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DEAN'S WELCOME

Welcome to the Faculty of Science and Technology!

This is an exciting time for you, and I encourage you to take advantage of all that the Faculty
of Science and Technology UD offers you during your bachelor’s or master's studies. I hope
that your time here will be both academically productive and personally rewarding

Being a regional centre for research, development and innovation, our Faculty has always
regarded training highly qualified professionals as a priority. Since the establishment of the
Faculty in 1949, we have traditionally been teaching and working in all aspects of Science and
have been preparing students for the challenges of teaching. Our internationally renowned
research teams guarantee that all students gain a high quality of expertise and knowledge.
Students can also take part in research and development work, guided by professors with vast
international experience.

While proud of our traditions, we seek continuous improvement, keeping in tune with the
challenges of the modern age. To meet the demand of the job market for professionals, we offer
engineering courses with a strong scientific basis, thus expanding our training spectrum in the
field of technology. Based on the fruitful collaboration with our industrial partners, recently,
we successfully introduced dual-track training programmes in our constantly evolving
engineering courses.

We are committed to providing our students with valuable knowledge and professional work
experience, so that they can enter the job market with competitive degrees. To ensure this, we
maintain a close relationship with the most important national and international companies. The
basis for our network of industrial relationships are in our off-site departments at various
different companies, through which market participants - future employers - are also included
in the development and training of our students.

Prof. dr. Ferenc Kun
Dean



UNIVERSITY OF DEBRECEN

Date of foundation: 1912 Hungarian Royal University of Sciences, 2000 University of
Debrecen

Legal predecessors: Debrecen University of Agricultural Sciences; Debrecen Medical
University; Wargha Istvan College of Education, Hajdubdszormény; Kossuth Lajos University
of Arts and Sciences

Legal status of the University of Debrecen: state university
Founder of the University of Debrecen: Hungarian State Parliament

Supervisory body of the University of Debrecen: Ministry of Education

Number of Faculties at the University of Debrecen: 13
Faculty of Agricultural and Food Sciences and Environmental Management
Faculty of Child and Special Needs Education

Faculty of Dentistry

Faculty of Economics and Business

Faculty of Engineering

Faculty of Health

Faculty of Humanities

Faculty of Informatics

Faculty of Law

Faculty of Medicine

Faculty of Music

Faculty of Pharmacy

Faculty of Science and Technology

Number of students at the University of Debrecen: 30,899

Full time teachers of the University of Debrecen: 1,597

210 full university professors and 1,262 lecturers with a PhD.



FACULTY OF SCIENCE AND TECHNOLOGY

The Faculty of Science and Technology is currently one of the largest faculties of the University
of Debrecen with about 2,500 students and more than 200 staff members. The Faculty has got
6 institutes: Institute of Biology and Ecology, Institute of Biotechnology, Institute of Chemistry,
Institute of Earth Sciences, Institute of Physics and Institute of Mathematics. The Faculty has a
very wide scope of education dominated by science and technology (12 Bachelor programs and
14 Master programs), additionally it has a significant variety of teachers’ training programs.
Our teaching activities are based on a strong academic and industrial background, where highly
qualified teachers with a scientific degree involve student in research and development projects
as part of their curriculum. We are proud of our scientific excellence and of the application-
oriented teaching programs with a strong industrial support. The number of international
students of our faculty is continuously growing (currently ~760 students). The attractiveness of
our education is indicated by the popularity of the Faculty in terms of incoming Erasmus
students, as well.

THE ORGANIZATIONAL STRUCTURE OF
THE FACULTY

Dean: Prof. Dr. Ferenc Kun, Full Professor
E-mail: ttkdekan@science.unideb.hu

Vice Dean for Educational Affairs: Prof. Dr. Gabor Kozma, Full Professor
E-mail: kozma.gabor@science.unideb.hu

Vice Dean for Scientific Affairs: Prof. Dr. Sandor Kéki, Full Professor
E-mail: keki.sandor@science.unideb.hu

Consultant on External Relationships: Prof. Dr. Attila Bérczes, Full Professor
E-mail: berczesa@science.unideb.hu

Consultant on Talent Management Programme: Prof. dr. Tibor Magura, Full Professor
E-mail: magura.tibor(@science.unideb.hu

Dean's Office
Head of Dean's Office: Mrs. Katalin Kozma-Toth
E-mail: toth.katalin@science.unideb.hu

English Program Officer: Mrs. Alexandra Csatary
Address: 4032  Egyetem tér 1., Chemistry Building, A/101, E-mail:
acsatary(@science.unideb.hu




DEPARTMENTS OF INSTITUTE OF MATHEMATICS

Department of Algebra and Number Theory (home page:

https://math.unideb.hu/en/introduction-department-algebra-and-number-theory)

4032 Debrecen, Egyetem tér 1, Geomathematics Building

Name Position E-mail room

Prof. Dr. Attila University Professor, | berczesa@science.unideb.hu M415
Bérczes Head of Department
Prof. Dr. Istvan Gaal | University Professor gaal.istvan@unideb.hu M419
Prof. Dr. Lajos University Professor hajdul@science.unideb.hu M416
Hajdu
Prof. Dr. Akos Pintér | University Professor apinter@science.unideb.hu M417
Prof. Dr. Szabolcs University Professor tengely@science.unideb.hu M415
Tengely
Dr. Gabor Nyul Associate Professor gnyul@science.unideb.hu M405
Dr. Istvan Pink Associate Professor pinki@science.unideb.hu M405
Dr. Andras Bazso Assistant Professor bazsoa@science.unideb.hu M407
Dr. Noéra Gyorkos- Assistant Professor nvarga@science.unideb.hu M417
Varga
Dr. Gabriella Racz Assistant Professor racz.gabriella@science.unideb.hu M404
Dr. Laszl6 Remete Assistant Professor remete.laszlo@science.unideb.hu M406
Ms. Timea Arnéczki | PhD student arnoczki.timea@science.unideb.hu M404
Ms. Orsolya Herendi | PhD student herendi.orsolya@science.unideb.hu M407
Mr. Agoston Papp PhD student papp.agoston@science.unideb.hu M408
Mr. Péter Sebestyén | PhD student sebestyen.peter@science.unideb.hu M408

Department of Analysis (home page: https://math.unideb.hu/en/introduction-department-

analysis)

4032 Debrecen, Egyetem tér 1, Geomathematics Building

Name Position E-mail room

Dr. Zoltan Boros Associate Professor, | zboros@science.unideb.hu M326
Head of Department

Prof. Dr. Zsolt Pales University Professor | pales@science.unideb.hu M321
Prof. Dr. Gyorgy Gat | University Professor | gat.gyorgy@science.unideb.hu M324
Dr. Gergo Nagy Associate Professor | nagyg@science.unideb.hu M328
Dr. Eszter Novak- Associate Professor | gselmann@science.unideb.hu M325
Gselmann
Dr. Borbala Fazekas Assistant Professor | borbala.fazekas@science.unideb.hu M325
Dr. Rezs6 Laszlo Assistant Professor | lovas@science.unideb.hu M330
Lovas
Dr. Fruzsina Mészaros | Assistant Professor | mefru@science.unideb.hu M325
Dr. Tibor Kiss Assistant Professor | kiss.tibor@science.unideb.hu M328
Mr. Richard Griinwald | PhD student richard.grunwald@science.unideb.hu M322
Mr. Gabor Marcell PhD student molnar.gabor.marcell@science.unideb.hu M322
Molnar
Ms. Evelin Pénzes PhD student penzes.evelin@science.unideb.hu M319
Mr. Norbert Téth PhD student toth.norbert@science.unideb.hu M323
Mr. Péter Toth PhD student toth.peter@science.unideb.hu M322




Department of Geometry (home page: https://math.unideb.hu/en/introduction-department-

geometry)
4032 Debrecen, Egyetem tér 1, Geomathematics Building

Name Position E-mail room
Prof. Dr. Zoltan University Professor, | muzsnay@science.unideb.hu M305
Muzsnay Head of Department
Prof. Dr. Csaba University Professor, | csvincze@science.unideb.hu M304
Vincze Director of Institute
Dr. Agota Figula Associate Professor figula@science.unideb.hu M303
Dr. Eszter Herendiné | Associate Professor eszter.konya@science.unideb.hu M307
Koénya
Dr. Zoltan Kovacs Associate Professor kovacsz@science.unideb.hu M306
Dr. Laszl6 Kozma Associate Professor kozma(@unideb.hu M306
Dr. Tran Quoc Binh | Senior Research | binh@science.unideb.hu M305

Fellow

Dr. Zoltan Szilasi Assistant Professor szilasi.zoltan@science.unideb.hu M329
Dr. Abris Nagy Assistant Professor abris.nagy(@science.unideb.hu M304
Dr. Mark Olah Assistant Professor olah.mark@science.unideb.hu M329
Ms. Emoke Baro PhD student baro.emoke@science.unideb.hu -
Mr. Marton Kiss PhD student kiss.marton@science.unideb.hu M308
Ms. Orsolya Locska | PhD student locska.orsolya@science.unideb.hu M308
Ms. Anna Muzsnay PhD student muzsnay.anna@science.unideb.hu M404
Ms. Gabriella Papp PhD student papp.gabriella@science.unideb.hu -




ACADEMIC CALENDAR

General structure of the academic semester (2 semesters/year):

period

Studv period 1% week Registration* 1 week
P 27— 15" week Teaching period 14 weeks
Exam period directly after the study Exams 7 weeks

*Usually, registration is scheduled for the first week of September in the fall semester, and for
the first week of February in the spring semester.

For further information please check the following link:
https://www.edu.unideb.hu/tartalom/downloads/University Calendars 2024 25/University_calendar 2024-

2025-Faculty of Science and Technology.pdf




THE APPLIED MATHEMATICS MSC PROGRAM

Information about the Program

Name of MSc Program:

Applied Mathematics MSc Program

Specialization available:

Field, branch: Science
Qualification: Applied Mathematician
Mode of attendance: Full-time

Faculty, Institute:

Faculty of Science and Technology

Institute of Mathematics

Program coordinator:

Prof. Dr. Akos Pintér, University Professor

Duration:

4 semesters

ECTS Credits:

120

Objectives of the MSc program:

The aim of the Applied Mathematics MSc program is to train applied mathematicians who have
research-level knowledge and modelling experience that makes them capable of solving
problems in daily life practice. They are open to receive new results of their professional field.
They are able to model and solve daily life problems and manage to implement solutions. They
are prepared to continue to study in a PhD program.

Professional competences to be acquired
An Applied Mathematician:

a) Knowledge:

- He/she knows the methods of mathematical sciences, regarding theories in the fields of
algorithms, applied analysis, discrete mathematics, operations research, probability theory and
mathematical statistics, both at a system level and in context

- He/she knows the results of applied mathematics in context, regarding theories in the fields of
algorithms, applied analysis, discrete mathematics, operations research, probability theory and
mathematical statistics.

- He/she knows the deeper and more comprehensive correlations between the subdisciplines of
applied mathematics, and how these fields interrelate and build upon each other.

- He/she has a knowledge of abstract mathematical thinking, and that of abstract mathematical
terms and concepts.

- He/she has an appropriate knowledge of computer science and information technology
necessary for the formulation and simulation of applied mathematical models.

- He/she knows the fundamentals of the theory of differential equations and approximating
calculations, as well as, their most important applications in the modelling of natural, technical
and economic phenomena.

- He/she knows the fundamentals of the modern theory of probability theory and mathematical
statistics.



- He/she knows the fundamentals of coding theory and cryptography, the theoretical
background and applicability of the codes and encryptions most commonly used in practice.

- He/she knows the theoretical background of approximating problems.

- He/she knows how to use the most important mathematical and statistical software packages,
as well as, he/she is aware of their mathematical background and the limits of their applicability.
- He/she has a basic knowledge of micro- and macro-economics, and that of financial literacy.
- He/she knows the different procedures of modelling stochastic phenomena and processes.

- He/she is aware of the mathematical theory of stochastic and financial processes, time series,
venture processes, life insurance and non-life insurance.

- He/she knows the mathematical analyses and models of financial processes and insurance
issues.

b) Abilities:

- He/she is capable of applying the methods of mathematical sciences regarding theories in the
fields of algorithms, applied analysis, discrete mathematics, operations research, probability
theory and mathematical statistics.

- He/she is capable of establishing the mathematical models of phenomena observed in the
surrounding world, as well as, of using the results of modern mathematics to explain and
describe these phenomena.

- He/she is capable of abstraction, that is, capturing interrelations observed in daily life practice
on an abstract level.

- He/she is capable of creatively combining and using his/her knowledge acquired in different
application areas of mathematics to solve problems emerging in animate and inanimate nature,
in the world of engineering and information technology, and in economic and financial life.

- He/she is capable of understanding complicated systems emerging in nature, engineering and
economic life, of executing a mathematical analysis and modelling of them, and the ability to
prepare decision-making processes.

- He/she is capable of understanding the internal mechanisms underlying problems, as well as,
designing tasks and executing them at a high level.

- He/she is capable of formulating optimisation problems possibly underlying everyday
decision situations, as well as, communicating the related conclusions to non-professionals.

- He/she is capable of executing calculation tasks emerging in nature, engineering and economic
life, using computational tools and methods.

- He/she is capable of recognising tasks that require long series of computations and huge
storage capacity, and of analysing alternative approaches.

- He/she is capable of clearly presenting mathematical results and arguments, as well as the
related conclusions and is capable of professional communication.

- He/she is capable of competently interpreting the problems of his/her own professional field
both for professionals and non-professionals.

¢) Attitude:

- He/she aspires to get acquainted with new results of applied mathematics.

- He/she aspires to apply the results of applied mathematics as widely as possible.

- With the help of his/her knowledge acquired in applied mathematics, he/she aspires to
distinguish between scientifically well-established (exact) statements and inadequately
substantiated ones in his/her own professional field.

- He/she aspires to recognize further correlations between modern options of application in the
field of applied mathematics, to synthetize and evaluate them at a high level and with scientific
justification, using the tools of his/her own profession.
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- He/she is receptive and open to adapting the different ways of reasoning, methods and
concepts acquired in the field of applied mathematics to new fields of application, as well as,
to achieving new results.

- He/she continuously aspires to enhance the scope of his/her knowledge, to learn new
mathematical competencies.

d) Autonomy and responsibility:

- He/she responsibly, self-critically and realistically measures his/her knowledge acquired in
the field of applied mathematics.

- With the help of his/her critical attitude and the system thinking skills he/she acquired, he/she
participates in group work with responsibility, and if needed, cooperates with experts from
professional fields other than his/hers.

- With the help of his/her high-level knowledge of applied mathematics, he/she makes an
independent selection as to which methods and procedures he/she will use when solving
different application problems.

- In his/her research activities, as well as, in mathematical applications, he/she considers it
important to execute these practices in line with the highest ethical standards.

- He/she is aware, on the one hand, of the importance of mathematical thinking and precise
conceptualization, and on the other hand, of the limits of applying mathematical models; thus
he/she formulates his/her opinion on that basis.

- When applying mathematics, he/she responsibly represents his/her opinion formulated on the
basis of his/her acquired knowledge.

11



Completion of the MSc Program
The Credit System

Majors in the Hungarian Education System have generally been instituted and ruled by the Act
of Parliament under the Higher Education Act. The higher education system meets the
qualifications of the Bologna Process that defines the qualifications in terms of learning
outcomes: statements of what students know and can do on completing their degrees. In
describing the cycles, the framework uses the European Credit Transfer and Accumulation
System (ECTS).

ECTS was developed as an instrument of improving academic recognition throughout the
European Universities by means of effective and general mechanisms. ECTS serves as a model
of academic recognition, as it provides greater transparency of study programs and student
achievement. ECTS in no way regulates the content, structure and/or equivalence of study
programs.

Regarding each major the Higher Education Act prescribes which professional fields define a
certain training program. It contains the proportion of the subject groups: natural sciences,
economics and humanities, subject-related subjects and differentiated field-specific subjects.

During the program students have to complete a total amount of 120 credit points. It means
approximately 30 credits per semester. The curriculum contains the list of subjects (with credit
points) and the recommended order of completing subjects which takes into account the
prerequisite(s) of each subject. You can find the recommended list of subjects/semesters in
chapter “Model Curriculum of Applied Mathematics MSc Program”.

12



Model Curriculum of Applied Mathematics MSc Program

semesters

1.

2

3.

| 4.

credit points

contact hours, types of teaching (I — lecture, p — practice),

ECTS
credit
points

evaluation

Basics

Students having a BSc degree in Mathematics are granted exemption from these subjects. Students having degree
in other subjects have to put in a credit-acceptance form. The Institue of Mathematics will decide what basic

subjects the students will have to learn.

Introduction to modern 28l1/3cr. 3+2 exam
algebra 28p/2cr. mid-semester
Dr. Attila Bérczes grade
Selected  topics  in 281/3cr. 3+2 exam,
geometry 28p/2cr. mid-semester
Dr. Kozma Laszl6 grade
Operation research 281/3cr. 3+2 exam
Dr. Mészaros Fruzsina 28p/2cr. mid-semester
grade
Probability theory 281/3cr. 3+2 exam
Dr. Fazekas Istvan 28p/2cr. mid-semester
grade
Advanced prof subject group
Graph  Theory and 281/3cr. 3+2 exam
Applications 28p/2cr. mid-semester
Dr. Nyul Gébor grade
Algorithms in 281/3cr. 3+2 exam
mathematics 28p/2cr. mid-semester
Dr. Bérczes Attila grade
Convex optimization 281/3cr. 3+2 exam
Dr. Tibor Kiss 28p/2cr. mid-semester
grade
Discrete Optimization 281/3cr. 3+2 exam
Dr. Nyul Gébor 28p/2cr. mid-semester
grade
Applications of 281/3cr. 3+2 exam
ordinary  differential 28p/2cr. mid-semester
equations grade
Dr. Novak-Gselmann
Eszter
Partial differential 281/3cr. 3+2 exam
equations 28p/2cr. mid-semester
Dr. Fazekas Borbala grade
Stochastic processes 281/3cr. 3+2 exam
Dr. Szokol Patricia 28p/2cr. mid-semester
grade
Multivariate analysis 281/3cr. 3+2 exam
Dr. Baran Sandor 28p/2cr. mid-semester
grade
Option pricing 281/3cr. 3+2 exam
Dr. Gall Jozsef 28p/2cr. mid-semester
grade
Financial mathematics I 281/3cr. 3+2 exam
Dr. Gall Jozsef 28p/2cr. mid-semester
grade
Introduction to finance 281/3cr. 5 exam
Dr. Gall Jozsef 28p/2cr.
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Microeconomics

28l/3cr.

5 exam
Dr. Kapas Judit 28p/2cr.
Econometrics 281/3cr. 4 exam
Dr. Baran Sandor 14p/2cr.
Financial accounting 281/3cr. 5 exam
Dr. Toth Kornél 28p/2cr.
Game theory 28l/3cr. 5 exam
Dr. Boros Zoltan 28p/2cr.

Elective courses

The required credits points of elective subjects depend on how many subjects are accepted from the Basics. (The
student has to learn subjects from elective courses for the same amount of credit points that is accepted from the

Basics.)
Macroeconomics 281/3cr. 5 exam
Dr. Czeglédi Pal 28p/2cr.
Insurance mathematics 281/3cr. 3 exam
Dr. Aradi Bernadett (or semester 4
Financial mathematics 281/3cr. 3 exam
I
Dr. Gall Jozsef
Finite Geometries and 281/3cr. 3+2 exam
Coding Theory 28p/2cr. mid-semester
Dr. Szilasi Zoltan (or semester 4 grade
Fourier series 281/3cr. 4 exam
Dr. Gat Gyorgy 14p/lcr.
Thesis 1. 10 or. 10 mid-semester
grade
Thesis I1. 10 or. 10 mid-semester
grade
Optional courses
Free optional courses 6 cr

14




Work and Fire Safety Course

According to the Rules and Regulations of the University of Debrecen, a student has to
complete the online course for work and fire safety. Registration for the course and completion
are necessary for obtaining the pre-degree certificate. For an MSc student, the course is
necessary only if her/his BSc diploma has been awarded outside of the University of Debrecen.
Students have to register for the subject MUNKAVEDELEM in the Neptun system.

They must read an online material until the end to get the signature on Neptun for the
completion of the course. The number of credit points for the course is 1. The link of the online
course is available on the webpage of the Faculty.

Physical Education

According to the Rules and Regulations of the University of Debrecen, a student has to
complete Physical Education courses at least in one semester during his/her Master’s training.
The number of credit points for those courses is 1 per semester. Our University offers a wide
range of facilities to complete them. Further information is available from the Sports Centre of
the University, its website is: http://sportsci.unideb.hu.

Pre-degree Certification

A pre-degree certificate is issued by the Faculty after completion of the master’s (MSc)
program. The pre-degree certificate can be issued if the student has successfully completed the
study and exam requirements as set out in the curriculum, the requirements relating to Physical
Education as set out in Section 10 in Rules and Regulations, internship (mandatory) — with the
exception of preparing thesis — and gained the necessary credit points (120). The pre-degree
certificate verifies (without any mention of assessment or grades) that the student has fulfilled
all the necessary study and exam requirements defined in the curriculum and the requirements
for Physical Education. Students who obtained the pre-degree certificate can submit the thesis
and take the final exam.

Thesis

Students have to choose a topic for their thesis in the 2nd semester. They have to write it in two
semesters. The thesis should be about 2540 pages long and using the LaTeX document
preparation system is recommended. The cover page has to contain the name of the institute,
the title of the thesis, the name and the degree program of the student, the name and the
university rank of the supervisor. Beside the detailed discussion of the topic, the thesis should
contain an introduction, a table of contents and a bibliography. The thesis has to be defended
in the final exam.

Final Exam

The final exam is an oral exam before a committee designated by the Director of the Institute
of Mathematics and approved by the leaders of the Faculty of Science and Technology. The
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questions of the final exam comprise the compulsory courses of the Applied Mathematics MSc
Program. The student draws a random question from the entire list, and after a certain
preparation period, gives an account on it. After this, the committee chooses a small item from
one of the other questions, and after a preparation period the student gives an account on this
as well. The committee gives a single grade for the student’s answers in the final exam.

Final Exam Board

Board chair and its members are selected from the acknowledged internal and external experts
of the professional field. Traditionally, it is the chair and in case of his/her absence or
indisposition the vice-chair who will be called upon, as well. The board consists of — beside the
chair — at least two members (one of them is an external expert), and questioners as required.
The mandate of a Final Examination Board lasts for one year.

Repeating a failed Final Exam

If any part of the final exam is failed it can be repeated according to the rules and regulations.
A final exam can be retaken in the forthcoming final exam period. If the Board qualified the
thesis unsatisfactory, the student cannot take the final exam and he has to make a new thesis.
A repeated final exam can be taken twice on each subject.

16



Diploma

The diploma is an official document decorated with the coat of arms of Hungary which verifies
the successful completion of studies in the Applied Mathematics Master Program. It contains
the following data: name of HEI (higher education institution); institutional identification
number; serial number of diploma; name of diploma holder; date and place of his/her birth;
level of qualification; training program; specialization; mode of attendance; place, day, month
and year issued. Furthermore, it has to contain the rector’s (or vice-rector’s) original signature
and the seal of HEI. The University keeps a record of the diplomas issued.

In Applied Mathematics Master Program the diploma grade is calculated as the average grade
of the results of the followings:

— Weighted average of the overall studies at the program (A)

— Average of grades of the thesis and its defense given by the Final Exam Board (B)

— Average of the grades received at the Final Exam for the two subjects (C)

Diploma grade = (A + B+ C)/3

Classification of the award on the bases of the calculated average:

Excellent 4.81 -5.00
Very good 4.51 -4.80
Good 3.51-4.50
Satisfactory 2.51-3.50
Pass 2.00-2.50

17



Course Descriptions of Applied Mathematics MSc Program

Title of course: Introduction to modern algebra ECTS Credit points: 3
Code: TTMMEO101

Type of teaching, contact hours
- lecture: 2 hours/week
- practice: -
- laboratory: -

Evaluation: exam

Workload (estimated), divided into contact hours:
- lecture: 28 hours/week
- practice: -
- laboratory: -
- home assignment: -
- preparation for the exam: 62 hours
Total: 90 hours

Year, semester: 1% year, 1% semester

Its prerequisite(s): -

Further courses built on it: -

Topics of course

Sylow's theorems. Semidirect product. Maximal subgroups of p-groups are normal of index p.
Characteristic subgroup, commutator. Solvable groups and their basic properties. Alternating
group is simple if acting on at least 5 points. Free groups, generators, relations, Dyck's theorem.
Necessary and sufficient condition for a ring to be a unique factorization domain, ascending and
descending chain conditions. Field of fractions. Artinian and Noetherian rings, Hilbert's basis
theorem. Algebras, minimal polynomial over algebras, Frobenius's theorem. Splitting field,
existence, uniqueness, algebraic closure existence, uniqueness. Normal extensions, extensions of
perfect fields are simple. Galois theory. Fundamental theorem of algebra. Compass and ruler
constructions. Theorem of Abel and Ruffini, Casus Irreducibilis is unavoidable for degree three
polynomials.

Literature

Compulsory:

Recommended:

John B. Fraleigh: A first course in abstract algebra, Addison-Wesley Publishing Company, 1989.
Derek J. S. Robinson: A course in the theory of groups, Springer-Verlag, 1980.

Schedule:

1" week

Sylow's theorems. Semidirect products.
2" week

Maximal subgroups of p-groups are normal of index p. Characteristic subgroup, commutator.
Fundamental theorem of finite Abelian groups.

3 week
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Isomorphism theorems. Solvable groups and their basic properties. Alternating group is simple if
acting on at least 5 points.

4™ week
Free groups, generators, relations, Dyck's theorem.
5" week

Necessary and sufficient condition for a ring to be a unique factorization domain, ascending and
descending chain conditions.

6™ week

Field of fractions. Artinian and Noetherian rings, Hilbert's basis theorem.

7" week

First test.

8™ week

Algebras, minimal polynomial over algebras, Frobenius' theorem.

9" week

Splitting field, existence, uniqueness, algebraic closure existence, uniqueness.
10" week

Normal extensions, finite extensions of perfect fields are simple.

11" week

Fundamental theorem of Galois theory.

12" week

Fundamental theorem of algebra. Compass and straightedge constructions.
13" week

Theorem of Abel and Ruffini, Casus Irreducibilis is unavoidable for degree three polynomials.
14" week

Second test.

Requirements:

- for a signature

If the student fail the course TTMMGO0101, then the signature is automatically denied.

- for a grade

The course ends in oral examination. The grade is given according to the following table:

Total Score (%) Grade
0-—49 fail (1)
50-59 pass (2)
60 — 69 satisfactory (3)
70 -179 good (4)
80— 100 excellent (5)

-an offered grade:
It is not possible to obtain an offered grade in this course.

Person responsible for course: Prof. Dr. Attila Bérczes, university professor, DSc

Lecturer: Prof. Dr. Attila Bérczes, university professor, DSc
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Title of course: Introduction to modern algebra ECTS Credit points: 2
Code: TTMMGO0101

Type of teaching, contact hours
- lecture: -
- practice: 2 hours/week
- laboratory: -

Evaluation: mid-semester grade

Workload (estimated), divided into contact hours:
- lecture: -
- practice: 28 hours
- laboratory: -
- home assignment: 32 hours
- preparation for the exam: -
Total: 60 hours

Year, semester: 1* year, 1% semester

Its prerequisite(s): -

Further courses built on it: -

Topics of course

Sylow's theorems. Semidirect product. Maximal subgroups of p-groups are normal of index p.
Characteristic subgroup, commutator. Solvable groups and their basic properties. Alternating
group is simple if acting on at least 5 points. Free groups, generators, relations, Dyck's theorem.
Necessary and sufficient condition for a ring to be a unique factorization domain, ascending and
descending chain conditions. Field of fractions. Artinian and Noetherian rings, Hilbert's basis
theorem. Algebras, minimal polynomial over algebras, Frobenius's theorem. Splitting field,
existence, uniqueness, algebraic closure existence, uniqueness. Normal extensions, extensions of
perfect fields are simple. Galois theory. Fundamental theorem of algebra. Compass and ruler
constructions. Theorem of Abel and Ruffini, Casus Irreducibilis is unavoidable for degree three
polynomials.

Literature

Compulsory:

Recommended:

John B. Fraleigh: A first course in abstract algebra, Addison-Wesley Publishing Company, 1989.
Derek J. S. Robinson: A course in the theory of groups, Springer-Verlag, 1980.

Schedule:

I week

Sylow's theorems. Semidirect products.

2" week

Maximal subgroups of p-groups are normal of index p. Characteristic subgroup, commutator.
Fundamental theorem of finite Abelian groups.

3 week

Isomorphism theorems. Solvable groups and their basic properties. Alternating group is simple if
acting on at least 5 points.

4" week

Free groups, generators, relations, Dyck's theorem.

5" week
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Necessary and sufficient condition for a ring to be a unique factorization domain, ascending and
descending chain conditions.

6™ week

Field of fractions. Artinian and Noetherian rings, Hilbert's basis theorem.

7" week

Students can ask questions and get an overview on the subject material in all topics prior to the
first test.

8™ week

Algebras, minimal polynomial over algebras, Frobenius' theorem.

9" week

Splitting field, existence, uniqueness, algebraic closure existence, uniqueness.

10" week

Normal extensions, finite extensions of perfect fields are simple.

11" week

Fundamental theorem of Galois theory.

12" week

Fundamental theorem of algebra. Compass and straightedge constructions.

13" week

Theorem of Abel and Ruffini, Casus Irreducibilis is unavoidable for degree three polynomials.
14" week

Students can ask questions and get an overview on the subject material in all topics prior to the
second test.

Requirements:
- for a signature

Attendance of classes are compulsory with the possibility of missing at most three classes during
the semester. In case of further absences, a medical certificate needs to be presented, otherwise the
signature is denied.

- for a grade

The preliminary requirement to pass the course is to obtain at least 51 percent of total points from
short tests written on a once a week basis with the exception of the 1%, 7% and 14" week.

The course is evaluated on the basis of two written tests during the semester. The grade is given
according to the following table:

Total Score (%) Grade
0-49 fail (1)
50-59 pass (2)
60 — 69 satisfactory (3)
70-179 good (4)
80— 100 excellent (5)

If a student fail to pass at first attempt, then a retake of the tests is possible.
-an offered grade:
It is not possible to obtain an offered grade in this course.

Person responsible for course: Prof. Dr. Attila Bérczes, university professor, DSc

Lecturer: Prof. Dr. Attila Bérczes, university professor, DSc
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Title of course: Selected topics in geometry ECTS Credit points: 3
Code: TTMMEO0301

Type of teaching, contact hours
- lecture: 2 hours/week
- practice: -
- laboratory: -

Evaluation: exam

Workload (estimated), divided into contact hours:
- lecture: 28 hours
- practice: -
- laboratory: -
- home assignment: 32 hours
- preparation for the exam: 30 hours
Total: 90 hours

Year, semester: 1° year, 2" semester

Its prerequisite(s):

Further courses built on it: -

Topics of course

Differentiable curves. Curvature, torsion. The fundamental theorem of curves. Surfaces in the
Euclidean space. Fundamental form of surfaces. Normal curvature, principal curvatures, principal
directions. Variational problem of arc-length. Geodesics. Geodesic curvature. Minimizing property
of geodesics. Axioms of affine and projective planes. Projective completion of an affine plane.
Duality. Vector space model of projective planes, homogenous coordinates. Perspectivities (central
projections) and projectivities. Cross ratio of four points or lines, Pappus-Steiner theorem.
Desargues's theorem and Pappus's theorem. Complete quadrilateral, complete quadrangle,
harmonic sets of points and lines. Collineations, fundamental theorem of projective geometry. The
parallel postulate, the development of hyperbolic geometry. The Cayley-Klein model of hyperbolic
geometry, Poincaré disk model and upper half-plane model. Description of congruences. Spherical
geometry: measuring distance on the sphere, spherical triangles. Elliptic metric.

Literature

Compulsory/Recommended Readings:

Wolfgang Kiihnel: Differential Geometry: Curves — Surgaces — Manifolds, AMS, 2006.

H. S. M. Coxeter: Projective Geometry, Springer, 1974.

Patrick J. Ryan: Euclidean and non-Euclidean geometry: an analytical approach, Cambridge,
1986.

Schedule:

1" week

Regular smooth curves in Euclidean space. Reparametrization of curves. Arc length of curves.
Natural parametrization, simple curves.

2" week

Signed curvature of regular planar curves. Frenet basis. The rounding number of closed planar
curves, and the theorem about it. The fundamental theorem of planar curves.

3" week

The Frenet basis of spatial curves, Cartan matrix. Curvature and torsion, Frenet formulae.
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4" week

The best approximating circle and plane of a curve at a point. The fundamental theorem of theory
of curves.

5" week

Surfaces in space, some representation of surfaces. Tangent plane at a point of the surface. Normal
unit vector field.

6" week

Measurement of a surface. The first main scalars of the surfaces, metrical canonical form. The
length of curves on surfaces. Angle of tangential vectors. The surface area of compact surfaces.

7" week

The axioms of projective and affine planes. The projective extension of affine planes. The principle
of duality.

8™ week
The vector space model of projective planes, homogeneous coordinates.
9" week

Perspectivities and projective mappings. Cross ratio of 4 points and 4 concurrent lines. Pappos-
Steiner theorem.

10" week

The axioms of absolute geometry. The role of the axiom of parallels, the concept of hyperbolic
geometry.

11" week

The verification of the hyperbolic axioms in the case of the Cayley-Klein model. The description
of congruencies.

12" week

Geometrical concepts in hyperbolic geometry: perpendicular lines, special points and lines of
triangles.

13" week

Some further models of hyperbolic geometry: the circle model and the half-plane model of
Poincare. Representation of isometries in these models.

14" week
Spherical geometry: distance on the sphere, theorems of spherical triangles. Elliptic metric.

Requirements:

- for a signature
Attendance at lectures is recommended, but not compulsory.

Participation at practice classes is compulsory. A student must attend the practice classes and may
not miss more than three times during the semester. In case a student does so, the subject will not
be signed and the student must repeat the course. A student can’t make up any practice with another
group. Attendance at practice classes will be recorded by the practice leader. Being late is
equivalent with an absence. In case of further absences, a medical certificate needs to be presented.
Missed practice classes should be made up for at a later date, to be discussed with the tutor.
Students are required to bring the drawing tasks and drawing instruments of the course to each
practice class. Active participation is evaluated by the teacher in every class. If a student’s behavior
or conduct doesn’t meet the requirements of active participation, the teacher may evaluate his/her
participation as an absence because of the lack of active participation in class.

- for a grade
The course ends in an examination.
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The minimum requirement for the mid-term and end-term tests and the examination respectively
is 50%. Based on the score of the tests separately, the grade for the tests and the examination is
given according to the following table:

Score Grade

0-49 fail (1)

50-59 pass (2)

60-69 satisfactory (3)
70-79 good (4)
80-100 excellent (5)

If the score of any test is below 50, students can take a retake test in conformity with the
EDUCATION AND EXAMINATION RULES AND REGULATIONS.

-an offered grade:

it may be offered for students if the average grade of the two designing tasks is at least satisfactory
(3) and the average of the mid-term and end-term tests is at least satisfactory (3). The offered grade
is the average of them.

Person responsible for course: Dr. Laszl6 Kozma, associate professor, PhD

Lecturer: Dr. Laszlo Kozma, associate professor, PhD
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Title of course: Selected topics in geometry ECTS Credit points: 2
Code: TTMMGO0301

Type of teaching, contact hours
- lecture: -
- practice: 2 hours/week
- laboratory: -

Evaluation: mid-semester grade

Workload (estimated), divided into contact hours:
- lecture: -
- practice: 28 hours
- laboratory: -
- home assignment: 32 hours
- preparation for the exam: -
Total: 60 hours

Year, semester: 1° year, 2" semester

Its prerequisite(s):

Further courses built on it: -

Topics of course

Differentiable curves. Curvature, torsion. The fundamental theorem of curves. Surfaces in the
Euclidean space. Fundamental form of surfaces. Normal curvature, principal curvatures, principal
directions. Variational problem of arc-length. Geodesics. Geodesic curvature. Minimizing property
of geodesics. Axioms of affine and projective planes. Projective completion of an affine plane.
Duality. Vector space model of projective planes, homogenous coordinates. Perspectivities (central
projections) and projectivities. Cross ratio of four points or lines, Pappus-Steiner theorem.
Desargues's theorem and Pappus's theorem. Complete quadrilateral, complete quadrangle,
harmonic sets of points and lines. Collineations, fundamental theorem of projective geometry. The
parallel postulate, the development of hyperbolic geometry. The Cayley-Klein model of hyperbolic
geometry, Poincaré disk model and upper half-plane model. Description of congruences. Spherical
geometry: measuring distance on the sphere, spherical triangles. Elliptic metric.

Literature

Compulsory/Recommended Readings:

Wolfgang Kiihnel: Differential Geometry: Curves — Surgaces — Manifolds, AMS, 2006.

H. S. M. Coxeter: Projective Geometry, Springer, 1974.

Patrick J. Ryan: Euclidean and non-Euclidean geometry: an analytical approach, Cambridge,
1986.

Schedule:

1" week

Regular smooth curves in Euclidean space. Reparametrization of curves. Arc length of curves.
Natural parametrization, simple curves. Examples and basic calculation.

2" yweek

Signed curvature of regular planar curves. Frenet basis. The rounding number of closed planar
curves, and the theorem about it. The fundamental theorem of planar curves. Examples and basic
calculation.

3 week
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The Frenet basis of spatial curves, Cartan matrix. Curvature and torsion, Frenet formulae.
Examples and basic calculation.

4" week

The best approximating circle and plane of a curve at a point. The fundamental theorem of theory
of curves. Examples and basic calculation.

5" week

Surfaces in space, some representation of surfaces. Tangent plane at a point of the surface. Normal
unit vector field. Examples and basic calculation.

6" week

Measurement of a surface. The first main scalars of the surfaces, metrical canonical form. The
length of curves on surfaces. Angle of tangential vectors. The surface area of compact surfaces.

7" week

The axioms of projective and affine planes. The projective extension of affine planes. The principle
of duality. Examples and basic calculation.

8" week

The vector space model of projective planes, homogeneous coordinates. Examples and basic
calculation.

9" week

Perspectivities and projective mappings. Cross ratio of 4 points and 4 concurrent lines. Pappos-
Steiner theorem. Examples and basic calculation.

10" week

The axioms of absolute geometry. The role of the axiom of parallels, the concept of hyperbolic
geometry. Examples and basic calculation.

11" week

The verification of the hyperbolic axioms in the case of the Cayley-Klein model. The description
of congruencies. Examples and basic calculation.

12" week

Geometrical concepts in hyperbolic geometry: perpendicular lines, special points and lines of
triangles. Examples and basic calculation.

13" week

Some further models of hyperbolic geometry: the circle model and the half-plane model of
Poincare. Representation of isometries in these models. Examples and basic calculation.

14" week
Spherical geometry: distance on the sphere, theorems of spherical triangles. Elliptic metric.

Requirements:

- for a signature

Participation at practice classes is compulsory. A student must attend the practice classes and may
not miss more than three times during the semester. In case a student does so, the subject will not
be signed and the student must repeat the course. A student can’t make up any practice with another
group. Attendance at practice classes will be recorded by the practice leader. Being late is
equivalent with an absence. In case of further absences, a medical certificate needs to be presented.
Missed practice classes should be made up for at a later date, to be discussed with the tutor.
Students are required to bring the drawing tasks and drawing instruments of the course to each
practice class. Active participation is evaluated by the teacher in every class. If a student’s behavior
or conduct doesn’t meet the requirements of active participation, the teacher may evaluate his/her
participation as an absence because of the lack of active participation in class.

- for a practical grade
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The minimum requirement for the mid-term and end-term tests respectively is 50%. Based on the
score of the tests separately, the grade for the tests and the examination is given according to the
following table:

Score Grade

0-49 fail (1)

50-59 pass (2)

60-69 satisfactory (3)
70-79 good (4)
80-100 excellent (5)

If the score of any test is below 50, students can take a retake test in conformity with the
EDUCATION AND EXAMINATION RULES AND REGULATIONS.

-an offered grade:

it may be offered for students if the average grade of the two designing tasks is at least satisfactory
(3) and the average of the mid-term and end-term tests is at least satisfactory (3). The offered grade
is the average of them.

Person responsible for course: Dr. Laszl6 Kozma, associate professor, PhD

Lecturer: Dr. Laszl6 Kozma, associate rofessor, PhD
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Title of course: Operation research ECTS Credit points: 3
Code: TTMMEO0202

Type of teaching, contact hours
- lecture: 2 hours/week
- practice: -
- laboratory: -

Evaluation: exam

Workload (estimated), divided into contact hours:
- lecture: 28 hours
- practice: -
- laboratory: -
- home assignment: -
- preparation for the exam: 62 hours
Total: 90 hours

Year, semester: 1st year, 1st semester

Its prerequisite(s): -

Further courses built on it:-

Topics of course

Problems reducible to linear programming tasks. Extreme points of convex polyhedra, simplex
algorithm and its geometry, sensitivity analysis. Duality. Transportation and assignment model,
network models. Special linear programming models.

Literature

Compulsory:

Recommended.:

- Vanderbei, R.: Linear Programming, Foundations and Extensions, Kluwer Academic Publishers,
1998.

- Bertsimas, D.; Tsitsiklis, J.: Introduction to Linear Optimization, Athena Scientific Series in
Optimization and Neural Computation, 6, Athena Scientific, Belmont, 1997.

Schedule:
" week

Introduction: The standard maximum and minimum problems, the diet problem, the optimal
assignment problem

2" week

Linear programming problems, the simplex method

3" week

Degeneracy, lexicographic simplex method.

4" week

Effectiveness, number of steps, worst case, average case.
5" week

Duality I., special case, weak duality theorem

6" week
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Duality II., strong duality theorem, dual simplex method
7" week

Matrix form, simplex tableau

8™ week

Primal and dual simplex methods.

9" week

Generalized problem to standard case.
10" week

Geometry of the simplex method

11" week

The transportation problem I.

12" week

The transportation problem II.

13" week

Assignment problem I.

14" week

Assignment problem II.

Requirements:
Attendance at lectures is recommended, but not compulsory.

- for a grade

The course ends in an examination. The minimum requirement for the examination is 50%. Based
on the score of the exam the grade for the examination is given according to the following table:

Score Grade

0-49 fail (1)

50-62 pass (2)

63-76 satisfactory (3)
77-88 good (4)
89-100 excellent (5)

Person responsible for course: Dr. Fruzsina Mészaros, assistant professor, PhD

Lecturer: Dr. Fruzsina Mészaros, assistant professor, PhD
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Title of course: Operation research ECTS Credit points: 2
Code: TTMMG0202

Type of teaching, contact hours
- lecture: -
- practice: 2 hours/week
- laboratory: -

Evaluation: mid-semester grade

Workload (estimated), divided into contact hours:
- lecture: -
- practice: 28 hours
- laboratory: -
- home assignment: -
- preparation for the tests: 32 hours
Total: 60 hours

Year, semester: 1st year, 1st semester

Its prerequisite(s): -

Further courses built on it:-

Topics of course

Problems reducible to linear programming tasks. Extreme points of convex polyhedra, simplex
algorithm and its geometry, sensitivity analysis. Duality. Transportation and assignment model,
network models. Special linear programming models.

Literature

Compulsory:

Recommended.:

- Vanderbei, R.: Linear Programming, Foundations and Extensions, Kluwer Academic Publishers,
1998.

- Bertsimas, D.; Tsitsiklis, J.: Introduction to Linear Optimization, Athena Scientific Series in
Optimization and Neural Computation, 6, Athena Scientific, Belmont, 1997.

Schedule:
" week

Introduction: The standard maximum and minimum problems, the diet problem, the optimal
assignment problem

2" week

Linear programming problems, the simplex method

3" week

Degeneracy, lexicographic simplex method.

4" week

Effectiveness, number of steps, worst case, average case.
5" week

Duality I., special case, weak duality theorem

6" week
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Duality II., strong duality theorem, dual simplex method
7" week

Matrix form, simplex tableau

8™ week

Primal and dual simplex methods.

9" week

Generalized problem to standard case.
10" week

Geometry of the simplex method

11" week

The transportation problem I.

12" week

The transportation problem II.

13" week

Assignment problem I.

14" week

Assignment problem II.

Requirements:

- for a practical

Participation at practice classes is compulsory. A student must attend the practice classes and may
not miss more than three times during the semester. In case a student does so, the subject will not
be signed and the student must repeat the course. A student can’t make up any practice with another
group. Attendance at practice classes will be recorded by the practice leader. Being late is
equivalent with an absence. In case of further absences, a medical certificate needs to be presented.
Active participation is evaluated by the teacher in every class. If a student’s behaviour or conduct
doesn’t meet the requirements of active participation, the teacher may evaluate his/her participation
as an absence because of the lack of active participation in class.

During the semester there are two tests: one test in the 7" week and the other test in the 14" week.
The minimum requirement for the tests respectively is 50%. Based on the score of the tests, the
grade for the tests is given according to the following table:

Score Grade

0-49 fail (1)

50-62 pass (2)

63-76 satisfactory (3)
77-88 good (4)
89-100 excellent (5)

If the score of any test is below 50, students can take a retake test in conformity with the
EDUCATION AND EXAMINATION RULES AND REGULATIONS.

Person responsible for course: Dr. Fruzsina Mészaros, assistant professor, PhD

Lecturer: Dr. Fruzsina Mészaros, assistant professor, PhD
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Title of course: Probability theory ECTS Credit points: 3
Code: TTMMEO0401

Type of teaching, contact hours
- lecture: 2 hours/week
- practice: -
- laboratory: -

Evaluation: exam

Workload (estimated), divided into contact hours:
- lecture: 28 hours
- practice: -
- laboratory: -
- home assignment: 30 hours
- preparation for the exam: 32 hours
Total: 90 hours

Year, semester: 2™ year, 1% semester

Its prerequisite(s): none

Further courses built on it: -

Topics of course

Probability, random variables, distributions. Asymptotic theorems of probability theory.

Literature

Compulsory:

- A. N. Shiryayev: Probability, Springer-Verlag, Berlin, 1984.

- Ash, R. B.: Real Analysis and Probability. Academic Press, New York-London, 1972.
- Bauer, H.: Probability Theory. Walter de Gruyter, Berlin-New York. 1996.

Schedule:
I’ week

Statistical observations. Numerical and graphical characteristics of the sample. Relative frequency,
events, probability. Classical probability. Finite probability space.

2 week

Kolmogorov’s probability space. Properties of probability. Finite and countable probability spaces.
Conditional probability, independence of events. Borel-Cantelli lemma.

3 week

Total probability theorem, the Bayes rule. Discrete random variables. Expectation, Standard
deviation. Binomial, hypergeometric, and Poisson distributions.

4" week

Random wvariables, distribution, cumulative distribution function. Absolutely continuous
distribution, probability density function. The general notion of distribution.

5" week
Expectation, variance and median. Uniform, exponential, normal distributions.
6" week

Joint distribution function and joint probability density function of random variables. Independent
random variables, correlation coefficient.
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7" week

Multivariate distributions. Expectation vector and variance matrix of random a random vector.
Independence of random variables.

8" week

Multivariate normal distribution, concentration ellipsoid. Sample from normal distribution. Chi-
squared, Student's t, F-distributions.

9" week

Weak law of large numbers. Almost sure convergence, convergence in distribution, convergence
in probability, Lp convergence.

10" week

Kolmogorov’s inequality. Kolmogorov's three-series theorem. Strong laws of large numbers.
11" week

Characteristic function and its properties. Inversion formulas. Continuity theorem

12" week

Central limit theorem. Law of the iterated logarithm. Arcsine laws.

13" week

Conditional distribution function, conditional density function, conditional expectation.

14" week

Comparison of the limit theorems.

Requirements:

- for a grade
he course ends in an examination. Based on the average of the grades of the designing tasks and
the examination, the exam grade is calculated as an average of them:

- the average grade of the two designing tasks
- the result of the examination

The minimum requirement for the mid-term and end-term tests and the examination respectively
is 50%. Based on the score of the tests separately, the grade for the tests and the examination is
given according to the following table:

Score Grade

0-49 fail (1)

50-69 pass (2)

70-79 satisfactory (3)
80-89 good (4)
90-100 excellent (5)

If the score of any test is below 50, students can take a retake test in conformity with the
EDUCATION AND EXAMINATION RULES AND REGULATIONS.

Person responsible for course: Dr. Istvan Fazekas, university professor, DSc

Lecturer: Dr. Istvan Fazekas, university professor, DSc
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Title of course: Probability theory ECTS Credit points: 2
Code: TTMMG0401

Type of teaching, contact hours
- lecture: -
- practice: 2 hours/week
- laboratory: -

Evaluation: exam

Workload (estimated), divided into contact hours:
- lecture: -
- practice: 28 hours
- laboratory: -
- home assignment: 16 hours
- preparation for the exam: 16 hours
Total: 60 hours

Year, semester: 2™ year, 1% semester

Its prerequisite(s): none

Further courses built on it: -

Topics of course

Probability, random variables, distributions. Asymptotic theorems of probability theory.

Literature

Compulsory:

- A. N. Shiryayev: Probability, Springer-Verlag, Berlin, 1984.

- Ash, R. B.: Real Analysis and Probability. Academic Press, New York-London, 1972.
- Bauer, H.: Probability Theory. Walter de Gruyter, Berlin-New York. 1996.

Schedule:
I’ week

Statistical observations. Numerical and graphical characteristics of the sample. Relative frequency,
events, probability. Classical probability. Finite probability space.

2 week

Kolmogorov’s probability space. Properties of probability. Finite and countable probability spaces.
Conditional probability, independence of events. Borel-Cantelli lemma.

3 week

Total probability theorem, the Bayes rule. Discrete random variables. Expectation, Standard
deviation. Binomial, hypergeometric, and Poisson distributions.

4" week

Random wvariables, distribution, cumulative distribution function. Absolutely continuous
distribution, probability density function. The general notion of distribution.

5" week
Expectation, variance and median. Uniform, exponential, normal distributions.
6" week

Joint distribution function and joint probability density function of random variables. Independent
random variables, correlation coefficient.
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7" week

Multivariate distributions. Expectation vector and variance matrix of random a random vector.
Independence of random variables.

8" week

Multivariate normal distribution, concentration ellipsoid. Sample from normal distribution. Chi-
squared, Student's t, F-distributions.

9" week

Weak law of large numbers. Almost sure convergence, convergence in distribution, convergence
in probability, Lp convergence.

10" week

Kolmogorov’s inequality. Kolmogorov's three-series theorem. Strong laws of large numbers.
11" week

Characteristic function and its properties. Inversion formulas. Continuity theorem

12" week

Central limit theorem. Law of the iterated logarithm. Arcsine laws.

13" week

Conditional distribution function, conditional density function, conditional expectation.

14" week

Comparison of the limit theorems.

Requirements:

- for a grade

Participation at practice classes is compulsory. A student must attend the practice classes and may
not miss more than three times during the semester. In case a student does so, the subject will not
be signed and the student must repeat the course. A student can’t make up any practice with another
group. Attendance at practice classes will be recorded by the practice leader. Being late is
equivalent with an absence. In case of further absences, a medical certificate needs to be presented.
Missed practice classes should be made up for at a later date, to be discussed with the tutor.
Students are required to bring the drawing tasks and drawing instruments of the course to each
practice class. Active participation is evaluated by the teacher in every class. If a student’s behavior
or conduct doesn’t meet the requirements of active participation, the teacher may evaluate his/her
participation as an absence because of the lack of active participation in class.

Students have to submit all the two designing tasks as scheduled minimum on a sufficient level.

During the semester there are two tests: the mid-term test in the 7" week and the end-term test in
the 14" week. Students have to sit for the tests

Grades: 0-49% fail (mark