
 

   

Informatics, PhD 
 

Head: Prof. Attila Pethő   

 

Available PhD Programs in the field of Informatics: 

 Discrete mathematics, image processing and computer graphics (Director: Prof. 

András Kruppa)  

 Theoretical basis and applications of the information technology and the stochastic 

systems (Director: Prof. István Fazekas)  

 Theoretical computer science, data security and cryptography (Director: Prof. Attila 

Pethő)  

 Information technology systems and networks (Director: Prof. János Sztrik)  

 Applied IT and its theoretical background (Director: Prof. György Terdik)  

 Industrial and scientific applications of the informatics (Director: Prof. János Végh)  

 

Length of the program: 6 semesters   

The following items will be considered during the admission process: 

 MSc. degree gained in Hungary MSc. degree gained abroad 

Quality of the Diploma (max. 30 pts)   

Previous scientific activity 

(research record, etc) 

(max. 30 pts) (max. 45 pts) 

Proficiency in Informatics (max. 40 pts).  (max. 55 pts) 

 

Successful applicants should reach a minimum of 10 points in each of the items above.  

 

Discrete mathematics, image processing and computer graphics  
The aims of the program is to make interested PhD students to get familiar with the basic 

geometrical, algebraic, combinatorial concepts of geometrical modeling, computer graphics 

and image processing, and to learn the corresponding general methods and algorithms 

including relevant scientific software packages, as well. The education and research are 

concentrated on five topics.  

In the computer-aided geometrical modeling field the following scientific themes are 

considered. Spline curves and surfaces, modeling unordered data, application of artificial 

neural networks. Central axonometric mapping and its application in computer graphics. 

Higher order connection of Hermite-arcs and patches, descriptive geometrical mappings and 

their illustrations.  
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The central part of the program is the image processing and pattern recognition. The PhD 

students learn the basic methods and develop skills to make their own research. The activity is 

concentrated on the following issues. Pattern matching using distance transformation, object 

simplification, hierarchical template databases, temporal analysis. Multimodal human-

machine interaction. Biometrical identification (face detection and recognition, fingerprint 

recognition). Image databases, indexing and retrieval, semantic image and video content 

description. Surface and volume reconstruction from projections. Image processing methods 

in several grids. Compressing binary shapes.  

The theory of the digital geometry and tomography can also be studied. The following 

subjects are emphasized. Theory and applications of neighborhood sequences, analytical, 

algebraic and topological properties on the square and other grids. Approximation of the 

Euclidean metric by distances generated by neighborhood sequences. Distance 

transformations based on neighborhood sequences. Unambiguous reconstruction in the 

classical and absorptional discrete tomography. Investigation of the structure of 

tomographically equivalent sets. Convex and HV-convex sets. Algorithmical and complexity 

problems.  

The application of the non-associative algebraic methods to combinatorial and geometrical 

problems is also part of the program. The list of the themes are: quasigroups and loops in 

geometrical algebra and in finite geometry, coordinatization of finite geometry and block 

systems, Steiner systems, commutative Moufang loops and related combinatorical structures, 

Bol and Moufang networks, collineation groups.  

The recently developed computer algebraic methods are applied in differential geometry. The 

PhD students can study symbolic computations, handling of formulas and recognition of 

identities. In a more advanced setting Riemann and Finsler geometrical quantities can be 

calculated in low dimension. The students learn the visualization of differential geometrical 

spaces and study numerical methods to describe geodetic and other arrays of curves. 

 

 

Theoretical basis and applications of the information technology and the stochastic 

systems 

Educational and research fields: 

Design and implementation of information systems. Data modelling and database 

management, data warehousing. Information retrieval (IR) and knowledge discovery 

from databases (KDD).  

Data mining using the techniques of statistics, artificial intelligence, and database 

systems. Statistical learning algorithms, neural networks. 

Artificial intelligence. Theoretical analysis and applications of statistical methods. 

Regression models. Stochastic processes and fields. Stochastic models in finance, 

insurance models and other econometric models and related statistical problems. Theory 

and applications of autoregressive and branching processes.  

Numerical analysis, solution of differential equations. High precision numerical solution 

of the Schroedinger equation in the complex energy-plane for real and complex nuclear 

potentials. Operations research, optimization techniques.  

Cognitive aspects of hypertext. The application of hypertext in linguistics, literature and 

especially in such interdisciplinary fields as cognitive science and library and information 

science. Bibliography theory, bibliographic description and publication of electronic 

documents. Models in education research, adaptation possibilities of e-learning practices 

and theories.  

 

 



 

Theoretical computer science, data security and cryptography 

The aim of this program is that the PhD students make acquainted the basic methods of 

theoretical computer science, data security and cryptography. After finishing the courses they 

should be able to apply the methods to solve problems in the above topics. The students have 

to learn the methodology of the collection and ordering scientific materials and the 

publication of their results. They have to learn the most important algorithms, the analysis of 

their correctness and complexity as well as their implementations. Important aspect is the 

knowledge of relevant software tools and standards. 

The topics of the program are: development and analysis of cryptographic algorithms and 

protocols. We are especially interested for hash functions, pseudorandom number generators 

and protocols for identification, secret sharing, voting and secure exams. Cryptographic 

method, which are resistent against quantum computers. 

New computer paradigms, classical and non-standard logics, computability and complexity, 

formal languages, computer algebra, automata theory, automata networks, artificial 

intelligence, automatic theorem proving, logical programming, standard and non-standard 

logical languages. 

 

Information Technology Systems and Networks  
The primary purpose of the program is to give firm and practical knowledge of advanced 

techniques of modelling, analysis, maintaining, designing and creating complex information 

technology systems and networks to students intending to conduct research in this field. After 

completion of the courses students will be capable of applying the most important theoretical 

or experimental techniques in their chosen specific field and can start the research and 

practical part of their training. The most important research fields are:  
 

Queueing systems and their applications for performance evaluation of complex 

infocommunication systems: infokommunication networks,  tool supported analysis of stochastic 

systems,  modeling and analysis of information technology systems. 

Next generation networks, future Internet: application-centric design of wireless sensor platforms, 

QoS analysis of sensor networks, experimental measurement and analyzis of network traffic,  future 

Internet. 

Development of FPGA –based calculations: artificial neural networks hardware implementation 

using programmable logic devices,  networked systems for calculations and measurements. 

 

 

Applied IT and its theoretical background  

The program aims at helping PhD students acquire knowledge concerning high level 

applications in the field of information technology, giving them an insight into their 

theoretical background and letting them join research underlying further applications. The 

basic objective of the program is to solve problems raised by practical needs on scientific 

grounds.  

Educational and research fields: 

Information systems and WEB modelling. Safety problems in information systems. Fine-

tuning of information systems and databases. Object-oriented technologies and beyond. 

Software metrics. Large databases and data warehouse, quality management, data 

cleaning. Statistical data mining, biostatistics.Bioinformatics. Statistical models in the 

field of psychology, pedagogy and medicine. Picture databases, pattern recognition and 

machine learning. Image processing technologies in medicine: multimodality and 

multiprocessor technologies. Identification and statistical analysis of linear and non-linear 

dynamical systems. Mathematical model-based diagnostics and risk assessment methods 



 

in aircraft systems. Statistical Process Control and Engineering Process Control. 

Modelling of high-speed information networks. Didactics 

  

  

Industrial and scientific applications of the informatics 

The task of the program is to study and apply the methods and possibilities to connect the 

computers with each other and their respective peripherals; deploying those facilities in 

systems design and maintenance. Also studying the related task of deploying high-

performance computing in different areas, including image and measurement data processing 

as well as their related stuff. 

Educational and research fields: 

Logical design with FPGA circuits, modelling computer hardware. Reconfigurable and 

high-performance computing, algoritm acceleration with FPGA-based hardware units. 

Programming microcontroller-based and other embedded systems; scrutinizing their 

features. Studying of deployment possibilities of FPGAs in fields like cryptography, 

image processing, data compression and other computing-intensive fields. Analyzing 

high-speed computer networks with FPGAs. Using high-perfomance computations, 

especially in image processing. Using matematical modelling in industry and science. 

Methods of data transfer between computers and measuring devices; communication 

methods. The operating systems of computers and their connection to other autonomous 

systems. Process control and regulation, informatical aspects of measurement control 

systems. 


