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Preface

In the beginning of 2014, the Management of the Faculty of Mathematics and Physics
decided that the traditional conference of PhD students called the WDS (Week of Doctoral
Students) would not be organized as an activity of the entire faculty. Instead, the decision
as to whether to organize the conference or not was left to the respective Schools (of
Computer Science, of Mathematics, and of Physics).

Since then, the School of Mathematics organized this event as WDS-M (Week of Doc-
toral Students of the School of Mathematics). Except for 2014, WDS-M was always a
one-day conference and therefore, the new name DDS-M (Day of Doctoral Students of
the School of Mathematics) was introduced five years ago. Since WDS-M was not or-
ganized in 2020 due to the COVID-19 Pandemic, the conference of PhD students at
the School of Mathematics is organized for the 12th time in this year, see also http:
//www.karlin.mff.cuni.cz/~knobloch/DDS-M/2026/. The original WDS continued at
the School of Physics in its 35th edition (May 26-28, 2026) as a conference for PhD stu-
dents of physical study programs, see http://www.mff.cuni.cz/veda/konference/wds/.

This year, 16 students have registered as active participants to the conference. The
abstracts of their lectures are contained in this Book of Abstracts. We believe that this
event, which takes place in the “mathematical” Karlin building of the faculty, will attract
the attention of the students but also of the broad mathematical audience. We thus en-
courage all of those interested in the scientific activities of our doctoral students to attend
this meeting.

Prague, June 18, 2026

prof. Mgr. Petr Knobloch, Dr., DSc.

Coordinator of the Doctoral Studies at the School of Mathematics
Faculty of Mathematics and Physics

Charles University
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Indecomposable integers over simplest cubic fields

Mgr. Simona Frysova

E-mail: simonkahlavinkova@gmail.com
Study branch: PAM1

Year of study: 1

Supervisor: Pavlo Yatsyna, Ph.D.

Abstract

What are the “smallest” elements in the ring of integers of a number field? Can we
describe them explicitly in real quadratic fields and in the simplest cubic fields? What
relations do these elements satisfy, and what does a generating set for all such relations
look like? How can this help us classify uniquely decomposable elements, and why are
indecomposable integers natural objects to study?



Lower bounds on inverse cellular automata via proof complexity

Mgr. Maryia Kapytka

E-mail: mkapytka@protonmail.com

Study branch: P4AM1

Year of study: 2

Superuvisor: prof. RNDr. Jan Krajicek, DrSc.

Abstract

We study the complexity of inverse cellular automata on configurations of bounded size.
Deciding injectivity in this setting is co-NP-complete (Durand 1994); we give a simpler
proof via a direct reduction from UNSAT, avoiding more complicated intermediate con-
structions, and show one direction of the reduction can be formalized in the weak arithmetic
theory V°. The co-NP-completeness result allows one to view inverse cellular automata on
bounded configurations as propositional proofs (following Cavagnetto), and we establish
lower bounds on their size using known lower bounds for bounded-depth Frege systems
together with the Paris—Wilkie translation, which transfers proof complexity lower bounds
to our setting.



On the contractibility of acyclic complexes

Mgr. Jindrich Novak

E-mail: jindrich.novak@matfyz.cuni.cz
Study branch: P4AM1

Year of study: 1

Supervisor: doc. Liran Shaul, Ph.D.

Abstract

The notion of an exact sequence is ubiquitous in module theory. Indeed, since every ho-
momorphism ¢: M — N of modules over a ring A gives rise to a canonical exact sequence,
one may view exact sequences of A-modules as extended analogues of A-linear maps. By
relaxing the exactness criterion to the mere vanishing of successive compositions, one arri-
ves at the notion of a cochain-complezr. Given such a complex, one obtains three natural
senses of nullity made precise in the categories Ch(A), K(A), and D(A). With respect
to these, one may consider a cochain-complex ‘null’ if it is, in turn, termwise composed
of zero-modules; if it is contractible—that is, roughly, if it ‘splits everywhere’; or if it is
ezxact. These notions are logically dependent: a termwise-zero cochain-complex is contracti-
ble while every contractible cochain-complex is exact. The question of when these logical
implications may be reversed, however, calls for a subtler enquiry. It is not difficult to show,
for example, the condition that every exact cochain-complex of A-modules be contractible
characterizes A as a semisimple ring. Weakening semisimplicity to Noetherianity still per-
mits one to recover this condition, albeit specialized to smaller classes of cochain-complexes
of projective, injective, and flat A-modules satisfying certain homological conditions.



Compactly generated t-structures over commutative rings

M.Sc. Simone Pizzirani

E-mail: simone.pizzirani@matfyz.cuni.cz
Study branch: P4AM1

Year of study: 2

Supervisor: RNDr. Michal Hrbek, Ph.D.

Abstract

Over the past 40 years, there have been many results about classifying various sub-
categories of triangulated categories, in particular in the context of derived categories of
(noetherian) commutative rings. In this talk, we will focus on t-structures, which are the
natural generalisation of torsion theories to the triangulated setting. We will see how we
can classify compactly generated t-structure in the case of commutative rings, relating
them to specific families of subsets of the prime spectrum of the ring.



Additive structure of indecomposables in semilattices

M.Sc. Ritoprovo Roy

E-mail: ritoprovo.roy@matfyz.cuni.cz
Study branch: P4AM1

Year of study: 1

Supervisor: doc. Mgr. Vitézslav Kala

Abstract

The study of indecomposable elements is motivated by their role in the arithmetic of
number fields, particularly in connection with questions arising from universal quadratic
forms, where they capture essential additive structure. In the work of Hejda—Kala, the
structure of indecomposables in real quadratic number fields was investigated, showing in
particular that the set of additive relations among them is finitely generated.

In this talk, we extend this perspective to a broader setting. In joint work with my
supervisor Vita, we study indecomposable elements in general number fields of degree d,
and further generalize these results to semigroups arising from lattices. We investigate
the additive structure of indecomposables and the relations they satisfy, with the aim of
understanding how these elements govern the structure of the ambient semilattices.



Equivariant homotopy theory

Mgr. Jakub Knesel

E-mail: jakub.knesel627@student.cuni.cz
Study branch: PAM2

Year of study: 1

Supervisor: doc. RNDr. Petr Somberg, Ph.D.

Abstract

Classical algebraic topology uses algebraic invariants such as groups and rings to answer
the following question: given two topological spaces, can we continuously deform one into
the other? In equivariant homotopy theory we ask the same question, but we also take
into account group actions. More precisely, let G be a compact Lie group and X and
Y two topological spaces equipped with G-actions. We are now asking whether we can
continuously deform X into Y in a way that also continuously deforms the G-action on X
into the G-action on Y. In my talk, I will introduce equivariant algebraic invariants which
allow us to, at least partially, aswer this question.
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Rotation minimizing camera inspection

Mgr. Michal Molnar

E-mail: mysymol@mmolnar.sk

Study branch: PAM2

Year of study: 2

Supervisor: doc. RNDr. Zbynék Sir, Ph.D.

Abstract

It is a common practice to visually inspect a manufacturing product. The inspection is
done by a moving camera, which shows its field of view to a human inspector. This talk
will be about designing a suitable trajectory for the camera — its motion should maintain
the distance from the inspected object while avoiding any unnecessary rotations. Such a
formulation is a nice twist on the classical problem of rotation minimizing frames, which
we will use as an inspiration in approximation of the desired solution.

11



Fine properties of Orlicz-Sobolev functions

RNDr. David Kubiéek

E-mail: kubicek@karlin.mff.cuni.cz

Study branch: PAM3

Year of study: 2

Superuvisor: prof. RNDr. Lubos Pick, CSc., DSc.

Abstract

This talk discusses fine properties of functions of (fractional) Orlicz-Sobolev spaces
WeLA(R"). A key role in this endeavor will be played by Orlicz capacity, a generalization
of a well known Sobolev Cap,, capacity. We first investigate basic properties and behavi-
our of the Orlicz capacity, which is then followed by discussing a precise representative of
Orlicz-Sobolev functions as well as their approximation via functions of a given modulus
of continuity:.
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Ciarlet Necas condition in fractional Sobolev spaces

RNDr. Jaromir Mielec

E-mail: jaromir.mielec.3@seznam.cz

Study branch: PAM3

Year of study: 2

Supervisor: prof. RNDr. Stanislav Hencl, Ph.D.

Abstract

Let s € (;47,1), @ C R" be an open set and let f € Wen/5(Q, R") be mapping
with positive distributional Jacobian J > 0 which models some deformation in fractional
Nonlinear Elasticity. We show change of variables formula in this class and as a consequence
we show that the analogue of Ciarlet-Necas condition J;(2) = |f(€2)| implies that our
mapping is one-to-one a.e.
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Fast and accurate algorithms in numerical linear algebra

M.Sc. Thomas Bake Arenas

E-mail: bake@karlin.mff.cuni.cz

Study branch: PAM6

Year of study: 2

Supervisor: doc. Erin Claire Carson, Ph.D.

Abstract

Matrix computations underlie many large-scale applications that involve solving large
linear systems. To reduce energy and computational costs while accelerating solutions, nu-
merical linear algebra techniques must be adapted to modern hardware. Two particularly
valuable advances are randomization and mixed precision. Randomization can drastically
reduce problem size and make previously intractable problems solvable, while mixed preci-
sion strategically combines different floating-point arithmetics to achieve high accuracy at
lower cost. When supported by rigorous mathematical analysis, both approaches can yield
substantial speedups, improved numerical stability, and reduced storage or communication
demands.

This talk is split into two topics. In the first part, we present contributions related to a
mixed-precision preconditioned conjugate gradient algorithm. In the last part, we outline
future work that deals with the development of robust solvers for saddle point problems
via randomization and mixed precision.
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Data-driven stabilization parameters for CDR equations on
general meshes

M.Sc. Manoj Prakash

E-mail: manoj@karlin.mff.cuni.cz

Study branch: PAM6

Year of study: 3

Supervisor: prof. Mgr. Petr Knobloch, Dr., DSc.

Abstract

Numerical simulation of fluid flows frequently requires solving convection—diffusion—
reaction (CDR) equations, which model the transport of quantities such as temperature,
concentration, or vorticity in a moving fluid. In convection-dominated regimes, standard
finite element methods often suffer from spurious oscillations and unstable solutions. The
Streamline Upwind/Petrov—-Galerkin (SUPG) method addresses this by augmenting the
standard Galerkin variational formulation with a residual-based stabilization term cont-
rolled by an element-wise parameter dx. Consider the CDR problem

—cAu+b-Vu+cu=f inQ, u =1, on S, (1)

where u is the transported variable, b the velocity field, ¢ the diffusion coefficient, ¢ a
reaction rate, and f a source term. The SUPG method seeks u;, € V}, such that

a(up,vn) + Y Ox(—eAup+b-Vu, +cup— f, b-Vu,) . =0 Yo, €Vi,  (2)

KeTy,

where a(-,-) is the standard Galerkin bilinear form, v, the test function, and dx > 0 the
stabilization parameter that controls the amount of artificial diffusion added along the
streamlines. Selecting an appropriate value of dx is critical: a too small value leads to
oscillatory solutions, while a too large value introduces excessive numerical diffusion. Clas-
sical choices perform poorly on most of the mesh geometries.

In this work, we extend our machine learning—based framework for computing optimal
SUPG stabilization parameters to unstructured and anisotropic meshes, which are far more
prevalent in practical CEFD applications than the structured setting. A neural network mo-
del is trained within the SUPG framework to learn local flow and mesh features and to
output element-wise optimal parameters dx. The network is trained on a diverse range of
mesh configurations, enabling it to generalize robustly to structured, unstructured, and
strongly anisotropic meshes alike. Comparative numerical experiments demonstrate that
the proposed ML-enhanced SUPG method yields more accurate solutions than the standard
SUPG method on all tested mesh types, successfully suppressing spurious oscillations to a
degree consistent with the quality obtained on structured grids. These results underscore
the potential of data-driven stabilization strategies for delivering reliable, oscillation-free
finite element solutions to convection-dominated problems on general computational me-
shes.
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Testing model adequacy in integer-valued time series

Mgr. Aneta Kostarova

E-mail: kostarova@karlin.mff.cuni.cz

Study branch: P4AM9

Year of study: 2

Supervisor: doc. RNDr. Sarka Hudecovd, Ph.D.

Abstract

This contribution addresses models for time series of integer-valued variables. Such series
arise in various applications, often as increment series for counts of interest. A model
with a GARCH-type structure with the Skellam conditional distribution is considered. We
propose a novel testing procedure to assess the null hypothesis that a set of integer-valued
observations follows such model.
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Besov-Orlicz regularity of the canonical rough path above the
Wiener process

Mgr. Filip Stastny

E-mail: filip.stastny946@student.cuni.cz
Study branch: PAM9

Year of study: 1

Supervisor: RNDr. Petr Coupek, Ph.D.

Abstract

The purpose of rough path theory is to give meaning to differential equations of the
form dY; = f(Y;) dX;, where the integrator is not regular enough for this equation to be
understood in the “classical” sense. In the theory, one defines an appropriate map X that
represents the postulated values of the iterated integrals of increments of X against itself.
If X and X satisfy certain algebraic and regularity conditions, it is possible to formally
define an integral against the “rough path” X = (X, X).

An example of a random process whose paths are not regular enough is the Wiener
process. In this talk, we will consider rough path theory under Besov-Orlicz regularity,
and we will show that the canonical rough path constructed above a d-dimensional Wiener
process is precisely of this regularity.
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Theory of inhomogeneous fluids

M.Sc. Jovi Koikkara

E-mail: jovi.koikkara@mff.cuni.cz
Study branch: P4F11

Year of study: 2

Supervisor: Christoph Allolio, Ph.D.

Abstract

This talk presents a streamlined route from microscopic many-body descriptions to
practical theories of equilibrium inhomogeneous fluids under external fields and confine-
ment. Starting with quick discussion on static BBGKY hierarchy, I will introduce classical
density functional theory (cDFT) as an exact reformulation in terms of the one-body
density, outlining its variational framework and common approximations. Particular fo-
cus is given to fundamental measure theory (FMT) for hard-core systems, along with
connections to diagrammatic (Mayer) expansions and liquid-state closures. Extensions in-
corporating association and chain formation are briefly discussed. As an illustrative exam-
ple, I derive the Poisson—Boltzmann equation as a mean-field limit of cDFT for Coulomb
fluids, clarifying its assumptions and limitations. Overall, the talk emphasizes the concep-
tual bridges between hierarchical equations, diagrammatic methods, and modern density-
functional approximations.
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Chemically reacting mixtures: asymptotic stability of steady
solutions

Mgr. Tobias Krupa

E-mail: Tobias. Krup@seznam.cz

Study branch: P4F11

Year of study: 1

Supervisor: doc. RNDr. Miroslav Bulicek, Ph.D.

Abstract

In many applications, we are interested in mixtures in which chemical reactions occur.
There is a well-known theory of mixtures that can capture this effect in its equations.
However, the terms describing the interchange of mass between the constituents are often
quite complicated and nonlinear. One particularly important aspect that is studied is the
equilibrium state, especially in cases involving multiple independent chemical reactions. In
such cases, the question of asymptotic stability is highly non-trivial in general, and one is
required to study the models on a case-by-case basis. We study the existence, uniqueness,
and stability of coupled system of equations for the velocity field and the concentrations
of the constituents, equipped with various boundary conditions.

19



Modeling metamaterials by second-order rate-type constitutive
relations between only the macroscopic stress and strain

Mgr. Martin Vejvoda

E-mail: vejvoda@karlin.mff.cuni.cz
Study branch: PAF11

Year of study: 3

Supervisor: doc. Mgr. Vit Prusa, Ph.D.

Abstract

Metamaterials are materials with specifically designed microstructure which grants them
unusual properties not typically seen in nature such especially regarding wave propagation.
Macroscopic behavior of such materials is typically described by homogenous linear elastic
material with the effective density and stiffness depending on the frequency. The resulting
effective density / stiffness can be even negative for certain frequencies. Such interpretation
contradicts the principle of Newtonian mechanics that the mass is constant. A few different
ways have been proposed to address this issue. These alternative models utilize concepts of
“micro-level deformation”, “micromorphic continua” or “enriched continua”. While details
may vary, the key idea is the same — introduce an additional kinematic variable.

We present yet another approach that addresses the issue, and which results in effective
rate-type constitutive relations. The relations are formulated as second-order in time rate-
type Eulerian constitutive relations between only the Cauchy stress tensor, the Hencky
strain tensor and objective time derivatives thereof without the need to introduce additi-
onal kinematic variables. Furthermore, the proposed approach works even in finite defor-
mations setting, and the resulting constitutive relations are thermodynamically consistent.
The linearisation of the constitutive relations leads to the same Fourier representation as
the model utilizing frequency dependent quantities, but with constant material parameters.
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