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Tento rok sa po desiatich rokoch sutaz vracia na pédu FMFI UK. Tesi-
me sa na vasu aktivnu ucast a na nové vysledky vedeckého bddania Stu-
dentov. Verime, Ze v nadvdznosti na svoju dlhoroénu tradiciu sutaz prispeje
k rozvoju novej generdcie mladych talentov v rannej fdze ich akademickej ka-
riéry.

Zadroven dufame, Ze sutaz obohati jednotlivych studentov aj tym, Ze uvidia
pracu svojich kolegov zinych fakult a Ze pri tom nadviaZu nové osobné kon-
takty. Pokusime sa tymto prispiet k udrZiavaniu vedeckej komunity v nasom
geografickom priestore v tradicii vedy ako kolektivneho usilia.

Radi by sme sa podakovali vsetkym tym, ktori sa dlhodobo a obetavo ve-
nuju organizdcii sutaze SVOC. Konkrétne sa jednd o vyhlasovatelov sutaze,
ktorymi st Ceskd matematickd spolecénost Jednoty ceskych matematik( a fy-
zik( a Slovenskd matematickd spoloénost Jednoty slovenskych matematikov
a fyzikov.

Podakovanie patri aj ¢lenom miestneho organizacného vyboru zdverec-
ného kola, Jaroslavovi Guricanovi, Marcelovi Makovnikovi, Pavlovi Bokesovi,
Tomdsovi Plachetkovi a Petrovi Babincovi, ako aj dalSim pracovnikom a do-
ktorandom z FMFI UK, ktori prispeli v réznych fdzach organizdcie sutaze.

Dakujeme taktieZ partnerom podujatia, spolo&nostiam Qminers, Brightpick
a Finamis, ako aj Naddcii Jana Korca za podporu.

Prajeme vam vsetkym vela Stastia a prijemny pobyt v Bratislave.

Za usporiadatela zdvereéného kolaq,
Tibor Macko
veduci Katedry algebry a geometrie
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25. maj 2025 (nedela)

Program

19:00 - 21:00

Moznost registracie v hoteli

26. 5. 2025 (pondelok)

8:00 Registracia

8:45 Otvorenie a prezentacia sponzorov
9:50 Prednasky v sekciach

10:50 Prestavka na obcCerstvenie

110 Prednasky v sekciach

12:10 Obed

13:10 Prednasky v sekciach

15:00 Exkurzia

17:30 Vyhlasenie vysledkov

18:30 Raut

27. 5. 2025 (utorok)

Koniec konferencie, odchod uc¢astnikov.
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[M1] - Tedria funkcii a funkénych priestorov
12 [M2] - Tedria diferencidlnych a integrdinych rovnic

Sekcia Matematicka analyza

[M1] - Tedria funkcii a funkénych priestorov
+
[M2] - Tedria diferencidlnych a integrdlnych rovnic

Porotcovia:

« Mgr. Michal Pospisil, PhD. (FMFI UK, BA)
e MSc. Ing. David Juhdsz, PhD. (SvF STU, BA)
« doc. Ing. Franti$ek Stampach, Ph.D. (FJFI CVUT, Praha)

Vnof¥eni souétt a prinikt prostort funkci

Pavel Berkman
UK, Praha, Matematicko-fyzikdini fakulta

V predlozené praci charakterizujeme vnoreni X — Y, kde jak prostor X, tak
prostor Y jsou bud Lebesgueovy prostory s rliznymi mirami, nebo predstavuji
soucet ¢i prinik téchto prostorl. V pfipadé neatomickych mér podavame upl-
ny popis optimalnich konstant uvedenych vnofeni, a to ve vztahu k pfislusnym
méram a exponentlm. Dale rozsifujeme nékteré vysledky tykajici se neros-
touciho prerovnani funkce. Pouzité dlikazové techniky se opiraji o standard-
ni vysledky teorie miry a funkciondlni analyzy v€etné Radonovy-Nikodymovy
véty, Holderovy nerovnosti a vlastnosti nerostouciho pferovnani. Prezentova-
né vysledky hodla autor uplatnit jako diplomovou praci. Pfedlozeny text nebyl
v soutézi SVOC ani dalsich podobnych soutézich dosud uplatnén.

Properties of integral operators on spaces endowed with
rearrangement-invariant quasinorms

Ivan Kotalik
UK, Praha, Matematicko-fyzikdini fakulta

In this paper, we study the behavior of integral kernel operators acting on
functions of a single real variable in Banach function spaces with rearrange-
ment-invariant quasinorms. Our goal is to find good candidates for optimal
domain and optimal range spaces for these integral operators. To achieve this,
we provide necessary and sufficient conditions for the existence of a pointwi-
se estimate, which is of a certain form, for their non-increasing rearrangement.



[M1] - Teoria funkcii a funkénych priestorov
[M2] - Tedria diferencidlnych a integrdinych rovnic 13

We also build a theory of optimal domain and optimal range spaces for a spe-
cial type of integral operator with a variable upper bound. We use these results
to find the desired candidates. Furthermore, we show that these spaces are,
in fact, optimal for a particular class of operators.

Function spaces and convergence of Fourier series

Jan Moldavcuk
UK, Praha, Matematicko-fyzikdini fakulta

This thesis studies the structure and properties of a rearrangement-inva-
riant quasi-Banach space QA,,, Which generalizes the classical space QA
introduced by Arias-de-Reyna in connection with the study of the pointwise
almost everywhere convergence of Fourier series. We describe the Banach
envelope of QA ., and explore the relationship between QA ,, and other re-
arrangement-invariant Banach spaces.

Uniform decay of functions at infinity and norm inequalities

Maximilian Pandy
UK, Praha, Matematicko-fyzikdini fakulta

This work investigates a uniform decay condition that arises in the study of
the compactness of Sobolev embeddings for subspaces of radially symmetric
functions within the context of rearrangement-invariant function spaces. This
condition serves, in a sense, as a complementary concept to almost-compact
embeddings between spaces of infinite measure. We provide a systematic
treatment of this condition, including a characterization in terms of function
convergence as well as a characterization that does not rely on the noninc-
reasing rearrangement. Additionally, we present further characterizations of
the uniform decay property for various rearrangement-invariant function spa-
ces, including Lorentz and Orlicz spaces, as well as Lorentz and Marcinkiewicz
endpoint spaces. The work will be used as the author’s bachelor’s thesis.
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Classical Lorentz sequence spaces

Petr Velycko
UK, Praha, Matematicko-fyzikalni fakulta

The main goal of this work is to formulate some basic properties of the clas-
sical Lorentz sequence spaces, which, unlike Lorentz function spaces, were
not widely studied before. First a sequence is taken and its decreasing rear-
rangement is defined, then we proceed by defining it's Lorentz norm functional
and spaces generated by it. In the second chapter a necessary and sufficient
condition for the functional in question to be a norm is formulated, which is fol-
lowed by an equivalent condition for it to be a quasinorm and finally in the last
chapter we prove that quasinormability is equivalent to the space being linear,
that means, closed under addition and multiplication by a scalar.

On a few counterexamples to solvability of the div equation in domains
with external cusps

Matus Letko
UK, Praha, Matematicko-fyzikdini fakulta

This paper examines the solvability of the equation div u = f with a ze-
ro Dirichlet boundary condition for u. A classical result establishes that for
a bounded domain Q c RY with a Lipschitz boundary and for f € LP(2) with
zero mean value there exists a solution u € (W, ?(Q))N for 1 < p < oo with
the W'? norm controlled by the L? norm of the right-hand side f. The results
were extended to John domains and excluded the existence of the solution
operator in domains with external cusps. Our aim is to specify at least some
classes of the right-hand sides for which the problem cannot have a solution
in the space W, 7 (Q). We first extend the counterexample by Luc Tartar ori-
ginally formulated for right-hand side functions in L2 in two space dimensions
to a more general class of functions in LP spaces and a more general type
of singular domains. We then generalize this result to an arbitrary dimension
N. Returning to two space dimensions, we investigate domains with boundary
properties superior to those of previously studied Holder continuous domains
and construct counterexamples also in this situation.




[M1] - Teoria funkcii a funkénych priestorov
[M2] - Tedria diferencidlnych a integrdinych rovnic 15

Invariant Manifolds and Applications

Filip Vozenilek
CVUT, Praha, Fakulta jadernd a fyzikdiné inZenyrskd

Prace se zabyva kvalitativni teorii obyCejnych diferencialnich rovnic. V uvo-
du jsou pfipomenuty zakladni definice a poznatky z geometrické teorie. Druha
kapitola se vénuje vykladu teorie invariantnich variet. Jedna se o vétu o stabilni
varieté a o vétu o centralni varieté. Dale je prezentovan princip redukce sou-
stavy rovnic na centralni varietu. Teoretickou ¢ast zakoncuje formulace véty
0 aproximaci centralni variety. V pfikladové Casti je aplikovana véta o reduk-
Ci a véta o aproximaci na Résslerovu a Lorenzovu soustavu rovnic za uc¢elem
vySetfeni stability.

Prace vznikla v ramci vyzkumného ukolu na fakulté a tematicky navazuje
na téma bakalarské prace, kde se autor zabyval Morseho teorii a Hartman-
-Grobmanovou vétou. Jako pfinos prace autor povazuje samostatné zpraco-
vani druhé ¢asti dlikazu véty o stabilni varieté: reprezentace stabilni mnoziny
(stabilni variety) lokalné jakoZto grafu funkce a zpracovani pfikladd. Prace ne-
byla prezentovana na zadné soutézi.
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Sekcia
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+
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Porotcovia:

e Mgr. Samuel Rosa, PhD. (FMFI UK, BA)
« prof. RNDr. Ivan Zezula, CSc. (PriF UPJS, KE)
e doc. RNDr. Matus Maciak, Ph.D. (MFF UK, Praha)

Vlastnosti Polyova-Lundbergova procesu a jeho reprezentace

Igor B6hm
UK, Praha, Matematicko-fyzikalni fakulta

Tématem této prace je Polylv-Lundberglv proces. Jedna se o nehomo-
genni MarkovQv fetézec, ktery pfedstavuje jisté zobecnéni Siroce pouzivaného
Poissonova procesu. Hlavnim cilem této prace bylo formalné odvodit nékteré
dllezité vlastnosti tohoto nahodného procesu a ukazat, Ze jej Ize ekvivalentné
reprezentovat tfemi rliznymi zplsoby, a tedy i aplikovat v nékolika zdanlivé
nesouvisejicich situacich.

Hlavnim pfinosem prace je vypodcitani pravdépodobnosti pfechodl Pdlyo-
va-Lundbergova procesu, coz je novy poznatek o ném. To spocivalo ve vy-
feSeni soustavy linearnich parcialnich diferencialnich rovnic. DalSim pfinosem
prace je rozepsani a dokazani jiz znamych faktd o tomto nahodném procesu,
které se v literature vyskytuji malo, a tato fakta jsou uvadéna do SirSiho kon-
textu nahodnych procesu, konkrétné jsou porovnavana s jiz zminénym homo-
gennim Poissonovym procesem.

Cela prace je zalozena na autorové bakalarské praci obhajené v roce 2023,
ktera byla také pod vedenim doc. Zbynka Pawlase. Tato bakalarska prace
ziskala v roce 2023 cenu Josefa Stépana za vynikajici bakalafskou praci.
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Tenzorova regrese a kanonicka polyadicka dekompozice

Jakub Cihlar
UK, Praha, Matematicko-fyzikdini fakulta

V této soutézni praci SVOC je predstavena problematika analyzy tenzo-
rovych dat. Nejprve jsou zde vysvétleny zakladni pojmy a operace spojené
s tenzory. Dale je pozornost vénovana CP dekompozici a metodam urcovani
hodnosti tenzoru. Ve druhé Casti prace je popsana tenzorova linearni regre-
se, pficemz je zde zobecriuje metoda nejmensich &tvercl pro tenzorova data.
Uvedena je i dalSi metoda pro feSeni tenzoroveé linearni regrese, metoda ALS.
V zavérecné Casti jsou teoretické poznatky aplikovany na realny datovy soubor
a interpretovany pomoci statistickych ukazateld kvality modelu.

Odhad parametri rozdéleni pomoci minimalizace mocninné divergence

Markéta Hanuskovd
UK, Praha, Matematicko-fyzikdini fakulta

Prace se zabyva metodou odhadu parametrli pomoci minimalizace moc-
ninné divergence, jejim odvozenim a vlastnostmi. Je zde uvedeno detailni od-
vozeni asymptotického rozdéleni ziskaného odhadu. Prace pokracuje podrob-
nou aplikaci ziskanych vysledk( a ovéfenim potfebnych pfedpokladd u vybra-
nych pravdépodobnostnich rozdéleni: exponencialniho rozdéleni s jednim ne-
znamym parametrem a normainiho rozdéleni se dvéma neznamymi paramet-
ry. Na zavér je provedena simulacni studie, ktera ilustruje teoretické vysledky
a nabizi porovnani vlastnosti odhadd pro rlizna nastaveni vstupnich parametrd.
Vysledky prezentované v této SVOC hodla autorka uplatnit jako bakalafskou
praci.

Specificity of the Methodology for Detecting Anomalies in Athletes’
Biological Passports Used in Anti-Doping Testing

Zuzana Kovdcovad
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

The Athlete Biological Passport (ABP) is a tool frequently used for the long-
-term monitoring of athletes’ blood physiological parameters, aimed at detec-
ting deviations that may indicate doping. Built on Bayesian statistics, this app-
roach enables the continuous refinement of each athlete’s reference values by
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integrating successive measurements. Despite its broad application as an an-
ti-doping measure across various sports, the detailed methodology and prop-
rietary software behind its implementation remain undisclosed. In endurance
sports, concerns have emerged regarding the model’'s apparent low specifici-
ty, which often leads to lengthy and complicated arbitration processes.

In this work, we review the principles of Bayesian statistics and demon-
strate their application within the framework of the Biological Passport. We
replicate the implementation of the model and present a comprehensive ana-
lysis based on systematic numerical testing. Additionally, we propose repla-
cing the log-normal distribution with an inverse gamma distribution, enabling
explicit analytical computation and overcoming the reliance on stochastic si-
mulations. The final section critically examines the limitations of the model,
particularly in cases involving athletes with exceptional physiological profiles
that are not properly characterized by the model or in situations where the
number of available tests is low.

Two-Stage and Bilevel Programming

Jakub Kasny
VUTB, Brno, Fakulta strojniho inzenyrstvi

This work is concerned with two major classes of hierarchical and stochas-
tic optimization models: two-stage programming models and bilevel program-
ming models. It provides an overview of classical models as well as novel
extensions. A key contribution is the theoretical investigation of relationships
between these models without relying on Karush-Kuhn-Tucker reformulations.
And secondly demonstration of equivalence of the forms of Karush-Kuhn-Tuc-
ker reformulations, thus providing a theoretical foundation for using establis-
hed bilevel algorithms on stochastic bilevel problems and two-stage problems.
Several solution methods are discussed for both linear and nonlinear bilevel
and two-stage problems. The selected algorithms are implemented and tes-
ted on benchmark examples. The results confirm the theoretical findings and
highlight practical aspects of models reformulation and solvers efficiency.
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Mira s minimalni entropii: Diskrétni rozdéleni

Michal Kuba
UK, Praha, Matematicko-fyzikdini fakulta

Pfi modelovani trh{l na filtrovanych pravdépodobnostnich prostorech rozli-
Sujeme dva pripady: kompletni a nekompletni trhy. V nekompletnim trhu exis-
tuje obecné nekone¢né mnoho martingalovych mér, pod nimiz nevznika arbit-
raz. V této praci se zaméfime na zcela novou miru z této tfidy, kterd minima-
lizuje relativni entropii vci fyzické mife. Nejprve pro ni vybudujeme potieb-
né teoretické zazemi vychazejici z dosavadni literatury a aktualnich poznatkd,
poté dokazeme jeji existenci, vysvétlime, pro¢ je vhodnou volbou pro bezar-
bitrdZni ocenovani, a nakonec predvedeme nékolik praktickych pfiklad{ jejiho
vypoctu.

Zobecnény Lloydtiv algoritmus a jeho aplikace

Marek Maxa
UK, Praha, Matematicko-fyzikdini fakulta

Tato soutézni prace se zabyva feSenim problému optimalni lokace pomoci
zobecnéného Lloydova algoritmu. Nejprve je formulovan matematicky model
problému optimalni lokace, jenZ je nasledné preveden na minimaliza¢ni ulo-
hu systému diskrétnich energii centroidalni silové mozaiky. Je popsana ite-
rativni metoda zobecnéného Lloydova algoritmu pro hledani kritickych bod{
této energie. V praci jsou diskutovany vlastnosti algoritmu, jeho konvergen-
ce a mozné modifikace. Numericka implementace je aplikovana na vybrané
priklady vCetné grafické ilustrace vysledkd.
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Renewal-reward processes in non-life insurance

Matej Mifkovi¢
UK, Praha, Matematicko-fyzikalni fakulta

The author introduces the basics of renewal theory in the context of non-li-
fe insurance. The main focus of the work is to present a rigorous and detailed
treatment of renewal and renewal-reward processes, with particular attention
to expanded proofs and illustrative theoretical and simulation examples. The
author’s contribution consists of unifying and clarifying concepts from various
authors, expanding proofs in a detailed and rigorous manner, and demonstra-
ting key practical results through simulation examples. The work also provides
a step-by-step derivation of the Cram'er-Lundberg approximation for the ruin
probability. The body of this work will form the part of theoretical section of the
author's master’s thesis. The author declares that this work, or any part of it,
has not been submitted to SVOC nor to any other similar competition before.
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Charakterizace perfektnich okruhii

Jakub Cerny
UK, Praha, Matematicko-fyzikdini fakulta

V této praci provadime dlikaz Bassova Teorému P, véty charakterizujici
perfektni okruhy, pomoci elementarnich nastrojl z teorie modulll a teorie ka-
tegorii. Dlkazy implikaci ve ¢tvrté kapitole prace jsou zpracovany, na rozdil
od plvodniho Bassova ¢lanku, jinym zplsobem, ktery se vyhyba vyuziti ten-
zorového soucinu a derivovanych funktor(l Ext a Tor. Dale je zpracovan Berg-
manQv pfiklad okruhu, ktery je perfektni z pravé jedné strany, a ukazeme, ze
okruhy artinovskeé z libovolné strany jsou perfektni. Dale ukazeme, Ze perfekt-
ni noetherovské okruhy jsou artinovské, a nakonec, ze perfektni obory jsou
nekomutativni télesa. Jedna se o bakalafskou praci.

On the lattice of multi-sorted relational clones on a two-element set

Vojtéch David
UK, Praha, Matematicko-fyzikdini fakulta

We introduce a new approach to the description of multi-sorted clones
(sets of k-tuples of operations of the same arity, closed under coordinate-
wise composition and containing all projection tuples) on a two-element do-
main. Leveraging the well-known Galois connection between operations and
relations, we define a small class of canonical relations sufficient to describe
all Boolean multi-sorted clones up to non-surjective operations. Furthermore,
we introduce elementary operations on relations, which are less cumbersome
than general formulas and have many useful properties. Using these tools,
we provide a new and elementary proof of the famous Post's lattice theorem.
We also show that every multi-sorted clone of k-tuples of operations decom-
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poses into a surjective part described by canonical relations and 2k clones of
(k — 1)-tuples of operations. This structural understanding allows us to desc-
ribe an embedding of the lattice of multi-sorted clones into a well-understood
poset. In particular, we rederive — by a simpler method —a result of V. Taimanov
originally from 1983, showing that every multi-sorted clone on a two-element
domain is finitely generated. Finally, we also give a concise proof of the Galo-
is connection between (surjective) multi-sorted clones and the corresponding
closed sets of relations.

This paper tackles the same topic as author's Bachelor thesis but signi-
ficantly improves the approach and presents new results. Additionally, one
standalone result — obtained differently — was previously presented at last
year's SVOC.

Non-decomposable Binary Quadratic Forms over Number Fields

Simona Hlavinkova
UK, Praha, Matematicko-fyzikdini fakulta

The main objects of interest of the thesis are non-decomposable quadratic
forms over totally real biquadratic and the simplest cubic fields. We prove that
in every totally real biquadratic field there is a non-decomposable quadratic
form. A similar result is also proved for the simplest cubic fields. Moreover,
we find some relations for two-and three-time indecomposable integer of the
special type. These relations help us to find a lower bound for the number of
all non-decomposable quadratic forms in the simplest cubic fields

Grupa Rubikovy Kostky

Jakub Jelen
Univerzita Hradec Krdlové, Prirodovédeckd fakulta

Bakalarska prace se zaméruje na propojeni Rubikovy kostky a teorie grup.
V prvni kapitole jsou zavedeny pojmy z teorie grup, které se v praci vyuziva-
ji. Dale je v praci popsana grupa Rubikovy kostky generovana pohyby jed-
notlivych stén, jsou popisovany povolené a nepovolené konfigurace Rubikovy
kostky. V predposledni kapitole se tyto poznatky vyuziji k nalezeni algoritmd,
pomoci kterych slozime Rubikovu kostku. Nakonec prace hleda a popisuje za-
kladni konfigurace jednotlivych orbit akce Rubikovy kostky na mnoziné vSech
konfiguraci. Vysledky prezentované v této SVOC autor uplatnil a Usp&sné ob-
hajil jako bakalafskou praci. Vysledky prezentovany na Noci védcl 2023, jsou
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vyuzivany pro demonstraci v ramci vyuky algebry na univerzité Hradec Kralo-
vé. V soutézi SVOC ani dalsich podobnych soutézich dosud zadny z vysledkd
uplatnén nebyl.

Acyclic Below-Bounded Cochain-Complexes of Projectives

Jindrich Novdk
UK, Praha, Matematicko-fyzikdini fakulta

It is an elementary fact of Homological Algebra, used in the construction of
derived functors, that every acyclic bounded-above cochain-complex of pro-
jective modules over any ring is contractible. However, establishing the same
result for bounded-below cochain-complexes of projective modules is a sig-
nificantly more difficult problem—one that remained largely unaddressed until
the recent contributions of to Tsutomu Nakamura, Peder Thompson, Christian
Haesemeyer, Liran Shaul, Leonid Positselski, and Amnon Neeman, amongst
others. The present work is our attempt to contribute to their work in several
ways, structured across four chapters, which we shall now lay out. The first
chapter is mainly motivational and provides a foundation for the rest of our
work. The second chapter proves a dual result to Peder Thompson and Chris-
tian Haesemeyer's, namely that acyclic bounded-below cochain-complexes of
projective modules always contract over commutative, Noetherian rings. The
third chapter shows the same for those cochain-complexes whose constituent
modules, taken over a general ring, are finitely generated; our approach mir-
rors that of Christian Haesemeyer, with the goal of making his concise proof
accessible by filling omissions in his argument and developing the necessa-
ry, albeit somewhat obscure, theory of ‘true grade’. In the fourth chapter, we
prove that—over any coherent ring with a finite supremum on the projective-
-dimension of flat modules—all acyclic, bounded-below cochain-complexes
of projective modules contract if and only if all acyclic, bounded-above co-
chain-complexes of injective modules do; this is a new result and may be vie-
wed as a further development of Leonid Positselski's work wherein he showed
a unidirectional implicative relationship between the two conditions. While do-
ing so, we introduce the concept of ‘cyclophilic and cocyclophilic rings’ and
we conclude this work with a brief account of their most immediate properties
and invariants.




24 [M5] - Algebra, topoldgia a geometria

Conway's topograph

Emma Péchouckovd
UK, Praha, Matematicko-fyzikdini fakulta

John H. Conway has introduced the concept of the topograph, which is a graph

that contains all possible bases of Z? as its edges. This work seeks to define
the topograph and rigorously prove its key properties. It presents a novel app-
roach to exploring the structure through sets of neighbours and matrix opera-
tions, ultimately establishing the equivalence of previously known definitions.
Therefore, the topograph can be treated as a graph. Additionally, the work
explains the connection between the topograph and continued fractions and
provides illustrated examples. This work originated as a Bachelor's thesis.

Reichenbach's causal completeness of quantum probability spaces

Jan Sevic, Dominika Buresovd, Kamila Houskovd
CVUT, Praha, Fakulta elektrotechnickd

Reichenbach’s common cause principle (RCCP) is a metaphysical claim
about the causal structure of the world. In this work, we adopt its mathema-
tical formulation. We find explicit requirements for a state to have a common
cause in a quantum logic. We show that the notion of maximal correlation
in quantum logics differs considerably from the classical case. We answer
an open question by providing a counterexample based on a quantum logic
given by a free orthomodular lattice. The rest of our work is devoted to the
notion of common cause completeness (CCC). We find a smallest possible
system that is non-trivially CCC. Then we find a relation between the Darboux
property and RCCP. We invent a new technique for obtaining the result that
atomless o-complete quantum logics are CCC. We correct the claim that qu-
antum probability spaces with one atom must be CCC. For compatible events,
we give a simplified proof of the existence of a common cause; for non-com-
patible ones, we present a counterexample. The abundance of quantum logics
which are common cause incomplete raises the question whether they can be
embedded into common cause complete ones. This was formulated as one
of the most important open questions in the monograph “The Principle of the
Common Cause”, and before our work, no such result has been published. We
succeeded in constructing such an embedding for quantum logics with finitely
many atoms. We can even allow a countably infinite set of atoms under an ad-
ditional condition that the embedded quantum logic is of finite height. Thus,
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we give a rather general answer to the principal open question. The contri-
bution of the group was significant in several lines of open questions. The
work resulted in two papers (with above 50 % contribution of the authors),
one of which was accepted, one submitted for publication. We also presented
our results at seminars and conferences, for example, the IQSA conference.
A portion of this work will be used in one of the author’s master’s thesis.



26 [M6] - Tedria grafov a kombinatorika

Sekcia Matematické Struktury
[M6] - Tedria grafov a kombinatorika

Porotcovia:

e doc. RNDr. Jan Mazak, PhD. (FMFI UK, BA)
« doc. RNDr. Tatiana Jajcayova, PhD. (FMFI UK, BA)
e RNDr. Martin Pergel, Ph.D. (MFF UK, Praha)

Construction of 1-planar unit distance graphs with more edges than
matchstick graphs

Eliska Cervenkovd
UK, Praha, Matematicko-fyzikdini fakulta

A matchstick graph is a plane graph whose edges are represented by line
segments of unit length. For this graph class, Harborth conjectured an upper
bound on the maximum number of edges, which was later confirmed by La-
vollée and Swanepoel. In this work, the focus shifts to 1-planar unit distance
graphs, which are graphs that admit a drawing in the plane where all edges
are unit-length line segments and each edge is involved in at most 1 crossing.
Previously, for such graphs, the best construction to achieve as many edges
on n vertices as possible was the construction of matchstick graphs with the
maximum possible number of edges. In this thesis, the author presents three
new constructions of 1-planar unit distance graphs, yielding a higher number
of edges than matchstick graphs on the same number of vertices. An even
stronger version of this statement is then stated and proved: for every t, there
exists n(t), such that for every n>n(t) there is a 1-planar unit distance graph on
n vertices with at least t more edges than any matchstick graph on the same
number of vertices has. This answers an open question posed by Gehér and
Toth. The text will be used in author’s master thesis. This work has never been
submitted or used in any SVOC or similar competition.
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Twin-Width Fuzzification

Marek Effenberger
VUTB, Brno, Fakulta informacnich technologii

Twin-width is a graph complexity measure which utilises sequences of ver-
tex contractions to describe the structural complexity of any given graph using
a single integer. Fuzzy graphs extend the notion of crisp graphs by assigning
each vertex and edge a membership value on a real interval representing va-
rious degrees of uncertainty. At the time of writing this thesis, no attempts to
expand the twin-width notion to fuzzy graphs have been documented in the li-
terature. The primary result of this work is the fuzzification of twin-width. This
work facilitates the fuzzification process, emphasises its properties and dis-
cusses the boundedness of the newly presented measure, fuzzy twin-width,
within certain fuzzy graph families. The author’s main contribution is the for-
mulation of the fuzzy twin-width measure, description of its properties and
discussion of its boundedness in certain fuzzy graph families. The author in-
tends to use the results presented as part of their diploma thesis. None of
these results have been previously submitted to SVOC or any other similar
competitions.

Graph Covers

Filip Filipi
UK, Praha, Matematicko-fyzikdini fakulta

A covering projection is a locally bijective homomorphism from a graph A
to a connected graph B. Multiple edges, loops and semi-edges are conside-
red but the Strong Dichotomy Conjecture asserts that for a fixed connected
graph H, the complexity of determining whether G covers H is already dicta-
ted by simple graphs G. A quasi-order was introduced: A connected graph A
is stronger than a connected graph B if every simple graph covering A also
covers B.

In 2022, Kratochvil conjectured that if A has no semi-edges, then A is stron-
ger than B iff A covers B. Kratochvil & Nedela proved this conjecture when B
is a cubic one-vertex graph, or A is a dipole with no loops and no semi-edges.

In a follow up to their wok, we describe this relation fully for A being a one-
-vertex graph, a dipole with no semi-edges, an irregular dipole, and, partial-
ly, a general dipole. Consequently, we verify the conjecture in such cases.
New methods are developed and theirimpact on counting disjoint perfect mat-
chings in simple regular graphs is presented.
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This text is the author's Master's thesis. It was prepared independently
under the supervision of Prof. Jan Kratochvil and has not yet been used in the
SVOC competition.

Optimalizacia algoritmu pre testovanie kritickosti snarkov

Jan Gottweis, Jozef Rajnik
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Snark je 3-regularny graf, ktory nie je hranovo 3-farbeny. Snark je kriticky,
ak po odstraneni lubovolnej dvojice susednych vrcholov sa stane hranovo 3-
-zafarbitelnym. DoterajSie algoritmy testuju kritickost priamociaro — postupne
odstranuju kazdu dvojicu susednych vrcholov a testuju zafarbitelnost vysled-
ného grafu.

V tejto praci predstavujeme efektivnejsi algoritmus, ktory v mnohych pri-
padoch redukuje pocet potrebnych testov zafarbitelnosti. Nas pristup vyuziva
informacie z jedného testu zafarbitelnosti na vypocet zafarbitelnosti pre mier-
ne odlisSny vstupny graf, ¢im redukuje redundantné vypocty.

Kla€ovym prvkom je transformécia farbenia pomocou vhodne zvolenych
cyklov, ¢o umoznuje efektivne odhadnut kritické dvojice vrcholov bez nutnosti
explicitného testovania vSetkych dvojic. Navrhovany algoritmus tak vyrazne
zrychl'uje testovanie kritickosti snarkov, nakolko pre vacsinu testovanych kri-
tickych snarkov znizil poCet volani testu zafarbitelnosti na 1. Taktiez otvara
zaujimavé teoretické otazky, ktoré mozu prispiet k vyskumu kritickych snar-
kov.

Estimating multicolor ordered Ramsey numbers

Kldra Grinerovd
UK, Praha, Matematicko-fyzikdini fakulta

We study multicolor ordered Ramsey numbers, an analog of the classical
Ramsey numbers for an arbitrary number of colors and graphs with linearly
ordered vertex sets. We generalize upper and lower bounds on two-colored
ordered Ramsey numbers of ordered matchings by Conlon, Fox, Lee, and Su-
dakov to an arbitrary number of colors. Using the extremal theory of matrices,
we prove that the ¢g-color ordered Ramsey numbers of ordered matchings on
n vertices with interval chromatic number two are in n®@, which is tight up
to a constant in the exponent. We extend this result to ordered graphs with
bounded degeneracy and with interval chromatic number two. Almost all of
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these results were previously included in the bachelor’s thesis Multi-colored
Ordered Ramsey Numbers, but have not been submitted to SVOC or any simi-
lar competitions.

O farbeni rovinnych grafov s jedineénymi farbami na stenach

Bohuslav Liska
UPJS, Kosice, Prirodovedeckd fakulta

V praci skimame vlastné zafarbenia rovinnych grafov, v ktorych sa na [u-
bovolnej stene dve farby vyskytuju prave raz. V uniqgue-maximum-one (UM1)
zafarbeni su (na kazdej stene) jedine¢né najvacsia a nejaka dalsia farba, v uni-
gue-maximum-minimum (UMm) zafarbeni su jedine¢né najvacsia a najmensia
farba a v unique-double-maximum (U2M) zafarbeni su jedine¢né dve najvac-
Sie farby.

Dokazali sme, Ze kazdy rovinny graf ma vilastné UM1 6-zafarbenie, pricom
toto horné ohranic¢enie uz nemozno zlepsit, lebo existuje rovinny graf, ktory
uz na vlastné zafarbenie s dvomi 'ubovolnymi jedine¢nymi farbami potrebuje
Sest farieb.

Dalej sme dokazali, ze kazdé rovinné vnorenie 2-suvislého outer-1-planar-
neho grafu (t. j. grafu, ktory mozno v rovine nakreslit tak, ze vSetky vrcholy
sU incidentné s neohrani¢enou oblastou a kazda hrana je pretata najviac jed-
nou inou hranou) ma vlastné UMm 6-zafarbenie, ¢im sme v tejto triede grafov
zlepsili horné ohrani¢enie UMm chromatického Cisla zo 7 na (nezlepsitelnych)
6.

Napokon sme najdenim grafov, ktoré maju rozne UMm a U2M chromatické
Cisla, ukazali, Ze tieto dve zafarbenia su r6zne a neporovnatelné.

Atraktory slov kédujicich beta-cela cisla

Martina Moravcovd
CVUT, Praha, Fakulta jadernd a fyzikdiné inZenyrskd

Tato prace se vénuje studiu atraktor( slov. Jde o objekt, ktery hraje vel-
kou roli v oblasti datové komprese. V kombinatorice na slovech se intenzivné
studuji atraktory prefixi vyznamnych nekoneénych slov. Zde se konkrétné
vénujeme Parryho slovlim, coZ jsou slova kddujici mezery mezi 3-celymi Cisly
v numerachich systémech s realnym zakladem 3. Jednoducha Parryho slova
jiz byla studovéna a pro prefixy byly nalezeny atraktory, o kterych se ale sami
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autofi domnivali, Zze nejsou minimalni. Vysledkem této prace je potvrzeni je-
jich domnénky a nalezeni minimalnich atraktor(l. Otevienou otazkou zlstavaly
atraktory prefix( nejednoduchych Parryho slov. Pro né jsme nalezli atraktory
prefixd v bindrnim pfipadé.

Cyclic edge-connectivity of junctions of multipoles

Erik Rehulka
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Cyclic edge-connectivity is an interesting property of cubic graphs that
has proven to be significant in graph theory. Research has shown that high
cyclic edge-connectivity correlates with certain structural properties of cubic
graphs, and notably, minimal potential counterexamples to several open prob-
lems need to have high cyclic edge-connectivity. However, the theoretical to-
ols for determining cyclic edge-connectivity remain limited. In this work, we
study cubic graphs built from smaller building blocks and demonstrate how we
can determine the cyclic edge-connectivity of the resulting graph by imposing
certain conditions for these blocks.
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Vlastnosti algebraickych stabilizaci pro rovnice konvekce-diftize

Ondfrej Brichta
UK, Praha, Matematicko-fyzikdini fakulta

Pfedkladana prace se zabyva numerickymi metodami zalozenymi na ko-
rekci algebraickych tok( (tzv. AFC schématy). Jedna se o tfidu nelinear-
nich metod ur¢enych pro diskretizaci okrajovych uloh s eliptickymi parcialnimi
diferencialnimi rovnicemi (stacionarnimi rovnicemi konvekce-difuze-reakce).

Nejprve je formulovana obecna diskrétni variacni forma zalozena na kla-
sické Galerkinové metodé. Pro tuto formu je dale analyzovana platnost dis-
krétnich principl maxima. Na zakladé dosazenych zjiténi je poté odvozen
obecny tvar AFC schémat.

Dale jsou predstaveny vysledky tykajici se a priornich odhadl chyb. Tech-
niky téchto odhadl jsou demonstrovany (v kombinaci se standardni Aubin-
-Nitscheho metodou) na odvozeni odhadu chyby v L?-normé. V kontextu ne-
linedrnich AFC schémat predstavuje tento odhad novy vysledek.
rech hladkosti, o které je dokazano, ze patfi do tfidy AFC schémat. Konkrétné
se jedna o variantu tzv. BBK metody se specialni volbou vah. Pro potfeby ana-
lyzy tohoto nového schématu bylo nutné vhodné rozsifit teoretické vysledky
tykajici se BBK metody.

Teoretickou vyhodou této nové metody oproti standardnimu tvaru BBK me-
tody je tzv. zachovani linearity i v pfipadé obecné triangulace. Tato vlastnost
mUZe v nékterych situacich vést k lepsi konvergenci.

V zavéru prace je studovano chovani této metody pfi aplikaci na konkrétni
okrajovou ulohu.

Predkladany text vychazi z diplomové prace autora.
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Analyza akustickych hudebnich signalli pomoci waveletové transformace

Matous Brodsky
UK, Praha, Matematicko-fyzikalni fakulta

Cilem této bakalarské prace je zkoumat efektivitu waveletové transformace
pfi Casové-frekvenéni analyze hudebnich signald. Nejprve je zminéno néko-
lik dllezitych poznatk( z teorie Fourierovy transformace a predstavena moti-
vace pro zavedeni waveletd, dale je poloZen teoreticky zaklad transformace
vinkové. Jsou uvedeny nejcastéji pouzivané typy waveletd, a ty jsou nako-
nec testovany na rliznych akustickych signalech, které vyzdvihuiji silné stranky
i nedostatky této metody.

Robust Contact Detection in Finite Element Analysis

Daniel Burkart
VUTB, Brno, Fakulta strojniho inzenyrstvi

Accurate and efficient detection of contact is a crucial step in computati-
onal contact mechanics. The finite element method, widely used for continu-
um mechanics problems, approximates real geometries by C° meshes, which
must be considered in contact detection algorithms. The beginning of this the-
sis covers the fundamentals of variational formulation and the finite element
method. Furthermore, the geometrical configuration of contact is analyzed in
detail, and the closest point evaluation for C? boundary surfaces is discussed,
including the consequences of C? continuity violations typical in finite element
simulations. A variational inequality formulation for the frictionless contact of
two deformable bodies is derived. An algorithm for effective contact detection
based on bounding boxes and spatial decomposition (bucket search) is pro-
posed, accompanied by practical implementation remarks. Finally, boundary
surface smoothing using Nagata patches is discussed, and some illustrative
figures from calculations using the proposed methods are presented. This
thesis will be submitted as a bachelor’s thesis and has not been entered into
previous editions of the SVOC competition or any similar competitions, nor any
part of it.
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Implicit Symplectic Integrators

Matéj Gajdos
UK, Praha, Matematicko-fyzikdini fakulta

This thesis studies symplectic integrators, a class of numerical solvers for
ordinary differential equations which are suitable for solving problems from
mechanics. The most important topics of numerical integration are presen-
ted, together with several formulations of classical mechanics. The most rele-
vant is the Hamiltonian formulation and its connection to symplectic geomet-
ry. Afterwards, symplectic integrators are introduced together with several
schemes and their important properties. Then, we theoretically investigate the
perturbation of the symplectic structure matrix when implicit symplectic sche-
mes are numerically solved; the results are somewhat novel. In particular, the
Symplectic Euler scheme together with Fixed point iteration method is studied.
The error of symplecticity is estimated in case of one degree-of-freedom sys-
tems. The emergence of deviation terms in the matrix of symplectic structure
is shown for larger systems. Finally, two problems from mechanics and elect-
romagnetism are numerically solved using symplectic integrators. The second
problem is to find magnetic field lines, which can be described using a nons-
tandard Hamiltonian. The presented text will be used in the author’s bachelor
thesis.

Laplaceova interpolacia, jej vlastnosti a aplikacie

Artem Legeida, Prof. RNDr. Karol Mikula
STU, Bratislava, Stavebnd fakulta

V tejto praci sa venujeme Laplaceovej interpolacii a jej dvom aplikaciam.
Prva aplikacia sa tyka rekonstrukcie poskodeného obrazu. Vytvorili sme al-
goritmus, ktory moze zrekonstruovat obrazok aj po vymazani az 98% pixelov.
Druha aplikacia sa tyka vypoctu vysky vodnej hladiny (podzemnej aj povrcho-
vej vody) na urcitom Uzemi v hydrologickom modelovani. Dokazali sme, ze
mokrad’ zaznamenana na mape z Druhého vojenského mapovania Rakusko-
-Uhorska (1819 - 1869) stale existuje aj napriek vodohospodarskym Upravam
v druhej polovici 20. storocia, a Ze ma zmysel vratit Uzemiu jeho pévodnu pri-
rodnu funkciu. Taktiez sme otestovali naSu numerickd implementaciu porov-
nanim vysledkov s presnym rieSenim priehybu membrany s fixovanymi okrajmi
a ukazali experimentalny rad konvergencie numerickej metody. Studovali sme
aj zaujimavu vlastnost rieSenia Laplaceovej rovnice s Dirichletovymi okrajovy-
mi podmienkami na riedkych vzorkach, tzv. Zarembov priklad.
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Haarovy systémy

Matus Mintdl
UK, Praha, Matematicko-fyzikadlni fakulta

Zakladnym obecnym cielom tedrie aproximacie je nahradenie komplikova-
nych objektov inymi, ktoré su v uritom zmysle blizke a pritom zaroven sa da
s nimi lahko pracovat. Standardnou metddou je aproximacia spojitej funkcie
pomocou polyndmu. RozsSirenim tejto metddy na dalSie typy funkcii ziska-
vame aproximaciu pomocou zovSeobecnenych polynomov. Klasicky Haarov
vysledok z roku 1917 uvadza, ze existencia a jednoznac¢nost najlepsej apro-
ximacie spojitej funkcie na kompakte pomocou zov§eobecnenych polyndmov
je ekvivalentna splfiieniu Haarovej podmienky. V tejto praci ukazeme niekol-
ko ekvivalentnych formulacii Haarovej podmienky a ilustrujeme ich vyhody na
prikladoch. Pripomenieme délezitu aplikaciu Haarovych podmienok, takzvanu
alternac¢nu vetu, a uvedieme jej pouzitie. Na zaver dokazeme zakladné vlast-
nosti operatora najlepsSej aproximacie.

Dispersion of a point set

Matéj Trédler
CVUT, Praha, Fakulta jadernd a fyzikdiné inZenyrskd

This thesis explores the concept of dispersion of a point set, a fundamental
quantity in computational geometry that measures the volume of the largest
axis-aligned empty box in the unit cube avoiding a given set of points. Dis-
persion, a variable closely related to the more well-known concept of discre-
pancy, serves as an important indicator of the uniformity of point distributions
and finds applications in numerical integration, optimization, machine learning,
and computer graphics. This research refines lower bounds on the minimal
number of points needed to achieve a given dispersion level. Through a no-
teworthy connection between dispersion and the concepts of restriction sets
and cover-free families from combinatorics and extremal set theory, the thesis
presents improved lower bounds on dispersion for sufficiently large volumes,
where the gap from the known upper bound narrows to a logarithmic factor in
the volume parameter . Remarkably, these advances are achieved by consi-
dering only a carefully chosen, restricted class of axis-aligned boxes, building
on the results introduced by Ullrich and Vybiral. The superlinear property of
dispersion, when exploited, proves to be a surprisingly powerful tool for ex-
tending these bounds. A generalization of the benchmark method, combined
with this superlinear behavior, yields a series of new lower bounds valid for
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arbitrary dimensions and volumes ¢, significantly refining previously known
estimates and establishing new state-of-the-art results. These findings de-
epen our theoretical understanding of high-dimensional geometry and offer
practical insights into the study of space-filling point configurations.

The author actively contributed to the research behind two related articles
— one already published and the other currently submitted as a preprint — by
surveying the current state of the art and deriving the new results. In additi-
on to preparing the initial draft of the second manuscript, the author played
a valuable role in shaping the structure of both articles. Beyond their scope,
the author conducted, as part of the diploma thesis, an in-depth survey and
analysis of additional properties of the proposed constructions, examined the
optimality of the results, and formulated and proved several supplementary
lemmas, theorems, and corollaries that further strengthen and clarify the fin-
dings presented in the articles.

The optimization of a deep learning algorithm based on forward-backward
nonlinear diffusion of natural networks

Katarina Kacer
STU, Bratislava, Stavebnd fakulta

This paper deals with the adaptation and optimization of a numerical mo-
del for a deep learning algorithm based on forward-backward nonlinear dif-
fusion on an oriented graph. A new stopping criterion is proposed to control
the strength of diffusion during the dynamics of the numerical network. Furt-
hermore, a new method for classifying new observations by using the stored
intermediate results of the training sample dynamics is proposed here. The
algorithm of the training phase is also modified in order to reduce the com-
putational complexity of this process. Finally, a new way of computing the
relevancy maps is presented here, with respect to the distance from the alpha
shapes of the clusters.

Asymptotic methods and their use for heterogeneous filtering tasks

Vojtéch Kuzel
CVUT, Praha, Fakulta jadernd a fyzikdiné inZenyrskd

Filtration of liquids and gases through a porous medium is a key process in
many industrial and natural systems. Asymptotic methods represent a power-
ful tool for studying such processes, as they allow us to describe the micros-
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tructural heterogeneities of the filter on a global scale. In this work, we intro-
duce a filtration model with heterogeneous microstructure and homogenize it
using asymptotic methods, specifically the method of multiple scales. Unlike
existing studies, we generalize the model by introducing a fluid incompressi-
bility condition characterized by nonzero divergence. With this extension, we
analyse the filtration process and its efficiency as a function of the filter's po-
rosity gradient, obtaining original results. The text of this work will serve as the
basis for the author's master'’s thesis.

Simulace stlacitelného proudéni pomoci mrizkové Boltzmannovy metody

Ondrej Marek
CVUT, Praha, Fakulta jadernd a fyzikdiné inZenyrskd

Tato prace pojednava o aplikaci entropické mfizkové Boltzmannovy meto-
dy (ELBM) na modelovani dynamiky stlacitelnych tekutin. Nejdfive je provede-
na reSer$e dynamiky tekutin, mfizkové Boltzmannovy metody (LBM) a ELBM.
Pro ulohu vazaného extrému entropie v ELBM byla s vyuzitim grafické karty
implementovana modifikovana Newtonova-Raphsonova metoda. Nasledné je
proveden vyzkum v oblasti okrajovych podminek v LBM. Vybrané metody pro
okrajové podminky jsou zobecnény pro vicerychlostni LBM modely pro apli-
kaci na pouzity model D2Q49. Kapitola s numerickymi simulacemi se nejdfive
zameéfuje na porovnani odvozenych implementaci okrajovych podminek pro
zed. Nakonec jsou provedeny simulace méfeni koeficientl odporu a vztla-
ku vélce a profilu NACA ve 2D pomoci tfi modell LBM a referenéni metody
konecénych objem.

Prace v ramci vyzkumného ukolu hloubéji zkouma téma studované v ba-
kalafské praci a zadny z vysledk(l dosud nebyl uplatnén v soutézi SVOC ani
v jinych podobnych soutézich.

Iteraéni dynamika v komplexni roviné

Tomds Nguyen, prof. Dr. Ing. Michal Benes
CVUT, Praha, Fakulta jadernd a fyzikdiné inZenyrskd

Se vzristajicim zajmem o kvantové technologie nabyva studium dynamic-
kych systém{ na vyznamu jako nastroj pro analyzu chovani kvantovych stav.
Tato prace se zaméfuje na dynamiku v komplexni roviné, zejména na kom-
plexni dynamiku racionalnich zobrazeni. Podrobné jsou zkoumany topologic-
ké a geometrické vlastnosti Juliovych a Fatouovych mnozin a Mandelbrotovy
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mnoziny, pfiéemz jsou vyuzity pojmy Hausdorffovy miry a dimenze. Vlastnim
pFispévkem autora je konstrukce alternativnich dikaz( vybranych vlastnos-
ti racionalnich funkci, konkrétné diikazu lipschitzovskosti racionalnich funkci
a prenosu Juliovych a Fatouovych mnozin pod konjugaci, a tvorba softwaro-
vych nastrojl pro vizualizaci téchto mnozin. Prace je Uzce provazana s auto-
rovym vyzkumem v oblasti kvantoveé teorie informace a navazuje na predchozi
studium dynamickych systémuU v komplexni roviné.

Effects of Diffusion on Territory Formation in Wolf Populations

Andrej Spitalsky
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Territoriality is a commonly observed behavior in many animal species.
One of the most well-known examples is wolf (Canis lupus) packs, which are
able to divide a shared habitat into patches of near-exclusive use, ensuring
safety and prey availability. Scent marking is the primary mechanism used
to maintain territorial boundaries, but its dynamic effects make this behavi-
or difficult to quantify and explain through field studies alone. We develop
a stochastic model in which wolves are represented as random walkers with
atime-dependent bias toward either the territorial boundary or their respective
dens. Territory formation and defense are driven by reactive scent marking,
which decays and diffuses over time. A high concentration of foreign scent
shifts a wolf's movement bias away from the boundary, as direct confrontation
is typically avoided. Our model shows that territories are inherently unstable,
undergoing continuous fluctuations and shifts at the borders, which is an out-
come consistent with field observations. We examine the role of scent diffu-
sion, its effect on border movement, and the emergence of a no-use buffer
zone. Our results are compared with those from previous studies of territo-
rial random walker models involving constant-intensity scent marking and no
diffusion.
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Efficient representations of vectors in non-expansive matrix systems

Adam Blazek
CVUT, Praha, Fakulta jadernd a fyzikdiné inZenyrskd

Matrix numeration systems are a generalization of positional numeration
systems, being able to represent vectors using strings of vector digits. An in-
teresting special case are systems with the base in the form of a Jordan block
with eigenvalue +1. Following previous research, we answer some open qu-
estions about a specific numeration system of this kind, concerning the shor-
test possible representations of a given vector. We also come up with a new
system which, compared to those previously investigated in this class, has the
advantageous property of being able to represent all integer vectors using on-
ly the zero vector and one non-zero vector as digits. We investigate the mini-
mal-length representations in this system as well and generalize it to arbitrary
dimensions. To get better intuition for the numeration systems, we develop
two web applications that visualize their properties. This text will be part of
the author's master’s thesis.
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Translation of MSOL formulas to finite automatons

Jarmila Fialovd
Ceské Vlysoké Uceni Technické v Praze, Fakulta Informacnich Technologif

Using formal logic to verify practical solutions is a well-known method used
by a wide variety of fields, ranging from hardware verification to controller
synthesis. MONA is a tool that takes in a theory and outputs an automaton
that can be used not only to verify, but also find solutions. It is an old tool,
whose code is hard to comprehend and harder to modify. This thesis analyzes,
recreates and expands MONA's capabilities.

Data Structures for Sketching Dynamic Sets

Vojtéch Gadurek
UK, Praha, Matematicko-fyzikdini fakulta

Advancements in technology over the past decade have resulted in a mas-
sive accumulation of genomic data. This has created a demand for algorithms
capable of processing large datasets using limited memory. This thesis add-
resses the problem of computing the symmetric difference between two large
sets with low memory usage. The current standard approach uses IBLT (Inver-
tible Bloom Lookup Table), achieving a solution that requires only 1.22 times
more memory than the size of the symmetric difference.

We present an experimental improvement of over 140%, reducing the me-
mory requirement to 0.5 for k-mer sets. Our approach leverages the structural
properties of genomic data to break 2-cores, which otherwise prevent further
recovery of the IBLT sketch.

We introduce the concept of a predictor, which infers possible k-mers ba-
sed on already recovered elements. We demonstrate that even a weak pred-
ictor can reduce the memory bound to 0.78. We also that show that one should
not expect better ratio then 0.37 for 31-mers.

The thesis also examines the selection of an appropriate hash function fa-
mily. Our results show that tabulation hashing provides the most robust per-
formance, albeit with some trade-off in speed.

In addition, the thesis includes a high-performance implementation of the
algorithms, named Yak, designed for computing the symmetric difference of k-
mer sets. We focused on maximizing efficiency using advanced .NET features
such as Expression Trees and Struct Delegates. One side result of the thesis
is discovering a bug in .NETs.
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This work builds upon the author's bachelor thesis, supervised by Mgr. Pa-
vel Vesely, Ph.D. Chapter 3 was added as a result of subsequent research.

Power of Supplementary Information for Unary Regular Languages

Vincent Hlavac
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Praca pokracuje v skumani pojmu uzito€nosti informacie zapo¢atom na Ka-
tedre informatiky FMFI UK. Berieme problémy formalizované regularnym jazy-
kom L nad unarnou abecedou a za zloZitost problému povaZujeme stavovovu
zlozitost minimalneho automatu A akceptujliceho jazyk L. Jazyk L,q, Nndm po-
skytuje uzito¢nu informaciu o probléme L, ak ndm umozni najst novy problém
Lpew taky, Ze Lygy N Lpew = L. Od automatov A.q, @ Anew akceptujucich ja-
ZyKY Laay @ Lnew POZadujeme, aby mali mensiu stavovu zlozitost ako automat
A. Inymi slovami, aby rieSenie nového problému aj overenie spravnosti doda-
to¢nej informacie boli jednoduchsie ako pévodny problém. Na toto sa pozera-
me ako na rozklad automatu A na automaty A4, @ Anew. Definujeme relaciu
na jazykoch poskytovat uZito¢nu informdciu nasledovnym spdsobom. Jazyky
La a L su v relacii, teda L poskytuje uzito€nu informaciu pre L, ak existuje
rozklad minimalneho automatu akceptujuceho jazyk L, ktory obsahuje nejaky
automat A akceptujuci jazyk L. Nasledne definujeme triedu £ 4 ako triedu
v8etkych problémov, pre ktoré jazyk L4 poskytuje uzito¢nu informaciu. Uka-
zali sme, ze pre [ubovolny nekonec¢ny jazyk La # a* je tato trieda nekonec-
nd, teda kazdy netrivialny jazyk poskytuje uzito¢nu informaciu pre nekonecne
vela problémov. Naopak pre konec¢né jazyky je tato trieda prazdna, teda tri-
vidlne jazyky neposkytuju uzito&nu informéciu pre ziadny problém. Dalej sme
sa zaoberali vztahom medzi triedami £ 4, £ a jazykmi L(A), L(B) pre dané
automaty A a B. Ukdazali sme, Ze inkluzia na neprazdnych triedach impliku-
je existenciu rovnakej inkluzie na prislusnych jazykoch. Z toho dostdvame,
ze dané triedy sa rovnaju prave vtedy, ked sa rovnaju aj dané jazyky. Av-
Sak opacna implikacia v tomto pripade neplati. Dalej sa nam podarilo dokazat
neintuitivny fakt, Ze relacia poskytovat uzitocnu informdciu nie je tranzitivna.
V oboch tychto pripadoch sa ndm podarilo zostrojit nekone¢nu postupnost
kontraprikladov.
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Targeted optimization of masked superstrings for k-mer sets

Jdn Plachy
UK, Praha, Prirodovédecka fakulta

The increase in genomic data collection over the last decades has created
a challenge for efficient data storage and querying. Methods based on k-
mers, substrings of a small fixed length, have proven to be particularly useful
and outperform standard assembly-based methods in a variety of applicati-
ons. The novel approach of masked superstrings generalized k-mer-based
methods and provided state-of-the-art compression efficiency together with
a simple and memory-efficient way to design data structures for k-mers. Ho-
wever, the optimization of masked superstrings, which is NP-hard, has only
been done as a two-step process so far, creating room for improvement.

In this work, we model the space complexity of masked superstrings with
masks stored in run-length and Elias-Fano encodings. We propose a polyno-
mial-time heuristic algorithm for single-step optimization of masked supers-
trings, implement the algorithm, and test it on eukaryotic genomes and bac-
terial pangenomes. We then experimentally prove that our implementation
outperforms the best-performing methods used so far, both theoretically and
practically, especially for pangenomic datasets.

The work is based on the bachelor thesis submitted by Jan Plachy for the
Bioinformatics Study Programme at Charles University.

Usefulness of information for bounded regular languages

Andrej Ravinger
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

This work continues the research of the usefulness of information. Addi-
tional information can sometimes simplify a solution to a problem. This can
be formalized using formal languages, deterministic finite automata and de-
composition of a language. The deterministic decomposition of unary regular
languages has already been studied and we continue the research on decom-
position of regular languages bounded by a*b* (languages that are a subset
of a*b*). To decompose a regular language L means to find two regular lan-
guages L; and L. such, that L; N L, = L and the minimal deterministic finite
automata for L; and L. have fewer states than the minimal DFA for L. We fo-
cused on such decomposition where both decomposing languages are also
bounded by a*b*. We define a subfamily of languages bounded by a*b* which
we characterize upon decomposability into languages bounded by a*b*. We
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also present some other conditions for decomposability for other languages
bounded by a*b*.

Deciding Primality of Permutation Automata

Alexandra Revildkovd
Slovenskd technickd univerzita, Fakulta elektrotechniky a informatiky

Determining whether a deterministic finite automaton (DFA) is composite
allows us to keep classical automata problems tractable. A DFA is composite
when its language can be expressed as the language intersection of a col-
lection of smaller DFAs. This means that there exists a set of automata, each
with fewer states than the original DFA, whose language intersection results
in the same language as the original DFA. Conversely, when a DFA cannot
be decomposed in this way, it is called prime. This work focuses on primali-
ty for permutation DFAs, characterized by transition monoids forming groups.
We provide practical techniques for deciding the composition of permutation
DFAs efficiently in practice. Building on an existing NP algorithm for permutati-
on DFAs, we introduce two alternative algorithms. The first algorithm improves
the state-coverage verification process to optimize acceptance checks, while
the second additionally stores explored states, eliminating redundant compu-
tations. All three methods - the baseline NP algorithm and our two alternatives
- are implemented, and their runtime complexities are empirically evaluated
and compared. This study advances decomposition techniques for permu-
tation DFAs and provides insights into optimizing primality-testing algorithms,
bridging theoretical foundations with computational efficiency. The Master
thesis of the author focuses on the more general topic of Decomposition of
Regular Languages. The part on permutation DFAs follows the same app-
roach, but the provided optimizations differ from the ones presented in this

paper.

Vplyv viackrokového dotrénovania na uspesnost a vysvetlitelnost
klasifikacie obrazov z optickej koherenc¢nej tomografie

Samuel Gibala
Slovenskd technickd univerzita, Fakulta elektrotechniky a informatiky

Kvalitu modelov strojového ucenia najcastejsie vyhodnocujeme pomocou
metrik Uspesnosti. Tieto metriky vSak poskytuju len CiastoCny obraz o sku-
to¢nej vykonnosti modelu, najma pri medicinskych datach, kde je kltu€ova aj
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vysvetlitelnost. V tejto praci predstavujeme metddu viackrokového dotréno-
vania modelov strojového ucenia, ktord ma potencial nielen zlepsit Uspesnost,
ale aj zvysit mieru vysvetlitelnosti na taku uroven, ktora je podobnd rozhodo-
vaniu $pecialistu (oftalmoléga). Tento pristup overujeme na ulohe klasifikacie
obrazov z optickej koherencnej tomografie s vyuzitim metdédy GradCAM.

Aplikacia hibokych neurénovych sieti pre analyzu koznych lézii

Sabina Ov¢iarikovd, doc. Ing. Erik Kucera, PhD.
Slovenskd technickd univerzita, Bratislava, Fakulta elektrotechniky
a informatiky

Diagnostika koznych lézii pomocou umelej inteligencie predstavuje vyznam-
ny krok k véasnej detekcii zavaznych ochoreni, ako je napriklad melaném.
V tejto praci sa zameriavame na klasifikaciu siedmich typov koznych lézii s vy-
uzitim hlbokych konvolu€nych neurénovych sieti. Skimané modely zahfhaju
moderné architektury ako DenseNet a ResNet, ktoré sa osvedcili pri Ulohach
pocitacového videnia. Pozornost bola venovana aj predspracovaniu vstup-
nych obrazkov a rieSeniu nevyvazenosti datasetu prostrednictvom metod re-
samplingu, techniky SMOTE a vahovania jednotlivych tried. Experimentalne
vysledky ukazuju, ze vhodnou kombinaciou tychto technik mozno vyrazne
zlepsit presnost klasifikacie, ¢o prispieva k praktickej uplatnitelnosti v medi-
cinskej diagnostike.

Praca predstavuje vlastny prinos autorov vo forme navrhu a porovnania
viacerych stratégii spracovania a u¢enia modelov, ako aj ich systematickej
analyzy. Aktualne vystupy boli prezentované na fakultnom kole SVOC na Fa-
kulte elektrotechniky a informatiky STU. Vysledky predlozenej prace autorka
dalej rozvija v ramci svojej diplomovej prace, kde vytvara vzdelavaciu aplika-
ciu s grafickym rozhranim a animaciami realizovanymi v jazyku Python.

Neural Models for Multilingual Inflection

Tomds Sourada
UK, Praha, Matematicko-fyzikdini fakulta

This thesis investigates supervised deep learning models for automatic
morphological inflection, the task of modifying a base word (lemma) to express
grammatical categories, with a focus on multilinguality and potential deploy-
ment in an open-source tool or web service. We use Universal Dependencies
(UD) corpora across 73 languages, extracting lemma-tag-form triples along
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with their occurrence counts. A novel frequency-weighted, lemma-disjoint
train-dev-test re-splitis performed to ensure a realistic train-test data distribu-
tion. For evaluation, we use the standard token accuracy metric together with
type accuracy, which better reflects deployment scenarios by placing grea-
ter emphasis on frequent words. To address the absence of an open-source,
lightweight, multilingual morphological inflection generator capable of hand-
ling unknown words, we experiment with the current state-of-the-art archi-
tecture on the inflection task, a small-capacity, encoder-decoder Transformer
model trained from scratch. This model performs morphological inflection by
taking the lemma character-by-character and the tag as input and producing
the inflected form as output. Our multilingual systems, trained jointly on 33 or
73 languages, are lightweight, handle unknown words, and outperform sepa-
rately trained monolingual models in most languages. This demonstrates not
only the practical deployment advantages of multilingual models (eliminating
the need to manage dozens of separate models and avoiding the overhead of
retraining 73 individual models) but also their superior performance. Additi-
onally, we pioneer frequency-aware training through occurrence-based we-
ighted sampling. All code is released as open-source. This work is a master
thesis of the author, submitted in April 2025.
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Hybrid noise reduction

Roman Jancich, Marcel Makovnik
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

We define what noise is in polygon meshes and cover its categories. No-
ise reduction techniques include smoothing techniques that eliminate noise
and optimization methods that reconstruct local geometry. With this in mind,
we provide a novel approach that combines both categories. We smoothed
the mesh and eliminated high-frequency noise using anisotropic diffusion and
then optimized the local geometry and eliminated the remaining low-frequen-
cy noise by a modified moving least squares method. Our experimental results
were obtained on noisy and half-noisy meshes, and were compared to Lapla-
cian filtering and bilateral filtering. The visual results and the evaluation of the
algorithm, measured by the Chamfer distance, suggest that our method redu-
ces noise and improves the overall geometry better than traditional methods,
thus providing an effective noise reduction method.

Detecting 3D Line Segments for Pose Estimation

Matej Mok
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

The problem of detecting 2D line segments in RGB images is well-studied,
with numerous solutions based on analytical computations or deep learning.
In contrast, the detection of 3D line segments has not been paid much atten-
tion. In our work, we explore the possibility of extending an existing 2D line
segment detection model for use in 3D. Specifically, we selected the LETR
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(LinE segment TRansformers) model, which we modified and trained to detect
prominent line segments in an existing dataset containing 3D scans of bins.
With simple postprocessing the detetected 3D line segments can be used to
estimate the bin poses. The results show that this method achieves signifi-
cantly better accuracy than previous state of the art (mean translation error
3.4 cm vs 6.7 cm and mean rotation error 0.164 rad vs 0.431 rad). This sug-
gests that the proposed 3D line segment detector is well-suited for practical
applications. In the future, we intend to extend our work for general-purpose
3D line segment detection in RGB images and point cloud data.

Navrh monitorovacej platformy v podmienkach chovu laboratérnych
zvierat

Zuzana Baluchova
UPJS, Kosice, Prirodovedeckd fakulta

Tato praca sa zaobera navrhom a implementaciou modularneho monitoro-
vacieho systému ur¢eného na analyzu environmentalnych parametrov v pro-
stredi chovu laboratérnych zvierat, ktory umoznuje spolahlivé sledovanie vy-
branych parametrov v redlnom ¢ase. Vedecké experimenty realizované na la-
boratérnych zvieratach vyzaduju stabilné a kontrolované podmienky, ktorych
narusenie moze ovplyvnit vysledky vyskumu alebo viest k poruseniu legis-
lativnych poZiadaviek kladenych na zachovanie optimalnych vitalnych vlast-
nosti laboratornych jedincov. Hlavnym cielom prace bolo vytvorit funkény
navrh (proof-of-concept) systému schopného efektivne zhromazdovat udaje
z0 senzorov, detegovat prekroc¢enie kritickych hodnét a bezodkladne odosie-
lat informacie do monitorovacej platformy ThingsBoard, ktord v celom pro-
cese sluzi ako systém vCasného varovania. V systéme boli pouzité dve vy-
poctové jednotky — mikrokontrolér STM32, ktory primarne zabezpecluje zber
dat zo senzorov, a modul Omega2S+, ktory ich dalej spraciiva a komuniku-
je s platformou ThingsBoard. Vlastny prinos autora spociva v navrhu celko-
vej koncepcie systemu a implementacii komunikacnej vrstvy, o zahffia vyber
vhodnych komunika&nych rozhrani, synchronizaciu ¢asu, konzistentné spra-
covanie sprav a redundanciu transferu nameranych dat v pripade nedostup-
nosti jednotky Omega2S+. Navrhnuté rieSenie umoznuje buduce rozSirenie
o dalSie senzory a funkcionality. Vysledny systém je prisp6sobeny pre nasa-
denie v prostredi Ustavu biologickych a ekologickych vied UPJS, pri¢om jeho
hlavny prinos spociva najma v modularite, flexibilite a schopnosti prispésobit
sa Specifickym vyskumnym poziadavkam. Tato praca nadvazuje na vysled-
ky bakalarskej prace, ktorej hlavnym cielom bolo vhodne zvolit merané envi-
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ronmentalne parametre a implementovat zakladny zber dat. Tento prispevok
systém rozsiruje o pokrocilu komunika¢nu logiku a pripravuje ho na praktic-
ké nasadenie. Vysledky tejto prace doteraz neboli prihldsené v ramci sutaze
SVOC ani inych podobnych sutazi.

Testing the limits of differential MITM attacks

Peter Grochal, Martin Stanek
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

SLIM and LBCIloT are lightweight block ciphers proposed for loT applicati-
ons. We present differential meet-in-the-middle attacks on these ciphers and
discuss several implementation variants and possible improvements of these
attacks. Our attacks on 25 and 26-round LBCIoT are the best partial key reco-
very attacks on LBCIoT reported to date. Experimental validation also shows
some results that may be of independent interest in the cryptanalysis of other
ciphers. Namely, the problems with low-probability differentials, which never
occur for significant percentage of keys, and the problems with the questi-
onable accuracy of standard complexity estimates of using filters.

Vyuziti strojového uceni pro tvorbu umélé inteligence v turn-based hie

Matyds Halif
UK, Praha, Matematicko-fyzikalni fakulta

Programovani umélé inteligence je dllezitou a ¢asto pomérné dlouhou sou-
¢asti vyvoje her, ktera se velkym dilem podili na koncové kvalité samotné hry.
Se vzestupem technologii strojového uceni se naskyta otazka, zda tyto tech-
nologie nemaji své misto i pfi vyvoji her. V této praci se soustfedime na gene-
tické algoritmy a jejich potencial pro vyuziti oproti pevné zakdédované umeélé
inteligenci pro tahové strategie. Navrhneme hru, na které se uméla inteligen-
ce bude ucit a nasledné pro tuto hru implementujeme geneticky algoritmus
optimalizujici umélé inteligence pomoci matice. Na zavér provedeme analyzu
vysledkl na dvou rlznych pfipadech priibéhu algoritmu a k témto vysledkiim
podame mozné hypotézy a prozkoumame mozné navazujici prace. Vysled-
kem této prace je hra, kde je mozné proti takto vygenerovanym umélym inte-
ligencim hrat.
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Implementacia sSifrovacieho stroja Condenser PBJ

Jdn Mikulec
STU, Bratislava, Fakulta informatiky a inf. technologii

Condenser PBJ bolo mechanické $ifrovacie zariadenie pouzivané Cesko-
-Slovenskou diplomaciou do roku 1934. Toto zariadenie v suCasnej dobe uz
neexistuje a doposial neexistovala ani ziadna implementacia softvérového pre-
vedenia operacii, ktoré vykonavalo. Model zariadenia a jeho funkcionality boli
zrekonstruované na zaklade dokumentov z archivov. Condenser PBJ vykona-
val polyalfabetické substitu¢né Sifrovanie s vyuzitim autokluca. V ramci diplo-
movej prace sme vytvorili implementacie, ktoré poskytuju rovnaké funkciona-
lity, ako Condenser PBJ a desktopovu aplikaciu, ktora umoznuje vykonavat
experimenty na referencnej implementécii. Aplikacia tiez umoznuje testovanie
3 vytvorenych verzii softvérového prevedenia PBJ. Poskytuje meranie rych-
losti Sifrovania a desSifrovania, sledovanie miery zlyhani a vykonavanie Statis-
tickej analyzy zaSifrovaného a naformatovaného otvoreného textu. Vytvori-
li sme tiez 4. implementaciu sucasne s komponentom do edukacnej webo-
vej aplikacie HCPortal. Komponent poskytuje interaktivne grafické rozhranie,
v ktorom ma pouzivatel moznost oboznamit sa so zariadenim, nastavovat jeho
parametre, vykonavat Sifrovanie a desSifrovanie a vyskusat si Condenser PBJ aj
vo forme funkéného 3D modelu s inStrukciami ku obsluhe zariadenia. 3 imple-
mentacie boli vytvorené pomocou programovacieho jazyku Java, desktopova
aplikacia bola vyvinuta frameworkom Java Swing, 4. implementacia bola na-
programovana pomocou jazyku TypeScript a komponent do aplikacie HCPor-
tal bol vyvinuty technolégiou Angular. Statisticka analyza textu ukazala index
koincidencie zasifrovaného textu podobny indexu koincidencie prirodzenych
jazykov. Implementéacie presli sériou testovani ich funk&nosti a vystupy ich
operacii predstavuju autentické vystupy zariadenia Condenser PBJ za pred-
pokladu. Desktopova aplikacia sluzi ako zaklad na pridavanie novych testov
a sledovanych Statistickych vlastnosti textu a komponent v aplikacii HCPortal
umoznuje pouzivatel'sky privetivé rozhranie na edukacné ucely. Implementa-
cie su zaroven vObec prvymi svojho druhu a predstavuju tak jediné dostupné
programoveé rieSenie tohoto zariadenia. Vytvorili sme niekolko kryptoanaly-
tickych vyziev, ktoré budu publikované v aplikacii MysteryTwister. Diplomova
praca sa tiez zui&astnila v aprili 2025 fakultného kola SVOC na Fakulte elektro-
techniky a informatiky, STU.
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Reactive web framework in a pure functional language

Matej Niznik
UPJS, Kosice, Prirodovedeckd fakulta

Cielom prace je implementacia reaktivneho webového frameworku v Cis-
tom funkcionalnom jazyku, konkrétne v programovacom jazyku Haskell. To
zahrna navrh efektivneho sp6sobu detekcie zmien stavu aplikacie, navrh er-
gonomického API na vytvaranie uzivatel'skych rozhrani aimplementaciu ukaz-
kovych aplikacii, ktorych cielom je otestovat a odprezentovat funkcionalitu
API. Na zacCiatku preskumame aktudlny stav v oblasti reaktivhych framewor-
kov, existujuce implementacie v inych jazykoch a v Haskelli a uzito¢né kon-
cepty v teoretickej oblasti funkcionalneho reaktivheho programovania. Na-
sledne podrobnejSie popiSeme principy popularnych modelov pre reaktivhe
programovnie uzivatel'skych rozhrani a zvolime vhodny model alebo kombi-
naciu modelov pre nasSe API. Kedze tvorba webovych rozhrani obnasa tvor-
bu a spustanie interaktivnych webovych stranok, budeme sa venovat aj kom-
pilacii Haskellu do formy pouzitelnej pre web, vyuZivajic novu funkcionalitu
vramci projektu GHC. Nakoniec popiSeme implementaciu frameworku, navrh-
neme subor prikladov uzivatelského rozhrania implementovanych pomocou
tohto frameworku a zhodnotime finalnu implementaciu v porovnani s alterna-
tivami.

Analyza genomickej kompozicie v diagnostike rakovinovych ochoreni

Ondrej Skorfidk
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Praca sa zaobera analyzou genomickej kompozicie s cielom zlepsit diag-
nostiku rakovinovych ochoreni. Skumali sme rozdiely medzi zdravymi a na-
dorovymi vzorkami DNA pomocou bioinformatickych metéd, ktoré umoznuju
vizualizovat a analyzovat Specifické vzory v genetickej informacii. V datovej
mnozine Prevelynch sme identifikovali vyznamné rozdiely v zastupeni kon-
krétnych dinukleotidov medzi zdravymi a nadorovymi vzorkami. Tieto rozdiely
su koncentrované v urcitych oblastiach genetickej sekvencie, ktoré vykazuju
vyraznu odlisnost a potencial pre spolahlivé rozliSenie zdravych od nadoro-
vych vzoriek. Predbezné vysledky naznacuju, Ze tieto poznatky mozu slu-
zit ako zaklad pre vytvorenie novych diagnostickych nastrojov, vyuzivajlcich
pokrocilé Statistické postupy a algoritmy strojového u¢enia. Nasim cielom do
buducnosti je vyvinut jednoduchy a efektivny diagnosticky model zalozeny na
analyze genomickej informacie.
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Hardvérové MITM utoky na komunikaciu po zberniciach

Dennis Vita
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Mnohé dnesné hardvérové zariadenia pozostavaju z viacerych integrova-
nych obvodov, ktoré su navzajom prepojené komunikacnymi zbernicami. Zau-
jimavym aspektom je aktivne zasahovanie do takejto komunikacie, napriklad
za ucelom modifikacie udajov alebo ziskania kl'u¢ov. V praci sme implemento-
vali hardvérovy Man-in-the-middle (MITM) utok pre zbernice UART a SPI po-
mocou FPGA, ¢o umoznuje do komunikacie zasahovat v redlnom ¢ase. Navrh
oddeluje zbernicové rozhranie od MITM logiky, ¢o zjednoduSuje prispésobe-
nie Utoku na iné zbernice. Implementacia je modularna a rozsiritelna, s opako-
vane pouzitelnymi zakladnymi stavebnymi prvkami (napr. detektor hran sig-
nalu, buffer, ¢ita¢ a pod.). V rdmci zbernicového rozhrania su pre UART a SPI
zbernice vytvorené Specifické ovladace, ktoré zohladruju ich odlisné vlast-
nosti (asynchronnost UART a synchronnost SPI). Zaroven poukazujeme na
principialne neabstrahovatelné viastnosti zbernice ako napriklad master-slave
architektura. Ta prindSa obmedzenia, ktoré mézu zavisiet od obsahu prena-
Sanych dat. Priimplementacii sme dbali aj na Standardné problémy pri navrhu
FPGA obvodov ako napriklad synchronizacia vstupov a odstranenie zakmitov
signalu (angl. signal debouncing). Konfiguracia obvodu je prispdsobitelna cez
parametre (napr. frekvencia systémovych hodin) a syntéza je automatizova-
na skriptom. Praca demonstruje vyhody FPGA oproti softvérovym rieSeniam,
ako je rychlost a kontrola spracovania informacie na urovni logickych hradiel,
a ponuka rozsiritel'ny zaklad pre dalSie zbernicové protokoly. Pouzitelnost rie-
Senia na zaver demonstrujeme na dvoch konkrétnych prikladoch utokov.
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