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Studijny program / Study programme:
Aplikovand matematika / Applied Mathematics

Nazov / Title
Kauzalna analyza zlozitych ¢asovych radov
Causal analysis of complex time series

Jazyk zavere¢nej prace / Language of Thesis
anglicky / English

Skolitel’ / Tutor
RNDr. Anna Krakovska, CSc.

Anotacia / Annotation

Téma sa tyka kauzalnej analyzy zlozitych signalov a ¢asovych radov. Doraz je na vyvoji
metodologie kauzalnej detekcie, zohl'adiiujiicej charakter skimanych procesov (stochasticke,
fraktalne, deterministické dynamické systémy, kombinované). Potencialnou aplika¢nou oblastou su
mnohokanalové elektroencefalografické zdznamy z l'udského mozgu, ale aj d’alSie realne problémy
hl'adania pri¢innych vzt'ahov z nameranych ¢asovych radov. Téma je vhodna pre absolventov so
zaujmom o tvorivé rozvijanie prisluinych matematickych metod. DalSou poziadavkou st znalost
odbornej anglictiny a sklisenosti s tvorbou a testovanim softvéru v prostredi MatLab. V ramci
doktorandského Stadia si doktorand rozsiri znalosti v oblasti tedrie dynamickych systémov, vratane
teorie chaosu a fraktalov a ¢iastocne aj z biomerani, Statistiky, analyzy ¢asovych radov, tedrie
informacie a oblasti matematickej optimalizacie.

The topic concerns the causal analysis of complex signals and time series. Emphasis is placed

on the development of a methodology of causal detection, taking into account the nature of the
investigated processes (stochastic, fractal, deterministic dynamical systems, combined). Potential
application areas are multichannel electroencephalo-graphic recordings from the human brain,
but also other real problems of finding causal relationships from measured time series. The topic is
suitable for graduates interested in the creative development of appropriate mathematical methods.
Another requirement is knowledge of professional English and experience in creating and testing
software in the MatLab environment. As part of the doctoral study, the doctoral student will expand
his / her knowledge in the field of dynamical systems theory, including chaos and fractal theory
and partly also from biomeasurements, statistics, time series analysis, information theory and
mathematical optimization.

Ciel’/ Aim

Ciel'om préce je kauzalna analyza zlozitych signdlov a ¢asovych radov.

The aim of the work is causal analysis of complex signals and time series.

Kracové slova / Keywords
Kauzalna analyza
Causal analysis
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Studijny program / Study programme:
Aplikovand matematika / Applied Mathematics

Nazov / Title

Metody a algoritmy na vypocet rozdelenia pravdepodobnosti vybranych odhadov a testovacich
Statistik v linedrnych zmieSanych modeloch a ich aplikacie

Methods and algorithms for exact probability distribution of the selected estimators and test
statistics in linear mixed models and their applications

Jazyk zavere¢nej prace / Language of Thesis
slovensky / Slovak

Skolitel’ / Tutor
doc. RNDr. Viktor Witkovsky, CSc.

Anotacia / Annotation

Ciel'om dizertacnej prace je rozvoj metod a algoritmov pre vypocet pravdepodobnostnych rozdeleni
odhadov (BLUE) a prediktorov (BLUP) a vybranych testovacich Statistik v linedrnych zmieSanych
modeloch kde nastdva porusenie Standardnych predpokladov o normalite rozdelenia chyb

a ndhodnych efektov. Za predpokladu znalosti rozdelenia vstupnych veli¢in a ich nezavislosti bude
mozné vyuzit metddy zalozené na numerickom invertovani charakteristickej funkcie uvazovanych
odhadov a testovacich Statistik. Specifickym cielom dizerta¢nej prace bude charakterizacia
pravdepodobnostnych rozdeleni vyjadritelnych pomocou G-funkcii a H-funkcii a rozvoj
efektivnych numerickych metod a algoritmov pre vypocet pravdepodobnostného rozdelenia
algebraickych funkcii nezavislych nahodnych premennych, ktoré mozno vyjadrit’ pomocou tychto
rozdeleni. Ukazuje sa, Ze hustotu pravdepodobnosti (PDF) resp. kumulativnu distribu¢nu funkciu
(CDF) mnohych pravdepodobnostnych rozdeleni mozno vyjadrit’ pomocou tychto Specialnych
funkcii (napr. gama rozdelenie, beta rozdelenie, chi-kvadrat rozdelenie, F-rozdelenie). Ide o vel'mi
Siroku triedu rozdeleni, ktoré nachédzaju aplikécie v r6znych oblastiach prirodnych, technickych aj
biomedicinskych vied.

The aim of the dissertation is the development of methods and algorithms for calculating the
probability distributions of estimators (BLUE) and predictors (BLUP) and selected test statistics in
linear mixed models in case of violation of standard assumptions about the normality distribution
of errors and random effects. Assuming knowledge of the distribution of input variables and their
independence, it will be possible to use methods based on numerical inversion of the characteristic
function of the considered estimates and test statistics. The specific goal of the dissertation will

be the characterization of probability distributions expressible using G-functions and H-functions
and the development of efficient numerical methods and algorithms for calculating the probability
distribution for algebraic functions of independent random variables that can be expressed using
these distributions. It turns out that the probability density function (PDF) resp. the cumulative
distribution function (CDF) of many probability distributions can be expressed using these special
functions (e.g., gamma distribution, beta distribution, chi-square distribution, F-distribution). It is
a very wide class of distributions that find applications in various fields of natural, technical and
biomedical sciences.

Ciel’/ Aim

Ciel'om dizertacnej prace je rozvoj metdd a algoritmov pre vypocet pravdepodobnostnych
rozdeleni odhadov (BLUE) a prediktorov (BLUP) a vybranych testovacich Statistik v linearnych
zmieSanych modeloch kde nastava porusenie Standardnych predpokladov o normalite rozdelenia
chyb a nahodnych efektov.

The aim of the dissertation is the development of methods and algorithms for calculating the
probability distributions of estimators (BLUE) and predictors (BLUP) and selected test statistics in
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linear mixed models in case of violation of standard assumptions about the normality distribution of
errors and random effects.

Literatura / Literature

WITKOVSKY, V.: Estimation, testing, and prediction regions of the fixed and random effects
by solving the Henderson’s mixed model equations. Measurement Science Review 12(6), 2012,
234-248.

WITKOVSKY, V.: Estimation, testing, and prediction regions of the fixed and random effects

by solving the Henderson s mixed model equations. Measurement Science Review 12(6), 2012,
234-248.

Krucové slova / Keywords

linearny zmieSany model, charakteristické funkcie, exaktné rozdelenie pravdepodobnosti, BLUE,
BLUP

linear mixed model, characteristic functions, exact probability distribution, BLUE, BLUP
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Studijny program / Study programme:
Aplikovand matematika / Applied Mathematics

Nazov / Title
Mnohorozmerna kauzalna analyza
Multivariate causal analysis

Jazyk zavere¢nej prace / Language of Thesis
anglicky / English

Skolitel’ / Tutor
doc. RNDr. Viktor Witkovsky, CSc.

Konzultant / Consultant
RNDr. Anna Krakovska, CSc.

Anotacia / Annotation

Téma sa tyka kauzalnej analyzy multivariatnych ¢asovych radov. Ddraz je na rekonstrukcii
kauzalnych prepojeni v ramci komplexnej siete a tiez na predikcii, modelovani, vyhodnocovani
fraktalnej zlozitosti a dynamickej stability. Téma je vhodna pre absolventa so zdujmom o tvorivé
rozvijanie prislu$nych matematickych metéd. DalSou poZiadavkou st znalost’ odbornej angli¢tiny
a sktisenosti s tvorbou a testovanim softvéru v prostredi MatLab. V ramci doktorandského Studia
si doktorand rozs$iri znalosti v oblasti tedrie dynamickych systémov, pravdepodobnosti a Statistiky,
analyzy ¢asovych radov, tedrie informacie a oblasti matematickej optimalizacie.

The topic concerns the causal analysis of multivariate time series. Emphasis is placed on the
reconstruction of causal connections within a complex network and also on the prediction,
modelling, evaluation of fractal complexity and dynamic stability. The topic is suitable for
graduates interested in the creative development of appropriate mathematical methods. Another
requirement is knowledge of professional English and experience in creating and testing software
in the MatLab environment. As part of the doctoral study, the doctoral student will expand his / her
knowledge in the field of dynamical systems theory, probability and statistics, time series analysis,
information theory and the field of mathematical optimization.

Ciel’ / Aim

Rekonstrukcia kauzéalnych spojeni v komplexnej sieti, predikcia, modelovanie a hodnotenie
fraktalnej zloZitosti a dynamickej stability.

Reconstruction of causal connections within a complex network, prediction, modelling, and
evaluation of fractal complexity and dynamic stability.

Kracové slova / Keywords
pri¢inné stvislosti, komplexna siet’, fraktalna zloZitost, dynamicka stabilita
causal connections, complex network, fractal complexity, dynamic stability
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Studijny program / Study programme:
Aplikovand matematika / Applied Mathematics

Nazov / Title
Pravdepodobnostné a Statistické metddy na rieSenie inverznej Ulohy elektrokardiografie
Probabilistic and statistical methods for the inverse problem in electrocardiography solution

Jazyk zavere¢nej prace / Language of Thesis
slovensky / Slovak

Skolitel’ / Tutor
Ing. Jana Svehlikova, PhD.

Anotacia / Annotation

Inverzna uloha elektrokardiografie sa rozvija v poslednych desatrociach hlavne vd’aka
technologickému pokroku a vyvoju novych Specializovanych zariadeni v medicine, ktoré umoziuju
jednak snimat’ simultanne vel'a signalov, jednak ziskat’ neinvazivne pomocou zobrazovacich metod
(CT, MR, USG) informécie o stave a umiestneni vnutornych organov. Kazdé mechanické stiahnutie
srdcového svalu je vyvolané vznikom a priebehom elektrického signalu, ktory je na povrchu

tela snimany ako signal EKG. Pri poSkodeni srdcového svalu sa tento elektricky signal meni,

pri inych diagnézach zase vznika neziaduci elektricky signal, ktory pdsobi negativne na vykon
srdca. Inverzna uloha elektrokardiografie je nazyvana aj ,,elektrokardiografické zobrazovanie®,
lebo jej ciel'om je neinvazivne ziskanie Specifickej informécie o srdci z mnohozvodového

merania EKG signéalov na hrudniku (tzv. EKG mapovania) a z informacie o geometrii hrudnika

a polohe srdca a vnutornych orgdnov z CT/MR skenovania. Vzt'ah medzi elektrickymi signdlmi

na srdci a na hrudniku je mozZné popisat’ integralovymi rovnicami, ktoré po diskretizacii vedu

na systém linearnych rovnic. Vo vSeobecnosti je vSak tento systém zle podmieneny, teda nema
jednoznacné rieSenie. Na ziskanie vhodného rieSenia sa pouzivaji r6zne metddy regularizacie
(obmedzenia), ktoré vyplyvaju z apriornych medicinskych znalosti 0 moznom priebehu signalov
na srdci, ktoré je potrebné matematicky popisat’. Dalsim problémom inverznej Glohy je fakt,

7e aj opakujuce sa signaly namerané z jedného biologického subjektu (€loveka) su zat'azené

tzv. intraindividualnou variabilitou, teda neopakuju sa presne, ale s istou neurcitost'ou. Inym
pristupom k rieSeniu inverznych uloh je pouzitie pravdepodobnostnych a Statistickych metod.
Téma je zamerana na aplikaciu pravdepodobnostnych a Statistickych metdd na rieSenie inverzne;
tilohy elektrokardiografie z klinickych udajov nameranych na pacientoch. Dalsim krokom bude
Specifikacia a optimalizacia parametrov na vyber najspolahlivejSieho vysledku. Uchadza¢ ma byt
schopny Studovat’ odbornu literatiru v anglickom jazyku a programovat’ vypocty v jazyku MatLab.
The inverse problem of electrocardiography has been developed during the last decades mainly
thanks to technological progress and design of new specialized equipment in medicine. They

allow to record many signals simultaneously on one side and to obtain the information about the
position and condition of internal organs noninvasively by imaging methods (CT, MR, USG) on

the other side. Every mechanical contraction of the myocardium is preceded by an origin and
propagation of an electrical signal that can be recorded on the body surface as an ECG signal.

An impairment of the myocardium causes a change of this electrical signal, other diagnoses

result from an origin of an undesired electric signal which decreases the heart output. The inverse
problem of electrocardiography is called also an “electrocardiographic imaging” because it aims
to obtain noninvasively a specific information about the heart from a multiple-lead ECG signals
measurement on the torso (so-called ECG mapping) and the information about the torso geometry
and position of the heart and other internal organs from a CT/MR scan. A relationship between

the electrical signals on the heart and the torso is described by integral equations, which lead
after discretization to a system of linear equations. However, the system is in general ill-posed,

Strana / Page 6



i.e. it has not a unique solution. Various regularization methods (constrains) which imply from
mathematically described apriori medical knowledge about possible heart signals propagation

are used to obtain a proper solution. The next problem in inverse solution results from so-called
intraindividual variability, i.e. even the periodical signals measured from the same subject (person)
do not repeat exactly but with some uncertainty. The other approach to inverse problem solutions

is the use of probabilistic and statistical methods. The topic is oriented on the application of
probabilistic and statistical methods on the solution of the inverse problem of electrocardiology
from clinical data measured on the patients. Next, the parameters will be specified and optimized to
choose the most reliable result. The applicant should be able to study the specialized literature in
English and to develop the computational programs in MatLab environment.

Krucové slova / Keywords
Elektrokardiografia
Electrocardiography
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