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Sekce M1

Lipschitz Free Spaces and Subsets of Finite-Dimensional Spaces
Jan Bima
UK, Praha, Matematicko-fyzikdlni fokulta

The essay is devoted to the geometry of Lipschitz free p-spaces F,(M) over subsets of finite-
dimensional vector spaces, where 0 < p < 1. We solve an open problem and show that if M is an infinite
subset of R? endowed with the Holder distorted metric | - |%, where 0 < o < 1, then F,(M, |- |¥) ~ ¢,
for every 0 < p < 1. Moreover, we tackle a question due to Albiac et al. and expound the role of p, d for
the Lipschitz constant of a locally coordinatewise affine retraction from (K[ |1), where K = gz @ is
a union of a collection () # R of regularly spaced cubes in R? with equal side length, into the Lipschitz
free p-space F,(V,| - |1) over their vertices. The last chapter is then dedicated to the Lipschitz extension
problem Lipg(N,Z) — Lipg(M, Z), where N is a doubling subspace of a metric space M and Z is a p-
Banach space. As it turns out, the problem can equivalently be stated in terms of a projective relation
between the Lipschitz free p-spaces F,(N) and F,(M).

Sekce M2

The collapse of quasi-self-adjointness at the exceptional points of a PT-symmetric model
with complex Robin boundary conditions
David Kramar
CVUT, Praha, Fakulta jadernd a fyzikdiné inZenyrskd
I consider non-self-adjoint PT-symmetric operators of Sturm-Liouville type with complex boundary
conditions. I study the existence of a similarity transformation to a self-adjoint operator in dependence
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on the boundary parameter. I determine the values of the parameter for which the model is quasi-self-
adjoint and for such values I find the self-adjoint counterpart in a closed form. In the cases when the
similar self-adjoint operator does not exist I construct a generalized similarity transformation by taking
the root vectors into account and find the similar operator in the closed form likewise (new result). The
present material is an outcome of my bachelor thesis defended in 2021 and was not used in any other
competition as SVOC is.

Stabilita nenormalnich aloh
Ondrej Vasa
UK, Praha, Matematicko-fyzikdlni fokulta

Cilem prace bylo vySetfit globalni chovani feseni konkrétniho systému nelinearnich obycejnych di-
ferencidlnich rovnic. V préaci jsme se nejprve zabyvali zakladnimi vlastnostmi feSeni, tj. existenci, jedno-
znacnosti a defini¢nim oborem maximalnich feseni. Déle jsme nalezli stacionarni feseni a uzitim znamych
vét rozhodli o jejich stabilité a typu. Poté jsme dokéazali existenci pozitivné invariantni mnoziny obsa-
hujici pocatek, kterd ndm umozni vySetfovat globalni chovani feSeni daného systému. Pomoci véty o
stabilni a nestabilni varieté a opakovanym pouzitim vhodnych vét z Poincaré-Bendixsonovy teorie jsme
nasledné urcili celkovy tvar jednotlivych variet. Ziskané vysledky nam umoznily popsat globalni chovani
libovolného feseni, pficemz jsme ukazali, ze stabilni variety nestabilnich ekvilibrii rozd€éli rovinu na t¥i
mnoziny tak, ze kazd4 mnozina bude globalnim atraktorem konkrétniho stabilniho ekvilibria.

Sekce M3

Stochastic Besov Sewing Lemma
Frantisek Hendrych
UK, Praha, Matematicko-fyzikdlni fakulta

In the standard Riemann-Stieltjes (or Young) integration, an object =5 = Y (X; — X;) can be
seen as a good local approximation of increments of the integral Z, = fOT Y, d X, meaning that it fully
determines the integral Z via a limiting procedure. Furthermore, we can look at the integral Z as the
image I= of the approximation = under some abstract integration mapping I.

In general, assume that a mapping =, is given for s < ¢t and we ask for a mapping Z; playing
the role of the integral determined by =. The procedure of obtaining such a map is called sewing. This
approach can be used to give meaning to the so-called rough integral. This integral is an essential tool
in Rough Paths Theory when solving pathwise stochastic differential equations if the regularity of the
underlying objects is not high enough to use the standard integration.

The Sewing Lemma assuming the Holder regularity is well-known. Its particular generalization is
the so-called Stochastic Sewing Lemma, and it allows us to reduce regularity requirements. This is the
motivation for having the stochastic versions of different types of Sewing Lemmas.

Nevertheless, Holder functions may not always be the best choice for the space of trajectories of
a stochastic process. This is the case even for the Wiener process where, for example, the Besov space
321/020 is a better choice. The standard Sewing Lemma considering the Besov regularity was published
recently. Naturally, we can ask whether there also exists its stochastic version allowing us to reduce
regularity requirements in the Besov setting. I proved the stochastic version of the Besov Sewing Lemma
in my diploma thesis. That is a new result. Only the essential parts of the obtained results are presented
in this paper.

Stejnomérny zakon velkych ¢isel, VC dimenze a strojové uceni
Aibat Kossumov
UK, Praha, Matematicko-fyzikdlni fokulta
Matematicka teorie strojového uceni se opird o tzv. zdkladni vétu statistického uceni. Tato véta
vznikla z aparatu matematické statistiky, ktery byl vytvoren v 20. stoleti. Do tohoto aparatu patii na-
ptiklad Glivenkovy-Cantelliho t¥idy funkci, Vapnikovy-Cervonenkisovy tiidy funkci a stejnomérny zakon
velkych ¢isel. Vétsina autortt knih o strojovém uceni se vyhyba presnym souvislostem s vySe uvedenymi
pojmy. Misto toho se zavadi alternativni (ob¢as zjednoduseny z hlediska méFitelnosti) piistup ditkazu
zékladni véty statistického uceni. V této praci se snazime dokazat zakladni vétu statistického uceni v obec-
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néjsim smyslu (z hlediska méfFitelnosti) a v fe¢i vySe uvedenych pojmi. Nejprve vyslovime zobecnénou
Glivenkovu-Cantelliho vétu pomoci pokryvacich ¢isel. Dale zavedeme rtizné typy Glivenkovych-Cantelliho
tfid funkci a uvedeme stejnomérny zdkon velkych cisel. Nasledné se budeme zabyvat Vapnikovymi-
Cervonenkisovymi tfidami funkci (VC ti{dami). Dokdzeme zakladni souvislosti VC t¥id s Glivenkovymi-
Cantelliho tfidami funkci. Nakonec popiseme tlohu strojového uceni a uvedeme piiklad jedné konkretni
ulohy, kterou se dé “nauditi. Hlavni aplikaci bude dokézat zakladni vétu statistického uceni. Obvykle
tato véta je dokazovana pro tfidy prediktori, které jsou Probably Aproximately Correct learnable. V
této praci jsme zobecnili zakladni vétu statistického uceni pro obecnéjsi tiidy prediktorti. Vysledky pre-
zentované v této praci budou soucésti autorovy bakalaiské prace. V soutézi SVOC ani dalsich podobnych
soutézich dosud zadny z vysledkt uplatnén nebyl.

Point processes of objects with random lifetime
Filip Kulla
UK, Praha, Matematicko-fyzikdlni fokulta

The thesis deals with point processes of objects with random lifetime. The form of the likelihood
function of an observed spatial-temporal pattern with random lifetimes is derived, where the formula
is subsequently generalised to the case of censored lifetimes. Moreover, some simple parametric models
are introduced and conditions under which they are non-explosive are derived. In addition, aspects of
our implementation of the algorithm which generates a realisation of a given spatial-temporal point
process with random lifetimes and of the likelihood-based estimation are discussed. The thesis contains
a simulation study in which the use of the (partial) likelihood on simulated data is demonstrated and
properties of resulting estimates are discussed.

Specifické sekvence v nahodnych posloupnostech
Michaela Marcekova
MU, Brno, Prirodovédeckd fakulta
Bakalarska prace se zabyva novéjsim pristupem ke specifickym sekvencim v posloupnosti nahod-
nych pokusi, ktery se nazyva integrace do Markovova fetézce. Tento pristup uvadime pomoci zakladnich
definic a vét a ty néasledné pouZivime k integraci sekvenci uspéchti dané délky a tzv. success runt
pfi zndmém poctu uspéchut v posloupnosti. Pro dlouhé posloupnosti formulujeme aproximace pravdé-
podobnostni funkce a uvadime ptiklady aplikaci pro obé specifické sekvence. Pfinos této prace spociva
v ovéfeni podminek tzv. FMCI aproximace pro pocet sekvenci tispéchtt dané délky a v odvozeni reku-
rentnich vztaht na vypocet presného pravdépodobnostniho rozdéleni poc¢tu success runi za podminky
znamého poctu tspéchii v markovsky zavislych Bernoulliho nahodnjch pokusech se stejnym rozdélenim.

Existence of Gibbs-Laguerre tessellation with unbounded interaction
Martina Petrakova
UK, Praha, Matematicko-fyzikdlni fokulta

Gibbs particle processes present a family of point processes with interactions among the points
prescribed by an energy function. In a bounded window, they are defined using a density with respect
to the distribution of a Poisson point process. On the other hand infinite-volume Gibbs processes are
defined implicitly using Dobrushin-Lanford-Ruelle equations, that prescribe conditional distributions
inside bounded windows for a fixed configuration outside the window. Therefore the existence of such
processes is not guaranteed and needs to be proven.

An interesting class of point processes is the class of random tessellations. They can be modelled
using the particle processes or, as in our work, using marked point processes with marks specifying the
cells. We consider a special class of tessellations, so called Laguerre diagrams with a marked Gibbs point
process as their generator. The energy function we work with is the sum of the number of vertices of
the Laguerre cells. We prove that under the condition that we almost surely see a point, there exists an
infinite-volume Gibbs-Laguerre tessellation in R?.

This text is a part of author’s master thesis.

Klasifikace pomoci metod strojového uceni
Toméas Pompa
MU, Brno, Prirodovédeckd fakulta
Strojové uceni zaznamenalo v poslednich nékolika desetiletich vyznamny rozmach zapri¢inény pie-
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devsim rozvojem informacnich technologii a potifebou zpracovani a vyhodnoceni velkého mnozstvi dat.
Tato bakalarska prace se vénuje klasifikaci, coz je jeden ze zdkladnich problému strojového uceni. V
teoretické ¢asti jsou shrnuty zakladni pojmy a vybrané klasifika¢ni metody, s jejichz pomoci je nasledné
podrobné predstavena metoda podpurnych vektord. Tato metoda si ziskala zna¢nou oblibu zejména diky
vyuziti tzv. jadrového triku, ktery kombinuje linedrni klasifikator s jadrovou funkci, coz vede obecné k
vytvoreni nelinedrni hranice mezi tfidami. Cilem praktické ¢asti této prace je pouziti teoreticky popsa-
nych metod a postupt na simulovanych a redlnych datech, na nichz je vytvoreno nékolik klasifikatort.

vvvvvv

Semiparametric analysis of nested case-control design
Karla Strachorova
UK, Praha, Matematicko-fyzikdlni fakulta

Studying rare diseases often deals with small percentages of cases requiring a large amount of subjects
in the study. The common analysis by the Cox proportional hazards model may be very time-consuming
and money inefficient. The nested case-control design presents a sampling method offering fewer data
needed for the analysis while keeping the estimator of the Cox model consistent and asymptotic normal.
In this thesis for SVOC, we introduce the nested case-control design, we describe in detail the method
for sampling controls for cases, we present the partial likelihood and the maximum partial likelihood
estimator of the regression parameter and we present the theoretical foundation, which would be used
for the proofs of the consistency and the asymptotic normality of the estimator. Then, we introduce the
counter-matching design as an extension of the nested case-control design and we perform a simulation
study comparing the three designs. The contribution of this thesis is the detailed introduction to the
nested case-control and counter-matching design and their comparison through the simulation study.
This thesis is a part of my master thesis written in the same year.

Popis interakcii v komplexnych systémoch pomocou maximalne entropickych funkcionalov
Katarina Studenicova
CVUT, Praha, Fakulta jadernd a fyzikdiné inZenyrskd

V praci sa venujeme budovaniu matematického aparatu vhodného na popis multivaridtnych inter-
akcii v komplexnych systémoch pomocou odhadov maximéalnej entropie. Formalizujeme definicie piatich
konstrukcii maximaéalnej entropie a spojenej informacie. Skiimame ich zakladné vlastnosti, ako st mono-
tonia postupnosti hodnot funkcionélov, ohrani¢enost, podmienky nezavislosti a vztahy medzi konstruk-
ciami. Cast prace je venovana otazke presného vzfahu medzi vlastnostami postupnosti maximalnych
entropii a pritomnostou interakcii medzi zlozkami systému. Vyslovujeme a dokazujeme niekolko viet ty-
kajicich sa interakcii, ktoré si jednym z hlavnych vysledkov prace. Dalsim prinosom je vybudovanie
novej maximaliza¢nej konstrukcie na informacénych diagramoch a dokazanie niektorych jej vlastnosti a
vztahov ku ostatnym konstrukcidm. Tvrdenia st doplnené prikladmi, uvedené st aj vysledky numerickej
optimalizécie v jazyku Julia. Text plne vychédza z bakalarskej préce a ¢ast z neho bola prezentovana
aj v ramci Rektorysovej stufaze CVUT. Okrem pér priamo citovanych vysledkov z élankov sti formalne
definicie, vety o vlastnostiach, dékazy a priklady vlastnym prinosom autorky, samozrejme findlna verzia
vznikla po korekcii a diskusii so $kolitelom a konzultantom.

Sekce M4

Dependent Zeros
Jan Hanousek
UK, Praha, Matematicko-fyzikdlni fakulta
This thesis investigates a specific type of non-negative time series containing a significant proportion
of zeros. The goal of this work is to create a stochastic model which would be an appropriate represen-
tation of such time series. After examining existing theory about stochastic processes and the estimation
of their parameters, we propose our own final models. Their suitability is tested using real-world data
and the procedure shows that each model has its own advantages and limitations. Overall, the results
are satisfactory, proving the credibility of the models and their applicability in practice and paving the
way for possible further research on this topic. This work is a part of the author’s bachelor thesis which

6



is currently under development.

Modelovanie nakladovosti v poistovnictve
Alzbeta Jurecekova
STU, Bratislava, Stavebnd fakulta

Téato praca sa zaobera analyzou dat pochadzajucich z vybranej slovenskej zdravotnej poistovne. Ide
o anonymizované udaje ambulancii vseobecnych lekarov zbierané mesacne od roku 2015 po rok 2019.
V prvej Casti sa venujeme teoretickej Casti prace. Ide najmi o regresna analyzu a analyzu bodu zmeny.
Druhé cast vysvetluje dolezité pojmy z poistovnictva a nésledne popisuje jednotlivé charakteristiky
lekdrov v datasete. Obsahom tretej ¢asti je prakticka ¢ast prace, kde vyuzivame teoretické poznatky na
vytvorenie regresného modelu v Statistickom softvéri R. Hlavnym cielom prace je analyza vyvoja kmetia
zdravotnej poistovne, detekcia vybocujucich hodndt v nakladoch jednotlivych vSeobecnych lekarov a
odhad nakladov pomocou linearneho regresného modelu. Tieto analyzy mozu pre poistoviiu sluzif ako
prostriedok na identifikdciu poskytovatelov na kontrolu a pripadné odhalenie dévodov ich zvlastneho
spravania.

Kauzalita ve vicerozmérnych ¢asovych radach
Ondrej Kusenda
UK, Praha, Matematicko-fyzikdlni fokulta

Praca popisuje kauzalitu vo viacrozmernych casovych radoch. Viacrozmerné casové rady s vyja-
drené pomocou vektorovych autoregresnych modelov (VAR), priGom st popisané zdkladné vlastnosti
modelov VAR. Tvorba modelu zahitia uréenie stupiia modelu VAR, odhadnutie jeho parametrov a di-
agnostiku vlastnosti modelu VAR. V praci s zadefinované zékladné pojmy Grangerovej a okamzitej
Grangerovej kauzality a vety na klasifikidciu tychto vztahov. Na vhodnych modeloch je popisané tes-
tovanie Grangerovej a okamzitej Grangerovej kauzality. Nésledne st teoretické poznatky aplikované na
realne data vybraté z databazy programu R. Praktické ¢ast prace je spracovand v programe R. Vlastnym
prinosom prace je vytvorenie uceleného stiboru poznatkov pre testovanie Grangerovej a okamzitej Gran-
gerovej kauzality. Poznatky st aplikované na redlne data, ktoré vychadzaju z aktualnej situacie. Praca
je castou bakalarskej prace.

Copulae for non-continuous distributions
Matej Mifkovic¢
UK, Praha, Matematicko-fyzikdlni fakulta

The author introduces the basics of copula theory based on the cited literature. The main focus of
this work is to introduce the reader to the field of non-continuous copula modelling and highlight all
major issues. At the same time, empirical evidence is gathered suggesting that copula modelling and
inference may be a viable option when additional care and caution is applied. Author’s contribution
consists of providing a unified notation of concepts collected from the cited literature, several rigorous
proofs of simpler lemmas and theorems devised by the author himself, and compact and easy-to-follow
structure of the discussion about issues and possible remedies in non-continuous copula modelling, which
may serve as a stating point for an interested reader. The body of this works will be used as the theoretical
part of author’s undergraduate thesis. This work has not been submitted to SVOC nor any other similar
competition before.

Useknuté nahodné vektory
Petr Raab
UK, Praha, Matematicko-fyzikdlni fokulta
Tato prace se zabyva useknutymi ndhodnymi vektory, jejich pravdépodobnostnim rozdélenim a vlast-
nostmi. Teorie okolo useknutych ndhodnych vektorti je néasledné aplikovana na problém opozdéného
hlaseni skod v nezivotnim pojistovnictvi. Na konci jsou ukazany vlastnosti a chovani odhadt z této prace
na skuteénych datech z havarijniho pojisténi.

Operadni riziko a znac¢kovany Poissonuv proces
Karla Vachova
UK, Praha, Matematicko-fyzikdlni fokulta
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Predmétem této soutézni prace s ndzvem ”Operacni riziko a znackovany Poissoniv proces” je mo-
delovani opera¢niho rizika s vyuzitim Poissonova znackovaného procesu. Poissoniv proces je typem
bodového procesu a modeluje ndhodné rozmisténé body v néjakém nosném prostoru. Diky jeho matema-
tickym vlastnostem je pomérné ¢asto vyuzivany v biologii, astronomii, ekologii nebo ekonomii. Pfinosem
této prace je uceleny popis zakladnich vlastnosti a naslednéa aplikace poznatkil pri sestaveni modelu vysi
a poctu skod spadajicich pod operacni riziko banky. Tato soutézni prace je také ¢asti autorovy bakalarské
prace.

Sekce Mb

Monotone relations
Adam Alexaj
STU, Bratislava, Stavebnd fakulta
Kategdria RelPos Ciastocne usporiadanych mnozin a monoténnych relacii doplnend o Struktiru
stéinu ® a jednoprvkovi mnozinu I je symetrickd monoidalna kategdria. Hlavnym cielom tejto prace
je dokazaft, ze kazdy objekt tejto kategérie (RelPos,®,I) méa dudlny objekt, preto je tato kategdria
kompaktne uzavreta.

Sums of squares in number fields
Martin Raska
UK, Praha, Matematicko-fyzikdlni fokulta

The goal of this thesis is to study real quadratic number fields Q(v/D) such that, for a given rational
integer m, all m-multiples of totally positive integers are sums of squares. We prove quite sharp necessary
and sufficient conditions for this to happen. Further, we give a fast algorithm that verifies this property
for specific m, D and that for a fixed m finds all such fields in polynomial time. The paper is based
on author’s bachelor thesis. No part of this work has been submitted to SVOC or similar competition
before.

Generalised Cantor base systems
Katarina Studenicova
CVUT, Praha, Fakulta jadernd a fyzikdlné inZenyrskd

We study recently defined positional numeration systems called Cantor base systems. They include
classical expansions of real numbers as a Cantor series (where the base is a sequence of integers), and
also the well-known Rényi expansions in a real base beta (if the Cantor base is a constant sequence).
We consider in particular alternate base systems with the base being a purely periodic sequence of
real numbers. We study an analogue of two important results known for Rényi expansions, namely the
theorem of Parry describing representations of 1 in base beta and the result of Schmidt on periodicity
of beta-expansions. The present work is the output of my university research project and a base for my
future study during the work on my Master thesis.

The Cheeger constant of curved tubes in space forms with constant sectional curvature
Petr Vlachopulos
MU, Brno, Prirodovédeckd fakulta

Recent theoretical progress in the area of the isoperimetric problems takes quick steps forward. Many
current new results concern the formulation of the isoperimetric problem in the context of eigenvalues
of differential operators on smooth Riemannian manifolds. One of the specific problems is to find the
Dirichlet eigenvalues of the nonlinear p-Laplace operator. Here it is possible to characterize the first
eigenvalue of this elliptic operator, when p goes to 1 as the Cheeger constant. In our work, we solve
an open isoperimetric problem for the Cheeger constant of curved tubes in space forms with constant
sectional curvature, considering that the curved tubes form a tubular neighborhood about smooth closed
curves. The proof is based on the connection between the eigenvalues of the shape operator on the
tubular hypersurface and the regularity of the intersection of the Cheeger set and the curved tube. We
subsequently simplify this property by using invariance of the curved tube with respect to the scaling
of its (n — 1)-dimensional cross-section. We finally extend this result to the case of unbounded curved
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tubes and also raise a question about curved tubes with arbitrary cross-section in space forms.

Sekce M6

Vertex-transitive closures of graphs
Stefania Glevitzka
UK, Bratislava, Faokulta matematiky, fyziky a informatiky

A vertex-transitive closure of a graph I is a vertex-transitive supergraph of I' on the same vertex
set. The vertex-transitive number of I' is the smallest possible degree of a vertex-transitive closure of I'.
Recall that a graph I is said to be vertex-transitive if for each pair of vertices u,v € V(I') there exists
an automorphism of I' which maps u to v.

In this paper, we estimate (and in some cases also determine) vertex-transitive numbers for graphs
of order at most two. We also prove some necessary conditions for graphs whose only vertex-transitive
closure is a complete graph.

This paper is an early version of the author’s bachelor thesis. All new results except for Theorem 3.3
are author’s own, Theorem 3.3 is based on a cooperation of the author and the supervisor.

Quasirandomness of Permutations
Martin Kurecka
MU, Brno, Fakulta informatiky

A large combinatorial structure is said to be quasirandom if it shares key properties with a truly
random structure of the same kind. These structures play an essential role in combinatorics and vari-
ous areas of applied mathematics and computer science. An important example of such structures are
quasirandom graphs, whose origin dates back to the 1980s to the work of Rédl, Thomason, and Chung,
Graham and Wilson. The authors have proven the notion of a quasirandom graph to be particularly
robust as they provided many very different definitions for it.

In this work, we are concerned with the quasirandomness of permutations. A classical result of the
previously spelt authors asserts that the quasirandomness of a large graph is captured by the number
of occurrences of Ky and Cy as its subgraphs. Graham asked whether a similar statement also holds
for permutations. Kral’ and Pikhurko answered this question affirmatively by establishing that a large
permutation is quasirandom if and only if its subpermutations of order four are evenly distributed among
all 24 possible patterns. Smaller sets with this property have been found; the smallest known instance
contains eight permutations of order four. As our main result, we prove the first known non-trivial lower
bound on the number of elements of such a set: every set of permutations that captures permutation
quasirandomness has at least four elements.

This work submitted for the SVOC competition is an enhanced version of the bachelor’s thesis of
the author, which is based on a single-author paper published in the journal Combinatorics, Probability
and Computing.

Unfolding Some Classes of One-Layer Polycubes
Josef Minaftik
UK, Praha, Matematicko-fyzikdlni fokulta

An unfolding of a polyhedron is a cutting along its surface such that the surface remains connected
and it can be flattened to the plane without any overlap. An edge-unfolding is a restricted kind of
unfolding, we are only allowed to cut along the edges of the faces of the polyhedron. A polycube is a
special case of orthogonal polyhedron formed by glueing several unit cubes together face-to-face. In the
case of polycubes, the edges of all cubes are available for cuts in edge-unfolding. We focus on one-layer
polycubes and present several algorithms to unfold some classes of them. We show that it is possible
to edge-unfold any one-layer polycube with cubic holes, thin horizontal holes and separable rectangular
holes. This paper forms the main part of the author’s bachelor thesis.

Kriticky exponent balancovanych slov
Daniela Opocenska
CVUT, Proha, Fakulta jadernd a fyzikdlné inZenyrskd
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Préace spadd pod tematiku kombinatoriky na slovech, coz je relativné nové odvétvi matematiky
zabyvajici se studiem slov a formalnich jazykd. Jednim z aktudlnich témat kombinatoriky na slovech
je pravé kriticky exponent a jeho minimalita pro dané skupiny nekonec¢nych slov. Kriticky exponent
odrazi jistou periodi¢nost nekonecnych slov, je to nejvétsi mozna hodnota, kolikrat se faktor hned za
sebou ve slové opakuje. Balancovana slova jsou skupinou slov, ktera dokdzeme generovat pomoci dobfe
prozkoumanych slov sturmovskych a zachovavaji si mnoho podobnych charakteristik. Pfirozené se nabizi
otézka, zda se d4 nad danou abecedou uréitému mnozstvi opakovani vyhnout? Obecna dolni mez je
dobfe znama, pro balancovana slova vSak byla vyslovena pouze domnénka na zakladé systematického
prochazeni prefixi slov nad d-pismennymi abecedami pro d < 8.

Tato prace obsahuje uceleny popis vlastnosti sturmovskych a balancovanych slov a nasledné odvo-
zeni, jak se pocita kriticky exponent a také asymptoticky kriticky exponent balancovanych slov, ktery
odrazi opakovani faktord v limité pro délku faktoru jdouci do nekone¢na. Na rozdil od matematik, ktefi
fesili problém pred nami hrubou silou prohledavanim dlouhych prefixi balancovanych slov, my umime
kriticky exponent vysetfit zkoumanim bispecidla a jejich navratovych slov, jejichz charakteristiky dobte
zname.

Hlavnim p¥inosem prace je popis a nasledna implementace algoritmu pro vypocet (asymptotického)
kritického exponentu balancovanych slov, ktery je nezavisly na velikosti abecedy. Tyto programy byly
déle intenzivné vyuzivany pro zkouméani minimalniho kritického exponentu balancovanych slov a pravé
pomoci programu se nam povedlo puvodni domnénku vyvratit, najit mensi dolni mez pro d > 11 a pro
sudé abecedy dokazat, Ze je nabyvana.

Toto téma je zaroven tématem mé bakalarské prace a v mnohem mensim rozsahu bylo jiz prezento-
vano v ramci Rektorysové soutéze na CVUT v Praze. Vysledky ziskané pomoci programu jsou soucasti
¢lanku L. Dvorakova, D. Opocenska, E. Pelantova, A. Shur: On minimal critical exponent of balanced
sequences, pfijato k publikaci v Theoret. Comput. Sci. (2022).

On off-diagonal ordered Ramsey numbers of nested matchings
Marian Poljak
UK, Praha, Matematicko-fyzikdlni fakulta

For two graphs G< and H < with linearly ordered vertex sets, the ordered Ramsey number r - (G<, H<)|
is the minimum N such that every red-blue coloring of the edges of the ordered complete graph on N
vertices contains a red copy of G< or a blue copy of H<.

For a positive integer n, a nested matching NM< is the ordered graph on 2n vertices with edges
{i,2n—i+1} for every i = 1,...,n. We improve bounds on the ordered Ramsey numbers r (NM,~, K5 )
obtained by Rohatgi, we disprove his conjecture by showing 4n + 1 < ro(NM,S, K5) < (3 +V/5)n for
every n > 6, and we determine the numbers ro (NM,;<, K5) exactly for n = 4,5. As a corollary, this
gives stronger lower bounds on the maximum chromatic number of k-queue graphs for every k > 3. We
also prove r (NMy5, K<) = ©(mn) for arbitrary m and n.

We expand the classical notion of Ramsey goodness to the ordered case and we attempt to charac-
terize all connected ordered graphs that are n-good for every n € N. In particular, we discover a new
class of ordered trees that are n-good for every n € N, extending all the previously known examples.

Sekce M7

Vlastnosti stinovani v numerickych metodach pro parcialni diferencialni rovnice
Ondfej Brichta
UK, Praha, Matematicko-fyzikdlni fakulta
Predkladand prace se zabyva problematikou stinovani v numerickych metodach pro parcidlni dife-
rencialni rovnice. Cile této préace jsou prostudovat problematiku stinovani v pfipadé linearniho zobrazeni,
vhodné upravit standardni metody pro ucely zminéné aplikace a aplikovat vybudovanou teorii na vice-
krokové metody pro numerické metody. V Gvodni pfehledové Casti se nejprve zaméfujeme na studium
standardni teorie stinovani, formulujeme zékladni tvrzeni a ukdzeme vztah kontraktivity a stinovani.
Dale nalezneme charakterizaci stinovaci vlastnosti pro linedrni zobrazeni. Nasledné vhodné adaptujeme
stinovaci teorii, aby byla umoznéna aplikace ve vicekrokovych numerickjch metodach. Prislusnou apli-
kaci potom vysvétlujeme na pfikladu Dufortova-Frankelova schématu. V zavéru prace potom uvadime
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obecné poznamky k vySetfovani stinovani v obecnych vicekrokovych metodach.

Ptinos této prace spociva v prostudovani pomérné komplikované teorie stinovani, v dasledném pro-
vedeni diikazi tvrzeni, které se v literatufe ve snaze zestrucnit vyklad neuvadéji a nasledné tpravé pojmu
a diikazil standardni teorie pro tcely analyzy vicekrokovych numerickych metod. Nékteré dikazy jsou
rovnéz provedeny jinak, nez tomu je v literatufe (napf. explicitni sestrojeni a vyuZziti specidlni normy, ve
které se linedrni zobrazeni se spektrem lezicim v otevienim jednotkovém kruhu chové jako kontrakce).

Comparison of iterative matrix methods for information retrieval
Jakub Hercik
UK, Praha, Matematicko-fyzikdlni fokulta

This work describes the topic of information retrieval and introduces iterative matrix algorithms use-
ful in this context - the Lanczos algorithm used in latent semantic indexing and the Golub-Kahan-Lanczos
bidiagonalization. The efficiency of these techniques is compared in a series of numerical experiments
which measure retrieval performance and computation time on collection of real-world datasets. The
study of the methods is conducted in both single and double IEEE precision arithmetic, and special
attention is payed to the variations. The results of our experiments suggest that in many cases, lower
precision can be used without significantly damaging retrieval performance. This comparison as well
as examination of the efficiency of the basic Lanczos algorithm in the context of information retrieval,
something rarely done before, are the main contributions of the text.

The presented work is the core of author’s bachelor’s thesis, which further expands on some of the
introduced concepts. No part of this work has been submitted to SVOC or any other competition before.

Preconditioning in solution of electron-molecule scattering problems.
Martina Sarmanova,
UK, Praha, Matematicko-fyzikdlni fokulta

In this work, we study low-energy electron-molecule collisions. To understand these processes, it is
necessary to explain the phenomena appearing in 2D electron energy-loss spectra which we obtain as
outputs of modern crossed-beam electron-molecule collision experiments. These spectra are very different
for different molecules, which we still cannot explain satisfactorily. For this reason, it is appropriate to
deal with mathematical modeling of the problem. The collision of an electron with a molecule can
be mathematically defined within the quantum scattering theory which tells us how to formulate a
problem in the language of integro-differential equations. The discretization converts the problem to a
system of linear algebraic equations with a complex symmetric matrix. The matrix of this system is
also sparse and for this reason we believe that the use of iterative methods to solve the resulting system
is a suitable choice. However, as we were convinced when testing the convergence rate of the Krylov
subspace methods for the model with two degrees of freedom (which we dealt with in the bachelor
thesis), iterative methods suffer from slow convergence. This motivated us to try using preconditioning
which is often considered to be crucial for the reliability of iterative techniques. Our main goal in this work
was to find a suitable preconditioning technique for Krylov subspace methods, which would ensure their
faster convergence. We devoted the first chapter to the brief motivation. Subsequently, we formulated the
partial integro-differential equation and introduced its discretization. In the second chapter, we recalled
two basic approaches to solving systems of linear equations and the idea of preconditioning. After that
we introduced a few preconditioning techniques. The core of the whole work is the third chapter, which
is devoted to numerical experiments. The whole project is part of the emerging diploma thesis.

Computations of Google’s PageRank
Barbora Smejkalova
Univerzita Karlova, Matematicko-fyzikalni fakulta

The thesis is concerned with numerical methods for solving the PageRank problem. The PageRank
problem is formulated and mathematically described, based on intuitive observations called theses. We
introduce and analyze two numerical methods for solving the resulting algebraic problems, namely the
power method and the inner-outer method. The presented numerical experiments demonstrate and com-
pare the behavior of the methods for various test matrices and input parameters.

MozZnosti implementacie okrajovych podmienok vys$sich radov pre tlohu uréovania
tiaZového pola Zeme
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Marek Tomka
STU, Bratislava, Stavebnd fakulta

V naSej praci budeme skiimat moznosti implementécie okrajovych podmienok druhého radu pre
tlohu uréovania tiazového pola Zeme. V prvej casti si vysvetlime dodlezité teoretické pojmy a vzfahy pre
zadefinovanie geodetického problému. Dalej si odvodime postup rieSenia Laplaceovej rovnice pomocou
metddy koneénych prvkov. VyuZzitim teoretickych poznatkov z predoslych ¢asti prace prevedieme niekolko
numerickych experimentov geodetickej tlohy v softvéri Wolfram Mathematica. Na zaver porovname
vysledky naSich experimentov s presnym rieSenim a zaroven vyhodnotime, ¢i st okrajové podmienky

druhého radu vhodné na vypocet poruchového potencialu.

Sekce M8

Correction of watercourses in maps using airborne laser scanning data
Tomas Homola
STU, Bratislava, Stavebnd fakulta

Title: Correction of watercourses in maps using airborne laser scanning data Abstract: In this thesis
we deal with the use of evolving planar curves to create more accurate map depiction of watercourses.
For this purpose we use data from airborne laser scanning and from the OpenStreetMap database. We
introduce all the input data for our mathematical model which includes classified point cloud, digital
terrain model and sequence of watercourse’s nodal points. Then we describe and explain all components
of our mathematical model for curve evolution in detail, as well as demonstrate its functionality in
several numerical experiment using real data. All computations are implemented in MATLAB software.
Keywords: watercourse, planar curve evolution, classified point cloud, digital terrain model, MATLAB
software

Numerical simulations of interaction between fluid flow and rigid particles
Jan Hriza
UK, Praha, Matematicko-fyzikdlni fokulta

A blood is predominantly a mixture of fluid plasma and red blood cells and it is known to exhibit
the non-Newtonian effect of shear thinning. Inspired by blood, we investigate a system of rigid particles
submerged in a Newtonian fluid and show the presence of shear thinning and its dependency on particle
distribution. In this paper, we implement a method for direct simulations of interaction between fluid flow
and rigid particles based on the arbitrary Lagrangian-Eulerian (ALE) description. The implementation
is based on the finite element method and uses the FEniCS Python library and is validated using various
benchmarks. The work is based on a master thesis.

Consistent non-equilibrium thermodynamic modeling of hydrogen fuel cells
Jakub Jambrich
UK, Praha, Matematicko-fyzikdlni fokulta

At first, a classical irreversible thermodynamic model of the hydrogen pump is derived in this thesis.
The model is then numerically implemented using the Finite volume method in the VoronoiF' VM library
in Julia. The numerical implementation is further used to explain the measured experimental data of
water and proton fluxes through the PE membrane measured by the group of Jay Benziger. The plateau
that was observed in the voltage-flux measurement could not be explained in the original work, as the
membrane was approximated with a single point. Such a zero-dimensional model did not predict the
plateau, and therefore it was believed to originate from some interfacial effects. In this thesis, we will
focus on the thermodynamically consistent implementation of the equations inside the membrane and
an explanation of the observed effects using no additional assumptions.

Jump Conditions and Dynamic Surface Tension at Non-Material Interfaces
Peter Kottman
UK, Praha, Matematicko-fyzikdlni fakulta
Problems involving fluid flow across phase interfaces arise in many branches of physics and enginee-
ring, making correct description of fluid behavior near an interface an important issue. In this thesis we
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study the quasi-static Stokes flow of a linearly viscous fluid, comparing two different jump conditions for
traction. We study the limit of the solution of governing equations across a transitional layer of finite
thickness with the thickness going to zero, and thus motivate the assumption of nontrivial traction jump.
This jump condition was originally derived using terms ill-defined even in the sense of distributions. To
interpret these correctly, we use the Colombeau algebra of generalized functions. We derive the form of
the traction jump for radially symmetric flow rigorously and show that this result is identical to the one
obtained by the original method. The theoretical results are accompanied by numerical experiments, and
possible generalizations as well as physical significance of the results are discussed. The work presented
in this report is a part of the author’s bachelor thesis submitted and defended in 2021.

Methodology for topology optimization of fluid affected device components
Lucie Kubickova
VSCHT, Praha, Fakulta chemicko-inZenyrskd

Current technology possibilities, especially 3D printing, allow engineers to manufacture device com-
ponents of almost arbitrary shape and connectivity. Therefore, the components can be designed to suite
a specific application. To find such application-specific designs, the engineers more and more often use
topology optimization (T'O). The TO is one of the most general optimization approaches; however, it
may be nontrivial to apply it to a specific optimization problem. In the present work, we focus on
device components that come in contact with flowing fluid and we propose a robust and general metho-
dology that allows TO of these fluid-affected components. In particular, the methodology is based on
multi-objective evolutionary algorithms with the component topology encoded using a binary represen-
tation and the optimization criteria evaluated via computational fluid dynamics (CFD). Moreover, the
standard CFD techniques are extended by an immersed boundary method that allows to use only one
computational mesh for all the tested topologies. The new methodology capabilities are illustrated on
a shape optimization of a diffuser equipped as a part of an ejector, where the optimization goal was to
increase the ejector energy efficiency. The newly proposed methodology proved itself sufficiently robust
and effective to solve the studied optimization problem. Eventually, it was able to identify a design by
roughly 9 % more efficient than an alternative one found using a previously published and less general
optimization approach developed as a part of the author’s bachelor thesis. The author’s contributions to
the present work include (i) general framework design, (ii) link between python and OpenFOAM with
focus on an effective parallelization on cluster, (iii) modification of the immersed boundary method and
implementation of a custom CFD solver tailored specifically for the proposed framework.

Stochastické modelovanie Specifickych mier plodnosti vo vybranych krajinach
Erika Lettrichova
UK, Bratislava, Faokulta matematiky, fyziky a informatiky

Tato praca je venovana modelovaniu a predikovaniu Specifickej miery plodnosti vo vybranych po-
pulaciach vo vekovom intervale 18 az 42 rokov s jednoro¢nym vekovym delenim. V praci si pouzité
data o Specifickej miere plodnosti, strednom stave zenskej populécie a pocte Zivonarodenych deti podla
veku matky za jednotlivé kalendarne roky. Vsetky pouzité data st dostupné na internetovej stranke
The Human Fertility Database, v rdamci prace boli aplikované na odhadovanie parametrov pouzitych
modelov. Parametre modelov boli kalibrované pomocou Statistického softvéru R, a potom dalej spraco-
vané v programe v programe Microsoft Excel. Cielom préace bolo najst pre kazdu z vybranych populacii
najvhodnejsi model. Medzi vybrané populacie patri Slovensko, Cesko, Madarsko, Rakiisko a Holandsko.
Pri hladani najkvalitnej$iecho modelu sme vysktsali 10 roznych stochastickych modelov, ktoré sme zis-
kali postupnym vylepSovanim zakladného Leeho modelu, ku ktorému sme pridavali rézne kombinécie
casovych, vekovych a kohortnych parametrov. Pre kvantitativne porovnanie modelov sme sledovali hod-
noty funkcie vierohodnosti, poc¢et odhadovanych parametrov a hodnoty Bayesovho informac¢ného kritéria.
Kvalitativnu stranku modelov sme vyhodnocovali na zaklade odhadnutych rezidui modelov. Nésledne,
na zaklade vyhodnotenia najkvalitnejSicho modelu pre Specifickti mieru plodnosti slovenskej populacie,
sme odhadli parametre modelu, ktoré sme pouZili pre kratkodobu predikciu Specifickej miery plodnosti
pre obdobie do roku 2025.

Klacové slova: stochastické modely, $pecifickd miera plodnosti, Leeho model, predikcie pravdepo-
dobnosti.
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Sekce 11

Bounding twin-width using red potential
Jakub Balaban, Jan Jedelsky
MU, Brno, Fakulta informatiky

Twin-width is a new parameter of graphs and other binary relational structures, introduced in 2020
by Bonnet, Kim, Thomassé, and Watrigant. One of their key results is that FO model checking is FPT on
classes of bounded twin-width. They also bounded the twin-width of posets of bounded width. However,
their double-exponential bound was very loose. In the Bachelor thesis Constructive twin-width for posets
of small width, a quadratic bound was presented, and subsequently, in the article Twin- Width is Linear
in the Poset Width, it was improved even further down to linear.

One of the classes of graphs for which Bonnet et al. showed an explicit and optimal contraction
sequence is the class of proper interval graphs. In the Bachelor thesis Classes of bounded and unbounded
twin-width, we explored extending this result to the class of proper H-graphs and its subclasses. The
positive results were later simplified and generalized by defining proper k-mixed-thin graphs in the
article Twin-width and Transductions of Proper k-Mized-Thin Graphs and showing that this class has
twin-width linear in k. The method used to obtain this bound is similar to the method used previously
in the case of posets, and we call it the red potential method.

Both articles have been co-authored by Petr Hlinény, the supervisor of the mentioned bachelor
theses. This SVOC submission, which is based on the mentioned papers, is a sole work of the student
authors and covers their results within the mentioned research.

Hamiltonovské kruZnice v bipartitnych kubickych planarnych grafoch
Richard Bir6
UK, Bratislava, Faokulta matematiky, fyziky a informatiky

Problém existencie Hamiltonovskej kruznice v 3-stvislych bipartitnych kubickych planarnych grafoch
je zndmy ako Barnettova hypotéza. Existuje niekolko ¢iastkovych vysledkov o Struktire hypotetického
protiprikladu a niekolko zosilneni hypotézy, ktoré st s danym tvrdenim ekvivalentné. Cielom préce je
rozsirit doteraz zndme poznatky tykajice sa skiimanej problematiky. Prostriedkom je studovat vlastnosti
konfigurdcii malych stien v bipartitnych kubickych grafoch, a systematicky ich klasifikovat na reduko-
vatelné a neredukovatelné vzhladom na existenciu Hamiltonovskej kruznice, pripadne aj vzhladom na
zosilnenia Barnettovej hypotézy. Na generovanie konfigurdcii i na overovanie ich vlastnosti sa vyuZije
pomoc pocitaca. Vysledkom je objavenie novej redukovatelnej konfiguracie.

Establishing a Herd Immunity is Hard Even in Simple Geometric Networks
Michal Dvofak, Simon Schierreich
CVUT, Praha, Fakulta informacnich technologii

We study the following model of a disease spread in the social network. In the beginning, all indi-
viduals are either infected or healthy. Next, in discrete times, the disease spreads in the network from
infected to healthy individuals such that a healthy individual gets infected if and only if a sufficient
number of their direct neighbours are already infected.

We represent the social network as a graph. Inspired by the real-world restrictions in the current
epidemic, especially by social and physical distancing requirements, we restrict ourselves to networks
representable as disk graphs.

We show that finding a minimal vertex set of initially infected individuals to spread the disease in
the whole network is computationally hard. We also discuss the opposite case, where our goal is to stop
the disease spread in the network by, e. g., vaccination or quarantine.

This paper was created during Student Summer Research Program 2021 of FIT CTU in Prague to-
gether with Ing. Simon Schierreich under mentorship of Dusan Knop. All nontrivial proofs are exclusively
my work.

Special classes of P-matrices in the interval setting
Matyas Lorenc
UK, Praha, Matematicko-fyzikdlni fakulta

This work focuses on generalizing some easily recognizable subclasses of P-matrices into interval
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settings, including some results regarding these classes. Those classes are those of B-matrices, doubly B-
matrices and Bf-matrices. We define the interval variants, derive their characterizations, some necessary
conditions and sufficient ones, plus we introduce some of their properties, such as are the closure ones
and a few conditions the entries of such matrices satisfy. Then we proceed to state a way to generate
instances of some of these interval matrix classes.

The results of this work were presented on two conferences (SCAN, CoProD) with third (ILAS)
coming this June. We have also two articles currently in a review process. The results were even extended
as a part of SFG (Student Faculty Grant).

Infinite sequences and symmetries in their languages
Viola Vavrycukova
CVUT, Praha, Fakulta jadernd a fyzikdlné inZenyrskd

The aim of this work is to investigate some properties of infinite words over the alphabet {A, C,
G, T}, which is motivated by the structure of DNA. We start with an overview of some main concepts
and results of combinatorics on words and we revisit a more general definition of a palindrome and a
palindromic word. Several results concerning equations on words are also derived. Then we focus on
palindromic words, first, briefly presenting known results in the context of the HKS conjecture, and
second, attempting to develop a theory more specific to the alphabet {A, C, G, T}, defining a new
class of morphisms called class D. The last chapter is devoted to palindromic length, where we describe
algorithms for calculating this function and examine both theoretically and experimentally its growth.
This work is based on the author’s research project, which is a preparation for Master’s thesis. It has
not been submitted in the SVOC competition or any other student competition before.

Sekce 12

A Constructive Bound on Shallow Neural Network Expressivity
Vit Fojtik
UK, Praha, Matematicko-fyzikdlni fakulta

Despite abundant research into neural network applications, many areas of the underlying mathe-
matics remain largely unexplored. The study of neural network expressivity is vital for understanding
their capabilities and limitations. However, even for shallow networks this topic is far from solved. We
provide an upper bound on the number of neurons of a shallow neural network required to approximate a
function continuous on a compact set with given accuracy. Dividing the compact set into small polytopes,
we approximate the indicator function of each of them by a neural network and combine these into an
approximation of the target function. This method, inspired by a specific proof of the Stone-Weierstrass
Theorem, is more general than previous bounds of this character and it is purely constructive.

The results presented are the main content of the Master’s thesis Approximation of Functions
Continuous on Compact Sets by Layered Neural Networks. The contents of Sections 3 and 4 are original
results, as well as parts of Section 2.

Implicitni spoluprace agentu ve vice-tiastnickém prostiedi
Aleksej Gaj
CVUT, Praha, Fakulta jadernd a fyzikdlné inZenyrskd

Tato préace se zabyva problémem rozhodovéani za neurcitosti. Konkrétné se zamétfuje na implicitni
kooperaci rozhodovacich agentti ve vice-agentnim prostiedi. Metodologicky jsou to nezavislé bayesovské
bytosti, které pouzivaji plné pravdépodobnostni navrh rozhodovacich strategii. Agenti kooperuji pres
sdileni svych rozhodovacich pravidel z predchoziho kroku. Pravidlo, které poskytl soused, agent pouziva
jako externi prediktor pro obohaceni svych predstav o sousedovi. Toto fesSeni bylo ilustrovano na Na-
shové obchodni hie, kterd je abstraktnim modelem obchodovani. Ziskané vysledky ukazuji, Ze implicitni
kooperace: i) vede ke zvySen{ Gspé8nosti hry, ii) pfinasi vétsi individudlni zisky hrac¢am.

Text prace je shodny s textem bakalaiské prace, jedinou zménou jsou opravené pireklepy a pridani
priloh.

Hierarchické Fizeni roju pfi evakuaci
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Kristyna Janovska
CVUT, Praha, Fakulta informacnich technologii

V této praci se zabyvam névrhem hierarchického systému koordinace agentd uréeného pro simulaci
evakuace. V praci rozeznavam dva typy agentii. Ridici agenti navzajem komunikuji pomoci algoritmu
konfliktového prohledavani a odvadéji své roje do bezpecné oblasti, zatimco agenti naslednici nasleduji
svého fidiciho agenta.

Predstavim nékolik modeli, které se 1isi jak chovanim fidicich agenti vici svym rojiim, tak chovanim
agentl naslednikd, co se tyce pokusu o samostatnou evakuaci.

V préaci provadim experimenty, jejichz vysledky ukéazi, jak tspésnost evakuace ovliviiuji parame-
try chovani agenti. Vysledky téchto experimentti poukazi na vyhody komunikace mezi fidicimi agenty,
problémy, které mohou pri evakuaci nastat a jejich zavislost na nevhodném chovani agenta.

Tato prace je zaroven mou bakalaiskou praci. S ¢asti této prace jsem se také zticastnila SVOC 2021.

Vektorova reprezentace vyzkumnych projektu
Pavel Mikulas
UK, Praha, Matematicko-fyzikdlni fakulta

V této praci se zabyvame pocitacovym zpracovanim dat o vyzkumnych projektech financovanych
ze statniho rozpoctu. Porovname rtzné metody prevedeni nestrukturova- nych textovych dat do vekto-
rovych reprezentaci a pokusime se v datech nalézt rizné struktury. Velky diraz bude kladen na méfeni
podobnosti a shlukovani projekti. Prace je experimentéalni a méla by slouzit jako ukézka postupu zpra-
covani velkého mnozstvi objekti redlného svéta pomoci metod statistiky a strojového uceni.

One Bit at a Time: Impact of Quantisation on Neural Machine Translation
Marek Petrovic
MU, Brno, Fakulta informatiky

Despite the precision of the large language models, the deployment of these models still faces some
practical issues. Except for being memory-demanding, the main issue lays in the speed of prediction. In
the case of generative language models, the time of auto-regressive generation scales with the output
length. Another significant limitation of translation models remains in their domain-specificity given by
the domain of the training data.

Our work investigates the impact of model quantization on these issues. In theory, quantisation
holds a potential to address these problems through lower bit-width computations allowing for model
compression, speed-up, and regularization incorporated in training. Specifically, we inspect the effect
that quantization has on Transformer neural language translation model.

In addition to the obtained measurements, the contributions of this work are also in the implemen-
tations of quantized Transformer and the reusable framework for evaluation of speed, memory require-
ments, and distributional robustness of generative language models.

Generativne superiace siete a detekcia anomalii v oblasti bankovych podvodov
Laura Vistanova
UPJS, Kosice, Prirodovedeckd fakulta

Generativne stperiace siete (GAN siete) patria medzi nové metédy v oblasti analyzy dat a umelej
inteligencie. Tieto siete boli pévodne navrhnuté pre generovanie umelych obrazkov, avsak s postupom
¢asu sa ich uzitoénost preukdzala aj pri generovani inych typov dat, ako napr. tabulkovych dat. V tejto
praci popisujeme vSeobecnu Struktiuru GAN sieti, ako aj Specidlne GAN siete vhodné na generovanie
tabulkovych dat. Podrobnejsie sa venujeme sietam TGAN a CTGAN. Zna¢na cast prace je venovana
anomalidam a detekcii anomalii. V poslednej kapitole prezentujeme novy postup pre riesenie problému
detekcie anomalii pomocou GAN sieti, ktory aplikujeme na redlne data z oblasti detekcie podvodov v
bankovych transakciach. Porovnavame roézne vybery atribatov z pdvodnej datovej sady, ako aj rozne
algoritmy pre detekciu anomaélii. V zavere prace prezentujeme vysledky, ktoré potvrdzuji uzitoénost
pouzitia GAN sieti pre problém odhalenia podvodnikov, nakolko sa ndm podarilo pomocou GAN sieti
na tych istych détach dosiahnut lepsie vysledky ako bez nich.

Multi-agentni hledani cest se spojitym casem zaloZené na celociselném linearnim
programovani
Yana Zabrodskaya
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CVUT, Praha, Fakulta informacnich technologii
Tato préce se zabyva problémem hledani nejkratsi cesty pro nékolik roboti tak, aby se tito ro-
boti nesrazili. Za Gcelem feSeni vySe uvedeného problému byl vyvinut algoritmus, ktery je zaloZen na
celociselném linedrnim programovani s prvky liné kompilace. Nasledné je algoritmus experimentalné
vyhodnocen.

Sekce 13

Controlling image synthesis by finding feature representations in latent space of
generative model
Roébert Belanec
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

In our work, we present a method of controlled realistic image generation to generate facial com-
posites from a known set of features, similar to a police draftsman. For this purpose, we have used a
pre-trained StyleGAN2 generator to generate realistic images and a convolutional neural network classi-
fier to label the facial characteristics in generated images. To find the correct facial characteristic in the
latent space of StyleGAN2, we have used a linear regression algorithm, assuming a linear relationship
between StyleGAN2 input noise vectors and the predicted facial features of the convolutional neural
network classifier. After finding the feature-modifying vector for multiple facial characteristics, we were
able to modify the generator output successfully (e.g. adding eyeglasses or age). In some generated and
modified images, the desired facial features did not manifest. This probability of not getting an image
with the desired set of attributes can be minimized by generating more images and choosing the image
most similar to the desired image. We have created an implementation of a controllable generation me-
thod that is capable of controlling the StyleGAN2 generator based on a set of features. Based on the
evaluation, we think that our implementation is a step towards automated police facial composites.

Web-based Framework for Edge Sharpening in 3D Scans
Martin Gergel
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Processing of complex point clouds and meshes is often limited to devices with powerful hardware,
OS-dependent software, installed libraries, virtual environments, and so on. Web applications, on the
other hand, need only a compatible browser, can provide server-side processing and they are faster to
use than setting up a local environment. A web-based framework for 3D data visualization, conversion,
and processing has been designed and developed. Including traditional procedures and novel machine
learning-based alternatives, the user has the choice between these different algorithms, enabling direct
comparison, creating pipelines, or further analysis. The direct visual comparison is especially important,
as it is not always clear which solutions are better than others. State-of-the-art machine learning archi-
tectures are usually successfully used on classical processing tasks such as classification and segmentation.
We’ve dived deeply into the problem of recovering sharp edges in corrupted 3D meshes, achieving various
transformations in end-to-end trainable models. Methods to detect and extract edges were also imple-
mented. Combining both analytical and data-driven approaches, we’ve been able to gather interesting
results with various evaluation metrics and visual comparisons. The work presented in this paper for
the SVOC competition is part of the author’s bachelor thesis, where the main asset is a dynamic web
application for 3D processing using modern libraries and approaches. This paper is mainly focused on
scan sharpening with different ideas proposed by the author.

Rozpoznavni grafickych znacek v dokumentech
Ivan Hochman
MU, Brno, Fakulta informatiky
Tato prace vznikla ve spolupraci s firmou Konica Minolta, mezi jejiz zaméfeni patfi zpracovani
dokumenti. K rozpoznavani grafickych znacek firem v dokumentech byla vyuzita hlubok4 neuronova sit.
Zvolena byla architektura YOLO (You Ounly Look Once) s ohledem na jeji pfesnost a rychlost. Pomoci
této architektury byly natrénovany modely, které se lisily vstupnimi parametry, a nasledné byly jednotlivé
modely vhodné zvolenymi metrikami porovnany a z nich byla vybrana nejlepsi varianta. Souc¢asti prace
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jsou také ucelné modifikace architektury pro zjednoduseni tréninku a vyhodnoceni modelu a také tvorba
vhodné datové sady, kterd slouzila pro trénink i vyhodnocovani jednotlivych modeli.

Snimani a nasledna detekce a klasifikace vad sklenénych tyci
Matéj Latka
CVUT, Praha, Fakulta informacnich technologii

Prace se zabyva automatizovanou detekci a klasifikaci vad na sklenénych tycich. Jsou analyzovana
predchozi feSeni podobnych problémi a popsan vlastni postup, v ramci kterého byly navrzeny ¢tyti
snimaci soustavy vyuzivajici pokrodilych optickych prvka a osvétleni. Dale byly upraveny a rozsifeny
analyzované metody detekce a klasifikace vad. Druha z nich, vyuzivajici model zalozeny na moderni
architektufe Faster R-CNN, detekuje sprdvné na jednom z dataset® 83 % vad a spravné klasifikuje 77 %
z nich.

Softvér na lokalne afinni a globalne laplaceovu transformaciu historickych map
Matas Varhanik, Gabriela Cveckova, Michaela Rohova, Eva Sabatulova
STU, Bratislava, Stavebnd fakulta

V tejto praci sa obozndmime s matematickym modelom a numerickou metédou na registraciu map.
Mapy sa neustéale vyvijaju a to najmé vdaka vyvoju technolégii, pri¢om zachytavaju postupny vyvoj sveta
a jeho zobrazenia. Nasim cielom bude zhotovit softvér na transforméciu historickej mapy na sucasnt.
Tento program aplikujeme na mapu stredovekého Uhorského kralovstva, Tabula Hungariae, aby sme
vedeli zistit, ktoré miesta na aktudlnej mape zodpovedaji geografickym tizemiam z Uhorskych ¢ias.

Sekce 14

Comparing Biological Sequences with Neural Networks
Filip Kerak
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

In bioinformatics it is often necessary to compare different sequences to determine their similarity.
This comparison can be used to classify an organism to category or to analyse functions of different
parts of sequences. The comparison is often performed by Needleman-Wunsch algorithm, a dynamic
programming algorithm with a simple scoring scheme, which often can not capture all properties of
biological sequences.

In our work, we examine possibilities of application of neural networks to better express properties of
biological sequences and possible underlying structure in errors introduced during sequencing. We propose
a recurrent neural network model with convolution which fills a table similar to dynamic programming.
To train this model, we only use final labels 0 and 1 to indicate whether two sequences are considered
similar or not. Our model achieved results comparable with Needleman-Wunsch algorithm and on noisy
data performed slightly better. The model is slightly difficult to train, therefore we provide methods to
speed up convergence and improve overall accuracy. This work is part of author’s master thesis that will
be defended.

Zpracovani TIL-Script konstrukci
Tomas Michalovsky
SU, Opava, Filozoficko-prirodovédeckd fakulta
Tato prace se zabyva zpracovanim TIL-Script konstrukeci. TIL-Script konstrukce jsou komputacéni
variantou jazyka konstrukci Transparentni intensionalni logiky (TIL). Ve své praci shrnuji své zapojeni
do jinych publikovanych védeckych praci, kde mym hlavnim tkolem bylo naprogramovat zpracovani
konstrukci z vicerych pohledi. V praci se zabyvam dvéma hlavnimi sméry. Prvotni oblasti je vyuziti ve
strojovém uceni s ucitelem se symbolickou reprezentaci fakt a hledani explikaci, tedy jakychsi popist
danych pojmi pro vyhledavani relevantnich zdroju textovych dat. Nasledné se prace zabyva modifika-
cemi, které byly nutné pro vyuziti v oblasti zpracovani prostorovych dat. V praci je rozvedena teorie
nutné pro pochopeni teorie TIL, strojového uceni s uéitelem, formalni konceptualni analyzy a problema-
tiky zpracovani prostorovych dat specifikovanych v jazyku TIL-Script. Vlastnim pfinosem je programova
cast, kterd umoznuje ovérovani teoretickych vysledkt vyzkumi. Tato prace pfinasi uceleny pohled na
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stavajici vyzkum. V soutézi SVOC ani dalsich podobngch soutézich dosud zadny z vysledkt uplatnén
nebyl. Prace bude nadéle rozvijena pro publikac¢ni vystupy.

Nové nastroje na monitorovanie biotopov Natura2000 v softvéri NaturaSat
Ivana Piackova
STU, Bratislava, Stavebnd fakulta

Prispevok sa zaoberd novymi nastrojmi na monitorovanie biotopov Natura 2000 v softvéri Natu-
raSat. Tieto nastroje slizia na monitorovanie zmien Statistickych ukazovatelov vypodcitanych z hodnot
z dostupnych optickych kanalov satelitnej snimky vytvorenej satelitmi Sentinel-2. Tieto zmeny st mo-
nitorované vo vnutri kriviek, ktoré predstavuju vysegmentované oblasti zo siistavy chranenych tzemi
Natura 2000. Nastroj automatického monitorovania vyuziva satelitné snimky stiahnuté cez Copernicus
Open Access Hub a informuje uzivatela o vyraznych zmenach vo vybratych optickych kandloch snimky.
Druhé cast prispevku sa venuje rozsireniu priestoru vlastnosti pre nastroje klasifikdcie biotopov Natura
2000 v softvéri NaturaSat. Priestor vlastnosti predstavuje vektor statistik vypocitanych pre vybrana
krivku z optickych kanalov vybranej snimky. Tento priestor je rozsireny o Statistiky, ktoré sa vypocitané
z nadmorskych vysok v bodoch satelitnej snimky.

Crypto-currency miner detection from extended IP flow data
Richard Plny
CTU, Prague, Faculty of Information Technology

This bachelor thesis addresses cryptomining from the security perspective with an emphasis on
abusive mining. It explores the possibilities of detection of crypto-miners in high-speed computer ne-
tworks with the use of flow-based monitoring approach. A setup for continuous traffic capture is pro-
posed and used for creating datasets with real-world miners’ traffic. Furthermore, a detection method
is proposed, capable of operation on high-speed networks. The proposed solution was implemented as
a group of NEMEA modules. Since its deployment on the CESNET2 network (serving around half a
million users), it has generated more than 100 000 alertswith almost none false positives. Moreover, it
protects MetaCentrum (national computational grid) from abusive mining.

Podnikové aplikicie s vyuZitim technolégie blokovych retazcov
Matis Revicky
UPJS, Kosice, Prirodovedeckd fakulta

Problémom v oblasti distribicie tepelnej energie je zabezpedenie spolahlivého a pravidelného od-
po¢tu. Pri rddiovom zbere dat o spotrebe pomocou senzorov je potrebné zabezpecit auditovatelnost,
bezpecnost a nemennost dat. Ako jedna z moznosti rieSenia sa ukézal sofistikovany monitorovaci systém
s vyuzitim technoldgie blockchainu. V praci sa realizuje analjza aplikovatelnosti blockchain frameworkov
na monitorovanie spotreby. Vysledkom tejto prace je moderny, progresivny informacny systém zalozeny
na blockchain frameworku Hyperledger Fabric v2.3 v silade s medzinarodnymi technickymi normami.
Zameriava sa na bezpecénost, nemennost, transparentnost dat a integraciu technoldgie blockchain do
komplexnych biznisovych aplikécii v energetickom sektore. Sti¢asfou prace st aj merania a vyhodnotenie
vykonu implementovanych smart kontraktov pomocou néastroja Hyperledger Caliper. Experimenty st
zamerané na rychlost generovania a posielania poZziadaviek v zavislosti od po¢tu lokdlnych Caliper kli-
entov a na minimalizaciu netspesnych transakcii pri zachovani ¢o najvysSej priepustnosti distribuovanej
blockchainovej siete.

Machine-learning-based self-adaptation of component ensembles
Michal Topfer
UK, Praha, Matematicko-fyzikdlni fokulta

In the area of distributed self-adaptive smart systems (such as applications of Internet of Things and
Cyber-Physical Systems), machine learning has been successfully used in several applications including
the prediction of metrics regarding the components in the system (e.g., battery consumption), and
pruning of the space of possible adaptations. It is clear that machine learning can be a useful tool in self-
adaptive systems. Most of the research works focus on using the machine learning algorithms for a specific
task, yet they are (at least partially) lacking in providing a systematic approach to the introduction of
machine learning into the architecture of the system.

In this thesis, we propose ML-DEECo — a machine-learning-enabled component model for adaptive
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component architectures. It is based on the concepts of autonomous components and their ensembles
(coalitions) from the DEECo component model. We enrich DEECo with abstractions for specifying
machine-learning-based estimates directly in the architecture of the system. The architect can thus focus
on the business logic of the application while all the tasks necessary to provide the estimates (such as
collecting the data and training the model) are provided by our runtime framework. We provide an
implementation of the ML-DEECo runtime in Python and evaluate it by constructing simulations of
self-adaptive systems from the areas of smart farming and Industry 4.0.
This work was submitted as master thesis in the academic year 2021/2022.
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