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Sekce M1

Amalgam methods in function spaces
Ivan Kotalik
UK, Praha, Matematicko-fyzikdlni fokulta

We extend the concept of Wiener—Luxemburg amalgam spaces to arbitrary quasi-Banach function
spaces, removing the requirement of rearrangement-invariance. We do so by introducing a new generalized
amalgam norm. We prove that these new spaces are quasi-Banach function spaces and that they coincide
with the classical amalgams in the rearrangement-invariant setting. Furthermore, we study their associate
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spaces, normability, continuous embeddings, and absolute continuity. As an application, this framework
natively recovers and extends classical extremal embeddings, such as embeddings into L' 4+ L> and L' N
L, without assuming rearrangement-invariance. Finally, we provide an independent characterization of
the closure of simple functions in rearrangement-invariant spaces.

Radial multilinear multipliers
Matyas Malecek
UK, Praha, Matematicko-fyzikdlni fakulta

We show that a bilinear radial Fourier multiplier operator with symbol o is L?(R") x L?(R") —
LY(R™) bounded, n € N, if the function o satisfies the smoothness condition o(2/)® € L3 ,, _ (R*") for
some ¢ > 0 and every j € Z, where ® is a smooth cutoff function adapted to the annulus |z| € [1/4,4].
This condition is dimension free. We also apply similar reasoning to provide alternative proof of the
initial result concerning multilinear Bochner-Riesz operator and prove an estimate for generalized bilinear

Bochner-Riesz operator.

Operators on Injective Tensor Products of L;-Preduals
Stépan Ondiej
UK, Praha, Matematicko-fyzikdlni fokulta

Let X be an Li-predual and let E, F' be Banach spaces. We will show that for the representing
measure of a strongly bounded operator T: X®.E — F, there exists a control measure. We will extend
a strongly bounded operator T: X&.E — F to an operator S: C(Bx~,E) — F. We will show that such
extension inherits properties of 7. We will use this extension to infer properties of X®.FE from the
properties of F.

Jacobians of Sobolev and BV homeomorphisms and their limits
Jakub Petr
UK, Praha, Matematicko-fyzikdlni fokulta

V této praci zkoumame ve t¥idé homeomorfismti souvislost mezi topologickym pojmem orientace a
znaménkem Jakobidnu. V R? byla dfive tato souvislost znama pro W1* homeomorfismy a jejich slabé
limity. My tento vysledek rozsifujeme i pro BV homeomorfismy a jejich slabé-* limity. Navic uvddime
vysledky i pro WP homeomorfismy v R™ pro libovolné n € N.

Tuto praci vyuziju jako svou diplomovou praci a posléze ji poslu do zahrani¢niho ¢asopisu (z tohoto
dtivodu je psédna v angli¢ting).

Formalni verifikace vybranych tvrzeni z matematické analyzy v systému Lean 4
Jakub Psutka
ZCU, Plzeni, Fakulta aplikovanych véd

Tato prace se zabyva formalni verifikaci vybranych ¢asti matematické analyzy v prostifedi interak-
tivniho dikazového asistenta Lean 4. Cilem je ukézat, jak lze klasické matematické dikazy prevést do
formélniho jazyka zavislé teorie typt, a to zpusobem pfistupnym pro studenty, ktefi s formalizaci zaci-
naji. Teorie je budovana postupné od zakladnich pojmt, bez vyuziti pokrocilych abstrakci z knihovny
Mathlib, aby byl cely proces co nejlépe pochopitelny. Vysledkem je srozumitelny vykladovy text dopl-
nény o uceleny, strojové ovéreny kdd, ve kterém je zformalizovana teorie limit a konvergence posloupnosti.
V praci jsou mimo jiné dokazany zakladni véty o limitach, véta o konvergenci monoténni posloupnosti
a Bolzanova—Weierstrassova véta. Dulezitou ¢asti je také formalni dikaz existence suprema a propo-
jeni riznych tvrzeni o Uplnosti redlnych cisel, véetné zpétné implikace principu vnofenych intervalt
z Bolzanova—Cauchyho kritéria, ¢imz je prokazana ekvivalence mezi vSemi rtiznymi vyjadfenimi.

Miery slabej nekompaktnosti v klasickych priestoroch
Samuel Smerciak
UK, Praha, Matematicko-fyzikdlni fokulta

V tejto praci sa zaoberame mierami slabej nekompaktnosti wck, wk a w v Banachovych priestoroch.
Zhrnieme zname vysledky o ekvivalencii tychto mier, ¢o zahfiia rovnost mier wck a wk v separabilnych
priestoroch a rovnost mier wk a w v priestore ¢o(I"), ktoré dokazujeme. Uvedieme stru¢ny prehlad faktov
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o priestoroch C(K) a tieto nésledne pouzijeme, aby sme ziskali uplna charakterizaciu ekvivalencie mier
wck, wk a w v priestoroch C(K) = C(K,R) pre metrizovatelny kompakt K vratane optimality konstant
ekvivalencie, ¢o st nové vysledky. Ako dosledok dostaneme, Ze miery wk a w nie si ekvivalentné v
priestore C(]0,1]), pricom ide o prvy znamy priklad klasického Banachovho priestoru, ktory to splia.
Tato pracu hodla autor uplatnif ako diplomovii.

Optimal discrete p-Hardy inequalities of higher order
Jakub Waclawek
CVUT, Proha, Fakulta jadernd a fyzikdlné inZenyrskd

The classical discrete p-Hardy inequality provides a sharp relation between the ¢P-norms of a
sequence and its discrete derivative on the half-line. In this work, we extend this inequality to higher-order
discrete derivatives and establish optimal discrete p-Hardy inequalities of arbitrary order. Specifically,
we develop a general method for constructing optimal p-Hardy weights via a parameter sequence subject
to certain monotonicity and growth conditions. By applying this abstract framework to a particular
choice of the parameter sequence, we obtain explicit formulas for optimal discrete p-Hardy weights of
any order. Moreover, by deriving lower bounds for these optimal weights, we find the classical discrete p-
Hardy inequalities of any order. As a limiting case of the discrete results, we also obtain their continuous
analogs.

This study extends the results of our earlier work, which was submitted to the SVOC competition
in 2024, and, in an expanded form, will constitute the basis of the author’s master’s thesis.

Sekce M2

Slabé vazané vlastni hodnoty maticovych diferencialnich operatoru
Mikulas Kucera

CVUT, Praha, Fokulta jadernd a fyzikdlné inZenyrskd

Zabyvame se slabé vazanymi vlastnimi hodnotami dvojrozmérného Diracova operatoru s nesamo-
sdruzenym maticovym potencidlem a komplexnim parametrem vazby. Stru¢né shrneme klasickou po-
ruchovou teorii, vysvétlime jeji omezeni a predstavime pfehled znamych vysledk pro Schrédingerovy,
Pauliho a Diracovy operatory.

Nasledné formulujeme Birmantv-Schwingerav princip pro dany Diractv operator. Za minimélnich
predpokladi integrability a podminek Rollnikova typu odvodime témér optimalni podminky existence a
neexistence izolované vlastni hodnoty v okoli hranic esencialniho spektra. V pripadé existence dokazeme,
ze vlastni hodnota je jednoznac¢na a algebraicky jednoduchd, a nalezneme jeji asymptoticky rozvoj do
druhého fadu v limité slabé vazby.

v es

operatory na dvourozmeérné relativistické systémy a odhaluji nové nesamosdruzené spektralni efekty.

Differential equations in Banach spaces
Dusan Oberta
VUTB, Brno, Fakulta strojniho inZengrstvi

In this thesis we address the question of solvability of differential equations in Banach spaces. The
thesis itself is divided into three major parts. In the first part we study the existence of local solutions
of an initial value problem for fractional differential equations in Banach spaces. In the second part we
study the existence of local solutions of an initial value problem for dynamic equations on time scales in
Banach spaces. Also, in these two parts we show applications of our results on countable systems arising
from semidiscretisation of fractional PDEs and partial dynamic equations on time scales, respectively.
Finally, in the third part we study the existence of solutions of countable systems of ODEs on unbounded
intervals with prescribed asymptotic behaviour. Each of the three parts contains new results, most of
which were submitted to academic journals. Central role is played by the standard tools of functional
analysis, axiomatic theory of measures of noncompactness, abstract fractional calculus, abstract time
scale calculus, and the newly introduced concepts of Kamke function of order o and Kamke A-function.
This thesis will be submitted as the author’s Master’s thesis, and was not part of SVOC, nor of any
other similar competition, in the previous years.



Neaditivne modifikacie kompartmentovych epidemiologickych modelov
Ivana Tarkovska
UPJS, Kosice, Prirodovedeckd fakulta

V préci konstruujeme neaditivnu modifikaciu epidemiologického modelu SI, ktorej zédkladnou mys-
lienkou je nahradenie Lebesgueovho integralu Choquetovym integralom vzhladom na monoténnu mieru.
Cielom je preskimat, ako tato modifikicia ovplyviiuje matematické vlastnosti modelu a do akej miery si
vysledny model zachovéva zdkladné kvalitativne vlastnosti rieSeni. Osobitnii pozornost venujeme dvom
pripadom podla charakteru integrandu, a to pripadu monoténneho a pripadu unimodélneho integrandu.
V prvom pripade uvddzame analyzu konvexnosti, resp. konkavnosti, rieSenia, ako aj analyzu stability. V
druhom pripade poukazujeme na technické komplikdcie spojené s nemonoténnostou. V zavere prezentu-
jeme konstrukciu neaditivneho modelu SIR a formulujeme hypotézy o jeho spravani. Ziskané vysledky
ukazuju, ze nas model si aj v prostredi neaditivnych mier zachovava biologickii interpretaciu Sirenia
ochorenia, pri¢om sa zaroveil objavuji nové technické fazkosti, ktoré sa v klasickych epidemiologickych
modeloch nevyskytuju.

Sekce M3

Moran process with location-dependent mutant fitness
Katefina Doubkova
UK, Praha, Matematicko-fyzikdlni fokulta

The Moran process on a graph models the evolution of two types of individuals — residents and
mutants — on a weighted graph. Individuals are selected for reproduction according to their assigned
fitness. In this paper, we study a variation where resident fitness is constant, whereas mutant fitness is
location-dependent. We derive an exact closed-form formula for complete bipartite graphs where fitness
is uniform within each partition. Using this result, we show that assigning different fitness to vertices
in different partitions of complete bipartite graphs can significantly increase the fixation probability
while keeping the average mutant fitness constant. Finally, we present the Equithermal Theorem, which
provides a fixation probability formula for a class of weighted graphs satisfying a specific relationship
between edge weights and individual fitnesses. We show that this result implies a weaker version of the
Isothermal Theorem.

Chaos Game Dynamics for the Analysis of Stochastic Processes
Pavol Horkuli¢
UPJS, Kosice, Prirodovedeckd fakulta

In this paper, we focus on deterministic and random iterated function systems and the ways they
can be applied to study properties of discrete stochastic processes by utilizing chaos games. Our goal
is to study how random iterated function systems can be used to generate chaos game representations
of discrete stochastic processes. We do this by formalizing, generalizing, and building upon a known
method of using chaos games to analyze data generated by a stochastic process. Firstly, we examine
the conditions necessary for the existence of an invariant measure of a random iterated function system,
namely contraction on average. Secondly, we introduce several results which help derive the general form
of both simple and log chaos game systems for different types of discrete stochastic processes. We then
utilize these results to create a method of testing whether observed data were likely generated by a
specific random process. Finally, we explain how chaos game representations can be analyzed in order to
understand key properties of both generated and empirical data.

First selection lemma for k-hulls and the breakdown point of k-hull medians
Erik Mendros
UK, Praha, Matematicko-fyzikdlni fakulta

We prove that for every integer k£ > 3 and any collection X of n points in the plane, there exists
a point that is contained in at least (}) (1 — (2 —1)/3""!) convex hulls formed by distinct k-tuples
of points from X'. This generalizes the celebrated first selection lemma in the plane, which corresponds
to k = 3. We prove this result in both its discrete (for point sets) and continuous (for probability
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distributions) versions, and show that it is asymptotically tight. Our lower bound is valid without any
assumptions on the point set or the probability distribution. As a consequence of our proof, we establish
tight inequalities between a generalized simplicial depth and the halfspace depth in the plane. These
inequalities are then used to derive the worst-case asymptotic addition breakdown point of the simplicial
median as well as of the more general k-hull median, closing the gap between previously known bounds.
From the viewpoint of breakdown point robustness, it turns out that k-hull medians for larger k provide
a more robust alternative to the classical simplicial median.

Bod Zlomu
Stépan Nejtek
UK, Praha, Matematicko-fyzikdlni fakulta

Bod zlomu se ve statistice pouziva k posouzeni, jak odolny je statisticky odhad vii¢i kontaminaci dat.
V odborné literatufe se bézné setkdvame se dvéma odlisnymi definicemi bodu zlomu, a to s takzvanym
replacement breakdown pointem a addition breakdown pointem. Pfirozené tak vyvstava otéazka, zda a
jak lze mezi t&mito dvéma pojetimi prechézet, aniz by bylo nutné odvodit oba body zlomu zvI4st. Tato
prace se zaméfuje na v literatufe znamou vétu, kterd pochazi z ¢lanku Zuo (2001), a kterd popisuje
moznosti takového pfechodu ve specialnich pripadech. V praci jsou identifikovany jeji slabiny a doplnény
chybéjici predpoklady nutné k jejimu korektnimu vyuziti. Hlavnim pfinosem prace je odvozeni nové véty
zobecnujici pfechod mezi riznymi druhy bodu zlomu, ¢imz se stava uplatnitelnou pro Sirsi spektrum
odhadt. Na zavér je pomoci této véty dokazana zpresnéna verze Zuovy véty. Tato prace je prvni ¢asti
autorovy bakalarské prace.

Score-Based Stochastic Smoothing
Adam Rajsky
UK, Praha, Matematicko-fyzikdlni fokulta

This thesis develops methods for stochastic smoothing in signal and observation systems with non-
linear dynamics. It builds on score-based diffusion models, first introduced in 2021, which have since
become the standard approach to generative modeling of natural images. We present two score estima-
tors. The first is a direct application of modern conditional score-based diffusion models to stochastic
smoothing: a neural network trained on simulated signal and observation trajectories. The methodology
itself is established, but its application to stochastic smoothing remains underexplored. The second es-
timator, which is, to our knowledge, new, dispenses with the neural network and estimates the score
by solving an augmented filtering problem with an extended Rauch-Tung-Striebel smoother. We eva-
luate both variants on a benchmark suite that stress-tests the methods on strongly nonlinear dynamics
and multimodal posteriors. Both match the exact solution given by the extended Rauch-Tung-Striebel
smoother on a linear Gaussian system and substantially outperform it on the nonlinear and multimodal
benchmarks. The submitted work is the author’s master’s thesis and has not been submitted to SVOC
or any similar competition in prior years.

Testy ekvivalence
Anna Salavcova
UK, Praha, Matematicko-fyzikdlni fokulta

Préce se zabyva problematikou testovani ekvivalence, tématem statistického testovani hypotéz, kdy
cilem neni prokézat rozdil dvou parametrii, ale naopak dolozit jejich dostate¢nou shodu. Klasické statis-
tické testy hypotéz jsou konstruovany tak, ze nulova hypotéza zpravidla vyjadiuje rovnost parametri,
avsak jejl nezamitnuti nelze interpretovat jako rovnost ¢i ekvivalenci téchto parametra. V praktickych
aplikacich je pfitom Casto potfeba oveérit, ze se dveé veli¢iny nelisi vice nez o predem stanovenou mez, tedy
ze jsou z hlediska zvoleného kritéria ekvivalentni. Prace, ktera vychazi z bakalaiské prace autora, je vy-
branou ¢asti této prace a obsahuje nejzajimavéjsi vysledky; shrnuje teoretické principy testl ekvivalence
a podrobné se zamétuje na proceduru TOST (Two One-Sided Tests). Obecné principy TOST procedury
jsou nasledné aplikovany na vybrané dvouvybérové problémy, jak pro kvantitativni data, kdy je v praci
odvozen stejnomérné nejsilnéjsi test ekvivalence pro model s normélnimi daty a shodnym rozptylem,
tak pro data binarni. Pro binarni data je dale soucasti simula¢ni studie zkoumajici hodnoty silofunkce v
zéavislosti na parametrizaci modelu a zvolenych mezich ekvivalence.



Prediction intervals in generalized linear models
Robin Stloukal
VUTB, Brno, Fakulta strojniho inZenyrstvi

Generalized linear models (GLMs) accommodate non-normal response variables, yet constructing pre-
diction intervals (PIs) within them remains underexplored. This thesis investigates and compares PI
construction methods in Poisson and Gamma GLMs, evaluating conditional empirical coverage and in-
terval width through extensive simulations in R.

Apart from the classical approaches described in literature, the core contribution of this work lies in deve-
lopment of predictive distributions and inversion of probabilistic inequalities. Starting with the intercept-
only Poisson model, the thesis introduces a Bayesian PI utilizing a log-normal posterior. Furthermore,
it develops interval estimators exploiting the predictive mixture’s moment generating function to derive
Chernoff bounds, and applies a Vysochanskij—Petunin refinement of Chebyshev’s inequality, alongside
Harremoes’ sharp tail bounds. Two resampling algorithms based on the bootstrap and the jackknife are
also proposed. These promising methods are then extended to Poisson log-linear regression, where the
primary contributions include the derivation of one-sided, two-sided, and second-order Taylor-refined
Chernoff intervals, alongside an adapted Nelson’s exact method.

Simulation results reveal that while discrete Poisson models require boundary randomization and benefit
from the proposed exact and Bayesian approaches in small samples, continuous gamma regression favors
the classical asymptotic normal method and full conformal prediction due to the added complexity of
dispersion estimation.

Znamienkové testy v 2D
Gerg6 Szarka
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

V tejto praci sa zaoberdme dvojrozmernymi znamienkovymi Statistickymi testmi polohy jedného
stboru. Ich silnou strankou je, Ze netreba poznat rozdelenie, z ktorého pochddzaju data. Staci, aby roz-
delenie bolo symetrické. Clanok Oja & Nybloma popisuje jeden zo spésobov konstrukcie takychto testov.
Klacovou je pri iom volba funkcie h(), ktora generuje vahy jednotlivym znamienkam. Spominany ¢la-
nok popisuje matematické techniky na odvodenie asymptotickej distribucnej funkcie testovej Statistiky.
Pouzitie tychto technik vSak citovany ¢lanok ilustruje len na troch prikladoch volby funkcie h(), gene-
rujtcej vahy. To z dovodu, Ze od tvaru h() silne zavisi, ¢i dojde k explicitnému vyjadreniu asymptotickej
distribuénej funkcie, alebo sa postup zasekne na numericky tazko uchopitelnych implicitnych vztahoch.

Nasim hlavnym prinosom je objav, Ze explicitny vzorec asymptotickej distribu¢nej funkcie mozno
vyjadrit pre celd rodinu funkcii h(). Obzvlast zaujimavé je, ze do tejto rodiny patria aj dve z troch
funkeif A() spomenutych v citovanom ¢lanku. Z asymptotickej distribuénej funkcie mozno nasledne lahko
ziskat kritické hodnoty testu, ¢i pocitat p-hodnotu. Volba funkcie h(), samozrejme, vplyva aj na samotnt
kvalitu znamienkového testu. Spravanie vyhodnocujeme pomocou Monte Carlo simulacii a matematicko-
numerickymi vypoc¢tami Pitmanovej asymptotickej relativnej efektivity.

Grafické modely v Bayesovych prostorech
Ondrej Uliény
UPOL, Olomouc, Prirodovédeckd fakulta

Tato prace se zabyva propojenim teorie Bayesovych prostori a neorientovanych grafickych modeli.
V ramci Bayesova prostoru jsou vicerozmérné hustoty prvky tiid ekvivalence a lze je ortogonélné rozlozit
na marginalni slozky a slozky interakci vyssiho fadu. Tento pFistup je aplikovan na hustotu useknutého
mnohorozmeérného normalniho rozdéleni, u niz analyticky dokazujeme, Ze jeji netrividlni interakéni struk-
tura je striktné parova a zcela definovana jeji matici pfesnosti. Hlavnim pfinosem této prace je stanoveni
formélniho spojeni mezi ortogonalni dekompozici hustot a neorientovanymi grafickymi modely, ¢imz se
Hammersleyho-Cliffordova véta tcinné prevadi do jazyka Bayesovych prostorii. Formalné sestavime ne-
orientovany graf interakci, dokdzeme, Ze slouzi jako validni I-map, a predstavime interakcni hypergraf
jako vérohodnou a bezztratovou reprezentaci vicerozmérné zavislostni struktury.
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Sekce M4

Estimating drift in stochastic differential equations with correlated noise
Tomas Kremla
UK, Praha, Matematicko-fyzikdlni fokulta

This work presents a new nonparametric estimator of the drift function in stochastic differential
equations driven by additive fractional Brownian motion. A previously proposed Nadaraya—Watson-
type estimator, based on the fundamental martingale transformation, is shown to be unreliable due to
errors in both its derivation and the proof of its consistency. We revisit this construction and propose
a corrected estimator that properly accounts for the structure of the transformed equation and the
associated stochastic integrals. The estimator is studied both in continuous and discrete observation
settings under the stationary regime, with particular emphasis on its decomposition into a bias component
and a martingale noise term. Proof of the asymptotic negligibility of the martingale term is presented.
A simulation study is conducted to assess its empirical performance and to illustrate the failure of the
originally proposed estimator. Special attention is devoted to the choice of the bandwidth parameter
through simulation experiments, examining their impact on global estimation error. In addition, we
discuss an efficient numerical implementation of the estimator. This work presents preliminary results of
the author’s master’s thesis.

Double Oracle Algorithm for Games with Non-compact Strategy Sets
Jolana Straitova
UK, Praha, Matematicko-fyzikdlni fokulta

The Double Oracle algorithm computes an equilibrium of a game by iteratively solving a subgame
and updating the strategy sets via best responses to the current equilibrium. Convergence to an equilib-
rium is known for infinite, continuous two-player zero-sum games with compact strategy sets.

This work is part of my bachelor thesis and studies a possible extension of the Double Oracle
algorithm to infinite continuous two-player zero-sum games with possibly non-compact strategy sets. The
key points to address when compactness is omitted are the existence of an equilibrium, the existence
of best responses, and the existence of a weakly convergent subsequence in a sequence of probability
measures.

In this work, I explore sufficient conditions for the existence of an equilibrium and for the existence
of best responses. I summarize these conditions based on existing literature. The main contribution of
this work is a novel result showing that the assumptions ensuring the existence of an equilibrium and the
existence of best responses are equivalent. Therefore, we now know under which assumptions the Double
Oracle algorithm is well-defined for games with non-compact strategy sets.

Diagnostic methods for time series of counts
Stanislav Svoboda
UK, Praha, Matematicko-fyzikdlni fakulta

Tato prace se zabyva grafickymi diagnostickymi metodami pro modely ¢asovych fad ¢etnosti zaloze-
nymi na transformaci pomoci integralni distribu¢ni funkce (PIT). Jejim hlavnim pfinosem je rigordézni
definice nerandomizovaného PIT spolu s odvozenim jeho zakladnich vlastnosti a zdivodnénim jeho vy-
uziti jako diagnostického nastroje. Prace nejprve zkoumé diagnostiku zaloZenou na PIT v prostifedi
i.i.d., kde randomizovany PIT slouzi jako vychodisko pro zavedeni jeho nerandomizované verze. Na-
sledné jsou tyto metody rozsifeny na ¢asové fady Cetnosti. Nakonec jsou zavedeny testové statistiky typu
Kolmogorov—Smirnov a chi-kvadrat a jsou zkoumény pomoci simula¢nich studii pro modely INGARCH.

Fractional Stochastic Dominance
Adam Vinklarek
UK, Praha, Matematicko-fyzikdlni fokulta
This work is based on the author’s bachelor’s thesis. It explores two notions of fractional stochastic
dominance: (1 4 «y)-stochastic dominance and interval-based stochastic dominance. Both approaches

interpolate between first- and second-order stochastic dominance. We present their fundamental pro-
perties and develop an original algorithm for testing (1 + 7)-dominance based on empirical return dis-
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tributions. We establish a novel sufficient condition under which (1 + 7)-stochastic dominance implies
interval-based stochastic dominance. We also compare the two notions in the context of normally and
continuously uniformly distributed random variables and find a monotonic relationship between their
respective dominance levels, i.e. quantitative measures of dominance strength. We apply these concepts
to the construction of efficient sets of portfolios using historical financial market data.

Dvourozmérna Panjerova rekurze a jeji vyuziti v zajisténi skodniho nadmérku
Jan Zahorec
UK, Praha, Matematicko-fyzikdlni fakulta

Panjerova rekurze je algoritmus umoziujici vypocet pravdépodobnostni funkce slozeného rozdéleni.
Tato préace se zabyva rozsifenim tohoto algoritmu pro vicerozmérné slozena rozdéleni (sekundérni roz-
déleni je vicerozmérné) a aplikaci jeho dvourozmérné varianty. Uvadi jeho vyuziti pfi modelovani sdru-
zeného rozdéleni thrnt skod pfipadajicich na cedenta a zajistitele v ramci zajisténi skodniho nadmeérku
(x] zajisténi) a predstavuje zjednoduseni vypocetnich vzorct v takovém piipadé. V zévéru prace je pred-
staveno mozné uplatnéni celkové rocni spoluticasti cedentem v xl zajisténi, coz je ilustrovano na dvou
modelovych piikladech.

Vlastnim pfinosem této prace je rozsifeni vicerozmérné Panjerovy rekurze pro primérni rozdéleni ze
ného zjednoduseni vypocetnich vzorct v pripadé xl zajisténi. Toto zjednoduseni je zalozeno na specifické
struktufe sekundarniho rozdéleni, které je uvedeno v ¢lanku Walhin (2003); tam uvedené zjednoduseni
neni korektni a je pouze pro t¥idu (a,b,0).

Cela prace vychazi z autorovy bakalaiské prace Dvourozmernd Panjerova rekurze obhajené v roce
2025. Teoreticka ¢ast byla navic rozsifena ze t¥idy (a, b, 0) na t¥idu (a, b, 1).

Sekce Mb

Monoidal Categories of Effect Algebras
Jakub Baloun
UPOL, Olomouc, Prirodovédeckd fakulta

This thesis provides a categorical description of the tensor product within the context of quantum
structures, specifically focusing on effect algebras, partial commutative monoids, and related structures.
To address this, we adopt the framework of multicategories, which allows for a more general and natural
treatment of these concepts. The key contribution of this work is the formal demonstration that the
aforementioned multicategories are representable. Furthermore, we explore the relationship between these
structures through multiadjunctions. These results provide a unified perspective on the construction of
tensor products and establish a solid foundation for further research into higher categorical structures of
quantum logic.

The results presented in this work are intended to be further developed and utilized in the author’s
Master’s thesis. None of these results have been previously submitted to SVOC.

Vlastnosti chromatickych alfa komplexu
Martin Borysek
UK, Praha, Matematicko-fyzikdlni fokulta

V této praci se zabyvame chromatickymi Delaunayovymi a alfa komplexy. Pomoci diskrétni Morseho
teorie dokézeme kolabovatelnost Cechova komplexu na chromaticky alfa komplex, ¢imz zodpovime na
otdzku polozenou v ¢lanku Chromatic Alpha Complexes autori Cultrery di Montesana, Draganova,
Edelsbrunnera a Saghafiana. Ti se ptali, zda je mo#né rozsifit kolabovatelnost Cechova komplexu na alfa
komplex z élanku The Morse theory of Cech and Delaunay complexes autortt Bauera a Edelsbrunnera do
chromatické situace. My tento kolaps dokazeme za podminky tzv. chromatické genericity stupné obarveni.
I v monochromatické situaci je tato podminka slabsi nez podminka obecné polohy, kterou pro svou vétu
potfebuji Bauer a Edelsbrunner. Tato prace je zalozend na mé diplomové praci. Zaroven zadna c¢ast této
prace nebyla pouzita na zadné diivéjsi SVOC ani v zadné jiné podobné soutézi.
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Topological Approach to Norine’s Conjecture
Adam Dzavoronok
UK, Praha, Matematicko-fyzikdlni fakulta

Motivated by Norine’s conjecture, this paper investigates monochromatic antipodal paths within
2-edge-coloured hypercubes. The primary methodology relies on a topological criterion applied to tri-
angulated 2-skeleta. Specifically, by symmetrically triangulating opposing square faces, we demonstrate
that any antipodal colouring of a centrally symmetric, simply connected 2-complex yields a monochro-
matic path linking an antipodal vertex pair. This approach not only provides an elegant topological
validation of Norine’s conjecture across a broad spectrum of antipodal colourings, but it also establishes
quantitative bounds in cases where only a limited number of square faces present structural obstructions.

Application of Voronoi Diagram in Theoretical Chemistry
Pavel Kozak
Vysokeé uceni technické v Brné, Fakulta strojniho inZenyrstvi

This work investigates Voronoi diagrams in Euclidean spaces with emphasis on their application
to describing local geometric environments of atoms in protein molecules. Basic properties of Voronoi
diagrams, their duality with Delaunay triangulations, and selected variants of weighted diagrams are
discussed with regard to their geometric and computational behavior.

The main contribution is the derivation of a custom algorithm for constructing a single Voronoi
cell. In contrast to standard approaches computing the entire diagram, the proposed method focuses
on local structure and incrementally identifies neighboring generators using circumcenters and empty
spheres. The algorithm is formulated in two dimensions and outlined for higher dimensions, including
a comparison with conventional methods and discussion of its computational properties. An important
feature is the elimination of irrelevant points during the construction process.

EKP pre niektoré neabelovské grupy
Matus Papso
UK, Bratislava, Faokulta matematiky, fyziky a informatiky

Tato praca sa zaobera pojmom EKP, ktory definovali Blyth, Fang a Sylva, najmi v kontexte ko-
nec¢nych neabelovskych griup. Viaceré vysledky v praci nadviizuju na ¢lanky autorov Ghumashyan a Gu-
rican, ktory tento pojem skimali pre koneéné abelovské grupy a neabelovské p-grupy. Niektoré vysledky
v praci sa venuji kone¢nym neabelovskym grupam, ktoré vSak nemusia byt p-grupy, konkrétne rozobera
dihedrélne grupy a grupy velkosti bez $tvorcov. Pre p-grupy najdeme nové triedy grip, ktoré majia EKP
a su zovSeobecnenim uz znamych vysledkov pre Specidlne a extrasSpecialne grupy. Avsak zovSeobecnenim
prideme o tieto vlastnosti. Pri dékazoch vyuzijeme znadme tvrdenia z tedrie griup aj lineadrnej algebry.
Vysledky budt pouzité aj v diplomovej praci autora.

3-elipsa
Karel Podzimek
UK, Praha, Matematicko-fyzikdlni fokulta

Prace se vénuje studiu n-elips jakozto zobecnéni kruZnice a elipsy. Autor na né nahlizi jako na ge-
ometrické zobecnéni kruznice a elipsy, fesi podminky jejich existence, popis a vlastnosti. Mezi stézejni
prinosy patii exaktni urceni hodnoty minimélniho souctu 3-elipsy v kontextu teorie Fermatovych bodd.
Déle je definovan charakteristicky utvar n-elipsy s pomoci zobecnénych excentricit, numerické i linearnich,
pfi¢emz pro pfipad tii ohnisek autor podrobné popisuje charakteristicky ”ctyfstén” 3-elipsy. Geomet-
ricky pohled je doplnén o vlastni zpracovani syntetické konstrukce zalozené na prtiniku soustavy dvou
pohybujicich se kuzelovych ploch s rovinou. V posledni kapitole je k existujicimu implicitnimu pfedpisu
nové odvoznen parametricky predpis pro 3-elipsu. Prace je po obsahové strance shodné s bakalarskou
praci autora obhédjenou v roce 2025.

Squares in composite number fields
Anna Ruzickova
UK, Praha, Matematicko-fyzikdlni fokulta

In this thesis, we study composite fields L composed of a simplest cubic field and a quadratic field;
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mainly, we focus on its squares and the relationship with its subfields. In particular, we characterize when
an element of a subfield can be a square in the composite field. Furthermore, we study the Pythagoras
number, which gives the minimal number of squares required to express every algebraic integer in L
representable as a sum of squares. For that, first, we provide lower bounds 5 or 6 using suitable elements
from subfields. Second, we show that under some conditions, these estimates can be improved to get 7.
We also present an algorithm for finding all totally positive elements of the ring of algebraic integers up
to a given trace and check whether they are squares or sums of squares, together with an implementation.
The results presented in this SVOC are the original work of the author and are intended to be used in
their master thesis. None of the results have been submitted or used in the SVOC competition or in any
other similar competitions to date.

Continued fraction period lengths of square roots
Jakub Sosovicka
UK, Praha, Matematicko-fyzikdlni fokulta

The relationship between continued fractions and real quadratic fields was studied by many mathe-
maticians, including Lagrange and Gauss. In this thesis, we study primitive ideals in real quadratic
number fields Q(\/ﬁ) We relate these ideals to the continued fraction expansion of VD and develop
estimates that describe how this expansion behaves as D varies. Using these estimates, we obtain new
bounds for the number of large coefficients in the continued fraction of v/ D. We also strengthen previously
known bounds on the length of the continued fraction period for fields of class number 1. Chapters 3-5
contain the main results, all of which are the author’s original contributions.

Extremalne vlastnosti Gowersovych noriem
Marek Tkac
UK, Bratislava, Faokulta matematiky, fyziky a informatiky

V préci sa zaoberame problémom popisania extremalnych hodnét zovSeobecnenych Gowersovych
noriem U®! na priestore funkcii G — S* C C pre koneéni abelovskii grupu G. Hlavnym vysledkom
prace je charakterizovanie triedy zobrazeni, ktoré tieto normy maximalizuji. Dokazujeme, Ze tymito
zobrazeniami su prave polynémy stupna najviac L%J Okrem teoretickych vysledkov vyuzivame aj
numerické metédy na skiimanie extremdalnych, resp. asymptotickych vlastnosti vybranych noriem na
nasom priestore funkcii pre G = Z/nZ. Experimenty ukazuji hlbsiu Struktiru lokdlnych extrémov.

Prezentované vysledky hodla autor zakomponovat do jeho diplomovej prace. V sttazi SVOC ani
dalsich podobnych sttaziach zatial Ziadny z vysledkov uplatneny nebol.

Klicové slova: Gowersove normy, polynémy na grupach, inverzné veta, numerické optimalizacia

Parameterized Constructibility of Two-Dimensional Simplicial Complexes
Andrea Vecerkova
MU, Brno, Fakulta informatiky

In this thesis, we introduce and study k-constructible simplicial complexes and their relation to
shellability in dimension 2. We prove that every finite k-constructible simplicial complex of dimension 2
is shellable for £ < 4. We further construct a 5-constructible simplicial complex that is not shellable, which
implies that this property fails for all £ > 5. This establishes k = 5 as a sharp threshold between shella-
ble and non-shellable behavior. The results combine combinatorial arguments with computer-assisted
verification implemented in SageMath.

Sekce M6

Many holes but no big one
Martin Andric¢ik, Alica Doményové, Adam Dzavoronok, Aleksa DZzuklevski, Matous Safranek
UK, Praha, Matematicko-fyzikdlni fokulta

We study the extremal number my, ¢, of empty convex k-gons (k-holes) determined by an n-point
set in the plane in general position that contains no empty convexr £-gon, focusing on the first nontrivial
case { = k+ 1. Forn =k + a with 2a + 2 < k, we determine the exact value my k11 k+q = 2%. In the
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regime of fized k > 8 and n — 0o, we prove an upper bound of order O(n*/?*1) and we complement it
with a construction gwing my p+1,n = Q(nk/?’).

Duhova souvislost orientovanych grafu
Elena Benesova
ZCU, Plzen, Fakulta aplikovanych véd

Prace se zabyva duhovymi vlastnostmi hranové obarvenych grafi. Duhovym ¢islem souvislosti ro-
zumime miniméalni pocet barev, jimiz lze obarvit hrany grafu tak, aby mezi kazdymi dvéma vrcholy
existovala cesta, na niz maji vSechny hrany navzajem rtzné barvy. Silné duhové ¢islo souvislosti je mi-
nimalni pocet barev potfebnych k takovému obarveni, pfi némz mezi kazdymi dvéma vrcholy existuje
nejkratsi cesta s navzajem rtznobarevnymi hranami.

Pro duhové éislo souvislosti r¢(G) orientovaného grafu je dokézano, Ze je-li silné souvisly oriento-
vany graf G fadu n nehamiltonovsky, pak r¢(G) < n — 1. V roce 2017 vyslovili Sidorowicz a Sopena
domnénku, ze analogické tvrzeni plati také pro silné duhové ¢islo souvislosti stc(G). Pozadavek silné
duhové souvislosti vSak ¢ini problém podstatné obtiznéjsim. Dosud se podarilo tuto vétu dokézat pouze
za dodatec¢ného predpokladu, Ze pramér grafu splituje diam(G) = n — 1.

V této praci se podatilo ukazat, ze analogické tvrzeni pro silné duhové ¢islo souvislosti plati i pro
grafy s primérem diam(G) = n — 2. Soudésti prace je také algoritmus pro konstrukci odpovidajiciho
silného duhového obarveni nejvyse n — 1 barvami. Zaroveii je ukazano, ze horni mez stc(G) < n —1 je
v tomto pripadé ostra. Prace dale rozpracovava mozné sméry zobecnéni tohoto vysledku, a to dalSim
oslabenim predpokladu na primér grafu nebo predpokladu na jeho nehamiltonovskost.

Predlozena prace byla obhajena jako bakalaiska prace a byla ocenéna Cenou dékana Fakulty apli-
kovanych véd. Vysledky této prace nebyly dosud prezentovany v ramci soutéze SVOC.

Results in the Manickam-Miklés-Singhi Conjecture
Adam Dzavoronok
UK, Praha, Matematicko-fyzikdlni fokulta

Suppose that we have a set S of n real numbers which have nonnegative sum. How few subsets of
S of size k can have nonnegative sum? Manickam, Miklés and Singhi conjectured in 1987 that for n at
least 4k the answer is (’;:}) Pokrovskiy verified the conjecture for n at least 106k, Before that, Alon,
Sudakov and Huang verified the conjecture for n at least 33k2. In this thesis, we revisit these results and
seek further improvements and generalisations. This work is going to serve as author’s bachelors thesis.

Constructing flows from flow-pairs
Lukas Gaborik
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

A nowhere-zero k-flow is a mapping of values £1,42,...,+(k — 1) to darts of a graph satisfying
Kirchhoff’s law — the inflow is the same as the outflow — for every vertex of the graph. It is conjectured
[Tutte, 1954] that each bridgeless graph has a nowhere-zero 5-flow. Almost three decades later, Seymour
[Seymour, 1981] made a general construction of nowhere-zero 6-flow from a 2-flow and a 3-flow. Although
these two flows permit zeroes, no edge can have both of them equal to zero simultaneously. In a recent
preprint [Gaborik et al., 2025], along with the introduction of two-dimensional Chebyshev nowhere-zero
flows, the authors showed a similar construction of the nowhere-zero 5-flow from a 2-flow and a 4-flow.
In addition to forbidding simultaneous zero values, the flow values (0,1) and (0, —1) are also excluded.
This structure is called a 1/2-flow-pair.

In this paper, we explore the properties of 1/2-flow-pairs. We prove their existence on snarks with
oddness 2, and we also show that one can construct a rich nowhere-zero 7-flow from them. Then we find
a lower bound on two-dimensional Chebyshev flow number depending on the order of a snark. We also
use a generalised version of the 1/2-flow-pair to investigate the Chebyshev flow number and to show that
the two-dimensional Chebyshev flow number of snarks can be arbitrarily small.

With the initial exploration of Chebyshev flows, the author participated in Competition for Uni-
versity Students in Mathematical Research 202/4. The mentioned work defines flow-pairs, but the results
about oddness and rich flows are new ones. The two-dimensional lower bound is submitted in the men-
tioned preprint [Gaborik et al., 2025]. This work is a proper subset of the author’s master’s thesis.
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A general upper bound on multicolor ordered Ramsey numbers
Klara Grinerova
UK, Praha, Matematicko-fyzikdlni fokulta

We provide a general upper bound on multicolor ordered Ramsey numbers in terms of the interval
chromatic number and the degeneracy of an ordered graph. We extend previous results by Conlon, Fox,
Lee, and Sudakov (2017) and by Balko and Grinerova (2025). In particular, we show that for n-vertex
ordered graphs H< with degeneracy d and interval chromatic number y, the g-color ordered Ramsey
number is at most r<(H<;q) < nO(@d*Mogx1"7") for every ¢ > 2. For ¢ > 3 and x > 3, this is the first
nontrivial upper bound on r(H<;q). For fixed parameters ¢, d, x, the resulting estimate is polynomial
in n.

Coloring of Platonic and Archimedean solids
Jan Hartman
UK, Praha, Matematicko-fyzikdlni fokulta

We study the coloring of Platonic and Archimedean solids. We provide an overview of the properties
of their underlying graphs, followed by a summary of the types of colorings that can be applied to
these graphs. We show conversions between various types of colorings and compute the corresponding
chromatic numbers. We study chromatic polynomials and derive an explicit formula for the chromatic
polynomial of a complete k-partite graph with partition size 2. We then study the concept of the orbital
chromatic polynomial, which was first introduced by P.J. Cameron in 2007, and implement an algorithm
for its computation. Lastly, we study the number of partitions of vertices into independent sets up
to symmetries, establish bounds for these numbers, and propose an enumerative algorithm for their
computation.

The results presented in this SVOC were applied by the author as a bachelor’s thesis. None of the
results have been applied in the SVOC competition or other similar competitions.

Z2-genus of graphs and Hanani—Tutte theorems
Michal Katrlik
UK, Praha, Matematicko-fyzikdlni fokulta

In this work, we present a counterexample to an extension of the Unified Hanani-Tutte theorem
to the Klein bottle, as well as to other variants that allow crossings only between dependent edges. We
also use an existing method for bounding the Euler Z,-genus and orientable Z>-genus of K, ,, to prove
a lower bound on these genera for K,,. These bounds differ from the corresponding classical Euler and
orientable genera only in the linear term.

This text has been developed as the author’s bachelor thesis. Neither it nor its results have been
previously submitted to SVOC or to any similar competition.

Hamiltonovsky index a hamiltonovsky cestovy index
Zuzana Kulhankova
ZCU, Plzeni, Fakulta aplikovanych véd

Tato prace vychazi z dosud neobhajené diplomové prace a zabyva se studiem hamiltonovskych
vlastnosti v iterovanych hranovych grafech. Pro celé nezaporné ¢islo k je k-ty iterovany hranovy graf
L¥(G) neorientovaného grafu G definovany jako L(L*~1(G)), kde L°(G) = G a L*(G) je hranovy graf
L(G) grafu G.

V prvni ¢asti shrneme dosavadni poznatky o hamiltonovském indexu h(G), které tvoii teoreticky
zéklad pro vlastni vyzkum. Hlavnim piinosem prace bude studium hamiltonovského cestového indexu
h,(G), definovaného jako nejmensi celé nezaporné é&islo k, pro které graf L¥(G) obsahuje hamiltonovskou
cestu.

Ukézeme, ze hamiltonovsky cestovy index je dobie definovany, tj. h,(G) existuje pro kazdy souvisly
graf GG. Déle uréime pfesnou hodnotu hamiltonovského cestového indexu pro stromy a tento vysledek
zobecnime pro grafy s hamiltonovsky souvislymi bloky.
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Critical exponent of infinite words coding beta-integers
Martina Moravcova
CVUT, Praha, Fakulta jadernd a fyzikdlné inZenyrskd

In combinatorics on words, the critical exponent of important classes of infinite words is an intensi-
vely studied object. In this work, we specifically focus on the (asymptotic) critical exponent of simple
Parry infinite words, which are words encoding distances between (S-integers in numeration systems with
a real base 5. We introduce a general algorithm for determining the (asymptotic) critical exponent of
these words, based on the properties of their bispecial factors and shortest return words. The main result
of this work is the proof of the equality between the critical and the asymptotic critical exponents of
confluent simple Parry infinite words and the determination of their precise values. Furthermore, we
derive the asymptotic critical exponent of ternary simple Parry infinite words and provide a procedure
for calculating the critical exponent for a specific choice of parameters of these words.

Maximalne hranové g-zafarbenie regularnych grafov
Nikoleta Pappova
UPJS, Kosice, Prirodovedeckd fakulta

V préaci sa zameriavame na uréenie hornej hranice maximalneho hranového g-zafarbenia regularnych
grafov. Zostavime prehlad tvrdeni v oblasti farbenia hrdn s obmedzenim na podet farieb pouZitych na
okoliach vrcholov. Hlavnym prinosom prace je odvodenie novej hornej hranice pre maximélne hranové
g-zafarbenie r-regularnych grafov, kde ¢ < r < 2¢. Formulujeme tiez hypotézu na urcenie hornej hra-
nice pre grafy bez Specifickych podgrafov. Na maximalnom hranovom 3-zafarbeni 5-regularnych grafov
demonstrujeme alternativny pristup k urceniu horného odhadu. Analyzujeme Struktiru optiméalneho
zafarbenia a ur¢ime dosledok pre maximalne hranové (r — 2)-zafarbenie r-regularnych grafov bez pod-
grafu izomorfného s K. Zostrojime tiez nekonecnt triedu grafov, ktora nadobtida nami stanovené horné
odhady, ¢o dokazuje tesnost dokazanych ohraniceni.

On distance magic circulants of valency 2p
Tereza Skublova
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

A circulant Cire(n,S) is a Cayley graph Cay(Z,,S), where Z, is the finite cyclic group on n

elements. We suppose that 0 ¢ S, S = —S and [S] = Z, to get a finite, simple, unoriented and
connected graph. We call a circulant I' = Clire(n, S) distance magic if there exists a bijection ¢ from the
vertex set of I' to the set {1,2,...,n} such that for each vertex x the sum of values of function ¢ through

the vertices adjacent to vertex z is constant for all vertices = of T'.

In this paper we introduce two new infinite families of 2k-regular distance magic circulants, one for
odd £ > 3 and one for even £ > 2. In the case of odd k& we extend the work of Miklavi¢ and Sparl
from their article On distance magic circulants of valency 6, Discrete Applied Mathematics, 2022, where
they gave a partial classification of the 6-regular distance magic circulants. We give a brief overview of
their results and discuss generalizations of their theorems to 2p-regular circulants for any odd prime p. In
particular, we prove some necessary conditions for a specific family of 2p-regular circulants to be distance
magic and in one case we also construct a new infinite family of 2p-regular distance magic circulants,
which is a subfamily of the already mentioned family for odd k. In the case of even k we use different
methods that still follow from the results of Miklavié and Sparl and prove that the infinite family of
circulants is distance magic without explicit construction of a distance magic labelling.

This paper consists of a subset of results of the author’s diploma thesis.

Sekce M7

Analysis of a Numerical Scheme for the Stochastic Allen-Cahn Equation
Denisa Hanuskova
CVUT, Praha, Fakulta jadernd a fyzikdlné inZenyrskd

This paper deals with the numerical solution of the stochastic Allen—Cahn equation. The main ob-
jective is to analyse a numerical scheme driven by a Q-Wiener process. The work proposes two numerical
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schemes. First, a time-discretized model is studied, for which a priori estimates are derived, followed by
a proof of convergence to an analytically weak solution. In the next section, a fully discretized scheme
(in both time and space) is introduced, and corresponding a priori estimates are derived, which form the
basis for the subsequent convergence analysis.

This thesis was written as part of a research project at the faculty; it has not been presented at any
other competition.

Optimalizace pfechodu z podvodni faze do plavani souhrou pomoci IMU senzoru a
analyzy funkcionalnich dat
Kristina Krivdova
MU, Brno, Prirodovédeckd fakulta

Tato bakalafska prace se zabyva analyzou a optimalizaci prechodu z podvodni faze do plavani sou-
hrou na zékladé dat z inercidlnich senzort (IMU). Uvadime potiebnou teorii pro modelovani téchto
kinematickych dat, kterd se opird o pfistupy analyzy funkcionélnich dat (FDA). V praci pfedstavujeme
automatizovany vypocetni algoritmus, ktery k dekompozici signdlu a ptesné detekci kopti vyuziva pena-
lizované B-splajny a Fourierovu bazi. Pro naslednou optimalizaci po¢tu kopi navrhujeme stavovy model
fyziologické inavy. Ten ve spojeni s Monte Carlo simulacemi a algoritmickym vyhledavanim umoznuje
urcit globalni optimum na miru danému plavci. Funkénost a robustnost navrzeného feseni je v zavéru
validovana na datech z kontrolnich méfeni elitnich plavcu.

Numericka aproximace JKO schématu
Jakub Osicka
VUTB, Brno, Fakulta strojniho inZenyrstvi

This thesis studies nonlinear evolution equations as gradient flows in the Wasserstein space of pro-
bability measures. A fully discrete numerical scheme is developed in one dimension by incorporating
spatial discretization of the JKO scheme, using the explicit form of the Wasserstein distance in 1D. The
convergence of the scheme is established via I'—convergence, and its accuracy is investigated through
simulations of linear and nonlinear diffusion and g-Laplacian equations, including empirical analysis of
convergence rates.

Implicitné numerické metédy pre modely priudenia plytkej vody s pouZitim rovnovaznych
premennych
Adridn Segeda
STU, Bratislava, Stavebnd fakulta

V tejto praci ukdzeme, ze bezne pouzivané konzervativne premenné pri numerickom rieseni hyper-
bolického systému mozu vplyvom nekonzistentnej aproximécie priniest pomerne velké nepresnosti, a to
dokonca aj pre trividlne pripady. Tento problém vyrieSime zavedenim rovnovaznych premennych a v
implicitnej numerickej schéme budeme pouzivaf transforméciu medzi konzervativhymi a rovnovaznymi
premennymi. Nakolko tato transformaécia nie je bijekcia, tak pristup nebude tplne priamodciary. Nakoniec
ukéZeme motivaciu, predo moze byt vyhodné pouzivat implicitné metédy v prudeni.

Finite element method with degenerate elements
Jifi Szotkowski
UK, Praha, Matematicko-fyzikdlni fokulta

Klasickd metoda koneénych prvka (FEM) ztraci své aproximadni vlastnosti na sitich, obsahujicich
degenerované elementy (tj. elementy téméf nulové miry). Neddvno vyvinutd Tempered FEM metoda
(TFEM) ¢astecné fesi problémy s degenerovanymi elementy. V praci je TFEM pfedstaven a analyzovén.
Navic TFEM je rozsifen na TFEM-DG metodu, kterd pomoci umélych elementti nulové miry a jedno-
duchého implementa¢niho postupu umoziuje pfimocaie implementovat nespojitou Galerkinovu metodu
(DG) v rdmci existujici FEM implementace, pouze pfidanim jediného fddku kédu. V préci provadime
teoretickou analyzu vysSe zminénych problému a technik, kterou rovnéz doplinujeme numerickymi expe-
rimenty. Vyvinuté metody jsou testovany na nékolika typech parcidlnich diferencidlnich rovnic, zejména
se pri testovani zaméfujeme na konvektivné dominantni a difuzni tlohy. Vysledky demonstruji, ze v kon-
textu metody TFEM-DG nemusi degenerované elementy ptredstavovat prekazku, ale uzite¢ny néstroj.
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Prispévky autora jsou: teoreticky vyvoj TEFEM-DG metody pro Poissonovu rovnici, teoretickd analyza
této metody - odhady chyby v energetické a L? normé, implementace a praktické testovdini na Poissonové
rovnici. Ddle pak implementace a praktické testovdni metody pro advekci, konvekci a Eulerovy rovnice.

Soutézni prdci hodld autor uplatnit jako diplomovou prdci. V soutézi SVOC ani dalsich soutéZich
dosud Zadny z vysledku uplatnén nebyl.

Sekce MS

Graph-based epidemic modelling with stratified time-varying urban mobility
Krystof Deutschar Blazek
CVUT, Praha, Fakulta jadernd a fyzikdlné inZenyrskd

his work develops a graph-based framework for epidemic modelling with time-varying, directed
urban mobility. Starting from a continuous-time random walk, we derive a generalised graph Laplacian
that encodes conservative transport and relates it to the continuous advection—diffusion equation. The
framework is extended to include stratification by location, activity purpose, and age group, enabling
realistic modelling of urban population dynamics. The model is applied to mobility data from Seoul, where
the transport tensor is constructed from origin—destination flows and combined with an SEIR epidemic
system. Numerical validation confirms first-order convergence of the solver and exact equivalence with
classical finite-difference diffusion on regular grids. The results demonstrate that graph-based transport
provides a scalable and accurate approach to modelling spatial epidemic dynamics under structured
mobility.

Analyza Sifeni onemocnéni COVID-19 v Usteckém kraji
Kristyna Dvorakova
VSE, Praha, Fakulta informatiky a statistiky

Bakalarska prace analyzuje sifeni onemocnéni COVID-19 a tmrtnost béhem koronavirové pande-
mie. Kromé mezikrajského srovnani se zabyva také zménami ukazateltt v ramci okresti Usteckého kraje.
Pozoruje rozdily mezi pocéty diagnostikovanych onemocnénim COVID-19 a timrtnosti infikovanych mezi
pohlavimi i vékovymi skupinami. Hlavnimi cili prace bylo teoreticky vymezit problematiku $ifeni one-
mocnéni COVID-19, provést kvantitativni analyzu demografickych ukazatelti a vytvorit vlastni agentni
model zobrazujici ifeni onemocnéni COVID-19 v Usteckém kraji v roce 2021.

Prvni ¢ast této prace je teoreticka, vysvétluje Sireni onemocnéni COVID-19 a terminologii agentniho
modelovani, popisuje datové soubory, statistické a demografické metody, které jsou nasledné vyuzivané.

Druhi ¢ast se vénuje kvantitativnim analyzam sifeni onemocnéni COVID-19, zménam demografické
struktury populaci a mirdm tmrtnosti.

Ve tfeti ¢asti prace podrobné popisuje pouzité parametry vlastniho modelu a jeho konstrukci. Poté
porovnava vysledky modelu se skuteénymi daty.

Most probable paths in energy landscapes via Onsager—Machlup Action
Jan Engler
UK, Praha, Matematicko-fyzikdlni fakulta

During a chemical reaction, the interaction between atoms and molecules is given by a potential
landscape in configuration space, and the reaction itself is a path in configuration space. We study
the most probable path in configuration space for a system undergoing overdamped langevin dynamics.
The most probable path is the minimizer of the Onsager—-Machlup action (OM), which we find using
neural networks. This allows us to calculate the reaction coordinate, activation energy and reaction time
without having to perform expensive MD simulations. We develop a simple method which does not need
any reforcing of continuity or boundary conditions in the minimization. We demonstrate the approach
on Miiller-Brown and Lennard-Jones potentials, comparing it to the widely used FW action and MEP,
which are easier to compute but give only approximations of the most probable path. We then change
the final time of the path and compute how the action depends on it in accordance with Hamilton-Jacobi
theory.

This work is submitted to the competition SVOC 2026 in category M8 (Mathematical models of
dynamics). It is also a part of my bachelor thesis and was previously submitted for the Student faculty
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grant in Charles University at MFF UK, all under supervision from doc. RNDr. Michal Pavelka, PhD.
The contributions of the author are implementation of all code in PyTorch, as well as the methodology:
using affine transformations and computing Hamiltonians and saddles.

On simple epidemic models with spatial structure
Jan Glut
UK, Bratislava, Faokulta matematiky, fyziky a informatiky

In this work, we study reaction-diffusion epidemic models on a bounded domain, with spatially va-
riable coefficients. Lately, in literature, many authors explored the reaction-diffusion SIR(S)-type model.
We re-examine some of their findings, and apply them on a simpler, SI(S)-type model. There, under some
additional assumptions, we derive stronger results regarding the uniqueness and asymptotic stability of
the endemic equilibrium. Finally, we explore the extension of this system, SII(S), with another pathogen,
under a competitive exclusion dynamics. We provide qualitative results regarding the existence of the
co-existence equilibria and the pathogen extinction.

Matematické modely fazovych prechodu v kovovych materialech
Filip Kotlas
CVUT, Praha, Fakulta jadernd a fyzikdIné inZenyrskd

Prace se zabyva modelovanim fazovych prechodt v kovovych materidlech pomoci metody fazového
pole. Jsou definovany zakladni pojmy a odvozeny zakladni varianty metody. Déle je uveden model pro
fazovy prechod Fizeny koncentraci a je provedena jeho asymptotickd prekryvaci analyza. Ta predstavuje
hlavni pfinos této préace, nebot v dostupné literatufe dosud nebyla popsdna. Do tohoto modelu jsou
nasledné dosazeny konkrétni funkce ¢astecné odpovidajici slitiné Zr2.5Nb. Je odvozeno jeho numerické
schéma a popsany numerické metody pouzité k jeho feSeni. Nasledné je provedeno nékolik vypoctl, na
kterych je prokizano zakladni fungovani modelu a popsany rtzné efekty zmény faze v dané slitiné.

Préace vznikla jako soucast autorova vyzkumného tkolu a v budoucnu bude rozsifena do diplomové
préce.

Learning Higher-Dimensional Hamiltonian Dynamics
Michal Krpata
UK, Praha, Matematicko-fyzikdlni fakulta

Direct Poisson Neural Networks (DPNNs) offer a powerful, data-driven approach to learning the
dynamics of Hamiltonian systems on Poisson manifolds. A key advantage of this framework is its ca-
pability to learn even non-canonical and degenerate systems. However, this flexibility comes at a high
computational cost, especially when applied to systems of higher dimension, where the primary bottle-
neck is enforcing the Jacobi identity on the learned Poisson brackets. In practice, this involves penalizing
the violation of a system of nonlinear PDEs at each data point, which can also be seen as minimizing a
norm of a third-order tensor.

The primary contribution of this work is the exploration of more efficient methods for enforcing
the Jacobi identity. In addition to an optimized implementation of the original method, new approaches
utilizing tensor norm approximations are proposed, which allow scaling DPNNs to higher-dimensional
systems. We demonstrate the efficacy of these methodologies on a high-dimensional harmonic oscillator
and a system of coupled rigid bodies.

This paper is a summary of results which will be presented in the author’s bachelor’s thesis.

Numerical modeling of contact angle hysteresis
Ema Madziova
UK, Praha, Matematicko-fyzikdlni fokulta

Contact angle hysteresis refers to the difference between the advancing and receding contact angles.
In this work, we study a thermodynamically consistent mathematical model of a Korteweg—Van der
Waals liquid-vapor system with novel dynamic boundary conditions. These conditions are based on two
assumptions: the surface Helmholtz free energy depends on both surface temperature and bulk density,
and a thermodynamic constraint ensures non-negative entropy production. This framework naturally
introduces dynamic surface tension.
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Numerical simulations performed using the finite element library FEniCS show that the resulting
hysteresis curve agrees well with results obtained from models based on different physical assumptions,
indicating that the proposed model captures the essential features of dynamical contact angle hysteresis.

The first chapter introduces the model, while the second presents the simulation methodology,
including contact angle evaluation, and discusses the results. The outcomes will be used in the author’s
bachelor’s thesis and have not yet been presented in competitions such as SVOC.

Stochastic Gene Expression under Sequestration: Noise Reduction and Emergent
Distributions
Olha Morozova

UK, Bratislava, Fokulta matematiky, fyziky a informatiky

This work studies a stochastic model of bursty protein expression with reversible protein sequestra-
tion. In the model, free protein is produced in random bursts, degraded over time, and can switch to
a bound inactive state. The main goal is to understand how this reversible switching affects the statio-
nary distribution and noise of the free protein. The process is analysed using stochastic simulations and
the analytical Chapman—Kolmogorov equation. Moment equations derived from the stationary master
equation are used to compute moments up to third order, which allow us to study the protein mean,
noise, and distribution skewness. The results show that the mean free protein level is independent of the
sequestration rates, whereas the distribution shape depends strongly on the exchange kinetics, in par-
ticular the dissociation rate. Limiting regimes are studied to obtain simpler approximations and to clarify
the mechanisms behind the full model. In the slow-exchange regime, the system behaves close to the clas-
sical bursty expression model without sequestration. In the fast-exchange regime, sequestration buffers
fluctuations and reduces the effective burst size. At intermediate exchange rates, the stationary distribu-
tion is not simply gamma-shaped and shows stronger asymmetry. We also show that the fast-exchange
and slow-exchange limits do not commute with the tail asymptotics of the stationary distribution. The
work shows that sequestration acts as a noise-modulating mechanism: it preserves the mean free protein
level, but changes the variance, skewness, and tail behaviour of its stationary distribution. This work
forms part of the author’s master’s thesis.

Complex Dynamics of Quantum State Distillation
Toméas Nguyen
CVUT, Praha, Fakulta jadernd a fyzikdlné inZenyrskd

This work investigates the qualitative behavior of iterated protocols for quantum state distillation,
modeled through the framework of complex dynamics. The action of a protocol is represented by the
iteration of rational maps on the complex plane. We define the relevant class of these maps and conduct
a rigorous analysis of their dynamical properties.

A significant portion of the work is dedicated to the study of hyperbolicity. We establish criteria
for hyperbolicity, characterize the underlying symmetries, and discuss the structure of the hyperbolicity
locus. Theoretical results are complemented by algorithmic numerical visualizations of the basins of at-
traction, providing a comprehensive characterization of the stability and convergence of the corresponding
protocols.

The primary contribution lies in the presentation of new theoretical findings within the context of
the maps defined by the process. Most notably, we derive an original annular hyperbolicity criterion and
prove the fourfold symmetry and unboundedness of the hyperbolicity locus. These results extend the
current state of knowledge in the field and have been presented within an international context.

Conducted as part of a research project, this work explores in greater depth the topics studied in
the author’s Bachelor’s thesis. None of the results presented herein have been previously submitted to
the SVOC competition or any other competitions of a similar nature.

Third medium method for contact problems in continuum mechanics
Pavol Simkovié¢
UK, Praha, Matematicko-fyzikdlni fokulta

This work is the first part of my diploma thesis on third medium method. The third medium method
is an elegant way to compute contact problems in elastic deformation by adding a fictional medium of
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extremely low stiffness between the contacting bodies. It transfers the force from one body to another
and prevents penetration. Contact problems are hard problems in deformation and classical approaches
involve boundary tracking, which may get computationally expansive and hard to implement. The method
is widely studied and current research focuses on regularization techniques that allow to compute extreme
deformation in the third medium. In this work, I study the method without regularization with the aim
to find limits of such approach and understand why and where the regularization is necessary. Also,
I present a sensitive test of the unwanted influence of the medium before contact happens. In further
research that is not complete yet, I want to study regularization techniques from the latest research and
also apply the method to evolution problems.

Sekce 11

Efficient Algorithms for Finding Winners in Vote Streams
Adam Benes
UK, Praha, Matematicko-fyzikdlni fokulta

This paper studies the problem of efficiently approximating the Single Transferable Vote (STV) out-
come in large elections using streaming and limited memory. We show that directly applying hierarchical
heavy hitter techniques is impractical due to exponential dependencies on the number of candidates. To
achieve polynomial space complexity in the number of candidates, we propose a sampling-based appro-
ach, analyzing it using Chebyshev and Chernoff bounds to guarantee that the approximate elimination
order remains close to the true order with high probability. We further refine the sampling method to
reduce the number of sampled votes. Finally, we establish a lower bound on the memory complexity
of any streaming algorithm for STV by a reduction it from the Index problem, proving that at least
exponential space is necessary for exact STV. This paper will be used as my Bachelor thesis.

Half-Life
Vasil Chorev
UPJS, Kosice, Prirodovedeckd fakulta

Conwayova Hra zivota je zakladny dvojrozmerny celularny automat. Praca navrhuje a analyzuje
novy trojstavovy automat Half-Life, ktory mozno chapat ako diskrétne rozsirenie Hry Zivota inSpirované
myslienkou fuzzy stavov. Na prieskum jeho velkého priestoru parametrov sme v jazyku Rust implemento-
vali paralelny vyhladévaci nastroj s automatickou klasifikaciou vzorov. V rdmci vykonanych experimentov
vznikol katalég 514 pravidiel, pri ktorych nastroj nasiel pohyblivé struktary, a 3 381 najdenych vzorov.
Experimenty naznacuji, Ze nestvislé intervaly prezitia mozu zvysovat vyskyt pohyblivych alebo oscilu-
jacich vzorov. V ramci prace sme zaroven navrhli a vyvinuli Fuzzy Life, interaktivnu webova aplikaciu
v kniznici React na simulaciu a vizualiziciu réznych tried celuldrnych automatov v redlnom case, a
integrovali sme do nej objavené pravidla a vzory.

Moran process with immortal individuals
Martin Fof
UK, Praha, Matematicko-fyzikdlni fakulta

We study the immortal Moran process, a modification of the standard Moran process on graphs in
which certain types cannot be overwritten. We focus on the case of two immortal types, which we call
the World Conquest process, and analyze it through the lens of a two-player game. We compute the
game value exactly for several standard graph families. In the case of complete graphs, we establish an
exact correspondence with generalized diagonal Pdlya urns. The main contribution of this work is the
proof that neither player is inherently dominant. For any fitness values and any ¢,d > 0, there exists
a graph on which the second player wins at least 1 — § of all vertices with probability at least 1 — ¢,
regardless of the first player’s choice. The construction achieving this is a new family of graphs, which
we call weighted super simplex graphs. Combined with the star graph, where the first player wins all
but one vertex with certainty, this demonstrates that the game value can be pushed arbitrarily close to
either extreme. This work is a slightly shortened version of the author’s bachelor thesis.

21



Realization graphs of every degree sequence is Hamiltonian
Petr Hladik, Jifi Fink
UK, Praha, Matematicko-fyzikdlni fakulta

Given a degree sequence d, the realization graph Gr(d) is the graph whose vertices are all labeled
realizations of d, where two realizations are adjacent if they differ by a single 2-switch. We prove that
Gr(d) admits a Hamilton path for every degree sequence d.

The problem was initiated by Arikati and Peled (1999), who showed that G+ (d) contains a Hamilton
cycle whenever d has majorization gap 1. Later, Barrus (2016) and independently Miitze (2023) asked
whether a Hamilton path or cycle exists in Gr(d) for every degree sequence d. As a consequence, we
obtain that the interchange graph of (0, 1)-matrices with prescribed row and column sums has a Hamilton
path, thereby answering a question of Brualdi (1980).

Dependence of the fixation time in the Moran process on the initial vertex
Adam Jahoda
UK, Praha, Matematicko-fyzikdlni fokulta

The Moran process on graphs is a model of mutation spread in structured populations. We study a
version in which the resident population cannot fight back against the mutation, so everyone eventually
becomes mutated. We are interested in how the time required for the entire population to be mutated
depends on population structure and the location of the first mutated individual. We find an asympto-
tically tight upper bound on this time on undirected graphs and identify graphs that are very fast from
some vertices and slow from others. We also study k-partite graphs and very dense graphs, in both cases
proving that the process is fast from every vertex. This work will be used with small changes as the
author’s bachelor’s thesis.

Algorithmic techniques for Target Set Selection
Matéj Kiiz
CVUT, Praha, Fakulta informacnich technologii

We study the TARGET SET SELECTION (TSS) problem from the perspective of approximation
algorithms. As the TSS problem is known to be hard to approximate in the general case, we focus
on restricted graph classes and restricted thresholds. We primarily study the use of greedy algorithms,
which, to the best of our knowledge, have not been studied in the context of TSS before. We analyze
three intuitive greedy rules: while they achieve a constant approximation guarantee on paths (and two
of them also on trees), we show they can perform arbitrarily poorly even on grid graphs. Our results
further highlight the difficulty of designing approximation algorithms for T'SS. Finally, we combinatorially
study the approximability of T'SS on low-density graphs, establishing a general lower bound on the size
of optimal solutions and demonstrating its application in several examples.

Shannon switching game and its variants
Julia Krizanova
UK, Praha, Matematicko-fyzikdlni fokulta

The Shannon Switching Game is a two-player combinatorial game on a graph in which Short aims to
maintain a connection between two distinguished vertices, while Cut tries to destroy it. This work studies
the classical game and several variants motivated by network maintenance, temporary edge ownership,
and recurrent scheduling. Chapter 1 introduces the necessary background from graph theory, matroid
theory, and Pinwheel Scheduling. Chapter 2 presents the classical Shannon Switching Game in Lehman’s
matroidal formulation, proves Lehman’s characterization theorem, and gives an algorithmic winning
strategy for Short. The original contribution in this chapter is a more detailed and accessible exposition
of several technical matroidal arguments and an algorithmic description of Short’s winning strategy.
Chapter 3 contains the main original results on generalized (k, £)-games, where players may claim multiple
edges per round; in particular, it proves that (k+1) edge-disjoint spanning trees are sufficient for Short
in the symmetric (k, k)-case. Moreover, it shows that the classical necessity condition does not extend
directly for k£ > 2, and discusses related algorithmic and complexity questions. Chapter 4 introduces
Repairable Flow Networks as a general framework for modeling connectivity under repeated failure and
repair. Chapter 5 develops the original unifying perspective of the work by relating Shannon Switching
Games and Pinwheel Scheduling as special cases of repairable networks, introducing Shannon Games with
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period timers, and discusses how graph structure and timing constraints interact in such models. The
chapter also formulates open questions and conjectural directions for future research. Overall, the work
connects combinatorial game theory, matroid methods, network repair, and recurrent-task scheduling
within a common mathematical model.

Sekce 12

An English Joke, a Spanish Punchline, and a Slovak Dataset Walk Into a Paper: An
Experiment in Pushing the Boundaries of Modern Large Laughing Models
Lucia Ganajova
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Humor, as a natural part of human language, remains difficult for large language models to fully
grasp, especially across different languages and resource settings. We present two distinct approaches
to humor generation. In high-resource languages (English, Spanish, Chinese), we introduce our sys-
tem for SemEval-2026 Task 1 (MWAHAHA, Subtask A: multilingual constrained humor generation).
RAGthoven decomposes creative text generation into a multi-stage large language model (LLM) pipeline
(Planner, Writer, Reflector, Judge), grounded in computational humor theories (Benign Violation The-
ory, Script-based Semantic Theory of Humor) and iteratively refined through prompt engineering across
ten experiments, the final two adopting an agentic approach. Complemented by a retrieval-augmented
generation (RAG) component, the system ranks first in all three evaluated languages. In contrast, for
Slovak, a low-resource language, we propose a linguistically grounded framework that formalizes jokes
as structured (X,Y, XZ) triples. Our pipeline leverages the Hunspell dictionary as its primary lexical
resource and incorporates lemmatization, semantic filtering, and meaning extraction, with human eva-
luation to ensure humor quality, followed by controlled LLM-based generation using both conservative
and humor-oriented prompting strategies. This approach results in the first dataset of 874 structured
Slovak jokes and demonstrates that combining linguistic constraints with LLMs enables coherent and
interpretable humor in low-resource settings.

Complexity of trained neural networks’ decision boundaries, and its relationship with the
adversarial robustness
Paulina Jaremcukova
UK, Bratislava, Fokulta matematiky, fyziky a informatiky

Modern neural networks remain vulnerable to small, deliberate perturbations known as adversa-
rial examples. Since their discovery in 2014, several hypotheses about the underlying cause have been
proposed; however, no clear consensus has been reached yet.

This work analyses robustness of neural networks in relation to the complexity of their decision
boundaries. We achieve this by evaluating trained models using methods from prior research, measuring
local curvature and boundary irregularity, and assessing their robustness against different adversarial
attacks. In addition, we examine how adversarial examples differ from randomly sampled boundary
instances and the clean images.

The aim of this work is to provide the insight into the behavior of decision boundary in different
parts of input space, linking its geometric properties with adversarial robustness across models.

Weakly Supervised Multicentric Grading of Ulcerative Colitis using Multiple Instance
Learning and Histopathology Foundation Models
Adam Kukucka
MU, Brno, Fakulta informatiky

Histologic assessment of ulcerative colitis (UC) activity is an important endpoint in clinical tri-
als and routine care, but manual grading with indices such as the Nancy histological index (NHI) is
time-consuming and prone to observer variability. While computational pathology methods can auto-
mate scoring, many approaches depend on dense region-level annotations, which are costly to obtain,
particularly in heterogeneous, multicenter cohorts.

We propose a weakly supervised multiple instance learning (MIL) approach for whole-slide images
that learns from case- and slide-level NHI labels, leveraging foundation models. Our method targets cli-
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nically relevant endpoints, including neutrophilic activity and derived Nancy-low/high groupings. These
specialized branches are unified via a Markov Chain, enabling full five-grade NHI prediction alongside
an ordinal-aware confidence score.

On a multicenter dataset of H&E-stained colon biopsies from three hospitals (2019-2025), we eva-
luate multiple foundation model encoders and aggregation strategies. We find that foundation model
choice and resolution substantially affect performance, with Virchow2 providing the most consistent ga-
ins, and that a simple ensembling rule improves five-grade NHI prediction compared to a hierarchical
gating baseline. Crucially, our model achieves high agreement on hold-out data (weighted x = 0.85),
proving highly competitive with fully-supervised state-of-the-art systems despite relying only on weak
labels.

Overall, our results demonstrate that weakly supervised MIL with modern foundation-model re-
presentations, combined with rigorous uncertainty quantification, can provide robust, interpretable UC
histology activity assessment in realistic multicenter settings.

This work represents my original authorial contribution. I designed the methodology, conducted the
experiments, and performed the evaluation. This work is also submitted as a master thesis and is derived
from a co-authored article currently under peer review at an international conference, where I am the
main author and wrote its content. This work has not been submitted to any previous years of SVOC
or other similar competitions.

Memory Assignment for Finite-Memory Strategies in Adversarial Patrolling
Vojtéch Kar
MU, Brno, Fakulta informatiky

Adversarial Patrolling games form a subclass of Security games where a Defender moves between
locations, guarding vulnerable targets. The main algorithmic problem is constructing a strategy for the
Defender that minimizes the worst damage an Attacker can cause. We focus on the class of finite-memory
(also known as regular) Defender’s strategies that experimentally outperform other competing classes. A
finite-memory strategy can be seen as a positional strategy on a finite set of states. Each state consists
of a pair of a location and a certain integer value—called memory.

Existing algorithms improve the transitional probabilities between the states but require that the
available memory size itself is assigned at each location manually. Choosing the right memory assignment
is a well-known open and hard problem that hinders the usability of finite-memory strategies. We solve
this issue by developing a general method that iteratively changes the memory assignment. Our algorithm
can be used in connection with any black-box strategy optimization tool. We evaluate our method on
various experiments and show its robustness by solving instances of various patrolling models.

This submission is based on the author’s bachelor’s thesis, focusing on the refined presentation of
the methodology and results.

Application of Random Fields in Variational Quantum Algorithms
Jan Michélek
VUTB, Brno, Fakulta strojniho inZenyrstvi

The training efficiency of Variational Quantum Algorithms (VQAS) is fundamentally dictated by the
geometry of their cost function landscapes, which can be formally analyzed by mapping these functions
to random fields on manifolds. Instead of VQAs we can then directly study the corresponding random
fields, in our case the Wishart Hypertoroidial Random Fields (WHRFs). We are especially interested
in the distribution of critical points (especially local minima) of WHRFs. For this purpose, the Kac-
Rice formula is presented, reformulated and simulated. The findings identify phase transition in the
distribution of local minima. Beyond a specific threshold, local minima concentrate near the global
minimum in function value, meaning that even local minima are good approximators of the global
one. The threshold is governed by the ratio between the problem Hamiltonian degrees of freedom and
by the number of independent parameters in the VQA. Since the degrees of freedom parameter scale
exponentially we propose symmetry reduction operations to lower degrees of freedom and subsequently
also the threshold for better trainability.
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Tracing Morph Origins in Czech: A Computational Approach to Morph-Level Etymology
Ales Manuel Papéacek
UK, Praha, Matematicko-fyzikdlni fokulta

This work introduces a new machine learning task at the intersection of morphology and etymology,
predicting the origin of individual morphs (minimal meaning-bearing units) in Czech words. Given mor-
phologically segmented Czech sentences, the aim is to determine for each morph whether it is native or
borrowed and, if it is borrowed, through which languages it entered Czech. Although some linguists have
examined etymology at the level of individual morphs rather than whole words (Arkadiev, 2015), to our
knowledge, no prior computational study has addressed this task at the morph level.

We created a manually annotated dataset of 300 Czech sentences comprising around 10,000 morphs
with morph-level etymology labels, and evaluated several machine learning approaches using character-
based and structural features. Our best lightweight system is a feed-forward neural network with a single
hidden layer, trained on data augmented with entries from an etymological dictionary, reaching 96.5%
F1 on the test set. We also designed and evaluated multiple in-context prompting variants for large
language models. In the setting where the full training set is provided in the prompt, the best model,
Claude Opus 4.5, achieved 97.8% F1.

The present work is a direct continuation and substantial extension of the bachelor thesis Identifi-
cation of Morpheme Origin (2025). The thesis covers the theoretical background in greater detail, while
this version focuses on substantial experiments with several large language models and on an application
of the learned model to a diachronic Czech legal corpus. The author’s main contribution lies in the cre-
ation and manual annotation of the dataset, implementation of the experimental pipeline, execution of
the experiments, and analysis of the results. The work was developed under the supervisor’s guidance,
especially in the design of the experiments and in shaping the final form of the text.

A version of this work was accepted for presentation at the 4th Workshop on Language Technologies
for Historical and Ancient Languages, co-located with LREC 2026, a conference ranked B in the CORE
ranking. The code, prompts, and dataset are released as open source.

LSP-DETR: Efficient and Scalable Nuclei Segmentation in Whole Slide Images
Matéj Pekar
MU, Brno, Fakulta informatiky

Precise and scalable instance segmentation of cell nuclei is essential for computational pathology, yet
gigapixel Whole-Slide Images pose major computational challenges. Existing approaches rely on patch-
based processing and costly post-processing for instance separation, sacrificing context and efficiency.
We introduce LSP-DETR (Local Star Polygon DEtection TRansformer), a fully end-to-end framework
that uses a lightweight transformer with linear complexity to process substantially larger images wi-
thout additional computational cost. Nuclei are represented as star-convex polygons, and a novel radial
distance loss function allows the segmentation of overlapping nuclei to emerge naturally, without requi-
ring explicit overlap annotations or handcrafted post-processing. Evaluations on PanNuke and MoNuSeg
show strong generalization across tissues and state-of-the-art efficiency, with LSP-DETR being over
five times faster than the next-fastest leading method HoVer-NeXt. Code and models are available at
https://github.com/RationAl/lsp-detr.

When Neural Networks Fails: An Analysis of Adversarial Examples in Image
Classification
Jana Polagkova, Iveta Beckova, Stefan Pécos, Igor Farkas
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Deep learning models have achieved remarkable success across various domains, yet they remain
vulnerable to adversarial examples, small carefully crafted perturbations of input images that cause
models to make incorrect predictions. These adversarial examples are usually indistinguishable from the
original input, yet the model classifies them incorrectly, which implies the lack of robustness of trained
models.

This work explores different neural network architectures, including fully connected networks, clas-
sical convolutional networks, and residual networks, under four types of adversarial attacks constrained
by different L, norms. We evaluated attack success rates across multiple datasets and observed how dif-
ferent models behave when faced with various adversarial examples. All attacks are remarkably effective
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across all models and lead to misclassification almost every time.

Next, we investigate how adversarial examples affect the internal representations of networks by
analyzing the nearest neighbors and class manifold proximity across layers. Our results show that mis-
classification often occurs in the last couple of layers of the models, with variations depending on the
dataset and the model used.

In order to use a large model such as ResNet-18, we apply principal component analysis to reduce
unnecessary dimensions and to lower time complexity. We also analyze how this reduction affects the
results.

This work highlights the importance of understanding not only if a model fails under a given attack
but also how and where these failures occur within the network architecture.

The project started as the main author’s bachelor’s thesis. The other authors contributed as consul-
tants and supervisors, and it later developed into a journal article published in PeerJ Computer Science.

Efficient Multi-Objective Reinforcement Learning with Expressive Function
Approximators
Adam Stafa
MU, Brno, Fakulta informatiky

Recent advances in deep reinforcement learning (RL) have shown that improving neural network
architectures can yield substantial gains in sample efficiency and asymptotic performance without al-
tering the underlying algorithms. In contrast, work on multi-objective reinforcement learning (MORL),
which aims to discover a set of policies that balance trade-offs among conflicting objectives, has predo-
minantly focused on algorithmic innovations, leaving architectural questions underexplored. While the
optimal policies and value functions can differ significantly depending on the trade-offs, MORL algo-
rithms commonly represent them with simple feedforward networks conditioned on the trade-off. This
raises the question of whether their performance could be improved with more expressive function appro-
ximators. In this paper, we integrate recent advances in neural network design, namely (i) observation
and feature normalization, (ii) weight normalization, and (iii) modeling of distributional returns, with an
entropy-regularized MORL algorithm. Empirical results across standard continuous-control benchmarks
demonstrate that these changes substantially improve the quality of the produced solution sets without
requiring major changes to the underlying algorithm.

This work is based on the paper “Architectures over Algorithms: Network Modernization Improves
Multi-Objective Reinforcement Learning” submitted to RLC 2026 by Adam Stafa, Santeri Heiskanen,
Petr Novotny, and Joni Pajarinen. Adam Stafa is the main author of the paper and was responsible for
identifying the research gap in MORL architectures, implementing the Momba algorithm, and collabo-
ratively framing and writing the paper. This document also serves as the basis for the author’s Master’s
thesis.

Pokroéilé architektiiry neurénovych sieti na predikciu obla¢nosti a zrazok
Bianka Szepesiova
UPJS, Kosice, Prirodovedeckd fakulta

Tato praca sa zaobera kratkodobou predikciou obla¢nosti a zrézok z radarovych dat. Riesenie vychéa-
dza z difiznych modelov, konkrétne z architektary DYffusion, ktord kombinuje stochasticky interpolator
a deterministicky forecaster na predikciu budiceho stavu. Na rozdiel od klasickych difuznych pristupov
model nepracuje so Sumom, ale vyuziva interpolaciu medzi redlnymi snimkami. Do modelu st zaroven
zahrnuté meteorologické merania z 28 stanic, ktoré poskytuji doplnkovy kontext.

Model bol natrénovany na radarovych snimkach SHMU s ¢asovym rozlifenim 5 mintt a prediké-
nym horizontom 60 minit. Vysledky predikcie boli vyhodnotené na tizemi Slovenska pomocou metrik
MAE, CSI, FAR, POD a F1-score a porovnané s naivnou predikciou Persistence, ktora pouziva posledny
dostupny radarovy obrazok ako predikciu.

Vysledky ukazuju, ze Persistence je presnejsia pri kratkych ¢asovych horizontoch. Pouzity model vsak
lepsie zachytava pohyb a zmeny zrazok v Case a dosahuje stabilnejsie vysledky pri dlhsich predikénych
horizontoch. Zaroven castejsie identifikuje mozné zrazky, ¢o vedie k vysSej citlivosti, ale aj k vicsiemu
poctu falosnych poplachov.

Prinosom préce je implementécia a prispésobenie modelu DY ffusion pre radarové data SHMU, jeho
rozsirenie o meteorologické informéacie a navrh spésobu transformaécie radarovych snimok do jednokanélo-
vej reprezentacie zodpovedajicej intenzite zrazok. Tato praca vychadza z diplomovej prace a jej vysledky
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naznacuju, ze difizne modely mozu byt vhodnym pristupom pre pravdepodobnostné modelovanie vyvoja
pocasia.

Rigorous evaluation of Large Language Models in university mathematics
Kristian Tichota, FrantiSek Kyn, Andy Wendler, Tomas Havlicek, Adam Uher, Elena BenesSova, Ondfej
Simek, Kristyna Vitkova, Jonas Jifi Konafik, Jifi Cellarik
ZCU, Plzen, Fakulta aplikovanych véd

As large language models (LLMSs) increasingly saturate standard mathematical benchmarks, such as
the AIME 2025 benchmark, the reliance on automated final-answer string-matching evaluation metrics
may obscure deficiencies in automated reasoning. This paper presents an empirical, human-in-the-loop
evaluation of both high-parameter proprietary models (Gemini 2.5 Pro, ChatGPT 5 with Reasoning)
and low-parameter open-weights models (Magistral Small 1.2, gpt-oss-20b) within the domains of under-
graduate real analysis and discrete mathematics.

Our approach focuses on the logical soundness and elegance of the intermediate argumentation. Our
findings indicate some prevalence of superficial coherence: high-parameter models frequently arrive at
correct conclusions despite deeply flawed intermediate logic. We highlight the severe pedagogical risks of
these subtle hallucinations.

Machine Learning on graphs: Approaches to generation of (k, g)-graphs and deciding
extensibility of partial automorphisms
Samuel Varchol, Vladimir Jancar, Jan Pastorek
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Motivated by the recent success of machine learning in complex, applied combinatorial problems
such as protein folding, we investigate its applicability to two problems in graph theory. As a preliminary
step toward the demanding problem of generation of graphs with prescribed degree and girth (minimum
cycle length), (k, g)-graphs, we first evaluate message-passing graph neural networks and a hybrid graph
transformer on two easy node-level prediction tasks: vertex degree and girth. We identify the graph
isomorphism network (GIN) as the most capable architecture. We encounter the limitations of supervised
data in the domain of generation of (k,g)-graphs. Therefore, we use an unsupervised reinforcement
learning framework using Proximal Policy Optimization. This approach demonstrates the possibility of
(k, g)-graph generation by identifying small cage graphs from scratch.

In the second experiment, we assess whether GINs can predict the extensibility of a partial auto-
morphism to a full automorphism. GINs hit a performance ceiling at 78% accuracy on a custom dataset.
This seems to suggest either that a bigger dataset is needed, or that resolving some structural problems
requires mechanisms beyond standard message-passing.

This work will be submitted as a bachelor thesis.

Sekce 13

Detekcia skvin na historickych dokumentoch pomocou synteticky generovanych dat
Miriam Grznéarova
UK, Bratislava, Fokulta matematiky, fyziky a informatiky

Detekcia degradécii na historickych dokumentoch je ddlezita pre ochranu kultirneho dedicstva. Jed-
nym z problémov st Skvrny sposobené foxingom, vykalmi, baktériami a hubami, ktoré mozu poskodit
cenné informécie v dokumentoch. Automatické detekcia takychto skvin je obmedzena nedostatkom ano-
tovanych tréningovych dat. Jednou z moznosti riesenia je vyuzitie synteticky generovanych dat. Kvalita
syntetického datasetu vSak vyrazne ovplyviiuje schopnost modelov uéit sa relevantné vizualne vlastnosti
a nasledne generalizovat na nové vzorky. Cielom prace je vytvorit a analyzovat synteticky dataset obsa-
hujtci degradécie na historickych dokumentoch a preskimat jeho vyuZitelnost pri tréningu detekénych
modelov. Realne historické listiny st poskytnuté restauratormi z VSVU. Dataset je zaroveii vytvoreny v
spolupraci s mikrobiol6gmi z SAV, ktori poskytli vzorky baktérii a hab slaziace ako zaklad pre generova-
nie syntetickych dat. V praci budt skiimané rézne pristupy generovania syntetickych dat a analyzovany
ich vplyv na tuspesSnost detekcie pomocou metrik precision, recall a mAP. Motivaciou prace je znizit ri-
ziko nespravnej identifikacie degradécii neodbornikmi a vytvorit zdklad pre aplikiciu, ktord by poméahala
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identifikovat potencidlne biologické poskodenia a upozornif na Skvrny, ktoré sa mozu dalej rozsSirovat.

Moderni metody registrace mikroskopickych obrazua
Vojtéch Hora
VUTB, Brno, Fakulta strojniho inZenyrstvi

Tato bakalarska prace se zabyva automatickou registraci mikroskopickych obrazi, ktera je klicovym
krokem pfi analyze a rekonstrukei dat. Prace analyzuje klasické algoritmy (SIFT, ORB, ECC) a moderni
modely hlubokého uceni. Hlavnim pfinosem je navrh vlastni konvoluéni neuronové sité, ktera primo
predikuje parametry podobnostni transformace a poskytuje tak rychlé hrubé zarovnani vstupniho obrazu.
V praktické ¢asti jsou navrzena sit i referenéni metody experimentélné vyhodnoceny z hlediska piesnosti,
robustnosti a vypocetni naro¢nosti. Na zakladé vysledkt je nakonec navrzena hybridni registracni pipeline
optimélni pro registraci obrazu v kontextu elektronové mikroskopie.

Design and Evaluation of a Stylistically Personalized Private Generative AT Workflow
Jan Hucko

UK, Bratislava, Faokulta matematiky, fyziky a informatiky

Generative image systems are becoming increasingly relevant to professional creative practice, but
they are often not well aligned with how visual artists actually work. Many current tools are primarily
oriented toward producing finished images from prompts, while artists often need support for exploratory,
iterative work and for developing ideas from their own materials. At the same time, the use of these
systems is entangled with broader concerns about economic pressure driving adoption, artistic autonomy,
trust, and privacy. This work presents research carried out during an academic mobility, which now forms
the foundation for an ongoing master’s thesis on the design and evaluation of a private, stylistically
personalized generative Al workflow.

The contribution of the presented work lies in the design, implementation, and evaluation of a work-
flow that brings several of these concerns together in one system. The workflow runs locally within a
private network, supports personalization to an individual artist’s style, and gives the user more direct
influence over the generative process through exposed conditioning methods and adjustable parame-
ters. Technically, it combines diffusion-based image generation with LoRA fine-tuning and image-based
guidance on consumer-grade hardware. It was evaluated in an exploratory qualitative study with two
professional artists. Participants used the system for one creative session which led to the collection of
multiple sources of data: post session interviews, questionnaires, screen/audio recordings and generated
outputs.

Results indicate that the workflow achieved high perceived stylistic fidelity and was useful for ideation
and reference generation, while also revealing limitations in iterative control. A recurring issue was
insufficient support for editing and geometry-constrained guidance when participants wanted to work with
existing material. The study also showed that privacy had different meanings for the two participants:
for one, the private setup was important for trust in working with personal material, while for the other
it mattered mainly for confidential professional use.

These findings now guide the continuation of the master’s thesis, which extends the project through
a redesigned workflow focused more directly on editing and structural control.

Kalman-Based Frame Objects Correlation in Astronomical Image Processing
Lucia Lahucka, prof. RNDr. Roman Durikovi¢, PhD., Mgr. Matej Zigo, PhD., Mgr. Jii{ Silha, PhD.
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

This paper presents a Kalman-based approach to frame objects correlation from time-ordered de-
tection points produced by an upstream image-processing pipeline. The proposed method models object
motion with a linear constant-velocity state and uses recursive prediction and correction to link detecti-
ons into short tracklets under measurement uncertainty, providing an interpretable and computationally
efficient solution for optical observations with short time spans and moderate apparent motion.

The main contribution of this work lies in the implementation and evaluation of the Kalman filter
for tracklet building as an an alternative to traditional analytical matching approaches. The method
represents the final proposed solution developed within the author’s diploma thesis, where different
strategies for object association were explored and compared.
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Application of level set methods for habitat segmentation from satellite images
Slavka Martincekova
STU, Bratislava, Stavebnd fakulta

The objective of this paper is to use level set methods for the segmentation of habitats from satellite
images. The work will consist of mathematical models describing the evolution of an interface in the
level-set formulation, namely motion in the normal direction with constant velocity, edge-based normal
motion, advection by a prescribed vector field, and curvature-driven models. In the curvature-driven
models, the motion is based on mean curvature flow and the geodesic active contours model, together with
its optimization using the narrow band level set method. To numerically solve the proposed equations,
different approaches will be used, each tailored to a specific model. The implemented methods will be
tested on synthetic data to compare the results and analyze the behavior of the models. Subsequently,
the model achieving the best segmentation results on synthetic data will be applied to the segmentation
of real data, specifically multispectral satellite images obtained from the Sentinel-2 mission.

Evaluation Framework for Resource-Constrained Georeferencing Systems on Small
Satellites
Tuan David Nguyen Van
UK, Bratislava, Faokulta matematiky, fyziky a informatiky

Small satellites are increasingly used for Earth observation, but their limited on-board resources and
less precise attitude control make accurate georeferencing a challenging problem. Precise geolocation is
critical for downstream tasks like change detection and object identification, where spatial consistency is
paramount. This paper proposes a reference dataset and an evaluation system for georeferencing satellite
images. The dataset is constructed from publicly available PhiSat-2 imagery by calibrating a rigorous
pushbroom sensor model, extracting tie points with learned feature matchers such as EfficientLoFTR
and SuperPoint + LightGlue, and fitting rational polynomial coefficient (RPC) models for compact geo-
metric representation. Robust optimization and outlier rejection are used to improve calibration stability
and reduce the influence of incorrect matches. The evaluation system takes RPC models generated by
external georeferencing algorithms, orthorectifies the corresponding images, measures CPU and RAM
usage, and computes the geolocation error using the same procedure as for the reference dataset. This
allows different algorithms to be compared using the same input data and evaluation procedure. Expe-
riments across scenes with varying terrain complexity and imaging conditions show that performance
can differ substantially between methods. The proposed approach supports reproducible benchmarking
of georeferencing algorithms using small-satellite imagery.

SpheroSeg: Advancing Tumor Spheroid Analysis Through Open-Source Deep Learning
Michal Prasek
CVUT, Proha, Fakulta jadernd a fyzikdlné inZenyrskd

Three-dimensional tumor spheroids are among the most widely used laboratory models in cancer
research and drug discovery. Measuring their size, shape, and growth from microscopy images is a routine
but labour-intensive task that slows down almost every laboratory relying on them. Automated tools
exist, yet the neural-network systems powerful enough to handle the full diversity of spheroid images
typically demand more graphics-card memory than laboratories can spare on a single task.

We present SpheroSeg, a publicly-hosted platform that lets any researcher upload a microscopy
image in a web browser and receive an accurate spheroid outline within a second. Alongside the platform
we publicly release the largest expertly-annotated spheroid dataset of its kind—more than twenty-two
thousand bright-field images spanning seven cancer cell lines, each mask manually corrected by experts—
and use it to systematically compare a family of lightweight neural networks.

The comparison yields an unexpectedly practical lesson: the choice of training data has a more
reliable effect on segmentation accuracy than any of the architectural variations we tried, and scaling
any of parameters, compute, or backbone capacity within the lightweight budget degrades rather than
improves accuracy. Our best model reaches over 93% overlap with expert annotations, comparable to
the agreement reported between independent human annotators in the biomedical-imaging literature.
SpheroSeg is publicly accessible as a hosted service at spherosegapp.utia.cas.cz, where readers can
evaluate the deployed models on their own microscopy images directly from a browser.

Author’s individual contribution: design, implementation, and full hyperparameter optimisation
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of all seven deep-learning architectures; the hybrid classical-processing pipeline for dataset bootstrapping;
the cell-line-based splitting protocol and statistical evaluation; full-stack development of the Dockerized
web application; first draft of the manuscript.

Relation to prior work: based on a manuscript under peer review at Computer Methods and
Programs in Biomedicine (IF = 4.8; ID CMPB-D-25-07356); will form part of the author’s forthcoming
master’s thesis (state exam June 2026). The classical-segmentation component was introduced in the
author’s research project (vyzkumny ukol — a formal master’s-preparation milestone, not a bachelor’s
thesis; 2024). Not previously submitted to SVOC or a similar competition.

Beyond Visual Quality: Evaluating Deep Neural Networks for Faithful Restoration of
Historical Documents
Filip Tuch
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

The digitisation of historical archives is frequently hindered by physical degradation of documents,
requiring costly manual restoration or automated approaches based on deep learning. Although deep
learning offers powerful tools for restoration, its application in this domain raises significant safety
concerns about semantic fidelity, specifically the risk of ‘hallucinating’ false characters that alter the
meaning of the document. This paper evaluates and compares the safety and efficacy of three distinct
deep learning architectures: a Generative Adversarial Network (Pix2Pix) and two Convolutional Neural
Networks (DnCNN and DRUNet) in the restoration of degraded text documents. We introduce a synthe-
tic dataset generation pipeline that simulates various types of degradation commonly found in historical
documents, along with the extraction of precise textual ground truth for accurate evaluation. Beyond
traditional image quality metrics, we propose a safety assessment framework that distinguishes between
safe errors (deletions or data loss) and unsafe errors (substitutions or insertions) in the context of text
restoration. Our results demonstrate that while the generative Pix2Pix improves visual quality and ge-
neral readability, it is unsafe for document restoration due to the frequent introduction of ‘hallucinated’
characters. On the contrary, DnCNN and DRUNet exhibit safer restoration capabilities by minimising
both safe and unsafe errors, achieving superior results in both semantic safety and image quality metrics.

This work will also be presented at the Central European Seminar on Computer Graphics 2026.

Sekce 14

Teaching scenarios for I3T - use in teaching other subjects
Sofiia Fedorchuk
CVUT, Praha, Fakulta elektrotechnickd

This project explores the pedagogical expansion of I3T, an interactive tool originally designed for
teaching transformations, into a broader range of educational subjects. The work involves the design and
validation of teaching scenarios tailored for both primary education and university-level courses, such as
Linear Algebra and Optimization. Using a User-Centered Design (UCD) methodology, prototypes were
developed to connect abstract mathematical notation with geometric intuition.

Vyuzitie sekvenéného dolovania dat pri analyze digitalnych stop
Kiara Koscova
UPJS, Kosice, Prirodovedeckd fakulta

Analyza Windows Event Logov je kltcovou sucasfou digitalnej forenznej analyzy, no velky objem
zédznamov a prevaha rutinnej systémovej aktivity stazuju identifikiciu stop ttoénickej ¢innosti. Tradiéné
pristupy zalozené na pravidlach (Hayabusa, Chainsaw, Sigma) st efektivne pri detekcii zndmych tto-
kov, ich U¢innost vSak zavisi od aktualnosti definovanych pravidiel a nedokdzu odhalit nezndme vzory
spravania.

Préca skiima vyuzitie sekvenéného dolovania vzorov ako alternativneho pristupu, ktory nevyzaduje
vopred definované detekéné pravidla. Cielom metodiky nie je priama detekcia ttoku, ale prvotné triaz
- redukcia objemu logu na podmnoZinu vhodnii na manuélne preskiimanie. Zaznamy pokryté frekven-
tovanymi vzormi beZnej systémovej aktivity st odstranené ako rutina, v datasete zostavaju forenzne
relevantné udalosti.
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Experimentalne overenie bolo realizované na datasete The Stolen Szechuan Sauce (40 917 zazna-
mov, z toho 27 anotovanych ako sicast ttoku). V praci st porovnané viaceré konfiguracie algoritmov
sekvencného dolovania vzorov pri roznych stratégiach predspracovania a tvorby sekvencii.

Vlastny prinos autorky zahfna navrh tokenizacnej schémy Channel:Provider:Eventld rozsirenej o
spusteny stbor a vzdialeného hosta, ktora umoziiuje presnejsie rozligenie udalosti. Dalsim prinosom je ite-
rativny variant algoritmu PrefixSpan s postupne klesajicou minimalnou podporou, ktory bez doménovo-
Specifického predspracovania dosahuje porovnatelny ¢i lepsi recall pri nizSom vypocétovom ¢ase v porov-
nani s viacstupniovym predspracovanim.

Z hladiska praktickej uzito¢nosti pre forenzn tridz dosahuje najlepsi vysledok algoritmus GSP, ktory
zredukoval dataset z 40 917 na 7 853 zaznamov pri zachovani 23 z 27 Uto¢nych zaznamov. PrefixSpan s
posuvnym oknom dosahuje plné zachovanie ttokov, no s vyrazne nizsou redukciou objemu.

Praca priamo nadvizuje na bakalarsku pracu autorky, ktorej obhajoba je planovana v juni 2026.
PredloZeny text nebol v sttazi SVOC ani v inych podobnych sttaziach predtym podany.

A low-latency debugger using code injection on AArch64
Juraj Petras
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Traditional debuggers rely on trap-based breakpoints that force costly context switches between
the target process, kernel, and debugger for every hit. This overhead makes common operations such
as conditional breakpoints and recursive step-overs prohibitively slow, often reducing throughput to
roughly 1,000 evaluations per second. We present livepoints, a debugging primitive that replaces trap
instructions with branches to injected assembly payloads executing entirely within the target process’s
address space, eliminating the kernel round-trip. To address ARM64’s +128 megabytes relative branch
limit, we introduce a technique based on the relocation of Single-Entry, Single-Exit (SESE) code regions,
which dynamically creates trampoline space in the target binary without relying on opportunistic code
holes. We implement these techniques in a debugger targeting AArch64 on macOS and evaluate them
on a recursive Fibonacci step-over, where our approach completes in tens to hundreds of milliseconds,
compared to several minutes or hours for conventional trap-based debugging - an improvement of over
three orders of magnitude.

Data transformations in Vega
Kristyna Petrlikova
UK, Praha, Matematicko-fyzikdlni fokulta

Vega is a library for creating data visualizations in a declarative way. Vega is very flexible and widely
used, but has limited error handling and reporting capabilities. Most notably, invalid field access in Vega
specification can result in errors as well as confusing outputs. In this thesis, we resolve the issue of invalid
field access in a large subset of Vega specifications.

To enable accurate reasoning about field access in Vega, we describe a formal semantics of the
language — a contribution we believe to be novel. Our approach includes a type system that models
how Vega transformations manipulate dataset shapes. Complementing this, we define a graph-based
small-step operational semantics that corresponds to Vega’s runtime evaluation.

We prove that our type system is sound. We implement the typing rules in a proof-of-concept
typechecker, which reports various access-related issues in a subset of Vega specifications which use
common transformations.

Odporuéacie systémy pre volhodasové aktivity
Tomas Roch

UK, Bratislava, Faokulta matematiky, fyziky a informatiky

Slovensky skauting pontika svojim ¢lenom rozsiahlu programovit ponuku zahfiajicu vyse 400 vol-
nocasovych aktivit — odborky, vyzvy, volné programové moduly, stupne napredovania a najvyssie pro-
gramové ocenenia. Clenovia organizacie ¢elia informa¢nému prefazeniu, kedze vyber vhodnych aktivit
zavisi od sktisenosti a kapacit ich vedicich a neexistuje nastroj na personalizované odportcanie. Cielom
tejto prace je navrhnuf a implementovat hybridny odporucaci systém, ktory kombinuje viaceré odpor-
ucacie paradigmy prisposobené tejto doméne. Systém integruje deviit podsystémov: znalostné filtrovanie
zohladtiujice vekovi kategdriu a prerekvizity, obsahové odportcanie zaloZené na sémantickej podobnosti
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textov aktivit pomocou jazykového modelu SlovakBERT, kolaborativne filtrovanie vyuzivajice implicitnt
spatna vizbu vo forme binarnych zdznamov o splneni aktivit, maticovi faktorizaciu metddou striedavych
najmensich Stvorcov, demografické, sezénne, temporalne, skupinové a podsystém zalozeny na zdielanych
tloh4ach medzi aktivitami. Vstupnymi ddtami systému je interakénd matica 8 371 aktivnych pouzivatelov
a 411 aktivit obsahujtca 54 246 interakcii s riedkostou 98,4 %. Sucastou rieSenia je aj graf prerekvizit s
409 uzlami a 930 hranami, ktory modeluje zavislosti medzi aktivitami a umoziuje planovanie postup-
nosti krokov k zvolenému cielu. Systém bol vyhodnoteny dvomi protokolmi — temporalnym rozdelenim
interakcii a rozdelenim na trovni pouzivatelov. Pri temporalnom rozdeleni (3051 testovacich pouZziva-
telov) hybridny model dosiahol Hit Rate@10 na trovni 0,624 a NDCG@10 na trovni 0,315 pri pokryti
katalégu 82 %. Variant HYBRID+SEG so segmentovo Specifickymi vahami zvysil HR@10 na 0,628 a v
rozdeleni na trovni pouzivatelov dosiahol HR@10 = 0,934. Aplikéciou techniky Maximal Marginal Rele-
vance na diverzifikdciu odporic¢ani sa pokrytie katalégu zvysilo na 86 % pri miernom poklese presnosti.
Vahy podsystémov boli optimalizované bayesovskym pristupom (Optuna TPE) maximalizujicim kom-
pozitnt metriku presnosti, pokrytia a novosti. Praca predstavuje prvy odporucaci systém navrhnuty pre
prostredie Slovenského skautingu a poskytuje moduldrnu architektiru rozsiritelnt o dalsie typy aktivit
a datovych signalov.

Kltéové slova: odporicacie systémy, hybridné filtrovanie, kolaborativne filtrovanie, sémanticka podob-
nost, implicitna spétna vizba, Slovensky skauting
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