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Vizeni ucastnici, porotci a soutézZict,

srdecné vds vitame na zdvérecném kole SoutéeZe studentu vysokijch skol ve védecké
cinnosti v matematice a informatice, poradané Katedrou matematické analjzy a apli-
kaci matematiky Prirodovédecké fakulty Univerzity Palackého v Olomouci. Letos se
po Sestndactileté pauze soutéZ vraci znovu do Olomouce, mésta s bohatou akademic-
kou tradici a dejiste vyznamnych védeckijch a kulturnich uddlosti. Tésime se na vasi
aktivni ucast, kterd jisteé prinese nové impulsy a myslenky do této Zivé akademické
komunity. Tato soutéz, zndmd jako SVOC, je vijznamnou platformou pro objevovdni
a podporu novych védeckych talenti ve sveté matematiky a informatiky. Ackoliv se
misto konani souteze v pribéhu let ment, jeji zdkladni poslani zustdvd stejné: moti-
vovat a podporovat mladé védce v jejich akademickém rozvoji.

Matematika a informatika jsou klicové discipliny v ére rychle se rozvijejicich mo-
dernich technologii a spolecenského pokroku. Vase ucast v této soutézi ukazuje ochotu
a schopnost resit sloZité vyzvy v matematickych a informatickych disciplindach, jako
jsou matematickd analyza, pravdépodobnost, statistika, ekonometrie, matematické
struktury a aplikovand matematika, stejne jako teoretickd a aplikovand informatika.
Tato sire témat odrdzi duleZitost vaseho védeckého prinosu a inovativniho pristupu
k reseni aktudlnich problémai.

Tato soutéz nabizi vam, mladym védcum, idedlni prostredi k prezentaci vaSich
schopnosti a k prispéni do komunity, kterd se neunavné snazi posouvat hranice moz-
ného ve svéeté véedy a technologii. Ocenujeme vas zapal a energii, kterou jste vlozili do
svého vyzkumu a pripravy soutéznich praci. Doufdme, Ze vam tato soutéZ poskytne
zaslouzené uzndni od vasich kolegi i porotciu a Ze vam toto ocenéni poslouzi jako
motivace pro dalsi kariéru. Vérime, Ze zaverecné kolo soutéZe pro vas bude nejen
soutezi, ale i inspiraci a potvrzenim, Ze vaSe prace md skutecny viyznam.

Na zaver bychom radi vyjadrili uprimné podékovdni vsem tém, kteri se dlouho-
dobé a obétavé vénuji organizaci soutéZe SVOC. Konkrétné se jednd o vyhlasova-
tele soutéze, kterymi jsou Ceskd matematickd spolecnost Jednoty ceskich matemati-
ki a fyziki a Slovenskd matematickd spolocnost® Jednoty slovenskych matematikov
a fyzikov. Velké podékovani patri zejména clenim mistniho organizacniho vyboru
zaverecného kola, doktoru Pavlu Ludvikovi, magistre Zuzané Bartoskové a docentu
Janu Tomeckovi. Ddle také dékujeme Prirodovédecké fakulté za poskytnuti uceben
a Katedre informatiky PrF za poskytnuti dvou svych clent jakoZto porotci této sou-
téze. Specidlni podekovani si zaslouzi RSJ Foundation za Stedrou financni podporu
soutéze a Seznam.cz za véeny dar Apple MacBook. Ddale dekujeme RNDr. Martinu
Trneckovi, Ph.D., za vyhotoveni a spravu webové stranky soutéZe a Mgr. Jakubu
Konickovi za jeho kreationi prdci na logu, grafickém ndvrhu tricek a diploma.



Prejeme vam vsem prijemny pobyt v Olomouci, soutéZicim mnoho uspéchi pri
prezentovani svijch praci, a porotcim moudré rozhodovani pri viybéru téch nejlepsich
praci.

Za poradatele zdvérecného kola,

doc. RNDr. Jitka Machalovd, Ph.D.
vedouci Katedry matematické analyzy a aplikaci matematiky
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On-line informace lze najit na strankach celostatniho kola SVOC 2024 na adrese
https://svoc2024.prf.upol.cz/.

1. Vyhladovatelem soutéZe SVOC je Ceskd matematicka spole¢nost, sekce Jednoty
Ceskych matematik( a fyzikd a Slovenskd matematickad spolo¢nost Jednoty slo-
venskych matematikov a fyzikov.

2. Zavérecné kolo 24. ro¢niku soutéze se uskutecni ve dnech 26. — 28. kvétna 2024
v Olomouci. Poradatelem zavére¢ného kola je Pfirodovédecka fakulta Univerzity
Palackého v Olomouci. Termin pro zi¢astnéné fakulty k prihlaseni G¢astniki do za-
vére¢ného kola soutéze je 26. dubna 2024. Termin pro elektronické odevzdani praci
studenty je 26. dubna 2024. Webova stranka soutéze je http://jcmf.cz/svoc.

3. Soutéz probiha v nasledujicich sekcich:

<
—

Matematicka analyza - teorie funkci a prostory funki,

<
S

Matematicka analyza - teorie diferencialnich a integralnich rovnic,

<
@®

Teorie pravdépodobnosti a matematicka statistika,

Ekonometrie a finanéni matematika,

<
Gl

Matematické struktury - algebra, topologie a geometrie,

Matematické struktury - teorie grafii a kombinatorika,

< <
~N O
— Y ' Y~ — ~— ~— ~— ~— ~—

Aplikovand matematika - numericka analyza,

~ o~~~ —~ —~ —~
D

<
o0

Aplikovand matematika - matematické modely dynamiky,

[

Teoreticka informatika,

Uméla inteligence,

s

Pocitacova grafika a pocitacové vidéni,

= ®

—_~ o~~~
N

Aplikovana informatika a softwarové inzenyrstvi.

4. V pripadé, ze v nékteré sekci bude prihlaseno méné nez 6 praci, mize fidici vybor
SVOC rozhodnout o sloudeni této sekce s pribuznou sekci, p¥ipadné prerozdélit
sekce jinym zplsobem podle poctu a zaméfeni jednotlivych praci (obvykle v pfipadé
mensiho poétu praci dochazi ke slouéeni sekci s &isly 2n-1 a 2n).

5. Ridici vybor sestavuje zpravidla t¥i¢lenné poroty jednotlivych sekci. Clen poroty
nesmi byt vedoucim Zadné prace soutézici v dané sekci.


https://svoc2024.prf.upol.cz/
http://jcmf.cz/svoc
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10.

11.

12.

13.

Do zévére¢ného kola SVOC studenty prihlauji fakulty vysokych kol piisobicich
v CR nebo SR. Kazda fakulta miize do kazdé sekce prihlasit nejvyde 5 praci.
Vybér praci mohou fakulty uskutecnit prostrednictvim fakultnich kol soutéze nebo
jinym vhodnym zpiisobem podle vlastniho uvazeni. Terminy a organizace fakultnich
soutézi a zplsob vybéru praci je véci jednotlivych fakult.

Soutéze se mohou zicastnit pouze osoby, které jsou v Case zaslani prihlasky stu-
denty dosud neukoncéeného bakaléfského, magisterského, inZzenyrského nebo jiného
obdobného studia na dané fakulté a nemaji v ¢ase zaslani prihlasky ukoncené magis-
terské, inzenyrské nebo obdobné studium v oblastech zaméreni soutéze.

Prihlasku obsahujici seznam soutéznich praci fakulta zasle nejpozdéji do 26. dubna
2024 e-mailem na adresu svoc@jcmf.cz. U kazdé prace v seznamu musi byt uveden
jeji ndzev, jména autorii a sekce, do které je prace prihlasena.

Elektronickou verzi prace kazdy dcastnik odevzdad nejpozdéji do 26. dubna 2024
prostrednictvim elektronického formulare pristupného na webové strance zavérec-
ného kola soutéze. Prostfednictvim elektronického formulare je tfreba odevzdat:
abstrakt prace, text prace a naskenovany posudek vedouciho prace nebo jiného
védecko-pedagogického pracovnika fakulty. Jeden vytistény a pevné svazany exem-
plaF prace (napfiklad krouzkovou vazbou) s podepsanym origindlem posudku prace
ucastnik priveze s sebou na soutéz a odevzda pri registraci.

Abstrakt, text prace a posudek musi byt napsany v cCestiné, slovenstiné, nebo
anglictiné.

Abstrakt délky maximalné jedné strany A5 obsahuje jen vlastni text ve formatu
PlainTeX (bez uvedeni jmen autorti, ndzvu prace a Skoly/fakulty). Je v ném mimo
jiné vymezen vlastni pfinos autoril, pfipadné vztah k diplomové/bakalafské préaci
nebo k pracim podanym do SVOC v predchozich letech nebo jinych soutéZi po-
dobného charakteru.

Elektronicky text prace se odevzdava ve formatu PDF se zabudovanymi fonty.
Na titulni strané soutézni prace musi byt uvedeno, ze se jedna o praci pro soutéz
SVOC 2024. Elektronicka verze posudku se odevzdavé ve formatu PDF se zabu-
dovanymi fonty nebo ve formatu JPEG. V posudku musi byt kromé jiného presné
vymezen prinos autord.

Dalsi technické pokyny mohou byt zvefejnény na webové strance zavérecného kola
soutéze.
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14.

15.

16.

17.

18.

19.

s

Za kazdou prihlasenou praci se zavérecného kola zucastni pravé jeden soutézici,
ktery je v prihlaSovacim formulafi uveden jako zodpovédny autor.

s _ s

V ramci zavérecného kola soutézici prednese referat o své soutézni praci. Nej-
lepsi prace budou ocenény diplomy a finanénimi odménami. Soutézni prace budou
hodnoceny podle nasledujicich kritérii:

« vlastni vysledky a prinos prace,
« celkové zpracovani prace,

o prednes referatu o praci béhem zavérecného kola a reakce na pripadné dotazy.

Souté%icim a porotciim zavéreéného kola SVOC bude zaji$téno bezplatné uby-
tovani a stravovani. Uhradu cestovného si tiastnici zabezpedi sami. Spoluautofi
soutéznich praci se v pfipadé zajmu mohou zlcastnit jako posluchadi. Poradatelé
od nich v takovém pripadé mohou pozadovat prispévek na naklady spojené s jejich

Gcasti.

Pro zajisténi vysoké odborné Grovné a objektivniho hodnoceni vysledkl soutéze
je seznam soutéznich praci zavérecného kola SVOC zverejnén v rozsahu jména
a prijmeni autor(, skola, nazev a abstrakt soutézni prace.

Osobni Gdaje vyplnované v registracnim formulafi poradatelé nutné potrebuji k -
spéSnému zorganizovani soutéze a bez jejich poskytnuti je Gcéast v soutézi vy-
loucena. Uchovavaji se tedy, v souladu s predpisy, po dobu nezbytnou a pozdéji
mohou byt pouzity pro tcely védecké a archivnické.

Mistni poradatel miize v misté soutéze pozadat soutézici o pissmny souhlas s pori-
zovanim a zverejnovanim fotografii a dalSich audiovizualnich zaznami, na kterych
bude patrna totoznost soutézicich. Souhlas Zadany mistnimi poradateli na misté
soutéze ohledné zverejnovani audiovizualnich zdznami vyzadujicich souhlas neni
nutnou podminkou Gcasti a pripadny nesouhlas nema vliv na pripadné umisténfi
a ocenéni soutézni prace.
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Sekce Matematicka analyza

M1: teorie funkci a prostory funkci
+
M2: teorie diferencialnich a integralnich rovnic

Porotci:

Mgr. Martin Krepela, Ph.D. (FEL CVUT, Praha)
prof. RNDr. Daniel Sevéovi¢, DrSc. (FMFI UK, Bratislava)
prof. RNDr. dr hab. Jan Andres, DSc. (PFF UP, Olomouc)

Vlastnosti integralnich operatorii na Orliczovych prostorech
Tomas Beranek
UK, Praha, Matematicko-fyzikalni fakulta

V mnoha rliznych odvétvich matematické analyzy se pfi praci s prostory funkci obje-
vuji problémy optimality, kdy se otazka vybéru jak pristupného, tak expresivniho prostoru
funkci stava netrivialni. Dobrou stfedni cestu poskytuji Orliczovy prostory, které jsou pa-
rametrizovany jednou Youngovou funkci, a jsou tak pristupné a rozsahlé. V této praci
studujeme problémy optimality Sobolevovych vnoreni na maz'yovskych tridach eukleidov-
skych oblasti, které jsou definovany pomoci jejich isoperimetrického chovani. Dokazeme
neexistenci optimalnich Orliczovych prostorti v urlitych Orliczovych—Sobolevovych vno-
fenich v limitni (kritické) situaci, jejiz zasadnim specidlnim p¥ipadem je vnoreni Brezise
a Waingera pro Johnovy oblasti.

Sbirka feSenych ptikladi - metrické prostory
Ondrej Karbas
MU, Brno, Prirodovédecka fakulta

V této praci prostudujeme metrické prostory. Prace je zamérena na didaktiku mate-
matiky, nebot latku podava gradované a vede studenta otazkami k samostatnému studiu
metrickych prostorii. Zaéneme rozeznavanim metrik od nemetrik, u zndmych metrik si
uvedeme i jejich bézna pojmenovani. Budeme se také vénovat obecnym transformacim
metrik, tj. jakymi konstrukcemi Ize prevést metriku na jinou metriku a jakymi ne. Déle si
ukazeme praktické vyuziti metrickych prostor( v autokorekci. V dalsi sekci se podivame
na koncept otevienych a uzavrenych mnozin a jak souvisi se stejnojmennymi koncepty
v topologii. Navic si ukazeme i nékteré vlastnosti spojitych zobrazeni a jak souvisi se
spojitymi zobrazenimi v topologickych prostorech. Uplné nakonec se podivime na kon-
strukce metrik na soucinovych a faktorovych prostorech.
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Maximal non-compactness of operators and embeddings
Anna Kneselova
UK, Praha, Matematicko-fyzikalni fakulta

V praci se zabyvam takzvanou maximalni nekompaktnosti identického operatoru
(vnofenf) na prostorech posloupnosti. Operator se nazyva maximalné nekompaktni jestlize
jeho mira nekompaktnosti splyva s operatorovou normou. Odvozuji obecna tvrzeni, ve
kterych formuluji nutnou a postacujici podminku pro maximalni nekompaktnost identic-
kého operatoru na prostorech posloupnosti. Nasledné se zabyvam studiem Lorentzovych
prostoril posloupnosti, vnorenimi mezi nimi a zda jsou tato vnofeni maximalné nekom-
paktni. Vysledky prezentované v této SVOC hodlam uplatnit jako Bakala¥skou praci.

Fine properties of functions and operators
David Kubicek
UK, Praha, Matematicko-fyzikalni fakulta

We establish the equivalence between the boundedness of supremum operators and
optimal spaces in Sobolev embeddings. We do this by exploiting known relations between
higher-order Sobolev embeddings and isoperimetric inequalities. We provide an explicit
way to compute both the optimal domain norm and the optimal target norm in a Sobolev
embedding. Finally, we apply our results to higher-order Sobolev embeddings on John
domains and on domains from the Maz'ya classes. Furthermore, our results are partially
applicable to embeddings involving product probability spaces. The results of the text
are original. The text will be used as author's master thesis.

Extension of Sobolev homeomorphisms
Jaromir Mielec
UK, Praha, Matematicko-fyzikalni fakulta

The goal of this thesis is to study the extension of Sobolev homeomorphisms. Our
main result is the extension of Sobolev homeomorphisms between Lipschitz domains in a
general d-dimensional space, which is a new result. We also study the properties of C*®
domains and show that for a C** domain ) there exists a bi-C** homeomorphism ®
(both the function @ and its inverse @1 are C*) such that ®(2) is a C°° domain. The
paper is based on author’s master thesis and no part of this work has been submitted to
SVOC or similar competition before.
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Lipschitz-free spaces and actions of groups
Tomas Raunig
UK, Praha, Matematicko-fyzikalni fakulta

The work is split into two parts. In the first one, we describe an algorithm for com-
putation of the Lipschitz-free p-norm and then apply it to show that, for Lipschitz-free
p-spaces constructed over metric spaces, the canonical embeddings are isomorphisms. In
the second part, we study actions of groups on the spaces Lipy which arise as dual acti-
ons to actions induced on Lipschitz-free spaces. We focus on a related question recently
asked by D. Kazhdan and A. Yom Din. After laying out some groundwork, we give new
positive results for some special cases.

The results of the first part are based on a joint paper with Marek Ciath and the
second part contains unpublished original results. They will be used in the author’s master
thesis.

Optimal discrete Hardy inequalities of higher order
Jakub Waclawek
CVUT, Praha, Fakulta jaderna a fyzikalné inZenyrska

We prove sufficient conditions on a parameter sequence to determine optimal wei-
ghts in inequalities for an integer power [ of the discrete Laplacian A on the half-line.
By a concrete choice of the parameter sequence, we obtain explicit optimal discrete
Hardy weights of order [. For [ = 1, we rediscover the optimal Hardy weight of Keller—
Pinchover—Pogorzelski. For [ = 2, we improve upon the best known Rellich weights due
to Gerhat—Krej¢ifik—Stampach and Huang—Ye. For [ > 3, our main result proves a con-
to Huang—Ye to optimal weights. In an expanded form, this work will be used as the
author’s bachelor’s thesis.

Vlastni ¢isla Orrovy Sommerfeldovy rovnice pro rovinné Couettovo proudéni
Vojtéch Kloud
UK, Praha, Matematicko-fyzikalni fakulta

In this thesis, we will be studying the Orr-Sommerfeld equation, namely its eigenva-
lues, which can directly be used to determine the stability of Plane Couette flow. We
will be examining in great detail the paper by Romanov, whose results we will further
solidify by running its numerical part on much newer software, further suggesting the
stability of plane Couette flow. The approach discussed in this thesis could further be
used to tackle different stability problems in the future.
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Diferencialni rovnice a jejich aplikace v kosmonautice
Eris Krejsii
MU, Brno, Prirodovédecka fakulta

V této praci se vénujeme Ctyrem Glohdm v oblasti kosmonautiky, které feSime pomoci
diferencidlnich rovnic. Jde o vypocet druhé a treti kosmické rychlosti, jejichz hodnoty
jsou v literature obvykle ziskany jinymi metodami, a dale o popis pohybu télesa mezipla-
netarnim prostorem a odvozeni vztahu pro apsidalni precesi planety ¢i mésice.

Vysledky v praci uvedené autorka uplatnila jako svoji (Uspé$né obhéajenou) baka-
laFskou praci v akademickém roce 2022/2023. V soutézi SVOC ani dalsich podobnych
soutézich dosud zadny z vysledk{ uplatnén nebyl.

The Wave Equation with Dirac Damping
Mikulas Kucera
CVUT, Praha, Fakulta jaderna a fyzikalné inZenyrska

Spectral theory is a potent tool in investigating the damped wave equation. First,
we introduce the basics of the theory of unbounded operators and the notion of a Riesz
basis in a Hilbert space. We reformulate the wave equation with Dirac damping in terms
of an unbounded operator in a particular Hilbert space. We show that its purely discrete
spectrum is determined by the roots of an entire function. We use this knowledge to
describe properties of the eigenvalues and to solve the problem of the optimal damping
for its simple placements. We find explicit formulas for the generalised eigenfunctions and
show a symmetry result for the adjoint operator. We calculate the trace of the real part
of the inverse and a related spectral characteristic. Invoking the LivSic trace criterion,
we disprove the Riesz basis property of the root vectors for a certain critical value of
the damping parameter. Finally, we determine the Riesz basis property for a general
placement of any real-valued Dirac damping.
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Sekce

M3: Teorie pravdépodobnosti a matematicka statistika
+
M4: Ekonometrie a financni matematika

Porotci:

RNDr. Radim Navratil, Ph.D. (PFF MU, Brno)
doc. RNDr. Daniel Klein, PhD. (PriF UPJS, Kosice)
doc. Mgr. Ondrej Vencalek, Ph.D. (PFF UP, Olomouc)

Ridké regresni modely
Samir Bessisso
UK, Praha, Matematicko-fyzikalni fakulta

Metoda lasso je jednou ze zakladnich regularizaénich metod v linedrnim regresnim
modelu. Hlavnimi prednostmi metody lasso je vypocetni nenadroCnost a produkce ¥id-
kych odhadi. V této praci se zprvu zabyvame odhadem metodou obycejnych nejmensich
Ctverci v linedrnim regresnim modelu a uvadime motivaci pro vyuziti regularizovanych
odhad(i. Nasledné predpokladame ridky linearni regresni model a zkoumame vlastnosti
odhadu metodou lasso. Uvadime specifikaci podminek pro jednoznaénost odhadu meto-
dou lasso pro centrovana data a odvozeni uzavieného tvaru odhadu metodou lasso v R?
pro standardizované vysvétlujici proménné. Rovnéz se zabyvame metodou lasso jakozto
metodou Bayesovské statistiky. Tato prace je Casti autorovy diplomové prace.

Statisticka analyza dvourozmérnych hustot v Bayesovych prostorech
Adéla Czolkova
UP, Olomouc, Prirodovédecka fakulta

Reprezentace dvourozmérnych hustot rozdéleni pravdépodobnosti v Bayesovych pro-
storech umoznuje pri reformulaci marginalnich hustot jejich ortogonalni rozklad na in-
terakcni a nezavislou Cast. Navic, diky izometrickému izomorfismu, tzv. centrované log-
podilové transformaci, mizeme hustoty, jejichz druhé mocniny logaritmi maji konecny
integral, zobrazit z Bayesova prostoru do prostoru readlnych funkci a nasledné Ize trans-
formovanou interakéni Cast hustoty jesté dale rozlozit pomoci singularniho rozkladu.
Transformované hustoty nebo jejich Casti pak také mizeme analyzovat uzitim popular-
nich metod analyzy funkciondlnich dat, jako je napfiklad funkcionalni metoda hlavnich
komponent (tu mizeme aplikovat jak na celé/nerozlozené dvourozmérné hustoty, tak na
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jednotlivé &asti jejich ortogonalniho rozkladu). V této praci jsou popsany a dale rozvinuty
dosavadni poznatky v této oblasti (rozklad interakéni ¢asti hustoty, ekvivalence riznych
formulaci funkcionalni analyzy hlavnich komponent u nezavislé ¢asti hustoty pro diskre-
tizovana data), a vSechny teoretické postupy jsou navic ilustrovany na redlném datovém
souboru.

Tato soutézni prace je soucasné mou diplomovou praci a je téz prihlasena do stu-
dentské védecké soutéze Prirodovédecké fakulty UP O cenu dékana.

A copula-based scenario generation method for discrete data
Ondrej Komora
UK, Praha, Matematicko-fyzikalni fakulta

Stochastic optimization relies heavily on scenario generation, which has a large impact
on the tractability of optimization methods and the quality of obtained solutions. Despite
its importance, scenario generation for discrete data is rarely studied and even when it is,
it often involves a problem-oriented method. However, the development of these methods
is resource-intensive, resulting in a situation where viable easy-to-use alternatives to
sampling are missing. In this work, we attempt to remedy the situation by proposing
a new copula-based scenario generation method for discrete data. The method is based
on extending discrete random variables and subsequent use of so-called extension copula.
We demonstrate the effectiveness of this method on the stochastic knapsack problem by
using several metrics like in-sample stability, out-of-sample evaluation gap, and optimality
gap. Our results show that our method outperforms sampling and can serve as a more
challenging benchmark for problem-oriented methods.

Linear Model Selection by Cross-Validation
Aibat Kossumov
UK, Praha, Matematicko-fyzikalni fakulta

Cross-validation is a technique in statistics used to evaluate the performance of
predictive models. By systematically partitioning data into training and validation sets,
cross-validation assesses a model’s capability to predict unseen data. Here, the focus lies
on the selection of a model with the best predictive ability among a class of linear models.
For a long time, the popular method for linear models has been the leave-one-out cross-
validation (LOOCV) due to its computational simplicity. Unfortunately, it turns out that
this method is not asymptotically consistent in the sense that the probability of selecting
the model with the best predictive ability does not converge to 1 as the total number of
observations goes to infinity. Therefore, in 1993, Jun Shao proposed alternative cross-
validation methods such as Balanced Incomplete Cross-Validation (BICV), which are
asymptotically consistent. Based on this paper, detailed theoretical results are provided,
and then the studied methods are applied to real data from parliamentary and presidential



20 Sekce M3 + M4

elections in the Czech Republic in 2021 and 2023. It turned out that in order to see
the obvious advantages of BICV over LOOCV, the assumption of homoscedasticity is
very important, which is often difficult to meet for real data. However, it has been
demonstrated that even in our data where homoscedasticity is substantially violated,
if LOOCV outperforms BICV, the difference in prediction error between them is not
considerable. Conversely, if BICV outperforms LOOCV, the gap in prediction error is
quite pronounced. The results presented in this work will be part of the author's master's
thesis. None of the results have been submitted to the SVOC competition or any similar
competitions thus far.

Competing risk models as an extension of standard survival analysis
Jaromir Macoun
UK, Praha, Matematicko-fyzikalni fakulta

This work studied the extension of methods from classical survival analysis to com-
peting risks. These methods can be used to analyse time-to-event data in case of more
than one event where only one can occur. Such data can be usually found in medical
studies where the aim is for example time to death or transplantation.

We explored nonparametric estimation of a cumulative incidence function, which has
a straightforward interpretation. Derivations and proofs of statistical properties of the
estimator could be found in the theory of multistate models. From the multistate point
of view, the proof would involve advanced knowledge of the theory of non-homogeneous
Markov processes and product integrals. We provided detailed proofs of asymptotic pro-
perties using only the tools of survival analysis and the functional delta theorem. The
most important outcome was the weak convergence of the cumulative incidence function
in D0, 7] space. With the presented results, one can infer cumulative incidence function
at certain times or even construct confidence bands.

Furthermore, we discussed possible bias of the estimator if we ignore the competing
event and treat it as censoring. Lastly, some illustrative simulations of the estimator are
presented. These results are the most important part of the author's diploma thesis.

Bivariate Simplicial Depth: Explicit Expression, Computation, and
Applications
Erik Mendros
UK, Praha, Matematicko-fyzikalni fakulta

The simplicial depth (SD) is a celebrated tool defining simple elements of nonpa-
rametric and robust statistics for multivariate data. While many properties of SD are
well-established, and its applications are abundant, explicit expressions for SD are known
only for a handful of the simplest multivariate probability distributions. This work deals
with SD in the plane. It achieves several significant advancements, namely (i) develops
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a one-dimensional integral formula for SD of any properly continuous probability dis-
tribution, (ii) gives exact explicit expressions for SD of uniform distributions on (both
convex and non-convex) polygons in the plane, (iii) discusses several implications of
these findings to probability and statistics: (a) An upper bound on the maximum SD
in the plane, (b) an implication for a test of symmetry of a bivariate distribution, and
(c) a connection of SD with the classical Sylvester problem from geometric probability.
Then, in the latter part of this work, we introduce two original algorithms for efficient
computation of the empirical counterpart of SD. The first algorithm determines the
number of k-simplices containing a specified point in the plane, while the second algo-
rithm finds a representative point for each data-determined face in order to derive the
exact sample SD of the entire plane.

Analyza archetypov, jej aplikacie a meranie polarizacie v datach
Vendelin Vincze
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

V tejto praci (ktora vznikla Gpravou pévodnej diplomovej prace autora) predstavime
archetypalnu analyzu ako novy pristup k analyze dat. PopiSeme zakladn( tedriu a metédy,
ktoré potom aplikujeme v rdmci vzorovej analyzy realneho datasetu, popisujiceho vy-
sledky volieb do NR SR v rokoch 2016, 2020 a 2023. Nastroje archetypalnej analyzy
s potom pouzité v kombinécii s dalsimi Statistickymi metédami (K-means) na ziskanie
zmysluplného sposobu merania polarizacie v datach. Tento spbsob dalej vylepsujeme
a zovseobecnujeme zahrnutim vah pozorovani, aby sme dokazali lepsie zachytit dynamiku
dat. Zakladna aj vsetky vylepSené verzie merania s dalej aplikované na skor spomenuté
data o vysledkoch volieb. Pri pisani tejto prace sme vyuZivali predprogramované funkcie,
zahrnuté v jazyku R a jeho balikoch, doplnené o nase vlastné numerické vypocty.

Testovanie presnosti DEA modelov zalozenych na parametrickej ceste
Bernadett Bertokova
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Obélkova analyza dat (Data envelopment analysis, DEA) je neparametrickd metdda
pouzivana na vyhodnocovanie relativnej efektivnosti Gtvarov. Jednu z podtried DEA mo-
delov tvoria modely zaloZené na parametrickej ceste, ktoré maju niekolko spolocnych
vlastnosti a preto je tazsie sa rozhodnit, ktoré z modelov by bol vhodnejsi na vykonanie
DEA analyzy. Pri rozhodovani o vybere modelu by mohla poméct informéacia o presnosti
jednotlivych modelov. V nasej praci vychadzame z tradi¢nych pristupov k testovaniu
presnosti DEA modelov a navrhujeme také zmeny, ktoré by mohli viest k efektivnejsi-
emu a korektnejsiemu testovaniu presnosti vybranych DEA modelov. Pomocou vhodného
procesu generovania dat vytvorime skupinu fiktivnych atvarov, pricom na modelovanie
produkcnych procesov pouzivame translogaritmickd produkénd funkciu z dévodu jej fle-
xibilnosti. V tradi¢nych pristupoch testovania presnosti DEA modelov sa zohladnuja len
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vystupné efektivity Gtvarov, Co je ale v rozpore s ideou neorientovanych DEA modelov.
Preto ponikame novi metodolégiu, ktord dokaze zohladnovat vstupno-vystupné efekti-
vity. Presnost vybranych DEA modelov vyhodnocujeme pomocou Statistickych ukazova-
telov a na ziskanie vierohodnych vysledkov vyuzijeme Monte Carlo simulacie. Za prinosy
nasej prace povazujeme navrhnutie efektivnejSieho a korektnejsieho postupu generova-
nia dat, zaloZenej na analytickych vlastnostiach translogaritmickej produkcnej funkcie,
ako aj korektnejsie porovnavanie DEA modelov zaloZenych na parametrickej ceste vyuzi-
tim navrhnutej novej metodoldgie. Vysledky tejto prace autor planuje pouzit ako sucast
diplomovej prace.

Dense Zeros
Jan Hanousek
UK, Praha, Matematicko-fyzikalni fakulta

This research focuses on a special type of time series data where a significant propor-
tion of values is zero. The aim is to develop a statistical model that accurately captures
the behavior of such data. By exploring existing theories on GARCH and MEM models,
new models together with derivation of important theoretical properties are proposed.
To assess their effectiveness, they are tested on real-world data. This evaluation reveals
that each model has its own strengths and weaknesses. The overall results are promi-
sing, proving the models’ validity and real-world applicability, opening doors for further
exploration in this area. The text is a part of the author’s master thesis.

Multiplikativhe chybové modely casovych radov a odhady ich parametrov
Ondrej Kusenda
UK, Praha, Matematicko-fyzikalni fakulta

Praca sa zaoberad vysokofrekvenénymi casovymi radmi, ktoré nadobddaju kladné
hodnoty. Na modelovanie takychto ¢asovych radov sa pouzivaji multiplikativne chy-
bové modely (MEM). Medzi zdkladné MEM modely patri ACD model a LACD model.
V préci st tieto modely definované a popisané ich zékladné vlastnosti. Dalej sa v praci
popisuje MLE a QMLE metéda odhadu parametrov. V simulacnej stadii si porovnané
metédy odhadu a vplyv zlej Specifikdcie modelu a stupna modelu na kvalitu jednokro-
kovej predikcie. Praca je Castou diplomovej prace, ktord je rozsirend o dalSie simulacie
a aplikaciu na praktické data. Vlastnym prinosom je podrobné odvodenie dékazov vac-
Siny tvrdeni pre ACD a LACD modely, doplnenie podmienok pri dokazoch viet, zavedenie
qausi-vierohodnostnej funkcie zalozenej na exponencidlnom rozdeleni pre LACD1 model
a celad simulacna cast prace.
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Solver pre neradidlne DEA modely
Adrian Pauer, Maria Trnovska
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

V praci sa zaoberame vytvorenim aplikacie pre vyhodnocovanie efektivity pomo-
cou obilkovej analyzy dat (data envelopment analysis, DEA) a klient-server modelu,
v ktorom sa data zadavajl prostrednictvom web-stranky. Data sl spracované na strane
klienta pomocou zvoleného modelu a vysledky st nasledne zobrazené na strane servera
ako vystup. Aplikacia umoznuje volbu parametrov modelu ako vynosy z rozsahu alebo
kontrolované premenné. Solver ponika paletu takzvanych neradidlnych modelov. Pre
tieto modely si typické doplnkové premenné (slacky). DEA modely st formulované ako
konvexné optimaliza¢né Glohy a na ich rieSenie vyuzivame kniznice jazyka Python. Vy-
stupom su stbory obsahujlice numerické charakteristiky jednotlivych Gtvarov vyplyvajlce
z DEA analyzy ako napriklad poradie jednotlivych Gtvarov na zaklade vypocitanej efek-
tivity a super-efektivity alebo hodnoty doplnkovych premennych. Solver taktiez pontka
graficky vystup v podobe obrazkov, ktoré znazornuji napriklad efektivitu Gtvarov, pro-
jekciu atvarov na efektivnu hranicu alebo parcialnu efektivitu vstupov a vystupov. Solver
sme testovali na readlnych datach prevzatych z literatiry a porovnavali spravnost rieSenia
s vysledkami z tychto zdrojov. Sicastou prace je aj popis jednotlivych modelov a ich
vlastnosti, ktory m6ze poméct vo vybere vhodného DEA modelu. Praca obsahuje aj
ukazky pouzitia aplikacie.

Véty o univerzalité a konzistenci neuronovych siti
Petr Raab
UK, Praha, Matematicko-fyzikalni fakulta

Prace vychazejici z ¢asti z autorovy diplomové prace se zabyvd neuronovymi si-
témi a modelem hlubokého uceni, kdy se autor snazi na neuronové sité divat jako na
statisticky model podobny zobecnénym linearnim modeliim. Po predstaveni tohoto mo-
delu a zavedeni znaceni se prace vénuje schopnosti neuronovych siti aproximovat spojité
funkce, kdy je predveden diikaz véty o univerzalité. Nasledné jsou zkoumany asymptotické
vlastnosti neuronovych siti, pomoci sitového odhadu je také dokadzana jejich konzistence
a asymptotickd normalita. Pravé tyto dvé vlastnosti jsou objektem zkoumani v simulacni
studii na generovanych datech.
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Ing. FrantiSek Stampach, Ph.D. (FJFI CVUT, Praha)
prof. Ing. Edita Pelantova, CSc. (FJFI CVUT)
doc. RNDr. Soria Pavlikové, CSc. (FChPt STU, Bratislava)

Abstraktni derivace
Jakub Baloun
UP, Olomouc, Prirodovédeckd fakulta

Abstraktni derivace jakozto zobrazeni definované na okruhu, které je aditivni a spl-
fuje pravidlo o derivaci soucinu (neboli tzv. Leibnizovu formuli) je zakladnim pojmem
diferencialni algebry. V této praci je pojem derivace jesté ponékud zobecnén — je na
néj kladena pouze platnost Leibnizovy formule. Cilem je prozkoumat vlastnosti takto
definovanych zobrazeni a nalézt souvislosti s jinymi pojmy abstraktni algebry. Ukazuje
se, ze na spoustu znamych vlastnosti béznych derivaci na prostorech funkci lze pohli-
zet jako na konsekvence pravidla o derivaci soucinu. V praci jsou prirozené zobecnény
nékteré zakladni pojmy z diferencidlniho poctu a je zkonstruovano nékolik prikladd abs-
traktnich derivaci. Tato zobrazeni jsou zkoumana na riznych strukturach (&iselné obory,
obory integrity s jednoznaénym rozkladem, zobecnéné asociativni algebry). Napt. teorie
tzv. linearnich derivaci na zobecnénych asociativnich algebrach je pak aplikovana na fe-
Seni ryze analytické tlohy, které by v mnoha pripadech bez tohoto algebraického pristupu
bylo velice komplikované. Diky tomuto zobecnéni pojmu derivace je umoznéno o mnoziné
vSech derivaci na dané strukture ukazat nékteré zajimavé strukturalni vlastnosti a také
souvislosti s algebraickou strukturou jistych homomorfismi multiplikativnich a aditivnich

grup.

Barvici invarianty uzli
Ondrej Chwiedziuk
UK, Praha, Matematicko-fyzikalni fakulta

Uzly mizeme barvit rliznymi kone¢nymi quandly a zjistovat, zda maji netrividln{
obarveni. Pokud ano, pak dokazeme fict, ze dany uzel je rozvazatelny. V praci se vSak
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zaméfime na takové quandly, které vzdy davaji trivialni barveni. Ukaze se totiz, ze maji
totiz zajimavé algebraické vlastnosti. V této praci dokazeme, ze quandle dava pro kazdy
uzel trividlni barveni, pravé tehdy kdyz je quandle reduktivni, a to je pravé tehdy, kdyz je
barvici invariant Vassilieviiv. Podobnou charakterizaci provedeme pro linky. Tedy quandle
dava trivialni barveni pro kazdy link, pravé tehdy kdyz se jedna o trividlni quandle.

Cardinality of the lattice of multi-sorted clones on a two-element domain
Vojtéch David
UK, Praha, Matematicko-fyzikalni fakulta

In this thesis, we study the lattice of multi-sorted clones on a two-element domain;
we provide an alternative proof of its countability. This result is due to V. Taimanov from
1983; however, the proof was never published in a journal nor translated from Russian
until 2022. We approach this problem mainly using the well-known Galois connection
between operations and relations, and the notion of key relations (and the description
thereof) introduced by D. Zhuk in 2017. We also provide an insight into using the deve-
loped ideas to study the 2-sorted clones on {0, 1}.

The work features a standalone result from the author's Bachelor thesis, which ex-
plores alternative approaches to some problems in the theory of (multi-sorted) clones on
a two-element domain.

Cykly translaci v souvislych quandlech
Filip Filipi
UK, Praha, Matematicko-fyzikalni fakulta

Quandl| je mnozina s jistym typem neasociativniho nasobeni. Dava vznik kombina-
torickému invariantu (orientovanych) uzli, a to jej déld uzite¢nym nastrojem pro nega-
tivni diilkazy o podobnosti uzlovych diagrami. Potencial tohoto invariantu je obsazen
v quandlech souvislych (nékdy zvanych nerozlozitelné). Zobrazeni definované nasobenim
pevnym prvkem zleva je v quandlech vzdy bijektivni a v konecnych souvislych quandlech
maji takto vzniklé permutace stejnou strukturu cykld. Prace se zabyva Hayashiho do-
mnénkou (2013). Ta se strukturu téchto permutaci pokousi svazat vice, a sice navrhuje,
Ze dokonce maji tzv. regularni cyklus - cyklus, jehoz délka je délena délkami vSech zbylych
cykl.

Domnénka ma Castecné pozitivni vysledky, ale pro tfidu tzv. konjugaénich quandli
je jeji platnost stale nejasna. Préace rozebira souvislost (nerozlozitelnost) konjugaénich
quandld a ziskané nastroje aplikuje na quandly odvozené z grup S,, A, a D,,. Dale
navazuje na doposud nepublikované myslenky Stanovského, Vojtéchovského, které Ha-
yashiho domnénku dokazuji pro konjugacni quandly odvozené z grup S,,. Tyto myslenky
zobecnuje a vysledek rozsifuje i na grupy A,, a Dy,. Navic vyslovuje a dokazuje vétu,
ktera fika, ze domnénka je v tomto kontextu pro konecné neabelovské jednoduché grupy
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ekvivalentni tomu, ze ke kazdému nejednotkovému prvku v téchto grupach existuje prvek
konjugovany, se kterym nekomutuje v Zadné své netrividlni mocniné.

Text je autorovou bakalafskou praci. Byl vypracovan samostatné pod vedenim doc.
Stanovského.

Countable dense homogeneity
Michal Hevessy
UK, Praha, Matematicko-fyzikalni fakulta

A topological space is called countable dense homogeneous if it is separable and for
any two countable dense sets there exists an autohomeomorphism of the space sending
one to the other. In this text we investigate countable dense homogeneity and spaces
that are and that are not countable dense homogeneous. First we present known re-
sults regarding countable dense homogeneous spaces, then we show examples of spaces
that are and spaces that are not countable dense homogeneous. Lastly we investigate
a generalization of countable dense homogeneity.

The main results and author’s original contributions of this text are: an example
answering an open question posed in literature regarding zero-dimensional metrizable
countable dense homogeneous spaces and results in the last chapter generalizing some
known results from the previous parts of the text.

This text is a major part of the author's master thesis.

Klasifikace kone€¢né dimenzionalnich modulli nad fetézcovymi algebrami
Ondrej Machac
UK, Praha, Matematicko-fyzikalni fakulta

V této praci klasifikujeme nerozlozitelné kone¢né dimenzionalni moduly nad fetézco-
vymi algebrami. Cilem prace je co nejpodrobnéji prezentovat diikaz klasického vysledku
M. C. R. Butlera a C. M. Ringela. V Gvodni ¢asti definujeme fetézcové algebry a fe-
tézcové a naramkové moduly. Ve treti kapitole dokazeme klasifikaéni vétu a zavedeme
funktory z této véty. Ve Ctvrté a paté kapitole ovéfujeme vlastnosti funktorli s ohle-
dem na tetézcové, respektive naramkové moduly. V posledni kapitole ukazeme, ze tyto
funktory staci a dokazeme zbyvajici predpoklady hlavni véty. Nakonec ukazeme priklady
klasifikace.
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Combinatorial structure of graph drawings
Filip Cermak
UK, Praha, Matematicko-fyzikalni fakulta

In this thesis, we study characterization by forbidden patterns of many classes of
x-monotone drawings of complete graphs with various given restrictions. We generalize
previously known characterizations of pseudolinear, semisimple, and simple drawings of
K,, by showing that also bounded pseudoparabola drawings of K, can be characte-
rized by finite forbidden patterns. On the other hand, we show that there is no such
finite characterization for extended pseudoparabola drawings of K,,. We strengthen our
results even further to so-called (d,, d;)-degree drawings where given non-negative inte-
gers d, and d; represent a number of crossings between adjacent and independent edges,
respectively. We provide a full characterization by forbidden patterns of each class of
(dg, d;)-degree drawings

Dolné ohranic¢enia maximalnej hodnosti netrivialnych ciasto¢nych
automorfizmov jednoduchych grafov
Valter Cingel
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Ciasto¢ny automorfizmus ¢ grafu I' je izomorfizmus dvoch indukovanych podgra-
fov grafu I'. Hodnost Ciastocného automorfizmu ¢ je pocet vrcholov v jeho defini¢cnom
obore. Hovorime, ze ¢ je netrividlny, ak aspon jeden vrchol zobrazi na nejaky iny. Tato
praca pre lubovolny graf I" iba na zaklade informacie o pocte vrcholov I' zdola ohra-
nicuje maximalnu hodnost spomedzi vsetkych netrividlnych ciastoénych automorfizmov
grafu I". Toto dolné ohranicCenie sme odvodili aj pre Specialne triedy grafov. Taktiez
sme objavili aj dolné ohranicenia, ktoré zavisia aj od inych parametrov grafu. Kedze
pojem Ciastocného automorfizmu je relativne novy, praca skiima aj vSeobecné vlastnosti
CiastoCnych automorfizmov. Vysledky tejto prace poskytuji poznatky pre dalsi vyskum
v tejto oblasti a budi sicastou bakalarskej prace autora.

Manhattan and Chebyshev nowhere-zero flows
Lukas Gaborik
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Nowhere-zero flow is a concept with a motivation in physics, specifically the Kir-
chhoff’s current law in electrical circuits. Also, in graph theory, nowhere-zero flows are
related to various helpful properties (e.g. bipartiteness and edge-colourability). An in-
teresting generalisation of nowhere-zero flows considers multi-dimensional flow values.
Up to now, such flows have been defined with the Euclidean norm. In this paper, we
explore alternative definitions with the Manhattan and the Chebyshev norms, prove and
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conjecture results such as an upper bound on the flow number and characterisation of
graphs with unit vector flows. Then, we discuss their relationship to analogous results for
Euclidean flows. Finally, we observe a relationship between Chebyshev flows and a de-
composition of a flow into two circulations. They serve a new approach that may lead
to proving the widely known Tutte's 5-flow conjecture.

The results presented in this paper are a proper subset of the author's bachelor
thesis, which is to be submitted in about a month. None of them were presented at the
Competition for University Students in Mathematical Research before.

Estimation of vertex-transitive numbers for simple graphs
Stefania Glevitzk
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

We say that a graph I is vertex-transitive if for every pair of vertices u and v there
exists an automorphism of I" which maps u to v. 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 its vertex-transitive closure.

In this paper, we find a lower bound on vertex-transitive numbers for an important
subclass of polarity graphs. We also classify graphs with various relatively small numbers
of edges and a unique vertex-transitive closure. In addition, we identify an infinite family
of asymmetric graphs whose vertex-transitive closures can be obtained by adding a single
edge.

This work is a core of the author’s diploma thesis that will be defended this year. It
is a continuation of the research undertaken in the authors bachelor’s thesis, which was
presented in SVOC 2022.

Weak saturation processes in multipartite hypergraphs
Adam Rajsky
UK, Praha, Matematicko-fyzikalni fakulta

Given hypergraphs H and P, wsat(H, P) denotes the smallest number of edges in
a subgraph of H with the property that the missing edges can be sequentially added
such that the addition of every edge creates a new copy of P. In 1985 Alon proved
that wsat(K,, P)/n tends to a finite limit for any graph P. A generalisation of this
Theorem to r-uniform hypergraphs was conjectured by Tuza in 1992 and proved by
Shapira and Tyomkyn in 2021. In this thesis, we use the methodology introduced by
Shapira and Tyomkyn to prove a similar theorem when H is a complete r-partite -
uniform hypergraph.
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Sekce Aplikovana matematika

M7: numericka analyza
+
M8: matematické modely dynamiky

Porotci:

RNDr. Jan Papez, Ph.D. (MU AV CR, Praha)
prof. RNDr. Karol Mikula, DrSc., (SvF STU, Bratislava)
doc. RNDr. Jitka Machalova, Ph.D. (PFF UP, Olomouc)

Domain decomposition methods for the solution of partial differential
equations using discontinuous Galerkin method
Tomas Hammerbauer
UK, Praha, Matematicko-fyzikalni fakulta

This thesis deals with the analysis and numerical study of the domain decomposition
method based preconditioner for algebraic systems arising from the discontinuous Galer-
kin (DG) discretization of the linear elliptic problems. We introduce the DG discretization
of the model problem. We derive from the properties of the bilinear form the spectral
bounds of corresponding forms and matrices. Moreover, we present the Additive Schwarz
method and its application as a preconditioner for the system of algebraic equations. We
derive the spectral bounds of the preconditioned system of algebraic equations. Finally,
we present the numerical results that support the theoretical results and demonstrate
the potential of this approach. The main contribution is modification of the proofs from
the literature on more complicated model problem and the numerical experiments done
to support the analysis.

The complementary volume method for hydrological modeling and its
computational implementation in the environmental software NaturaSat
Ivana Piackova

STU, Bratislava, Stavebna fakulta

The paper deals with the implementation of hydrological modeling into the Natu-
raSat software. Hydrological modeling is performed by solving the Laplace equation on
a computational domain bounded by distributaries, which represents the area of potential
wetland occurrence. Dirichlet boundary conditions corresponding to the water level are
specified at the boundary. By solving the Laplace equation, we obtain groundwater levels
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within the computational domain. The Laplace equation is solved on a real computati-
onal domain obtained by segmentation from orthophoto images and is solved using the
complementary volume method on an irregular triangular mesh.

Optimalizacni algoritmy pro trénovani neuronovych siti
Jifi Szotkowski
UK, Praha, Matematicko-fyzikalni fakulta

V préci se zabyvame zakladnim popisem neuronovych siti a jejich tréninkem (tj. op-
timalizaci parametri sité), ke kterému se pouZivaji numerické optimalizaéni algoritmy.
Provedli jsme vlastni implementaci neuronovych siti a deseti standardné pouzivanych
optimalizacnich algoritmi pro jejich trénovani. Tyto algoritmy jsme navzajem porovnali
z hlediska Casové naroCnosti i dosazené Uspésnosti vysledné sité na testovacich datech.
Ukazali jsme, zZe Casto vitézi jednodussi metody nad slozitéjsimi, zejména ve stochastické
verzi algoritmu. Velkou péci jsme vénovali rigoréznimu matematickému popisu neurono-
vych siti a jejich trénovani, coz je v existujici literature casto zanedbano.

Vysledky prezentované v této SVOC hodla autor uplatnit jako bakala¥skou praci.
V soutézi SVOC ani daldich podobnych sout&zich dosud Zadny z vysledkii uplatnén nebyl.

Aerodynamika v okoli cyklistu
Ema Podhorna
STU, Bratislava, Stavebna fakulta

Uvedena praca sa zaobera prddenim vzduchu v okoli cyklistu, jeho charakteristickymi
vlastnostami a Specifikami. Zakladom pre nami pozadované vysledky je matematicky
model pridenia Standard k£ — €, ktory vychadza z Navier-Stokesovych rovnic a pomo-
cou softvéru ANSYS Fluent nam poskytuje numerické vysledky v podobe odporove; sily,
z ktorej nasledne pocitame odporovi plochu a kvantifikujeme tak aerodynamické vlast-
nosti cyklistu. V praci pouzivame dve geometrie - zjednodusent a komplexnd, ktora
je naskenovana pomocou 3D skeneru a nasledne upravenad do podoby pouzitelnej ako
vstupna geometria do softvéru ANSYS Fluent. Vysledky pre zjednoduseni geometriu
dostavame pre 4 rézne vypoctové siete a pre komplexnd geometriu vyberieme parametre
siete s najlepsimi vlastnostami pouzité pre jednoduchd geometriu.

Reseni Zermelova navigaéniho problému pomoci level-set metody
Pavol Simkovi¢
UK, Praha, Matematicko-fyzikalni fakulta

Efektivne planovanie trasy pri dialkovych letoch je kriticky dolezité, ak vzdusné prady
vyrazne ovplyvriuji pohyb plavidla, ako tomu je v pripade vzducholode. Optimalne ria-
denie mdze usetrit Cas cesty, spotrebu paliva a véasnym varovanim zabranit letu v ne-
priaznivych podmienkach. Implementovali sme numericky algoritmus na vypocet ¢asovo
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optimalnej trajektérie pre dialkovy let vzducholode v premenlivom atmosférickom pri-
deni. Testovali sme ho na modelovych zadaniach aj redlnych meteorologickych datach.
Vysledkom prace je program s grafickym rozhranim schopny vypocitat optimalne navi-
gacné instrukcie, ziskat automatizovane predpoved pocasia a vykreslit vystupy, ktorych
sucastou je aj indikacia presnosti vypoctu.

Magnetické jevy ve spektru lateralné vazanych vrstev
Ondrej Sramek
CVUT, Praha, Fakulta jaderna a fyzikalné inZenyrska

Cilem prace je prozkoumani vlivu magnetického pole na spektralni vlastnosti dvou
typl systémi. Prvni typ se tyka laterdlné vazanych vrstev vystavenych lokalnimu ho-
mogennimu magnetickému poli, kde je spocitano esencialni spektrum a jsou stanoveny
podminky pro existenci a neexistenci vlastnich stavii. Druhy typ systémii je motivovan
kvantovym Hallovym jevem a vyznacuje se translacni a rotacni invarianci. Objektem
této Casti prace je Dirichletova vrstva s Neumannovym oknem ve tvaru mezikruzi a ve
tvaru nekonecného pasu, pficemz numericky je urcCen jejich vliv na spektrum, véetné
vzajemného srovnani. Text prace plné vychazi z diplomové prace.

Numerické modelovanie Sirenia ohna
Filip Subin
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Predkladana praca je zameranad na numerickd aproximaciu matematického modelu
Sirenia ohna v lese pomocou vyuzitia Rothermelovho modelu rychlosti povrchového Sire-
nia ohna. Model obsahuje mnoZstvo vstupnych parametrov ako: vlhkost paliva, hustota
paliva, hmotnost paliva, hustota Castic paliva, obsah mineralov v palive, rychlost vetra,
sklon terénu a podobne. Prevedenim Rothermelovho modelu rychlosti povrchového Sire-
nia ohna na systém obycajnych diferencidlnych rovnic a jeho nasledna numericka apro-
ximacia nam dava silny nastroj na simulaciu Sirenia ohna v Case a priestore a predikciu
roznych poziarnych scendrov pre rozne palivové modely a podmienky prostredia. Téma
tejto prace je zaroven predmetom autorovej bakalarskej prace a diplomovej prace odo-
vzdavanej tento rok. Autorovym prinosom je rozsirenie modelu na 2D s nehomogénnym
prostredim a tvorba inverznej tlohy na sledovanie vplyvu vetra.
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Sekce

I1: Teoreticka informatika
+
12: Uméla inteligence

Porotci:

RNDr. Vit Musil, Ph.D. (FI MU, Brno)
prof. Gabriel Semanisin, PhD. (PriF UPJS, Kosice)
Mgr. Jan Lastovi¢ka, Ph.D. (PFF UP, Olomouc)

Representation of complex numbers in redundant numeration systems
Adam Blazek
CVUT, Praha, Fakulta jaderna a fyzikalné inZenyrska

The Penney numeration system is a positional numeration system with base 7 — 1
and digits {0, 1}, capable of representing all Gaussian integers (complex numbers whose
real and imaginary part are integers). We extend it by using the digit set {0, +1, +i},
causing numbers to have multiple representations. We generalize earlier results about
the binary system with digits {0, £1} to this system; in particular, using the w-NAF
property to find a canonical representation for each number with the minimum possible
Hamming weight, calculating the average ratio of non-zero digits in such representations
and, as a completely new result, finding numbers which have the highest count of optimal
representations of a given weight. These results have potential applications in parallel
computation and elliptic curve cryptography.

Main contributions of the author

| generalized various theorems about the NAF binary system to the more complex
3-NAF Penney system. | developed a recursive formula for calculating the number of
optimal representations of a given Gaussian integer. | wrote a computer program to
formulate a hypothesis about the maximum number of equivalent optimal representations
of a given weight, then made significant theoretical contributions to its proof.

Relationship to other works

This work is a part of my work-in-progress bachelor's degree project. | have also
previously submitted a part of it to the Rektorys contest 2023
(https://mat.fsv.cvut.cz/rektorys/soutez/2023/).
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Improving current approaches to Min-Power Symmetric Connectivity
Richard Hartmann
CVUT, Praha, Fakulta informacnich technologir

V této praci se zabyvame problémem minimalizace celkové spotreby energie bezdra-
tové sité, ktery je formalné znadmy jako MIN-POWER Symmetric Connectivity. Modelem
bezdratové sité je hranové ohodnoceny neorientovany graf. Cilem je najit souvisly pod-
graf, ktery pokryva vsechny vrcholy, s minimalnim souctem cen vSech vrcholi. Cena
vrcholu je dana nejvétsi vahou hrany incidentni s danym vrcholem. Je zndmo, zZe se
jedna o NP-tézky problém. Toto tvrzeni rozsifime a ukazeme, Ze problém je NP-tézky
pro konkrétni tfidu Gplnych grafd. Dale predstavime dva postupy umoznujici efektivné;jsi
feSeni MIN-POWER Symmetric Connectivity problému. Jedna z metod se zaméfuje na
hledani tzv. povinného podgrafu. Ten jsme schopni efektivné nalézt za pomoci dolnich
mezi cen vrchold. Predstavime metodu, jak tyto dolni meze cen vrcholl zvysit. Dale se
zabyvame moznou redukci poctu hran. UkdZzeme metodu identifikujici nadbytec¢né hrany
grafu, ¢imz snizime vypocetni slozitost dlohy.

Vysledky prezentované v této SVOC hodla autor uplatnit jako bakald¥skou praci.
V sout&zi SVOC ani dal3ich podobnych soutézich dosud Zadny z vysledkii uplatnén nebyl.

Operational state complexity of union, intersection and concatenation over
unary automata with half of the states final
Petra Plskova
UPJS, Kosice, Prirodovedecka fakulta

The state complexity of a language L is the number of states of its minimal automa-

ton. The operational state complexity of the operation o is the function sc.(ny, ..., ng)
given by the maximum state complexity of the language o(L1, ..., L), where Ly, ..., Ly
are the languages accepted by the nq, ..., n; state automata. In this paper, we consider

the class of deterministic finite automata with half of the states final over unary alpha-
bet. For intersection and union, we find and prove the state complexity for arbitrary
sized automata. We prove the tightness and that it is equal to the state complexity for
the entire class of deterministic finite automata. Moreover, we generalize the problem
to classes of automata with an arbitrary fixed number of finite states, except for the
trivial cases where all states are either final or nonfinal, and the cases where just one
state is final. We determine a bound for these classes and prove its tightness. For the
concatenation, we determine and prove a lower bound of state complexity if for an in-
put m-state automaton and an n-state automaton one of the following holds: n = m,
n=m+2 n=m-+4, orn=m+6 and 4|m. In some special case, we determine
the tightness for automata with the same number of states. We formulate and prove
state complexity of intersection and union over alternating automata, for concatenation
we prove a fairly tight upper and lower bound for automata with the same number of
states. We find the state complexity of square and prove the tightness for our class and
alternating automata, too.
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Masked superstrings for efficient k-mer set representation and indexing
Ondrej Sladky
UK, Praha, Matematicko-fyzikalni fakulta

The exponential growth of genomic data calls for novel space-efficient algorithms for
compression and search. State-of-the-art approaches often rely on tokenization of the
data into k-mers, which are substrings of a fixed length. The popularity of k-mer based
methods has led to the development of compact textual k-mer set representations,
however these rely on structural assumptions about the data which need not hold in
practice.

In this thesis, we demonstrate that all these representations can be viewed as su-
perstrings of the k-mers, and as such can be generalized into a unified framework that
we call the masked superstrings of k-mers. We provide two different greedy heuristics
for their computation and implement them in a tool called KmerCamel. We further de-
monstrate that masked superstrings can serve as a building block of a novel, simple
k-mer set index which we call FMS-index. Additionally, if masked superstrings further
integrate a demasking function f, the resulting f-masked superstrings framework allows
for seamless set operations with k-mers.

We experimentally evaluate the performance of masked superstrings, as well as of
our FMS-index implementation, FMSI, and show that masked superstrings achieve better
compression in situations where the previous methods were far from optima. Furthermore,
we demostrate that using FMS-index leads to memory savings compared to state-of-
the-art indexing methods. Overall, our results demonstrate the usefulness of masked
superstrings as a unified theoretical framework as well as their potential in designing
data structures for k-mers.

This work is based on author’s bachelor’s thesis, which is in preparation for submission
in May 2024. The thesis is jointly supervised by Mgr. Pavel Vesely, Ph.D. and by Ing. Karel
Bfinda, Ph.D. Chapters 2 and 3 of this work are also based on the author’s paper Masked
superstrings as a unified framework for textual k-mer set representations, which was
accepted and presented at RECOMB-seq 2023. Chapters 4 and 5 are further based on
the author's paper Function-Assigned Masked Superstrings as a Versatile and Compact
Data Type for k-Mer Sets, which is expected to be submitted to SPIRE 2024. Both are
available at bioRxiv.

Uméla inteligence v pocitacovych hrach
Anna Krajcirova
SU, Opava, Filozoficko-pfirodovédecka fakulta

Cilem této prace je predstavit ¢tenari moznosti vyuziti umélé inteligence a strojového
uceni pFi vyvoji pocitacovych her z perspektivy jak hrace, tak predevsim vyvojare. Budeme
se soustredit hlavné na stale rostouci potenciadl generativni umélé inteligence, ktery je
v této oblasti prozatim prakticky nevyuzivany. Prace tak bude pfinosem ne jen pro mé
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v ziskavani novych zkusenosti, ale také ukaze, jak snadno dosdhnout zajimavych vysledki
bez hlubsich uméleckych dovednosti.

V teoreticka Casti se prace zaméruje na historicky vyvoj umélé inteligence v hernim
pramyslu. Popisuje riizné metody a nastroje, z nichz nékteré jsou nasledné aplikovany
v praktické Casti, kde je na prototypu hry vyvijeném v Unreal Engine 5, demonstrovano
jejich praktické vyuziti. Projekt bude zadkladem pro diplomovou praci a bude dale rozvijen.

Kernel estimates of pedestrian density applied in simulation of recreational
pedestrian movement
Tomas Novotny
CVUT, Praha, Fakulta informacnich technologif

This bachelor thesis presents a stochastic agent-based model that simulates pe-
destrian movement in the Luzen Valley, National Park Sumava. The model merges three
distinct mathematical models. Initially, random arrivals of agents are modeled by me-
ans of a Poisson process. Further, a fundamental diagram-based model is introduced to
transport agents to the estimated bottleneck of the trail. This thesis introduces the agent
mass in the perceived surroundings of the agent as a novel concept to model interaction
between pedestrians. Furthermore, kernel estimates are implemented as an individual
mass generated by each agent. Due to the focus of this thesis on the transport section
of the model, the bottleneck section is represented by a very simple cellular automaton,
a totally asymmetric simple exclusion process.

Additionally, this thesis successfully implemented the model in a simulation tool
that has been developed to conduct experiments with the model. The model parameters
were calibrated using empirical findings from pedestrian movement. Correctness of kernel
implementation was confirmed by one of the experiments. Furthermore, the experiments
with the arrival intensity revealed that jams occur at an intensity of 78 pedestrians
per minute. This value corroborates the reasonableness of the transport section, as it
aligns with the empirical findings that were not used for calibration. Additionally, the
experiment results validated the assumption that heterogeneity in speed leads to earlier
stoppages.

The subsequent work aims to estimate the capacity of the trail. To this end, an
extension of the simulation tool is necessary to enable various restriction models on the
trail to be tested. Furthermore, the current bottleneck section will be replaced by a more
complex model.

Automatic inflection in Czech language
Tomas Sourada
UK, Praha, Matematicko-fyzikalni fakulta

This thesis focuses on the task of automatic morphological inflection of Czech nouns,
specifically in out-of-vocabulary (OOV) conditions (inflecting previously unseen words).
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We automatically extracted a large dataset suitable for training and evaluation in the
OOQV conditions. We also manually built a real-world OOV dataset of neologisms. We
developed three different systems: a retrograde model performing a variation of kNN
algorithm, and two sequence-to-sequence (seq2seq) models based on LSTM and Trans-
former. Compared to an available rule-based inflection system sklonuj.cz and standard
SIGMORPHON shared task baselines, our seq2seq model reaches the best results in
the standard OOV conditions. Moreover, it achieves state-of-the-art results for 6 out
of 16 development languages from SIGMORPHON 2022 shared task data in the OOV
evaluation (feature overlap) on large data condition. On the real-world OOV dataset,
the retrograde model outperforms all neural models and is competitive with a non-
neural SIGMORPHON baseline. We release the inflection system with seq2seq model
as a ready-to-use Python library. It could serve as a complement to the state-of-the-art
dictionary-based inflection system MorphoDiTa as a back-off for OOV words, especially
once extended to other parts of speech.

The text of this work is identical to the text of the author’s bachelor thesis, defended
in 2023. As a continuation of the work on the thesis, more experiments were conducted
by the author, resulting in a paper Tomas Sourada, Jana Strakova, Rudolf Rosa: OOVs
in the Spotlight: How to Inflect them?, accepted to an international conference LREC-
Coling 2024. This work has not been submitted in the SVOC competition or any other
student competition before.

Exploring Advanced Reasoning Abilities of Large Language Models in Slovak
Adam Zahradnik
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Large Language Models (LLMs) are advanced artificial intelligence tools that are
capable of understanding and producing text. Such models have been shown to be
capable of advanced reasoning abilities, enabling them to solve problems in mathematics,
physics, and computer science. The vast majority of the tasks on which large language
models have been evaluated so far are in English. This brings up the questions: Can
such results be generalized across other languages? And if yes, to what extent? To
better understand this problem, our work introduces a dataset of problems and solutions
from Slovak competitions in these areas. We then evaluate the abilities of the different
available models on this set and compare them. We benchmark the LLMs to determine
the effectiveness of said methods in the Slovak language.
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Sekce
13: Pocitacova grafika a pocitacové vidéni

+
14: Aplikovana informatika a softwarové inzenyrstvi

Porotci:

Ing. Adam Novozamsky, Ph.D. (UTIA AV CR)
doc. RNDr. Zuzana Cernekovd, PhD. (FMFI UK, Bratislava)
Mgr. Petr Krajca, Ph.D. (PFF UP, Olomouc)

Automatic Mesh Generation for Realistic Human Avatars
Martin Halaj
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Demand for lifelike human avatars spans industries from gaming to healthcare, neces-
sitating accurate replication of anthropometric measurements. Our research addresses
this need by proposing a framework capable of generating precise body meshes from up
to 16 input anthropometric measurements. Leveraging linear and polynomial regression
models, we achieve high accuracy in SMPL shape parameter derivation. Additionally, we
present a dataset of over a million files, complementing real data sets for training CNNs.
As a result of our work, we present the complete pipeline for creating a virtual copy of
the user to enhance the user’s virtual experience.

Utilization of aerial laser scanning point cloud data for the study of habitats
Tomas Homola
STU, Bratislava, Stavebna fakulta

In this thesis we adopted a workflow for extracting various statistical metrics from
classified point cloud data describing vertical vegetation structure. These LiDAR met-
rics were subsequently exported into multi-band geo-referenced TIFF images for further
analysis. Additionally, we used this data to create a multi-dimensional dataset which
served as an input for habitat classification using natural numerical networks and linear
discriminant analysis. All computations were implemented in Matlab and C++.
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Monitorovanie validity, funkénosti a bezpecnosti internetovych SSL
certifikatov
Jan Kelemen
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

V mojej praci som navrhol a vytvoril systém, ktory dokaze monitorovat velké mnoz-
stvo SSL certifikatov na pouzivatelom Specifikovanych webovych serveroch, v stiboroch
ulozenych na disku, pripadne v siiboroch, ktoré objavil systém rekurzivnym prehladavanim
suborového systému. Toto monitorovanie prebieha periodicky a pozostava zo stiahnutia
certifikatu do systému, kde nasledne dochadza k analyze. Vysledky analyzy si pouzivatel
moze pozriet vo webovej aplikacii, alebo dostat upozornenie pomocou jeho zvolenym
upozornovacim systémom (ako napriklad mailom, Slackom alebo Pushoverom). Tymto
mojim systémom som zanalyzoval vSetky aktualne ".sk” a ".cz" domény a vysledky po-
rovnal s podobnymi vedeckymi ¢lankami. Pri tejto praci som spolupracoval s firmou,
v ktorej pracujem (bonet.systems, s.r.0.). Zaroven tito pracu mam tiez spracovan( ako
diplomovi pracu, ktora nesie rovnaké meno.

Analyza vztahov medzi forenznymi artefaktami s vyuzitim tedrie grafov
Sophia Petra Krisakova
UPJS, Kosice, Prirodovedecka fakulta

Pocet kybernetickych Gtokov neustale narasta a ich sofistikovanost stipa vdaka no-
vym technikam a stratégiam atocnikov. Organizacie musia neustale zdokonalovat metédy
detekcie a reakcie na tieto Gtoky, aby ochranili svoje siete a informac¢né systémy. Cas
medzi vyskytom bezpecnostného incidentu a jeho identifikaciou trva v priemere 100-200
dni, s reakénym ¢asom organizacii medzi 50-70 dni. Cielom nasSej prace je skratit tento
Cas, aby organizacie mohli rychlejsie reagovat na bezpecnostné incidenty. V praci vyuzi-
vame teériu grafov pri forenznej analyze v opera¢nom systéme Windows. Hlavnym cielom
prace je identifikacia digitdlnych stop a vztahov medzi nimi. Pre tento Gcel pracujeme
s datovymi sadami z réznych sitazi typu Capture the flag (CTF). Popisujeme fazy spra-
covania digitalnych stop, ich transformaciu do grafov a nasledne identifikujeme anomalie
a cykly v grafoch s cielom poskytnit Citatelom hlbsi pohlad na tlto problematiku.

Identifikacia relevantnych digitalnych st6p pri forenznom vysetrovani
Frantisek Kurimsky
UPJS, Kosice, Prirodovedecka fakulta

V dnesnej dobe neustale narasta pocet kybernetickych Gtokov. Adekvatna reakcia
na bezpecCnostné (toky a incidenty si vyzaduje vo viacerych pripadoch vyzaduje pou-
zitie digitalnej forenznej analyza. Pri samotnom forenznom vysetrovani je potrebné,
¢o najrychlejsie sa dopracovat k relevantnym digitalnym stopam (datam), ktoré obsa-
hujd informéacie o bezpecnostnom incidente a postupe utocnika. Zakladnym problémom
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digitalnej forenznej analyzy je velké mnozstvo forenznych artefaktov ziskanych z na-
padnutych systémov. Tie sa z velkej Casti skladaji z artefaktov nerelevantnych pre
vysetrovanie daného pripadu, resp. bezpecnostného incidentu. Cielom predlozenej prace
je uSetrit Cas forenzného analytika pri hladani relevantnych digitalnych stép (dat) pre
ucely forenznej analyzy. To je mozné dosiahnut automatizaciou tohto procesu pomo-
cou metdd strojového ucenia, najma metdd primarne uréenych na hladanie anomalii.
Najdené digitalne artefakty poskytuji forenznému analytikovi nadhlad nad bezpecnost-
nym incidentom a umoznuju rychlejSie stanovenie a nasledne potvrdenie alebo vyvratenie
forenznych hypotéz o bezpecnostnom incidente a Cinnosti utocnika.

Adaptivne riadenie robota Artabana
Zuzana Macicova
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Artaban je stvornohy robot, so stavbou néh, ktora je vyrazne odlisna od inych Stvor-
nohych robotov, ktori maji vacsinou vsetky styri nohy rovnaké, skladajice sa z dvoch
segmentov. V tomto ¢lanku prezentujeme inverzni dynamiku takéhoto robota a adap-
tivne riadenie s vyuzitim inverznej dynamiky za pomoci kniznice Quad SDK. Riadenie
robota sme Uspesne testovali v simulacii aj na hardvéri pre rozne typy kroku a typy po-
hybu. TaktieZ sme overili schopnost robota zvladnut neocakavané postréenia a udrzat
si rovnovahu.
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