 2

MAT/428 Special stochastic processes
6 credits, theory, cannot be repeated
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Gyorgy Michaletzky, K7EFIC

Brief description of the subject:

Renewal processes, renewal equation. Asymptotic behavior of the renewal process (convergence
with probability 1, limit distribution). Asymptotic behavior of the renewal function, Blackwell's
theorem.

Branching processes. Discrete-time branching processes, generating function. Continuous-time
branching processes, extinction probability, limit distribution theorems.

Point processes. The Poisson process, stationary point process, labeled point process. Random
measure determined by point processes. Point process intensity, Campbell measure. Palm
distribution, the relationship between the Palm measure and the stationary distribution. Campbell-
Little-Mecke formula.

Construction of Wiener process. Simple properties of trajectories. Quadratic variation, Holder
continuity of trajectories.

Recommended literature:
Karlin-Taylor: Introduction to the Theory of Stochastic Processes, Technical Publishing House
Bacelli-Bremaud: Elements of queuing theory, Springer-Verlag, 1991

MAT/429 Dynamical Systems and Fractals Problem-Solving Seminar
6 credits, theory, cannot be repeated

Zoltan Buczolich, RMJ8SLE

Brief description of the subject:

The aim of the course is to understand the basic concepts and examples related to dynamic systems
through problem solving . The Dynamic Systems course, which is mainly taught by the lecturer, is
supplemented with problem material, so ideally it is aimed at students who have already completed
this theoretical course, but I try to compile the material in such a way that students who have not yet
taken this course can also attend.

Topics: Examples of dynamical systems. Graphical analysis. Hyperbolic fixed points. Cantor sets as
repulsive hyperbolic sets. Symbolic dynamics and coding. The complete topological Bernoulli shift.
Finite type shift spaces. Dynamical systems and fractals. Hausdorff measure and dimension.
Iterated function systems. Topological transitivity, sensitive dependence on initial values,
chaos/chaotic mappings, structural stability. Schwarz derivative. Bifurcation theory.

MAT/430 Linear operators and relations on Hilbert spaces
6 credits, theory, cannot be repeated
Zsigmond Tarcsay YJ3IWV

Brief description of the subject: Adjoint of linear relations and operators interpreted on Hilbert
spaces; Characterization of closed linear relations and operators; Regular and singular relations;
Canonical decomposition of linear relations; Application to Lebesgue-type decompositions of
positive operators, functionals and measures (theorems of Ando, Gudder and Darst).

Symmetric and self-adjoint operators and relations; Neumann's characterization of self-adjointness;
Self-adjoint extendibility of the Cayley transformed and symmetric operator; Krein-Neumann and
Friedrichs extensions of positive operators; Perturbations of self-adjoint operators (Kato-Rellich,
Wiist and Nelson theorems).
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MAT/431 Analytical chapters in complex function theory
6 credits, theory, cannot be repeated
Istvan Sigray

Prerequisites: Riesz's representation theorem, Hilbert spaces, Lp spaces, dual spaces, residue theo-
rem, harmonic functions, Poisson's formula, maximum principle

Topic:

Phragmén-Lindel6f type theorems, Poisson-Jensen formula, meromorphic functions on the plane,
Nevanlinna theory, Poisson integral of pre -eminent measures and functions in Lp, Hardy spaces.
Riesz-Marcell theorem. Interpolation between Lp spaces, Riesz brothers theorem. Bergman spaces.

Required literature :

Recommended literature:

Gabor Halész:,Chapters from complex function theory, university notes.
WKHayman: Meromorphic functions, Clarendon Press, Oxford, 1964,

PL Duren: Theory of Hp spaces, Academic Press, New York-London, 1970,
P. Koosis: Introduction to Hp spaces, University Press, Cambridge, 1980,
RE Greene-SG Krantz: Function theory of one complex variable, AMS 2002

MAT/432 Geometric chapters from complex function theory
6 credits, theory, cannot be repeated
Sigray Istvan HOMS8NI

Prerequisites: Riesz's representation theorem, dual spaces, residue theorem, fundamental theorem of
conformal mappings, harmonic functions, Poisson's formula, maximum principle, Cauchy—Schwarz
inequality , Cauchy—Riemann equations

A brief (a few lines) description of the knowledge to be acquired:

The goal is to provide insight into the different chapters of one-variable complex function theory ,
which

of which will be announced in the 2nd semester according to interest Lectures , study seminars, and
exercises cover some in more detail .

Topic:

Phragmén—Lindel6f-type theorems.

Capacity. Chebyshev constant. Transfinite diameter . Green's function. Capacity and Hausdorff
Measure. Conformal radius.

Area principle. Koebe's distortion theorems. One-dimensional estimating the coefficients of func-
tions.

Area-arc length principle. Extremal length. Modulus of quadrilaterals and rings . Quasiconformal
Mapping. Their extension to the limit. Quasisymmetric functions. Quasiconformal curves.
Divergence- and rotation-free flows on the plane. Complex potential. Flow around an obstacle,
between phases.

Required literature:
Gabor Halasz, "Chapters from Complex Function Theory", "Fourier Integral" and "Small
"hydrodynamics" university notes and further literature given in them.

MAT/433 Selected chapters from analysis
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6 credits, theory, cannot be repeated

Martin Elekes L3IDJH

Hausdorff measure and Hausdorff dimension. The relation between Lebesgue and
Hausdorff measures. The relation between arc length and 1-dimensional Hausdorff
measure. Hausdorff metric. Self-similar sets, fractals. Haar measure, existence and
uniqueness. Pontryagin duality and the structure of locally compact groups. Abstract
Fourier analysis. Ergodicity of shifts of a compact group. Generalization of Haar zero-
degree to non-locally compact groups. Typical (generic) objects. Lipschitz functions,
Rademacher and Kirszbraun theorems.

Recommended literature:
Miklés Laczkovich: Real function theory (university notes), ELTE Budapest, 1995
PR Halmos: Measure Theory, Thought, 1984.

MAT/434 Game Theory II.
6 credits, theory, cannot be repeated
Tamas Kiraly, [AD7BN

Partisan games, numerical games, red-blue hedge trimmer game
Complexity of finding Nash equilibrium, PPAD complexity class
Dynamics of strategy games

Calculating market equilibria

Traffic games, the price of anarchy and stability

Mechanism design, auctions

Required reading: Laszlé Végh, Tamas Kiraly, Julia Pap: Game Theory, online notes,
http://www.cs.elte.hu/~tkiraly/students/jatekelmelet_jegyzet.pdf

Recommended reading: N. Nisan, T. Roughgarden, E. Tardos, VV Vazirani, Algorithmic Game Theory,
Cambridge University Press, New York, 2007,
http://www.cambridge.org/journals/nisan/downloads/Nisan_Non-printable.pdf

MAT/435 Design, Analysis and Implementation of Algorithms and Data Structures I.
From September 2025: Advanced algorithms

6 credits, theory, cannot be repeated

Zoltan Kiraly OIRB6J

Randomized algorithms, Kager and Stein min. cut algorithm, VPN design.

On-line algorithms, competitiveness ratio, the k-robot problem, randomized versions.
Calculating the determinant over a ring.

Megiddo's algorithms for parametric problems.

Plane drawing of graphs,

Wood resolution, wood thickness and its applications.

Finding a pseudo-regular partition.

MAT/436 Theory of Strings
6 credits, theory, cannot be repeated
Szilard Szabo

The aim of the course is an introduction to sheaf theory; to bring students to a level where they will
no longer have to face fundamental conceptual problems in the sheaf theory arguments that occur
during their later studies in algebra, algebraic geometry, algebraic topology and complex function
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theory. Sheaf theory was created around 1945 by Leray, and then acquired its modern form with
the contributions of Cartan, Serre and Grothendieck, among others.

Sheaf theoretical methods have become fundamental in the fields of algebraic geometry and multi-
variable complex functions, and are indispensable in certain areas of algebra and algebraic topol-
ogy (e.g. algebraic number theory, modern homotopy theory). Students interested in the above ar-
eas will certainly encounter sheaf theoretical tools, but their longer presentation in the given cour-
ses is often limited by lack of time.

MAT/437 Graph Theory

6 credits, theory, cannot be repeated

Tibor Jordan

The seminar will discuss selected graph theory articles.

MAT/438 Innovative integrators for numerical solution of nonlinear differential equations

6 credits, theory, cannot be repeated

Petra Ksomo6s SNISB3

The aim of the course is to examine innovative time-based numerical integrators (operator slicing
methods, exponential integrators, Magnus integrators) used in the numerical solution of nonlinear
partial differential equations within the framework of functional analysis. After introducing
nonautonomous and nonlinear operator semigroup theory, we review the fundamental results
obtained on the convergence of the above methods. The course also provides opportunities for
independent work: in the last third of the semester, students process and present the latest literary
results on the topic. In case of such a demand, I also supplement the course material with
programming tasks, during which there is also an opportunity to implement the numerical methods
learned in practice.

MAT/439 Background to algebraic and number theory problems
6 credits, theory, cannot be repeated

The aim of the subject is to develop the culture of algebraic and number theory problems in primary
and secondary schools.

with particular attention to the following:

1) Getting to know curriculum and competition tasks, learning their solution methods,
Connecting a higher (university) level theoretical background.

2) Developing and processing different solution methods for a task

analysis

3) Creating tasks and task sequences using the theoretical background.

The course covers, but is not limited to, the following:

_ elementary congruences (divisibility, invariant-based tasks)

_ order, periodicity, Euler-Fermat theorem (divisibility problems, residues, self-

higher order diphonic equations)

_ primitive root, two square number theorems, quadratic residues (invariants, kernels)
higher order Diophantine equations

_ complex numbers roots of unity (easy to calculate geometric problems, complex
binatoric identities)

_ number theory of polynomials (theories related to polynomial, rational fractional functions)
(loads)

_roots, root factors (algebraic equations, editability)

_ theory of field extensions (rootings, unions, constructibility, Diophantine

equations)

_ fundamental theorem of symmetric polynomials (algebraic and geometric inequalities, in-
variants)
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_ quadratic forms (inequalities, normalization)

_ finite vector spaces (combinatorial invariants, solvability of equations)

_ resultant, discriminant (higher degree identities equations, inequalities-

(s)

_ cyclic groups (invariants, enumerations)

_ permutation groups, Burnside's lemma (invariants, enumerations)

The primary assignment material is ALL Hungarian and international competition assignments.
the relevant tasks of the rounds (Tamas Varga, Déaniel Arany, OKTV, Kiirschak,

Olympic preparation, etc.), the tasks of the professional clubs of secondary schools.

The condition for obtaining the grade is: two closed writings (50%) and one independent,
Preparing a set of algebraic or number theory exercises based on the criteria given in class
The subject has no prerequisites.

MAT/440 Chapters from the theory of functional analysis and partial differential equations
6 credits, theory, cannot be repeated
Ferenc Isaac

The aim of the course is to discuss some results and topics that are mentioned in lectures on
functional analysis and partial differential equations, but are presented without proof or more
detailed examination due to lack of time.

MAT/441 Investigation of nonlinear partial differential equations using the weak convergence method
6 credits, theory, cannot be repeated
Peter Simon

Brief description of the subject: The existence of solutions to nonlinear partial differential
equations (PDEs) can often be proven through the construction of approximate series, provided that
a weakly convergent subseries can be found and its limit is indeed a solution to the PDE. The main
difficulty of the latter step is that nonlinearity does not commute with weak convergence. The
treatment of this relies on tools from measure theory rather than functional analysis, which can be
used to understand the lack of strong convergence, and in a broad class of problems, using the
structure of the given nonlinearities, it can be proven that the limit is indeed a solution to the PDE.

In the course, we introduce the main techniques for understanding oscillations and concentrations in
weakly convergent series. We demonstrate their applicability to a number of variational and non-
variational problems, and we discuss the topics of concentration of compactness, compensated
compactness, Young measures, and quasiconvexity. The course builds on solid knowledge in
measure theory and functional analysis.

MAT/442 Algebraic Geometry and Its Applications
6 credits, theory, repeatable
Szilard Szabo

Brief description of the subject: Regular mappings, rational functions and mappings,
quasiprojective varieties, dimension theory. Singular points, inflations and their properties. Divisors
and differential forms, Picard group, Riemann-Roch theorem for curves. Intersection numbers,
applications in surface theory. Sheaves, homological algebra, Zariski topology, abstract varieties.
Complex smooth projective manifolds, their homological properties, Lefschetz theorems and
decomposition.
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MAT/443 Dynamical Systems and Ergodic Theory Problem-solving Seminar
6 credits, practice, repeatable
RMIJBLE Zoltan Buczolich

Brief description of the subject: Problem-solving seminar, where the assignment material serves to
better understand the subjects of Ergodic Theory and Dynamical Systems, and to develop problem-
solving skills in the given areas.

MAT/444 Miklos Farkas Seminar
6 credits, practice, repeatable
John Karatson - B7D32Y

Brief description of the subject: "The aim of the subject is to visit

the Miklés Farkas Seminar ( https://math.bme.hu/AlkAnalSzemi ), which provides a forum for

researchers working in applied analysis (functional analysis, differential equations, numerical
methods), and through this to become familiar with the work being done here, and to join in the
collaborative thinking. At the end of the semester, the doctoral students who take the subject report
on their own research in the seminar and write a summary of one of the lectures given during the
semester."

MAT/445 Complex manifolds and their deformation theory
6 credits, theory, -, cannot be repeated
Tamas Keleti BN67WS - Laszlo Lempert

The lecture begins with the definition of complex manifolds, basic concepts related to them (vector
sheaves, cohomology--groups) and examples. The problem motivating the Kodaira-Spencer
deformation theory of complex manifolds is how to survey all possible complex manifolds.
Although this problem has proven to be too ambitious in general, the theory solves a local version
of the problem, and describes all complex manifolds 'close' to a given compact complex manifold.

MAT/446 Random graphs
6 credits, theory, -, cannot be repeated
Backhausz Agnes- R32P7U

Brief description of the subject: The topic of random graphs is currently an actively researched area
of probability theory, which may also be interesting from the point of view of network research
applications. The aim of the subject is to present the theoretical foundations of random graphs using
the tools of probability theory. The topics of the subject include Erd6s-Rényi random graphs and
their phase transitions in terms of connectivity, inhomogeneous dense random graphs (stochastic
block model, or random graphs drawn from graphons) and their limits, i.e. the results of the limit
theory of dense graphs on random graphs. Among random graphs with linear edge counts, we
examine the degree distribution of Barabasi-Albert-type (preferential attachment) graphs using
martingale theory methods. Among graphs with bounded degree, we discuss the local behavior and
spectrum of random regular graphs.

MAT/447 Introduction to Reading Texts in Mathematics Didactics
6 credits, practice, compulsory in the Mathematics Didactics program -, cannot be repeated
XDSANS Katalin Gosztonyi

Brief description of the subject: During the course, we will work together with the students to
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review the current literature on a mathematics didactics topic. First, we will review the literature
published on the topic in recent years in the most relevant sources of international literature (ICMI
Studies book series, leading journals, e.g. Educational Studies, ZDM, etc., conference volumes of
thematic working groups of major international conferences). During the course, we will work
together on some of these articles, and finally, the students will each prepare a summary of three
additional articles related to the topic for their fellow students.

MAT/448 Hungarian mathematics education traditions
6 credits, theory, cannot be repeated
XDSANS Katalin Gosztonyi

Brief description of the subject: The aim of the subject is to familiarize ourselves with the roots,
history and theoretical foundations of the Hungarian exploratory mathematics education trend.
During the course, we will discuss the history of 20th-century Hungarian mathematics education
and its relationship with the domestic mathematical culture. Then, we will study the popularization
of mathematics, and the philosophical or educational texts of mathematicians who have had a great
influence on the exploratory mathematics education tradition (the works of Rézsa Péter, Laszl6
Kalmar, Alfréd Rényi, Gyorgy Pdélya). In the last part of the course, we will examine how the
principles that can be read from the aforementioned texts influenced Tamas Varga’s Complex
Mathematics Education Reform Movement.

MAT/449 French didactic theories
6 credits, internship, cannot be repeated
XDSANS Katalin Gosztonyi — Odoén Vancso

Brief description of the subject: During the course, we will become familiar with some of the defining
theories and research methodological tools of the French school of mathematics didactics:

- Brousseau: Theory of Didactic Situations
Chevallard: Anthropological Theory of Didactics
- Houdement and Kuzniak's concept of paradigm
Depending on the students' interests, other theories may be introduced (Mathematical Workspaces,
Duval's representation theory, tools of linguistic analysis, etc.)
The students' task is to apply the theories and analytical methods they have learned to analyze data (e.g.
assignment descriptions, classroom videos, student work) presented by the instructor and derived from their
own doctoral research.

MAT/452 Rényi-ELTE-BME doctoral student seminar
6 credits, theory and practice, repeatable
XN55FO — Karoly Bordczky Jr.

Brief description of the subject:

A joint seminar for students of the two mathematics doctoral schools - BME and ELTE - where they can get
acquainted with different areas of mathematics and modern research topics. The seminar takes place at the
Rényi Institute, where leading foreign and domestic researchers give lectures to doctoral students.

MAT/453 Groups and their representations
6 credits, theory, cannot be repeated

Gabor Somlai

Brief description of the subject:

. Group action, permutation group, automorphism group. Semidirect product. Sylow theorems.
. Finite p-groups. Nilpotent groups. Solvable groups, Hall theorems.
. Free groups, presentations, varieties. Nielsen-Schreier theorem.
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. Abelian groups. Fundamental theorem of finitely generated Abelian groups. Torsion-free groups.

. Linear groups and linear representations. Semisimple modules and algebras.

. Irreducible representations. Characters, orthogonality relations. Induced representations, Frobenius
reciprocity, Clifford theorems.

Literature
DJS Robinson: A course in the theory of groups, Springer, 1993
IM Isaacs: Character theory of finite groups, Academic Press, 1976

MAT/454 Rings and Algebras
6 credits, theory, cannot be repeated
LL94QV- Istvan Agoston

Brief description of the subject:

. Associative rings and algebras. Constructions: polynomials, formal power series, linear operators,
group algebras, graph algebras, free algebras, tensor algebras, exterior algebras.

. Structure theory. Primitive rings, density theorem, Jacobson radical, commutativity theorems.

. Direct decompositions of modules, Azumaya's theorem. Chain conditions, injective modules.
Hopkins and Levitzki's theorem.

. Categories, functors. Examples from algebra and topology. Natural homomorphisms. The concept of

categorical equivalence. Covariant and contravariant functors. Basic properties of Hom and tensor functors
(also for non-commutative rings). Adjoint functors. Additive categories, exact functors. Exactness of
functors, projective, injective and flat modules. Morita theory.

. Generalizations of Artinian rings: semiperfect and perfect rings.

. Homological algebra. Chain complexes, homology groups, chain homotopy. Topological and
algebraic examples. Long exact series of homology groups

Literature:

Anderson, F.—Fuller, K.: Rings and categories of modules, Springer, 1974, 1995
Lam, TY: A first course in non-commutative rings, Springer, 1991

MAT/455
6 credits, theory and practice, non-repeatable
N3XVCV - Andras Lukacs

Subject description:

Basic concepts of Deep Learning: gradient descent and back propagation. Convolutional networks.
Deep networks: batch normalization, ResNet. Generative modeling: autoencoder, Variational
Autoencoders, Generative Adversarial Networks. Natural Language Processing (NLP),
representations.

Recurrent networks, LSTM, GRU. Attention, Transformer, BERT. Reinforcement learning.
Selfsupervised learning. Deep Learning programming basics, Tensorflow, Keras,

Pytorch.

Literature:

Goodfellow, Ian, Yoshua Bengio, and Aaron Courville. Deep Learning. MIT Press, 2016.
https://www.deeplearningbook.org/2020. https://d2l.ai/

Aston Zhang, Zachary C. Lipton, Mu Li, and Alexander J. Smola. Dive into Deep Learning.

MAT/456: Theoretical and practical aspects of teaching mathematical problem solving
basic questions

6 credits, theory and practice, non-repeatable

GJ39DD - Gabriella Ambrus, assistant professor
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Brief description of the subject:

Problem solving models: Polya's model, Mason's model, Hattie's model.

Problem-solving strategies: goal-directed thinking, reverse thinking,

systematic attempt. Heuristic principles: induction, analogy, generalization, unknown

reduction of problem to a known one, invariance principle, case discrimination, optimization

principle, examination of special cases, symmetry principle, use of different representations.

Closed tasks, open tasks.

Schema-based problem-solving teaching.

One task, multiple solutions. One task, multiple solutions.

Metacognition — developing the student's knowledge about their own knowledge. Independent questioning,
independent

explanations, independent planning, independent monitoring, development of independent control
techniques,

application.

Cognitive load and mathematical problem solving.

Cooperative instructional techniques in teaching mathematical problem solving

Some educational experiments on teaching mathematical problem solving.

PhD thesis by Jozsef Kosztolanyi, Kriszta Barczi, Klara Pintér

Literature:

Andras Ambrus: Introduction to Mathematics Didactics. University notes. ELTE Eo6tvos Publishing House
Budapest 2004

Stein (ed.) A Life's time for mathematics education and problem solving. WTM Miinster

2017 Barc

Articles by K, A. Schoenfeld, J. Sweller, J. Mason, D. Tall, S. Vinner, O. Chapman

Kriszta Barczi: Developing Mathematical Problem Solving Abilities and Skills With

Cooperative Teaching Techniques. PhD thesis Debrecen 2016

Jozsef Kosztolanyi: On the teaching of problem-solving strategies. PhD thesis Debrecen.

2006

Klara Pintér: On the teaching of mathematical problem solving and problem creation. PhD dissertation
Szeged 2012. Internet

Gyorgy Pdlya: The School of Thought. Gondolat Publishing House Budapest 1977

Gyorgy Pélya: The School of Problem Solving I.- II. Textbook Publishing House Budapest 1967 — 68

MAT/457 Mathematics Teaching and the Media, Seminar
6 credits, practice, repeatable

IC10YJ Odén Vancsé

UB874L, Jozsef Korandi

Brief description of the subject:

Media is playing an increasingly important role in school teaching. During the course

we will review the media present and used in today's public education, and then discuss specific
We will analyze the sources and examine their role and usability. The seminar is a

It concludes with student micro-research and their own analysis.

Literature:
— David Buckingham: Media Education - Communication and Media (New Mandatum Publishing House,
2005)
— Megan Poore: How to Use Social Media in Education? (Wolters Kluwer, 2015)
— Dr. Istvan Ceglédi: Competency-based mathematics education (EKF TTK, 2011)
— Borbéla Paksi— Andrea Schmidt: Teachers’ experiences and opinions regarding the use of new
infocommunication technologies (Educatio 26, 2017)
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— Tamas Stonawski: The use of digital media to develop student creativity, problem solving and independent
experimentation in primary and secondary schools (Doctoral dissertation, ELTE TTK, 2015)

MAT/458 Theory and Practice of Proof, seminar
6 credits, practice, repeatable

IC10YJ Odén Vancsé

UB874L, Jozsef Korandi

Brief description of the subject:

During the course, students will be introduced to the general theory of proof, including the concept and
history of mathematical proof. We will examine the proof techniques used in mathematics classes from both
a mathematical and didactic perspective. At the end of the course, students will analyze proofs of a
mathematical topic in a written work.

Topic:

- The concept of proof

- Epistemological issues of proof

- General proof techniques

- Mathematical proof

0 axiomatics

o two-valued logic o Brouwer and mathematical intuitionism
- Proof in teaching mathematics

o raising the need for proof

o The change in the concept of proof

o procedures suitable for guessing theorems
o proof techniques

Literature

} Andras Ambrus: Introduction to mathematics didactics (ELTE TTK University notes)

} Imre Lakatos: Proofs and Refutations (Typotex Publishing, 2011)

} Skemp R.: The Psychology of Mathematics Learning (Edge Publishing, 2005)

} Panu Raatikainen: Conceptions of Truth in Intuitionism (History and Philosophy of Logic - May 2004)
Jahnke, HN & Wambach, R. (2013) Understanding what a proof is: a classroom based approach (ZDM- The
International Journal on Mathematics Education, 45)

} Proof and proving in mathematics education: discussion document. (2009, The 19th ICMI Study; Dordrecht
Springer)

} NAT and Framework Plans, textbooks, university notes

MAT/459 Different representations in the teaching and learning of mathematics
6 credits, theory, cannot be repeated
Katalin Gosztonyi

Brief description of the subject: The aim of the course is to introduce (present and master) the (effective)
mathematics teaching method using concrete and visual representations, based on the constructivist learning
theory and the work of Hungarian mathematics didactics, which is often applied within the framework of
collaborative group work and games, using various tools and software (computer programs) from primary
school to university.

Literature:

} Andras Ambrus: Introduction to mathematics didactics (ELTE TTK University notes)

} Cole Michael and Cole Sheila R. (2006), Developmental Psychology, Oziris Publishing, Budapest

} Zoltan Dienes (1999), Let's Build Mathematics. SHL. Hungary Kft, Budapest,

} Stankov Gordana (2009), The use of concrete and pictorial representations in seventh-grade algebra
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teaching, University of Debrecen (PhD thesis)

} Bozi¢ Radoslav, Takaci Durdica and Stankov Gordana (2019), Influence of dynamic software environment
on students' achievement of learning functions with parameters, Interactive Learning Environments, DOI:
10.1080/10494820.2019.1602842

} Takaci DPurdica, Stankov Gordana and Milanovic Ivana, (2015), Efficiency of learning environment using
GeoGebra when calculus contents are learned in collaborative groups, Computers and Education, Vol. 82,
March 2015, Pages 421-431,

} Takaci Djurdjica, Stankov Gordana and Mirjana Raki¢ (2011), On the role of GeoGebra in examining
functions, Conference proceedings of International GeoGebra Conference for Southeast Europe, Editor:
Djurdjica Takaci, Departnan za matematiku i informatiku PMF u Novi Sad, Novi Sad, 18-26.

MAT/460 Quantitative Research Methods in Mathematics Didactics
6 credits, theory, cannot be repeated
G17843 - Striped Csaba

Brief description of the course: The lecture reviews the trends in educational research methods that are
relevant to empirical studies of mathematics didactics and, more broadly, mathematics education. The course
provides a basis for a research seminar based on it, which focuses on computer-based statistical analyses
(SPSS). Main topics:

Basic concepts, methods, and tools of scientific research. Methods of processing the literature. Questionnaire
studies. Basic concepts of measurement and scale theory. Sampling methods. Descriptive statistics, their
analysis, and interpretation. Tabular and graphical presentation of results. Examination of the relationship
between two variables: contingency coefficient, correlation coefficients. Developmental analysis: cross-
sectional and longitudinal studies. Regression analysis, factor analysis, cluster analysis. Pedagogical
experiments. Publishing research results: APA style.

Required reading:

Csermely Péter, Gergely Pél, Koltay Tibor and Téth Janos (1999). Research and Communication in the
Natural Sciences. Osiris Publishing.

Csikos Csaba (2009). Sampling in quantitative pedagogical research. Gondolat Publishing.

Csiba Csikos (2012). Research methodology of pedagogical experiments. Gondolat Publishing.

Csikos Csaba (2020). Fundamentals of Research Methodology in Educational Science. E6tvos Publishing.
Kilpatrick, J. (2020). History of research in mathematics education. In S. Lerman (Ed.), Encyclopedia of
mathematics education (pp. 349-354). Springer.

Publication manual of the American Psychological Association. 7th Edition.

Schoenfeld, AH (2000). Purposes and methods of research in mathematics education. Notices of the AMS,
47, 641-649.

MAT/461 Computer-based statistical analyses in mathematics education research
6 credits, internship, cannot be repeated
G17843 - Striped Csaba

Brief description of the subject:

The latest version of SPSS software will be used in the practice — if possible, depending on the university
license. The practice assumes the existence of research methodology basics, and if the participants already
have their own empirical data available, we can try out the analyses on that.

Types of data files and their management. Sorting data, operations with variables. Descriptive statistical
analyses and their interpretation. Mathematical statistical analyses and interpretation of output: examination
of the agreement of standard deviations, comparison of means (t-tests, ANOVA, MANOVA), non-
parametric tests (chi-square test, Kolmogorov-Smirnov tests, normality test), multivariate correlation tests
(factor, cluster and regression analysis) for different measurement scales. Types of SPSS figures.

Required reading;:
Sajtos Laszl6 and Mitev Ariel (2007): SPSS Research and Data Analysis Handbook. Alinea Publishing.
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MAT/462 Qualitative theory of difference equations
6 credits, theory, cannot be repeated
IS0SX8 - Sandor Kovacs

Brief description of the subject:

After reviewing the basic methods for solving (ordinary) differential equations, the subject deals with the
elements of qualitative description. The individual chapters are as follows:

discrete calculus, problems leading to difference equations, discrete dynamical systems, linear difference
equation(s), stability, bifurcations, chaos.

Literature:
1. Elaydi, S.: An Introduction to Difference Equations, Springer, 2000.
2. Kovacs, S.: Differential Equations, Typotex, 2020.

MAT/463 Kahler manifolds

6 credits, theory, cannot be repeated
FWEF6TS5 — Szilard Szabo

Brief description of the subject:

Presentation of deep connections between the topological (cohomological) and metric properties of complex
manifolds, transfer of advanced knowledge using analytical, complex functional and geometric methods.

The relationship between metrics and complex structure, Ka”hler metrics, Dolbeault cohomology groups,
harmonic forms, Hodge theory on Riemann and Ka”hler manifolds, topological consequences, holomorphic
vector bundles, Kodaira's embedding theorem, Calabi conjecture.

Literature:

D. Huybrechts: Complex geometry: an introduction, Universitext, 2005

A. Moroianu: Lectures on Kahler geometry, LMS student texts 69, CUP 2007

JP Demailly: Complex analytic and differential geometry, 2012, online book: https://www-fourier.ujf-
grenoble.fr/~demailly/documents.html

W. Ballmann: Lectures on Kahler manifolds, ESI Lectures in Mathematics and Physics, EMS, 2006

MAT/464 Geometry of Lorentzian manifolds and their applications
6 credits, theory, cannot be repeated

HF82KF - Szenthe Janos

RSO0XAA - David Szeghy

Brief description of the subject:

The results of Hawking and Penrose are key in modern physics, and the knowledge necessary for the
processing of this topic will be presented. The main topics are: Semi-Riemannian manifolds and their
properties, Causal conditions and structure, Characterization of acronal, aquanal future and past sets, Cauchy
hypersurfaces and their properties, Hawking and Penrose Singularity Theorems, Properties of curved product
and Robertson-Walker spacetimes, RW as a perfect fluid, The Big Bang model.

Literature:

1. Hawking SW, Ellis GF R; The Large Scale Structure of Space-Time; Cambridge Monographs on
Mathematical Physics 1973

2. O'Neill B.; Semi-Riemannian Geometry With Applications to Relativity; Academic Press; 1983

3. Szenthe J.; Elements of Riemannian geometry; ELTE University notes; 1988

MAT/465 Qualitative Research Methods in Mathematics Didactics
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6 credits, internship, cannot be repeated
XDSANS - Katalin Gosztonyi
Brief description of the subject:

In the course, we will review various qualitative research methods used in mathematics didactics research,
along with the mathematics didactics theories related to them. During the course, we will learn about various
qualitative research methods with the help of theoretical and research methodology scientific articles, and we
will learn how to use them through the analysis of specific examples.

Literature:

Bikner-Ahsbahs, A., Knipping, C. & Presmeg, N. (2015). Approaches to Qualitative Research in
Mathematics Education. Springer.

Bartolini Bussi MG, Mariotti MA (2008) Semiotic mediation in the mathematics classroom: artifacts and
signs after a Vygotskian perspective. In: English L, Bartolini M, Jones G, Lesh R, Sriraman B, Tirosh D
(eds) Handbook of international research in mathematics education. Routledge/Taylor & Francis, New York,
pp. 746-783

Brousseau, G. (2002). Theory of Didactical Situations in Mathematics. Springer.
Shulman LS (1986) Those who understand: knowledge growth in teaching. Educ Res 15(2). pp. 4-14.

MAT/466 Mathematics Didactics Research Seminar
6 credits, theory, repeatable
RN76Z0-Csaba Szabo

Brief description of the subject:

Research seminar. The aim of the seminar is to process modern results in mathematics didactics, and partly
to initiate and/or monitor research.

MAT/467 The emergence of didactic research trends in mathematics in public education
6 credits, theory, cannot be repeated
RN76Z0-Csaba Szabé

Brief description of the subject:

The aim of the course is to examine current international mathematics didactic research and its results from
the perspective of Hungarian mathematics teaching. The aim is to examine which research topics and
measurement methods are relevant from the perspective of Hungarian education, and then to analyze these
topics separately. Which topics are already present in education, which ones can be applied in addition to the
current National Core Curriculum and Framework, can be introduced in mathematics lessons, and which
ones require further consideration for their application.

Some main topics: development of geometric understanding, problem-solving ability, application of learning
techniques, assessment theory, international surveys, etc.

Required reading (including chapters of the following works):

Suurtamm, C., Thompson, DR, Kim, RY, Moreno, LD, Sayac, N., Schukajlow, S., Silver, E., Ufer, S., Vos,
P. (2016) Assessment in Mathematics Education, Large-Scale Assessment and Classroom Assessment,
Springer Open, DOI 10.1007/978-3-319-32394-7

John Dunlosky, Katherine A. Rawson, Elizabeth J. Marsh, Mitchell J. Nathan, Daniel T. Willingham, (2013)
Improving Students' Learning With Effective Learning Techniques: Promising Directions From Cognitive
and Educational Psychology, Psychol Sci Public Interest

Singer, Florence Mihaela, Ellerton, Nerida F., Cai, Jinfa (Eds.) (2016) Mathematical Problem Posing From
Research to Effective Practice, Springer Science+busines Media New York
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MAT/468 Discrete Mathematics
6 credits, theory, cannot be repeated
Peter Csikvari

Brief description of the subject:

° Spectral graph theory: eigenvector of largest eigenvalue, pseudo-random graphs, strongly regular
graphs, Laplace matrix and spanning tree counting

° Combinatorial Nullstellensatz and its applications

° Probability method: expected value method, improved randomness, second moment method, Erdés-
Rényi random graph, threshold functions

° Generating functions, Stirling numbers of the first and second kind, “snake oil” method

° Extremal graph theory: Bondy-Simonovits theorem

Literature

- Péter Csikvari: Discrete mathematics lecture note
- Andries Brouwer and Willem Haemars: Spectra of Graphs, Springer
- Noga Alon and Joel Spencer: The Probabilistic method, Wiley

MAT/469 Discrete Mathematics
6 credits, internship, cannot be repeated

Peter Csikvari

Brief description of the subject:

° Spectral graph theory: eigenvector of largest eigenvalue, pseudo-random graphs, strongly regular
graphs, Laplace matrix and spanning tree counting

° Combinatorial Nullstellensatz and its applications

° Probability method: expected value method, improved randomness, second moment method, Erd&s-
Rényi random graph, threshold functions

° Generating functions, Stirling numbers of the first and second kind, “snake oil” method

) Extremal graph theory: Bondy-Simonovits theorem

Literature

- Péter Csikvari: Discrete mathematics lecture note
- Andries Brouwer and Willem Haemars: Spectra of Graphs, Springer
- Noga Alon and Joel Spencer: The Probabilistic method, Wiley

MAT/470 Numerical methods for ordinary differential equations II.
6 credits, theory, cannot be repeated
Istvan Farago

Brief description of the subject: Investigation of multi-step methods for solving Cauchy problems. Adams-
type methods, BDF methods. Absolute stability properties, Dahlquist order limits. . Numerical solution of
two-point boundary value problems with finite differences and the injection methods.

Literature:
1. Istvan Faragd Numerical modeling and numerical solution methods of indifferent differential equations,
(http://faragois.web.elte.hu//jegyzet_Szeged.pdf, In English: http://faragois.web.elte.hu//ODE_angol.)

2. Ernst Hairer, Gerhard Wanner, Syvert P. Ngrsett. Solving Ordinary Differential Equations I Nonstiff
Problems, Springer, 1993.

MAT/471 Quantum Computing
12 credits, theory+practice, cannot be repeated
Andras Gilyen
132



Theory/practice: theory + practice (2 hours of lecture + 2 hours of practice / week)
Required/-: -, cannot be repeated

Brief description of the subject:

-Quantum mechanics postulates about finite dimensional systems
-Computational model of quantum logic circuits

-Deutsch-Jézsa, Simon and Bernsen-Vazirani algorithms

-Shor's factorization algorithm and the quantum Fourier transform
-Grover search algorithm and amplitude amplification

-Efficient simulation of Hamiltonian dynamics

-Quantum lower bounds and quantum complexity theory
-Quantum encryption

-Entanglement and non-locality

-Quantum error correction and fault-tolerant computing methods

Literature:

Michael A. Nielsen and Isaac L. Chuang. Quantum computation and quantum information. Cambridge
University Press, 2000. http://dx.doi.org/10.1017/CB09780511976667

Ronald de Wolf. Quantum Computing: Lecture Notes, 2019. https://arxiv.org/abs/1907.09415

MAT/472 Stein manifolds
6 credits, theory, cannot be repeated
Robert Szoke

Brief description of the subject: Introduction to the theory of Stein manifolds

Course content:
Plurisubharmonic functions, Lévi problem, embedding theorems, coherent sheaves, Cartan's A and B
theorems, Grauert's finiteness theorem, topology of Stein manifolds.

Literature:

1: Siu: Pseudoconvexity and the problem of Levi (Bull. Of the AMS, Vol 84, No4, 1978, p481-512)

2: Hérmander: An introduction to complex analysis in several variables, 3rd ed., North Holland, 1990

3: M. Range: Holomorphic functions and integral representations in several complex variables, Sringer 1986
4:M. Field: Several complex variables and complex manifolds (LMS lect note series 66, CUP, 1999)

MAT/473 Advanced Deep Learning
6 credits, internship, cannot be repeated
Andras Lukacs

Course description:

Deep Learning basic concepts: gradient method and back propagation. Convolutional networks. Deep
networks: batch normalization, ResNet. Generative modeling: autoencoders, Variational Autoencoders,
Generative Adversarial Networks. Natural language processing (NLP), representations. Recurrent networks,
LSTM, GRU. Attention, Transformer, BERT. Reinforcement learning. Self supervised learning. Deep
Learning programming basics, Tensorflow, Keras, Pytorch.

Textbook

Goodfellow, Ian, Yoshua Bengio, and Aaron Courville. Deep Learning. MIT Press, 2016.
https://www.deeplearningbook.org/

Aston Zhang, Zachary C. Lipton, Mu Li, and Alexander J. Smola. Dive into Deep Learning. 2020
https://d21.ai/
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MAT/474 Perfectoid spaces
6 credits, theory, cannot be repeated
Gergely Zabradi

Brief description of the subject:

Perfectoid spaces were introduced by Peter Scholze (who has since won the Fields Medal) in 2012. They are
arithmetic geometric objects whose original main purpose was to apply methods with p-characteristics to
certain algebraic geometric questions arising from number theory in 0-characteristics. The main applications
of the theory are in the field of the Langlands program, but the Deligne weight-monodromy conjecture on
hypersurfaces of projective space was proved by Scholze in 2012, and the direct addition conjecture in
commutative algebra, which has existed since 1973, was also proved by André in 2018 using perfectoid
spaces. Topics:

. adic spaces (Huber)

. perfectoid bodies and rings

. tilt equivalence, “almost purity” for étale covers
. application to p-adic Galois representations

. diamonds, diamond assigned to adic space

. stuccos and their legs

. Drinfeld's lemma for diamonds

. backsliding and the Fargues-Fontaine curve
Literature:

Peter Scholze and Jared Weinstein. Berkeley lectures on p-adic geometry. Annals of mathematics studies
207, 2020. https://people.mpim-bonn.mpg.de/scholze/Berkeley.pdf

Kiran Kedlaya. Sheaves, stacks and shtukas, in: Perfectoid Spaces: Lectures from the 2017 Arizona Winter
School, Mathematical Surveys and Monographs 242, AMS, 2019, https://kskedlaya.org/papers/aws-notes.pdf
Matthew Morrow. Foundations of perfectoid spaces, lecture notes,
https://people.math.harvard.edu/~lurie/ffcurve/Lecture6-8-Perfectoid.pdf

MAT/475 Introduction to Numerical Methods in Fluid Dynamics
6 credits, theory, cannot be repeated
John Karatson

Brief description of the subject:

The partial differential equations of fluid dynamics describe models that appear in many applications and are
widely studied. In addition to the well-known Navier-Stokes and Euler equations, their subproblems are also
worthwhile, and their numerical solution methods therefore represent important knowledge in applied
mathematics. The course provides insight into the theory and implementation of these methods. The topics
covered are:

. Some basic equations and sub-problems of fluid dynamics.

. Finite element solution of stationary linear convection-diffusion problems (non-symmetric elliptic
PDEs), SDFEM method.

. Iterative methods for non-symmetric problems.

. The Stokes problem: theoretical background, saddle point problems, finite element solution, inf-sup
condition. Uzawa algorithm.

. The Navier-Stokes problem, linearization.

. Time-dependent tasks: review of conservation laws.

. Conservative schemes, Lax—Wendroff theorem. Monotone schemes and their properties.

. Lax-Friedrichs and Godunov scheme.

. Numerical solution of Burgers equation and Euler equations.

Recommended literature:
- Horvath R., Izsdk F., Karatson J.: Numerical methods of partial differential equations with computer
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applications, electronic note, 2013.

— Elman, HC, Silvester, DJ, Wathen, AJ, Finite Elements and Fast Iterative Solvers: with Applications in
Incompressible Fluid Dynamics, Numerical Mathematics and

Scientific Computation, Oxford University Press, New York, 2005.

—R. LeVeque: Numerical Methods for Conservation Laws, ETH Lecture Notes, Birkhduser, 1995.

MAT/476 Introduction to Optimal Transportation Theory
6 credits, theory, cannot be repeated
Secret Thomas

Brief description of the subject:

The aim of the doctoral course is to provide an introduction to the theory of optimal transportation (OT). The
history of OT dates back to the 18th century, to the work of Gaspard Monge. The rebirth of the topic can be
attributed to Leonid Kantorovich, who received the Nobel Prize in Economics for his research on the topic.
In the last two decades, Cedric Villani and Alessio Figalli have also won Fields Medals for their pioneering
work in the field. Optimal transportation can be applied in many fields, from mathematics to data science to
physics. Its effectiveness is largely due to the beautiful geometric properties of the Wasserstein metric
derived from optimal transportation plans. Due to its wide applicability, the basics of this topic are worth
learning even for mathematicians who are not specifically involved in this field.

The topics covered are:

- The Monge problem

- The Kantorovich problem

- The Kantorovich—Rubinstein duality

- Necessary and sufficient optimality conditions

- Existence and applications of optimal transport mappings

- The metric side of optimal transport

- Optimal transport on the number line

- Geometry of Wasserstein spaces

- Analysis on metric spaces and dynamic formulation of optimal transport

- Gradient currents

Recommended literature:

[1] L. Ambrosio, N. Gigli, G. Savare, Gradient Flows: In Metric Spaces and in the Space of Probability
Measures (Lectures in Mathematics. ETH Zurich).

[2] L. Ambrosio, E. Brué, D. Semola, Lectures on Optimal Transport, Springer Nature, La Matematica per il
3+2, 2021.

[3] A. Figalli, F. Glaudo, An invitation to optimal transport, Wasserstein distances, and gradient flows. EMS
Textbooks in Mathematics. EMS Press, Berlin, 2021.

MAT/477 Measurement Theory
6 credits, theory, cannot be repeated
Csaba Csapodi

Brief description of the subject:

The aim of the course is for participants to gain in-depth theoretical and practical knowledge in the field of
pedagogical measurement. The topics include the basics of measurement theory, the concepts of validity and
reliability, the design and application of measurement tools, and the statistical analysis of test results. Special
emphasis is placed on ability and competence measurements, diagnostic and adaptive measurements, and
inclusive and ethical approaches. Students can also try out what they have learned in practice, by developing
and evaluating their own measurement tools. The course contributes to the conscious and scientific
application of pedagogical measurement tools and to the deepening of research competencies.

The main topics:
. Introduction to measurement theory
. Theoretical foundations of measurement
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. Measurement scales and data

. Basics of test theory

. Validity and reliability

. Design of pedagogical measurements

. Evaluation of measurements and interpretation of results
. Pedagogical diagnostics and adaptive measurements

. Ability measurement and competency assessment

. Ethical issues and inclusive measurements

. Research in the field of pedagogical measurements

Recommended reading

1. Aiken, LR (2009). Psychological Testing and Assessment. Pearson Education.

2. Nitko, AJ, & Brookhart, SM (2010). Educational Assessment of Students. Pearson, New York.

3. Csapodi Csaba (2017). Analysis of the mathematics graduation exam. Doctoral thesis, University of
Debrecen.

4. OECD reports (e.g. PISA, TALIS).

5. Analyses of Hungarian measurements (competence assessment, high school leaving exam)

MAT/478 Statistical learning theory and kernel methods
6 credits, theory, cannot be repeated
Cséji Balazs Csanad

Brief description of the subject:

Kernel methods are fundamental tools of nonparametric statistics and statistical learning theory. Typical
applications include classification, regression, density function estimation and dimension reduction.
Reproducing kernel Hilbert spaces (RKHS) are of particular importance in terms of their theoretical
foundations. The aim of the course is to provide an introduction to statistical learning theory and the theory
of kernel methods, with particular attention to supervised and unsupervised (machine) learning approaches.
The core material to be acquired:

Reproducing kernel Hilbert spaces (RKHS). Moore-Aronszajn theorem. Minimum norm interpolation.
Representation theorem with regularization. Mercer's theorem. Vector-valued RKHS. Operator-valued
kernels. Nonparametric estimation of regression function. Bias vs variance. Kernel trick: kernelization of
statistical and machine learning methods. Kernelized linear and logistic regression. Kernelized support
vector classification and regression. Kernel principal component analysis. Weak and strong consistency.
Stone's theorem. Recursive kernel regression. Concentration inequalities, e.g., McDiarmid, empirical
Bernstein. Uniform stability. Guarantees for generalization, PAC bounds. Bochner integral. Universal and
characteristic kernels. Embedding conditional probability distributions in RKHS.

Literature:

1. Berlinet, A. & Thomas-Agnan, C.: Reproducing Kernel Hilbert Spaces in Probability and Statistics,
Kluwer Academic Publishers, 2004

2. Scholkopf, B., & Smola, AJ: Learning with Kernels, The MIT Press, 2002

3. Paulsen, VI & Raghupathi, M.: An Introduction to the Theory of Reproducing Kernel Hilbert Spaces,
Cambridge University Press, 2016

4. Cucker, F. & Zhou, DX: Learning Theory, Cambridge University Press, 2007

5. Gyorfi, L., Kohler, M., Krzyzak, A. & Walk, H.: A Distribution-Free Theory of Nonparametric
Regression, Springer Series in Statistics, Springer, 2002

MAT/479 Markov decision processes and reinforcement learning
6 credits, theory, cannot be repeated
Cséji Balazs Csanad

Brief description of the subject:
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Markov decision processes (MDPs) are models of sequential (state and cost feedback) decision-making in
uncertain and dynamically changing environments. MDPs form the theoretical foundations of reinforcement
learning, a major branch of machine learning, but MDPs are also widely used in many other areas, such as
control theory and financial mathematics. The aim of the course is to introduce the basic models of MDPs
(e.g., stochastic shortest path, discounted and ergodic costs, multi-armed robber problems) and their solution
methods, including model-independent reinforcement learning algorithms. The core material to be mastered:

Discrete and Borel Markov Decision Processes (MDPs). Control policies (strategies) and evaluation
functions. Bellman operators and Bellman equations. Finite-horizon, stochastic shortest path, discounted and
average-cost problems. Monotonicity and contraction properties. Blackwell optimality. Dynamic
programming in discrete and Borel MDPs. Demonstrative examples: asset disposal, inventory management,
and linear-quadratic regulator. Value iteration and its variants. Policy iteration and its variants. Linear
programming for finite MDPs. Model-independent reinforcement learning methods. Monte Carlo policy
evaluation. SARSA, TD and Q-learning. Discovery-exploitation dilemma. Stochastic multi-armed robber
problems. UCB and its variants. Fundamentals of stochastic approximation.

Literature:

1. Béuerle, N. & Rieder, U.: Markov Decision Processes with Applications to Finance, Springer, 2011
2. Bertsekas, DP: Dynamic Programming and Optimal Control, 4th, Athena Scientific, 2017

3. Feinberg, AE & Shwartz, A.: Handbook of Markov Decision Processes, Kluwer, 2002

4. Bertsekas, DP, & Tsitsiklis, JN: Neuro-Dynamic Programming, Athena Scientific, 1996

5. Lattimore, T., & Szepesvari, Cs.: Bandit Algorithms, Cambridge University Press, 2018

MAT/480 Partitions (the Banach-Tarski paradox) 1
6 credits, theory, cannot be repeated
Miklos Laczkovich

Brief description of the subject:

The Banach-Tarski paradox is one of the most surprising results in mathematics. It states that

A three-dimensional sphere can be divided into a sphere twice its size with a finite number of parts:

or more generally, that any two bounded sets in space can be partitioned into each other if

the interior of sets is not empty. In fact, the Banach-Tarski paradox is just one of those

paradoxes that cast the "paradox of the infinite" into geometric form, and which

Discovered by Felix Hausdorff, members of the Polish school, and John von Neumann between 1912 and
1929.

The real significance of these lies in the close relationship between invariant measures

The exact relationship is described by Tarski's theorem, which states that, in a very general way,

In this sense, the impossibility of transposition paradoxes is equivalent to the impossibility of invariant
measures.

The attraction of the topic — beyond the interesting paradoxes — is partly due to the fact that

its tools cover many areas (set theory, measure theory, geometry, algebra, discrete

mathematics, number theory) more than once in a single proof.

Literature:

G. Tomkowicz and S. Wagon: The Banach-Tarski paradox. Second edition. Encyclopedia of
Mathematics and its Applications, 163. Cambridge University Press, New York, 2016.

M. Laczkovich, Paradoxes in measure theory. In: Handbook of Measure Theory. Elsevier,
2002. Vol. I, 83-123.

MAT/481 Partitions (the Banach-Tarski paradox) 2
6 credits, theory, cannot be repeated
Miklos Laczkovich

Brief description of the subject:
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The Banach-Tarski paradox is one of the most surprising results in mathematics. It states that

A three-dimensional sphere can be divided into a sphere twice its size with a finite number of parts:
or more generally, that any two bounded sets in space can be partitioned into each other if

the interior of the sets is not empty. In fact, the Banach-Tarski paradox is just one of those
paradoxes that cast the "paradox of the infinite" into geometric form, and which

Discovered by Felix Hausdorff, members of the Polish school, and John von Neumann between 1912 and

1929.
The real significance of these lies in the close relationship between invariant measures
The exact relationship is described by Tarski's theorem, which states that, in a very general way,

In this sense, the impossibility of transposition paradoxes is equivalent to the impossibility of invariant

measures.

with its existence.

The appeal of the topic — beyond the interesting paradoxes — is partly due to the fact that

its tools cover many areas (set theory, measure theory, geometry, algebra, discrete

mathematics, number theory) more than once in a single proof.

The lecture also discusses the problem of so-called circular squaring. The background to this is that
since there exists a finitely additive measure in the plane that is invariant to congruences

so there is no equivalent to the Banach-Tarski paradox: if two figures can be cut

into each other, then their areas are equal. “Squaring” is the reverse of this: if two

the area of the shapes is equal, then - under weak conditions regarding the boundaries of the shapes -
the two shapes can be cut into each other. In recent decades, this statement has become increasingly
found a sharper form. The first result did not serve for the parts of the resolutions

Later it was discovered that the division is also possible with measurable parts, and today

we already know that parts can be Borel measurable (if the sets themselves are, again

provided their borders are nice enough).

Literature:

G. Tomkowicz and S. Wagon: The Banach-Tarski paradox. Second edition. Encyclopedia of
Mathematics and its Applications, 163. Cambridge University Press, New York, 2016.

M. Laczkovich, Paradoxes in measure theory. In: Handbook of Measure Theory. Elsevier,

2002. Vol. I, 83-123.

MAT/482 Differential Topology I.
6 credits, theory, cannot be repeated
Tamas Terpai

Brief description of the subject:

Whitney embedding theorems.

Homotopic long exact series.

Fibrated sheaves, a long exact sequence of fibrations.
Jet beams, jet transversality theorem.

Morse theory.

Cobordism.

Pontryagin-Thom construction.

Literature:

Allen Hatcher: Algebraic topology
MAT/483 Differential Topology II.
6 credits, theory, cannot be repeated

Tamas Terpai

Brief description of the subject:
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Eilenberg-MacLane spaces, obstruction theory.

Application: every controllable 3-manifold can be parallelized.
Hirsch theorem, compression/straightening theorem. Smale invariant.
Stable homotopic groups of spheres, Arf-invariant, j-homomorphism.
Whitney trick, h-cobordism theorem.

Cobordism and characteristic numbers.

Exotic sphere construction.

Literature:

J. Milnor: Lectures on the h-cobordism theorem, notes by L. Siebenmann and J. Sondow, Princeton
University Press, Princeton, NJ, 1965.

MAT/484 Homology
6 credits, theory, cannot be repeated
Laszlo Feher

Brief description of the subject:

Topological spaces are singular

its homology groups and cohomology ring. Basic properties.
Homology of Cw complexes,

applications: non-zero divisor algebras

Literature:

Laszl6 Fehér: Homology note

Allen Hatcher. Algebraic topology. 2002

MAT/485 Vector Sheaves and Characteristic Classes
6 credits, theory, cannot be repeated
Laszlo Feher

Brief description of the subject:

Vector sheaves, principal $G$-sheaves,

control, Thom class, classification spaces

characteristic classes,

Poincaré duality, cohomology class of a subset.

applications: Immersions of projective spaces, some counting problems from algebraic geometry.

Literature:

Laszl6 Fehér: Characteristic classes note

Allen Hatcher. Algebraic topology. 2002

Allen Hatcher. Vector Bundles and K-theory. 2009

John Milnor and James D. Stasheff: Characteristic Classes
https://aareyanmanzoor.github.io/assets/books/characteristic-classes.pdf

MAT/486 Measurable Combinatorics
6 credits, theory, cannot be repeated
Zoltan Vidnyanszky

Brief description of the subject:

In recent years, the study of infinite definable graphs has become a very active field, closely related to
combinatorics, descriptive set theory, group theory, and even the study of distributed computer networks.
Among the most important results in this field are the study of measurable quadrature, cost theory, and Borel
chromatic numbers. The aim of the course is to provide an introduction to this topic.
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Topics to be covered in the course:

-Borel chromatic numbers, introduction

-Borel combinatorics and the LOCAL model
-Graphings, pairings, the Lyons-Nazarov theorem
-The G_0 Dichotomy and its Applications

-Borel equivalence relations

-Infinite games, Marks' theorem

Literature:

1. Kechris, AS, & Marks, AS (2016). Descriptive graph combinatorics. preprint, 2020(9).

2. Bernstein, A. (2022). Descriptive combinatorics and distributed algorithms. Notices of the American
Mathematical Society, 69(9).

3. Marks, AS (2022). Measurable graph combinatorics. In Proc. Int. Cong. Math (Vol. 3, pp. 1488-
1502).

MAT/487 Why is the integral of (sin x)/x not an elementary function?
6 credits, theory, cannot be repeated
Miklos Laczkovich

Brief description of the subject:

It is known that methods for calculating indefinite integrals do not always lead to

result if the indefinite integral of several elementary functions fails

to find a formula. It was only in the 19th century, following the work of Liouville, that it became clear that
indeed there are elementary functions whose integral is not elementary. Liouville complex

He used functionalist methods to prove this. Regarding Liouville's theory

Ostrowski first applied algebraic methods in the 1940s, followed by M. Rosenlicht

In 1968, using purely algebraic methods, he showed that Liouville's theorems

are also valid among differentiated bodies. Rosenlicht's theory has been generalized by many people, and
simplified. In the lecture we will present this algebraic theory with the necessary algebraic

together with background (field extensions, Galois theory, differential fields).

Literature:

M. Rosenlicht, Liouville's theorem on functions with elementary integrals, Pacific J. Math. 24

(1968), 153-161.

Manuel Bronstein: Symbolic Integration I. Springer, 2005

MAT/488 Polygon puzzles
6 credits, theory, cannot be repeated
Miklos Laczkovich

Brief description of the subject:

The topic of the transversability of polygons begins with ancient Greek mathematics. Euclid

proves area equalities by means of transpositions (parallelograms, triangles

area, Pythagoras' theorem). The area of a regular 12-gon can be determined similarly (this is the famous
Kiirschak's division). The equality of areas of polygons can always be proven

by resection (this is the Bolyai-Gerwien theorem).

We get to interesting questions if we consider either the parts or the applied transformations.

Which pairs of polygons can be cut into each other only by using shifts? This

This problem leads to the introduction of invariants, which are useful in many applications. An invariant
Max Dehn answered Hilbert's question by saying that a tetrahedron is always

can be cut into a cube with polyhedral parts. The constraints related to the parts

questions: Which pairs of rectangles can be cut into each other with square parts? Can they be split?

a square (or more generally a regular polygon) similar to (or equivalent to) a given triangle

congruent) parts? Here we encounter many unanswered questions.

The number of parts in the decompositions also raises many questions. What k can be decomposed into?
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every (some) triangle can be decomposed into k similar triangles? What k can each triangle be decomposed
into?

(a) triangle k into a congruent triangle? If we also know about the congruent parts

assuming they are similar to the original triangle, then the number of parts shows that

whether it is just a square number, the sum of two squares, or three times a square number

Similar questions sometimes lead to deep number theory problems.

A shape P is called self-similar if it can be decomposed into parts that are similar to P.

If we also assume that the parts are congruent, then we say that P

reptile, which is short for replicative tiling. Self-similar shapes and

The study of reptiles is partly based on entertainment mathematics and partly on dynamic

motivated by the theory of systems. There are many unanswered questions about convex shapes.
Every convex self-similar set is a polygon, namely a triangle, a quadrilateral, or a pentagon.

However, the definition of self-similar quadrilaterals is still open, and it has long been

It is still unresolved whether there is a self-similar convex pentagon. Convex reptiles are still

more mysterious: we only know of five convex reptiles that are not triangles or

parallelogram, and we don't know if there are more, or if there are only a finite number of such shapes
does it exist?

Literature:

GN Frederickson: Dissections. Cambridge University Press, 1997.

M. Laczkovich: Conjecture and proof. Mathematical Association of America, 2001.

MAT/489 Real-life curiosities of function theory
6 credits, theory, cannot be repeated
Miklos Laczkovich

Brief description of the subject:

The purpose of the presentation is to present results that are not included in the regular

in the curriculum, but which are interesting, important, and (in the lecturer's opinion) an informed
should be part of the general knowledge of a mathematician. Topics from which the lecture will be
selected: Descartes's rule of symbols; real applications of the category theorem in physics; on
examining continuous functions that take on each value at most k times,

or whose graph intersects every line in at most k points; Blumberg's theorem

(every real function is continuous restricted to a suitable dense set); the monotonicity

theorem; additive functions and the difference property; Sturm's theorem for the roots of polynomials
localization; orders of magnitude; order of magnitude of logarithmic-exponential functions (du
Bois-Reymond's theorem); Tarski's theorem on the decidability of the first-order theory of real numbers;
algebraic differential equations; generation of multivariable continuous functions;

with functions (Kolmogorov's theorem).

Literature:

Gyorgy Pdélya and Gabor Szegd: Problems and theorems from the field of analysis I-II. Textbook Publisher,
1980.

L. Garding: Some points of analysis and their history. Univ. Lecture Ser., 11. American

Mathematical Society, 1997.

RP Boas: A primer of real functions. Fourth edition. Carus Math. Monogr., 13

Mathematical Association of America, 1996.

MAT/490 Selected Chapters from Analysis
6 credits, internship, cannot be repeated
Martin Elekes

Brief description of the subject:

Hausdorff measure and Hausdorff dimension. The relation between Lebesgue and Hausdorff measure. The
relation between arc length and 1-dimensional Hausdorff measure. Hausdorff metric. Self-similar sets,
fractals. Haar measure, existence and uniqueness. Pontryagin duality and the structure of locally compact
groups. Abstract Fourier analysis. Ergodicity of shifts of a compact group. Generalization of Haar zero-
measure to non-locally compact groups. Typical (generic) objects. Lipschitz functions, Rademacher and
Kirszbraun theorems.
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Recommended literature:
KJ Falconer: The Geometry of Fractal Sets, CUP, 1985
Miklés Laczkovich: Real function theory (university notes), ELTE Budapest, 1995
PR Halmos: Measure Theory, Thought, 1984.

The complex exam subjects of the Doctoral School of Mathematics for those starting their studies in
September 2025:

- objects:

Applied Mathematics as a major subject -:
. Stochastics (Probability)

1
2. Stochastics (Statistics)

3. Stochastics (Stochastic processes)

4. Operations Research (Combinatory Optimization)

5. Operations Research (Discrete Optimization and its Applications)
6. Operations Research (Continuous Optimization)

7. Numerical methods

8. Ordinary differential equations

9. Partial differential equations

10. Functional analysis

11. Data Science and Machine Learning

Applied Mathematics as a minor subject -:
. Nonparametric methods

2. Statistical analysis of time series

3. Multidimensional statistical methods

4. Analysis of lifespan data

5. Probability measures, random variables
6

7

8

—

. Sums of independent random variables

. Martingale Theory

. Information theory
9. Markov chains, Markov processes
10. Stationary processes
11. Independent incremental processes
12. Linear Programming
13. Nonlinear programming
14. Stochastic programming
15. Game Theory
16. Polyhedral combinatorics
17. Combinatorial algorithms
18. Combinatorial optimization structures
19. Integer Programming
20. Scheduling Theory and Production Control
21. Approximation algorithms
22. Interpolation, approximation of functions
23. Numerical solution of equations and systems of equations
24. Numerical solution of ordinary differential equations
25. Numerical solution of partial differential equations
26. Classical theory of ordinary differential equations and dynamical systems
27. Bifurcation theory, chaos, operator semigroups
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28. Distributions and Sobolev spaces

29. Linear partial differential equations

30. Nonlinear partial differential equations

31. Some basic concepts and theorems of functional analysis
32. Linear operators in Hilbert spaces

33. Nonlinear and numerical functional analysis

34. Topological vector spaces, Banach algebras, harmonic analysis
35. Data Mining

36. Statistical learning theory

37. Deep Learning

38. Big Data Methods

Theoretical mathematics as a major and minor subject - (with different topics, see subject descrip-

tions):

. Analysis (Real function theory)

. Analysis (Complex functions)

. Analysis (Differential equations)

. Analysis (Functional Analysis)

. Geometry (Differential geometry)

. Geometry (Topology)

. Geometry (Discrete, combinatorial, finite and convex geometry)
. Stochastics (Probability)

9. Stochastics (Stochastic processes)
10. Stochastics (Statistics)

11. Algebra

12. Number Theory

13. Discrete mathematics

14. Set theory and mathematical logic
15. Combinatorial optimization

ONOOUT A WN -

In the Mathematics Didactics program:

- the main subject for everyone is Mathematics Didactics,

- minor subject: any minor subject chosen from the list of applied mathematics and theoretical
mathematics programs.

KNOWLEDGE TESTING SYSTEM

In the Doctoral School of Mathematics, credit points can be earned for study and research activities,
reports, and teaching activities. The completion of courses is evaluated by the subject lecturer on a
five-point scale (1-2-3-4-5) (merit grade) and recorded in the Neptun system. Research activities are
evaluated by the supervisor on a three-point scale (excellent pass; pass; fail).

The completion of credits is recorded by entering them in the Neptun system.

a) Attending contact classes. 3 credits can be earned by attending one contact class and the corre-
sponding exam. During the 8 semesters of the program, each student must earn at least 48 credit
points for attending contact classes, of which at least 24 credits of compulsory subjects are required
for doctoral students in the Theoretical Mathematics program. The

For doctoral students in the Mathematics Didactics program, 24 credits are required to be taken in
the field of mathematics didactics.
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b) Reading courses. The reading course is conducted under the guidance and supervision of the su-
pervisor. A total of 48 credits (maximum 6 per semester) can be earned for completing the reading
courses over the 8 semesters. In the research and dissertation phase, the reading course is listed as a
research reading course.

c) Supervised research work. Supervised research work is research conducted under the supervision
of a supervisor. A maximum of 9 credits per semester can be earned for supervised research work in
the first two years and a maximum of 10 credits per semester in the third and fourth years.

d) Reports. Doctoral students report on their annual performance in the first, third and fourth years
of the Doctoral School of Mathematics. The first annual report is worth 10 credits, and the third and
fourth year reports are worth 15 credits each.

e) Teaching credits. 4 credits can be obtained for teaching a 2-hour course (practicum) per week for
one semester. During the training and research phase (first 4 semesters), a total of 16 credits can be
awarded for teaching. In exceptional cases, credits may also be awarded for other teaching work
(e.g., proofreading of papers).

f) Conference participation. For exhibiting a poster/giving a presentation at an international confer-
ence 4/8

credits can be obtained. 2/4 credits can be obtained for the same at a Hungarian-language confer-
ence. One-week

6 credits can be earned for participating in a workshop.

g) Publications. For each publication containing new scientific results, which is published or ac-
cepted in an international, world-language and refereed journal, 10 credits can be earned. For up-
loading a publication containing new scientific results to ArXiv, 2 credits are awarded for the super-
visor's recommendation.

All doctoral students are required to obtain at least 108 credits by the end of the 4th semester of the
8-semester program.

In the second cycle of the training (i.e. in the 3rd and 4th years), all doctoral students are required to
obtain a total of at least 28 credits from the credits described in points e), f), g) above.

Partial training, retakes, and credit transfer are carried out using the procedures described in points
2-3 above.

A maximum of 30 percent of study credits can be obtained through deferral, while a maximum of
50 percent of credits can be obtained through credit transfer.

Prior performance cannot generally be taken into account during organized doctoral training. Any
exceptions will be decided by the Council of the Doctoral School of Mathematics upon request.
The defense requires a preliminary discussion at the research site or, in the absence of such, a writ-
ten evaluation and recommendation from the supervisor.
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