SVOC 2017 Plzen

Soutéz studentl vysokych skol
ve védecké odborné cinnosti
v matematice a informatice

21.—23. kvétna 2017

sbornik abstraktu

Ceska matematicka spoleénost Jednoty eskych matematik( a fyzik
Slovenska matematicka spolocnost Jednoty slovenskych matematikov a fyzikov
Slovenska informaticka spolocnost

Fakulta aplikovanych véd Zapadoceskeé univerzity v Plzni



Ceska matematicka spoletnost JCMF
Slovenska matematicka spolo¢nost JSMF
Slovenska informaticka spolo¢nost
Fakulta aplikovanych véd ZCU

SVOC 2017 Plzen

Soutéz studentt vysokych skol ve védecké odborné ¢innosti
v matematice a informatice

Zavére&né kolo 18. roéniku soutéze SVOC
SVOC.ZCU.CZ

Plzen
21.—23. kvétna 2017



SVOC 2017 Plzen

Soutéz studentl vysokych Skol ve védecké odborné ¢innosti v matematice a informatice
Zaveéreéné kolo 18. rocniku soutéze SVOC (svoc.zcu.cz)
Plzen, 21. — 23. kvétna 2017

Vyhlasovatel

Ceska matematicka spole¢nost, sekce Jednoty ¢eskych matematikii a fyzik
Slovenska matematicka spolo€nost, sekcia Jednoty slovenskych matematikov a fyzikov
Slovenska informaticka spolo¢nost

Poradatel

Fakulta aplikovanych véd Zapadoceské univerzity v Plzni

Zastitu nad soutézi prevzal

rektor Zapadoceské univerzity v Plzni doc. Dr. RNDr. Miroslav Holecek

Fotografie na obélce © Libor Svacek (archiv mcumedia.cz).



Vazeni a mili pratelé,

jsem nesmirné poctén tim, Ze mohu prevzit zastitu nad 18. rocnikem ¢esko-slovenské
soutéZe o nejlepsi studentskou praci v oboru matematiky a informatiky. Matematika je
pravem povazovana za nejpozoruhodnéjsi vyplod lidského ducha, za zaklad mySleni, které
dalo vznik védeckému zkoumani svéta. Matematika dala lidstvu i vskutku univerzalni a na-
prosto presny jazyk. Kdo tomuto jazyku porozumi a nauéi se v ném premyslet, ocita se
v nadherném svété — svété vécné pravdy a neobycejné krasy. Svété, ktery nas prived|
k tém nejsmélejsim technologiim. Svété, diky némuz jsme se naugili nevidanym zplsobem
zpracovavat, prenaset a vyuzivat i nejrozmanitéjsi informace. Informatika je toho nejlepsim
dikazem.

A neni lepsi zplsob, jak tento svét objevovat a poznavat jeho vlastnosti, nez se pustit
do samostatného premysleni a badani. Studentské prace v oboru matematiky a informatiky
jsou dokladem toho, Ze tento svét fascinuje dalSi a dal§i generace. A Ze maji touhu se
pustit i do naroénych vyprav za poznanim, které vyzaduiji velkou pili, trpélivost a schopnost
abstraktné premyslet. Pfeji vam na této cesté mnoho malych i velkych objevd, vzruseni
i radost z poznani!

A dovolte mi, abych podékoval véem, ktefi se o pofadani a organizaci celé soutéze
zaslouzili. Stejné tak patfi dik vSem, kdo se zaslouzili o jeji propagaci, a v neposledni fadé
v8em tém, ktefi mladym lidem svét matematiky a informatiky otviraji a pomahaji jim do néj
vstupovat.

V Plzni dne 11. kvétna 2017

doc. Dr. RNDr. Miroslav Holeéek
rektor ZapadocCeské univerzity v Plzni
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Matematicka analyza

teorie funkci a prostory funkci,
teorie diferencialnich a integralnich rovnic
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prof. RNDr. Pavel Drabek, DrSc. (FAV ZCU, Plzef)
prof. RNDr. Jan Francu, CSc. (FSI VUT, Brno)
doc. RNDr. Miroslav Zeleny, Ph.D. (MFF UK, Praha)
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Conjugations and factors of dynamical systems

Jakub Cavro
SU, Opava, Matematicky Ustav

In the presented paper we deal with dynamical systems on compact metric spaces and
we continue in bachelor’s thesis. In the first chapter we introduce some basic knowledge
of dynamical systems. In the second chapter we study a situation when two dynamical
systems are conjugated or semi-conjugated. In the third chapter we render our main result:
the relations between the sets that play important role in studying of dynamical systems.

Optimality of function spaces for classical integral operators

Zdenék Mihula
UK, Praha, Matematicko-fyzikalni fakulta

This work investigates optimal partnership of rearrangement-invariant Banach function
spaces for the Hilbert transform and the Riesz potential. Sharp theorems which characterize
optimal action of these operators on such spaces are established. These results enable
us to construct optimal domain (i.e. the largest) and optimal range (i.e. the smallest)
partner spaces when the other space is given. The obtained results are illustrated by non-
trivial examples involving Generalized Lorentz—Zygmund spaces with broken logarithmic
functions. The method is presented in such a way that it should be easily adaptable to other
appropriate operators.

The text is structured as follows. Chapter 1 contains all the necessary background
theory. The main results are then contained in Chapter 2, where optimal partner spaces
are characterized for the Hilbert transform (namely Theorem 2.13, Theorem 2.18 and
Theorem 2.19), and Chapter 3, where basically the same things are established for the Riesz
potential (namely Theorem 3.14 and Theorem 3.19). The results are illustrated with exam-
ples (namely Examples 2.16, Example 2.21 and Examples 3.17) in which the principal role
is played by the Generalized Lorentz—Zygmund spaces with broken logarithmic functions.

This work is my master thesis supervised by prof. RNDr. Lubos Pick, CSc., DSc.

Lorentz-Karamata spaces

Dalimil Pesa
UK, Praha, Matematicko-fyzikalni fakulta

In this paper, we consider Lorentz-Karamata spaces with slowly varying fuctions and study
their properties.

We first provide simpler definition of slowly varying functions and derive some of their
properties. We then consider Lorentz-Karamata functionals over an arbitrary sigma-finite
measure space with non-atomic measure and corresponding Lorentz-Karamata spaces. We
characterise non-triviality of said spaces, then study when they are equivalent to a Banach
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function space and obtain multitude of conditions, either sufficient or necessary. We further
study embeddings between Lorentz-Karamata spaces and provide partial characterisation.
At last, we try to describe the associate spaces of Lorentz-Karamata spaces and succeed
even in some of the limiting cases.

Our contributions are mainly the characterisation of non-triviality, the partial characteri-
sation of embeddings, the description of associate spaces in some limiting cases and all
the results concerning Lorentz-Karamata spaces with the secondary parameter ¢ smaller
than one. Those results are, as far as we are aware, new. This paper is an early version
of author’s bachelor thesis.

Characterization of functions vanishing at the boundary

Hana Turéinova
UK, Praha, Matematicko-fyzikalni fakulta

Let 2 C IR"™ be a domain with a moderate boundary regularity, p € (1, 00) and let d be
the distance function defined by d(t) =dist(¢,9), t € IR". Assume that u belongs to
the Sobolev space W' P(£2). A classical result states that u € W, () if and only if
%2 € LP(Q2) and Vu € LP(Q). This fact has been several times consecutively refined, and
each time the required condition 5 € LP(£2) was relaxed to a weaker one. The first such
improvement shows that the condition 4§ € LP°°((2) is sufficient. In the next such result
the condition 5 € L'(2) was considered. Moreover, this result was extended to Sobolev
spaces of higher order. In this work we improve the previous results in the case whenn = 1
and () is an open interval I. In our principal result we prove that u € WO1 P(T) if and only
if € LVP(I)and u' € LP(I).

This text coincides with the author’s Bachelor thesis. It was prepared solely by the au-
thor under the supervision by doc. Nekvinda. Mathematical advice was received from
the supervisor.
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Teorie pravdépodobnosti a matematicka statistika

Porota

Dr. Jan M. Swart (UTIA AV CR, Praha)
doc. Ing. FrantiSek Vavra, CSc. (FAV ZCU, Plzer)
doc. RNDr. lvan Zezula, CSc. (PF UPJS, KoSice)
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Post-selection Inference: Lasso

Vojtéch Bouf
UK, Praha, Matematicko-fyzikalni fakulta

Lasso patii mezi populdrni nastroje, které miZeme pouzit k vybéru a odhadu proménnych.
Klasicka statistickd inference vSak nenf pro lasso odhady aplikovatelna. V této préici je
predstavena metoda lasso spolecné s nékterymi efektivnimi algoritmy pro jeji feseni. Hlavn{
Cast je vénovana tzv. povybérové inferenci pro lasso odhady, kde je také vysvétleno, pro¢
klasicka inference neni vhodnd. Déle jsou uvedeny a popsany tfi povybérové testy, jejichzZ
vlastnosti jsou zkoumdny a srovndny v simulacich. Testy jsou rovnéZ pouZity na praktickém
prikladé. Celd prace v podstaté kopiruje autorovu praci diplomovou, pfic¢emz jsou kvili
celkové délce vynechany pasaze vénované group lasso metodé, tj. zobecnéni lasso pro
skupiny parametrd.

Testovanie strednej hodnoty za predpokladu rovhomernej korelacnej
Struktary

Andrea Malcicka
UPJS, Kosice, Prirodovedecka fakulta

V celej praci uvazujeme ndhodny vyber o rozsahu n z k-rozmerného normalneho rozdelenia.
Cielom nasej prace je odvodit’ zdkladné Statistické testy pre testovanie vektora strednej
hodnoty za predpokladu, Ze varian¢nd matica ma tzv. rovhomernu varianénu Struktiru.
Konkrétne pdjde o odvodenie trojice testov nazyvanych Holy Trinity: Test pomerom viero-
hodnosti, Raov skérovy test a Waldov test, ktoré spdja rovnaké asymptotické rozdelenie.
Navyse odvodime aj test, ktory je nazvany ako anal6gia Hotellingovho testu; ide o Ho-
tellingov test modifikovany pre pripad uvaZovanej variancnej Struktiry. Pre tieto testy
odvodime aj presné rozdelenie testovacich Statistik a pomocou simulacii porovname silu
jednotlivych testov; bude nds hlavne zaujimat’ spravanie sa sily testov pri zmene dimenzie,
poctu pozorovani a korel4cie zloZiek ndhodného vektora vzhl'adom na zvolené skuto¢né
vektory strednych hodnét.

Iteratively Reweighted Least Squares Algorithm for Sparse Principal
Component Analysis with Application to Voting Records

Tomas Masak
UK, Praha, Matematicko-fyzikalni fakulta

Principal component analysis (PCA) is a popular dimensionality reduction and data vi-
sualization method. Sparse PCA (SPCA) is its extensively studied and NP-hard-to-solve
modification. In the past decade, many different algorithms were proposed to perform
SPCA. We build upon the work of Zou et al. (2006) who recast the SPCA problem into
the regression framework and proposed to induce sparsity with the ¢ penalty. Instead, we
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propose to drop the ¢; penalty and promote sparsity by re-weighting the ¢s-norm. Our
algorithm thus consists mainly of solving weighted ridge regression problems. We establish
that the algorithm basically attempts to find a solution to a penalized least squares problem
with a non-convex penalty that resembles the £yp-norm more closely than the ¢; penalty
does. Secondly, we apply the algorithm to analyze the voting records of the Parliament of
the Czech Republic. We show not only why the SPCA is more appropriate to analyze this
type of data, but we also discuss whether the variable selection property can be utilized as
an additional piece of information, for example to create voting calculators automatically.
Finally, we prove convergence of both the original algorithm of Zou et al. (2006) and
our modification. This manuscript is a part of the author’s master’s thesis, and it is also
an extended version of a paper that has been submitted for publication.

Generalizations of some asymptotic results for Gibbs particle pro-
cesses using Stein’s method

Daniela Novotna
UK, Praha, Matematicko-fyzikalni fakulta

This thesis deals with applications of Stein’s method within the scope of stochastic geometry.
Stein’s method is a general method used to obtain explicit bounds on probability distance.
Typical example of the usage of this method is estimation of probability distance between
the distribution of a point process functional (e.g. the number of points) and the Gaussian or
the Poisson distribution. This work is focused on the estimation of the Wasserstein distance
between the Gaussian distribution and the distribution of so called innovation of a point
process having Papangelou conditional intensity.

The crucial example of a point process having Papangelou conditional intensity is
the Gibbs point process with pair potential enabling us to incorporate interactions between
points. Typically in literature, Gibbs point processes are defined on the Euclidean space
R?, d € N. Nevertheless, this definition does not include numerous interesting examples
of point processes that could be thought as Gibbs point processes. We can imagine for
instance the Gibbs segment process. In this work, we introduce Gibbs particle processes as
Gibbs point processes on the space of all nonempty compact subsets of R? with Hausdorff
metric.

The main contribution of this work is a generalisation of the definition of Gibbs point pro-
cesses and a generalisation of the bounds on the Wasserstein distance between innovations
of a Gibbs particle process and the Gaussian distribution. Among others, Stein’s method
was used to derive the result. Furthermore, a central limit theorem for the normalized
number of segments in a Gibbs planar segment process is presented as an application of
the result.

This work constitutes a part of author’s master thesis with the expected defence in June,
2017. Presented results have not been showed yet within SVOC or any competition of this
kind.
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Modelling of segment process in the plane

Milan Pultar
UK, Praha, Matematicko-fyzikalni fakulta

Préce se vénuje bodovym procestim v roving, které jsou dany hustotou vzhledem k Poisso-
novu procesu. Motivaci pro vyzkum jsou redlna data lidskych mezenchymalnich kmenovych
bunék, na kterych pozorujeme stresovd vldkna. Na tato vldkna lze nahliZet jako na realizace
néjakého bodového kétovaného procesu, konkrétné procesu usecek.

Parametrické modely pracuji s referencni hustotou rozdéleni délek dsecek. Tato rozdéleni
ovSem obecné nemusi byt ve shodé s pozorovanym rozdélenim. Snahou je provést korekci
pozorovaného rozdéleni délek na referencni rozdéleni. V praci Benes a kol. (2017) byl pouZit
plné parametricky pifistup. Nasim cilem je tzv. semiparametricky pristup, kdy referencni
hustota je odhadnuta neparametricky.

V préci uvaZzujeme nehomogenni proces tsecek v rovin€ s danou hustotou vzhledem
k Poissonovu procesu. Ze spoctenych simulovanych realizaci procesu pomoci metody
maximdlni pseudovérohodnoti nejprve ziskame odhady skaldrnich parametri modelu. Poté
spocteme jadrovy odhad hustoty Palmova rozdéleni két. Z ného uZitim pomocného tvrzeni
ziskdme odhad referencni hustoty rozdéleni délek usecek. Na zaver porovndme spoctené
odhady se skute¢nymi parametry, spoctenou hustotu s referen¢ni zadanou hustotou rozdéleni
délek.

Tento vyzkum je vysledkem bakalaiské prace autora. Predpoklddana obhajoba se bude
konat v Cervnu tohoto roku. Tato prace ani Zadna jeji cast nebyly prezentovany v ramci
SVOC ani v 74dné jiné soutéZi.

Mathematical Models of Reliability in Technical Applications

Rafael Schwarzenegger
VUTB, Brno, Fakulta strojniho inzenyrstvi

This master’s thesis is describing and applying parametric and nonparametric reliability
models for censored data. It shows the implementation of reliability in the Six Sigma
methodology. The methods are used in survival/reliability of real technical data.
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Ekonometrie a financni matematika

Porota

doc. RNDr. Petr Lachout, CSc. (MEF UK, Praha)
Ing. Jan Pospisil, Ph.D. (FAV ZCU, Plzen)
doc. RNDr. Petr Stehlik, Ph.D. (FAV ZCU, Plzen)
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Loss reserving for individual claim-by-claim data

Vojtéch Bednarik
UK, Praha, Matematicko-fyzikalni fakulta

Tato prace se zabyva stochastickym modelovanim $kod v neZivotnim pojisténi na zdklade
individuédlnich $kodnich prabéht. Shrnuté teoretické metody jsou aplikovany na vyukova
data od Ceské kancelafe pojistiteld. Problematika odhadovéni je rozd&lena na Gtyfi &asti:
proces vyskyt Skod, zpozdéni v hlaSeni, Casy mezi uddlostmi a platby. Kazda cast je
odhadnuta samostatné metodou maximalni vérohodnosti a kone¢né odhady ndim umoZziuji
ziskat odhad rozdé€leni budoucich zavazkid. Vysledky jsou velice slibné a srovnatelné
s jinymi metodami. Pfispévek této prace spociva ve formalnim odvozeni teoretické Casti a

2 Xz

aplikaci na datech z ¢eského trhu s nékolika novymi ndpady v praktické ¢asti a simulaci.

Ocenovanie dozivotnych manzelskych déchodkov

Katarina Cibulkova
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Prica sa zaoberd dochodkami pre dvojice 0sob, pri ktorych vyplacanie dochodkovych ddvok
zavisi od Zivota alebo umrtia dvoch osob. Najvicsiu pozornost’ sme venovali ddchodkom
do posledného umrtia (Last-Survivor, LS déchodky) pre manZelské péry. Ide o poistny
produkt, pri ktorom poistoviia vypldca dochodkové davky az do timrtia druhej osoby, priCom
mobZeme tento produkt vnimat’ ako isty druh finan¢ného zabezpecenia pocas spolo¢ného
Zivota paru, ktoré pokracuje v nezmenenej vyske davok aj po imrti prvej osoby.

V praxi sa pri vypoctoch cien spolocnych déchodkov najcastejsie pouziva predpoklad
nezévislosti budicich diZok Zivotov muZa a Zeny. NaSou motivaciou bolo skimat hod-
noty dochodkov pri predpoklade zavislosti budiicich dizok Zivotov, konkrétne pomocou
Frechétovych-Hoeffdingovych hranic zdvislosti a Markovovho modelu zavislosti, ktory
predpoklada, Ze budiica dizka Zivota osob zavisi od rodinného stavu. Skimané metodiky
sme aplikovali pri ocefiovani spoloénych déchodkov, hlavne vSak pri skiimani zatial’ neexis-
tujdcich dozivotnych déchodkov pre dvojice vyplacanych z dspor starobného dochodkového
sporenia na Slovensku (z tzv. druhého déchodkového piliera).

Za najdoleZitejSie vysledky prace moZno povaZovat vytvorenie Markovovho modelu
zévislosti pre slovenskd populédciu, programovi implementiciu modelov a formul na oce-
novanie individudlnych a spolocnych déchodkov, a v neposlednom rade sem mdzZeme
zaradit’ analyzu a interpretdciu vysledkov praktickej aplikacie, ktorou je porovnavanie
vy$ky mesacnych davok z dvoch individudlnych dochodkov oproti vyske mesaénych davok
zo spolo¢ného dochodku.
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Nékteré problémy v ramci Solvency Il

Pavel Caha
UK, Praha, Matematicko-fyzikalni fakulta

Tato prace se vénuje Solvency II, regulaci pojistoven a zajiStoven platné v zemich Evrop-
ské Unie. Nejprve jsme matematicky odvodili nékteré vzorce a vztahy, které se uvazuji
v Solvency II. Vzhledem k rozsahu ptivodni diplomové prace bylo nutné zvolit pouze jednu
ukdzku. Ddle jsme fesili problematiku vypoctu technickych rezerv s dirazem na odvo-
zen{ stiedni ¢tvercové chyby predikce. Popsali jsme metody Chain-Ladder a Bornhuetter-
Ferguson. V literatufe 1ze nalézt mnoho postupti a vztahi tykajicich se téchto metod. Nam se
je podafilo sjednotit a zdroveri doplnit o Casto chybéjici diikazy a dalsi odvozeni. V zavéru
prace lze nalézt vypoclet kapitdlovych pozadavki na redlnych datech. Vypocty uvadime
formou vystuptl z programu, ktery jsme implementovali pro tyto tGcely.

Maximum Volatility Portfolio

Robert Navratil
UK, Praha, Matematicko-fyzikalni fakulta

In this paper, we study a maximal volatility portfolio that treats all assets in a symmetric
way and a related option contract. To preserve the symmetry, we need numeraire that
treats all assets symmetrically. We choose a market index with equal weights. In case
of two assets, we focus on a variation of a passport option on the portfolio. The optimal
strategy for the investor is the mentioned maximal volatility portfolio. We extend the known
optimal strategy for the option to a richer class of convex payoff functions. We also show
a modification of the optimal strategy for maximizing the probability of ending above
or at a desired level. We later extend the symmetric market model to the case of three
assets, which can be even further extended to an arbitrary number of assets. The three
asset model requires more parameters than are observable from the data, however we show
the model is indistinguishable for the choice of parameters under very natural conditions.
Both numerical simulations and an application on real data are provided.

Dualita v intervalovém linearnim programovani

Jana Novotna
UK, Praha, Matematicko-fyzikalni fakulta

Tato prace se vénuje oblasti spojujici tradi¢ni koncept linedrniho programovani s intervalo-
vym pocitdnim. Linedrni programovani je silny ndstroj pro mnoho praktickych problémi.
Intervalové pocitani do né€j prinasi jistotu, Ze se vyslednd hodnota vyskytuje ve spocteném
intervalu, a mozZnost vloZit na vstup interval misto konkrétniho ¢isla. Toho se vyuZzije

zv1asté pii problémech s nepfesnymi daty, kdy ziskdvame vstupy méfenim a pfesnou
hodnotu nezndme, nebo pfi problémech s pocitacovou presnosti.
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V praci je zcela nové zaveden klasicky koncept duality gapu (DG), rozdilu optimalnich
hodnot primdrni a dudlni dlohy, do intervalového linedrniho programovani (ILP).

Nejvétsi pozornost je vénovana nulovosti DG v ILP, tedy zkoumani situace kdy je
alespoi jedna z primdrni a dudlni tlohy piipustna pro vSechny, resp. néjakou, instanci. Je
vyvracena prima spojitost mezi nulovosti duality gapu a souvislosti mnoziny optimalnich
hodnot. Déle jsou ureny nutné a postacujici podminky pro silnou a slabou nulovost DG
v ILP a dokdzana NP-tékost rozhodnut{ o silné nulovosti DG dvou zdkladnich typt ILP.
Zavérem jsou s vyuZitim silné nulového DG zobecnény a rozsifeny zndmé formy silné
duality ILP. Prace vychazi z bakalaiské prace rozsitené o vysledky z projekti podpofenych
studentskym fakultnim grantem MFF UK.

Interest Rate Modelling: Maximum Likelihood Estimation
of One-Factor Short-Rate Models

Tomas Rusy
UK, Praha, Matematicko-fyzikalni fakulta

The maximum likelihood method is known to be efficient at estimating fully parametric
models. One—factor short-rate models belong to this class, but surprisingly the maximum
likelihood method is not extensively used for estimating them. We believe it is a conse-
quence of the current method’s failure to determine the value of the short rate without
justifying the calculation procedure. They implicitly prioritise one yield over other ones
without any obvious reason, which often leads to a poor fit of the observed curve making it
difficult to interpret. In this paper, we propose a way to consider all observed yields at one
time and extract the value of the short rate jointly from the entire yield curve. This could
be done thanks to a general description of the construction of the likelihood function of
a time series of observed yields. The two ideas of how to construct the likelihood and how
to choose the corresponding parametrisation are the most important contributions of this
paper to the society. We illustrate the use of such an approach on the popular Hull — White
model, which is often used for pricing interest rate derivatives. In order to construct the
likelihood of a realistic model, we derive the maximum likelihood estimates of the parame-
ters of an exchangeable correlation structure of a centred and homoscedastic multivariate
normal distribution. This can also be seen as, along with the derivation of the properties
of the Hull — White model under the real world measure, one of the paper’s contributions to
the econometric society.

My master thesis develops a multi—stage stochastic program within an asset-liability
model for a leasing company, where one source of randomness in the problem is the un-
certainty in the value of interest rate in the future. The Hull — White model, calibrated by
the proposed approach, is used for generating scenarios of future rates. No part of this
paper has ever been submitted to any competition.
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Odhady na prodlouzeni period retézovych zlomkt p¥i Mobiové trans-
formaci

Hana Dlouha
CVUT, Praha, Fakulta jaderna a fyzikalné inZzenyrska

Retézovy zlomek &isla z je posléze periodicky pravé tehdy, pokud je = kvadratické ira-
ciondlni ¢islo. Méjme celoCiselnou matici M rozméru 2 x 2. Poté Mobiovou (nebo téz
linedrni lomenou) transformaci &isla 2: spojenou s matici M nazyvéme funkci h ;s (z) danou
pfedpisem: hps(x) = Z;”Is V této préci se vénujeme vztahu periody fetézového zlomku
Cisla x a Cisla hps(2) pro danou matici M.

Raney v [On continued fractions and finite automata, Raney, 1973] sestrojil pfevodniky
reprezentujici Mobiovy transformace. Pomoci téchto prevodniki zkonstruujeme horni
hranici na periodu fetézového zlomku &isla s (), ktery zdvisi pouze na periodé fetézového
zlomku ¢isla x a determinantu matice M . Pro transformace spojené s matici s prvociselnym
determinantem m4 tento horni odhad nésledujici jednoduchy tvar:

Necht' n = |det M| a 7, () je rovno periodé feté€zového zlomku &isla hyy () vydéle-
ného periodou fetézového zlomku Cisla z. Jako £ (e, f) déle oznalme pocet krokd Euklidova
algoritmu nesoudélnych celych Cisel e a f (do faze, kdy je jeden ze zbytki roven 1). Poté

pro vSechna kvadraticka iraciondlni ¢isla x plati:

o) <=5 (2|20 5) 1o

i=1

Pomoci experimentil jsme navic ukdzali, Ze pfinejmensim pro malé prvociselné determi-
nanty se tento odhad jevi jako velmi piesny. Podafilo se ndm také nalézt zobecnéni tohoto
vzorce pro Mobiovy transformace s neprvociselnymi determinanty. Vyse uvedeny vzorec
spolecné s celym dikazem jeho platnosti je hlavnim vysledkem této préce.

Price je pfepracovanou verzi bakalafské prace autorky.

Generovanie eliptickych kriviek s predpisanymi vlastnostami nad ko-
nec¢nymi poliami

Peter Fratri¢

STU, Bratislava, Stavebné fakulta

It is desirable for elliptic curve cryptography to use cyclic groups generated by elliptic
curves isomorphic to a cyclic group Z,,. Determining the occurrence of such a group once
parameters of the curve were given is still an unsolved problem. In this thesis we have
experimentally determined the distribution of cyclic groups and groups of square-free order
for several finite fields. In our experiments we have decided to study curves for all possible
parameters for some finite field and later we have restricted parameters to the base field
only and studied how the distribution of cyclic groups generated by elliptic curves changes
over the field extensions. We have used our observations in creating a computationally
feasible algorithm for generating cyclic elliptic curve groups as far as we can efficiently



Sekce M5 27

determine square-freeness. By modifying this algorithm we have shown that it is possible to
create a group of 1146 bit order generated by a super-singular elliptic curve and by similar
modification we were able to generate cyclic groups generated by non-super-singular curves
of even higher order in a very short time. Groups of such a high order can in a way provide
the simplest and most primitive defense against quantum computers. By conducting our
experiments we have come across very interesting links to deep number theory issues, which
we have investigated towards the end of the thesis in a special case and proposed a method
that might have a potential to provide a proof of infinite number of prime or square-free
integers generated by irreducible polynomial if sufficient information on radicals of a given
number were provided.

Classification of realizations of low-dimensional Lie algebras

Daniel Gromada
CVUT, Praha, Fakulta jaderna a fyzikalng inzenyrska

This work is essentially identical to the author’s Master’s thesis. It studies methods of clas-
sification of Lie algebra realizations by vector fields. After summarizing basics of the Lie
theory, the correspondence between classification of subalgebras and transitive local re-
alizations is described and a method of explicit construction due to I. V. Shirokov et al.
is presented. This correspondence and method of computation is generalized to the case
of regular local realizations. A reasonable classification problem for general realizations is
rigorously formulated and an algorithm for construction of such classification is presented.
This algorithm is used to classify realizations of five-dimensional nilpotent indecomposable
Lie algebras. A valuable byproduct of this computation is also a classification of subalge-
bras with respect to group of inner automorphisms and group of all automorphisms.

Crafty square roots

Kamil Keprt
Ostravska Univerzita, Pfirodovédecka fakulta

The number 390 625 has an interesting property — its square root consists of the last digits
of the original number. In other words, one can compute the square root by removing
the left-most digits of the number. Moreover such property holds also for /390 625 and
also for its square root.

V390625 = 625, V625 =25, /25=5.

In this paper we investigate such phenomenon in all bases B € N, B > 1, not only in
the base B = 10. We also give answers to naturally rising questions:
— Does there exist any other number with this property?
— Do there exist numbers for which this phenomenon happens n times, for arbi-
trary n € N?
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Since this is quite interesting and accessible problem, we try to give the general intuition as
well as the rigorous proof of a full classification theorem of this property.

Author’s contribution to this work is approximately 70%. The part of this work is sub-
mitted for publication.

Bruhat-Tits buildings

Dominik Lachman
UK, Praha, Matematicko-fyzikalni fakulta

Bruhat-Tits buildings are a fundamental concept in the study of linear algebraic groups
over general fields. The general goal of this thesis is to introduce buildings in the basic
case of SLq(Q,) and to explicitly describe some of their geometrical and combinatorial
properties - the building are abstract simplicial complexes. After the general construction
(Chapter 1) we focus in detail to case SLq4(Q,). We work with simplices using certain
matrix representatives. We explicitly describe the building and give formula for graph
distance. In Chapter 3 we concern the general case SL4(Q),),d > 2. There we introduce
a new concept of distance formulas. In Chapter 4 we prove some theorems which buildings
satisfy in general. The chapter 5 studies the problem of determining so-called gallery
distance of two simplices. In the last Chapter 6 we generalize the distance formulas to
the case of three vertices.

Most of the theorems are not new in the theory. However, they are proved by authors
own approach using matrix representatives. The main new result of this project is a concept
of distance formulas (described in Chapter 3). The distance formulas are in some ways
useful tool and originate in this thesis. The thesis was worked out as an author’s master’s
thesis.

Relatively parallel frame for curves in any dimension

Katefina Zahradova
CVUT, Praha, Fakulta jaderna a fyzikalné inzenyrska

This thesis is devoted to the generalisation of the relatively parallel adapted frame to higher
dimensions. First three chapters are devoted to fundamental results from differential geom-
etry, curves and differential equations. A brief introduction and comparison of different
frames is given in chapter four. Chapters five and six consist mainly of original results,
including the generalisation of the relatively parallel adapted frame and a modification of
the fundamental theorem of curves. The text is almost identical to my Bachelor Thesis,
unless some small corrections were administred.
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On Online Ramsey Number of Trees, Cycles, and Stars

Vaclav Blazej
CVUT, Praha, Fakulta informacnich technologii

In this paper we study the online Ramsey theory. The problem is defined as a game between
Builder and Painter. They are given an arbitrary graph H and a graph G of an infinite set of
independent vertices. On each round, Builder builds a new edge in G and Painter colors it
either red or blue. The online Ramsey number of a graph H is the minimum number of
rounds Builder needs to force a monochromatic H to appear as a subgraph of G.

We compare the online Ramsey number to the size-Ramsey number. In this version,
Builder creates all the edges first and Painter colors them afterwards. The size-Ramsey
number upper bounds the online Ramsey number, however it seems to be difficult to show
that there is an asymptotic gap between them.

There is only one known result of this type, by Conlon [On-line Ramsey Numbers,
SIAM J. Discrete Math. 2009], who showed that for an infinite number of complete graphs
the online Ramsey number is asymptotically smaller than the size-Ramsey number.

In this paper we describe an infinite family of trees for which the online Ramsey number
is asymptotically smaller than size-Ramsey number. We also prove upper bounds for online
Ramsey numbers of cycles and k-subdivided stars. And finally we provide an exact value
for restricted online Ramsey numbers of triangles versus stars on connected graphs.

The results obtained in this analysis are original and are solely work of the author.
The supervisor helped with organizing the achieved results into a fomat of a scientific paper.
This paper will be defended as the master’s thesis of the author, and did not compete in any
other competition similar to svoC.

Zovseobecnenie cyklického zafarbenia rovinnych grafov

Lucia Kekenakova
UPJS, KosSice, Prirodovedecké fakulta

Facidlne dihové zafarbenie rovinného grafu G je vrcholové zafarbenie, ktoré je rozsirenim
cyklického zafarbenia: kazdé dva vrcholy ziskaju r6zne farby, ak medzi nimi existuje
stenovd cesta. Facidlne dihové chromatické &islo rovinného grafu GG, oznalujeme rb(G), je
najmensi pocet farieb, ktoré k takému zafarbeniu G potrebujeme. V praci dokazujeme, Ze
rb(G) < [3(L(G) + 1)] pre stvislé rovinné grafy, kde L(G) je dizka najdlh3ej stenovej
cesty. Pre stromy sme dokézali nizgiu hranicu. Ak T je strom, tak rb(T") < |2(L(T) +1)].
Navyse, hranica je tesna.
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Minimal Sum Labeling of Graphs

Matéj Koneény, Stanislav Kucera, Jana Novotna, Jakub Pekarek, Stépan Simsa, Mar-
tin Topfer
UK, Praha, Matematicko-fyzikalni fakulta

A graph G is called a sum graph if there is a so-called sum labeling of G, i.e. an injective
function ¢ : V(G) — N such that for every u,v € V(G) it holds that wv € E(G) if and
only if there exists a vertex w € V(G) such that £(u) + £(v) = £(w). We say that sum
labeling ¢ is minimal if there is a vertex u € V(G) such that ¢(u) = 1. Miller asked
whether each sum graph admits a minimal sum labeling. In this paper we show that if we
relax the conditions (either allow non-injective labelings or consider graphs with loops)
then there are sum graphs without a minimal labeling, thus partially answering the question.
This paper is a result of the 2016 winter Problem Seminar, which is a traditional problem
solving seminar at the Faculty of Mathematics and Physics.

Maximal point sets on discrete torus with no three colinear points

Michael Skotnica
UK, Praha, Matematicko-fyzikalni fakulta

Let 7, ,, denote the maximal number of points on the discrete torus (discrete toric grid) of
sizes m x n with no three collinear points. The value 7, ,, is known for the case where
GCD(m, n) is prime. It is also known that 7,,, ,, < 2GCD(m, n).

In this paper we generalize some of the known tools for determining 7,, ,, and also show
some new. Using these tools we prove that the sequence (7, ,, )nen is periodic for all fixed
z. In general, we do not know the period; however, if z = p® for p prime, then we can
bound it. We prove that 7pa ,,(a-1)p+2 = 2p® which implies that the period for the sequence
is p® where b is at most (a — 1)p + 2.

Perfect matching covers and treelike snarks

Veronika Slivova
UK, Praha, Matematicko-fyzikalni fakulta

Berge and Fulkerson conjectured that for each cubic bridgeless graph there exist six perfect
matchings such that each edge is in exactly two of them. Another conjecutre due to
Berge says that we can cover these graphs by five perfect matchings. Both conjectures are
studied for over forty years. Abreu et al. [2016] introduce a new class of graphs (namely
the treelike snarks) which cannot be covered by less then five perfect matchings. We show
that their lower bound on number of perfect matchings is tight. Moreover we prove that
bigger class of cubic bridgeless graphs admits Berge conjecture. Finally, we show that also
Berge-Fulkeson conjecture holds for treelike snarks.

The results are a part of the author’s diploma thesis and they were not used in any other
competition.
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Implementace metody secen pro nehladkou optimalizaci
Stépan Bednatik
VSB-TU, Ostrava, Fakulta elektrotechniky a informatiky

Prace se zabyva metodami pro minimalizaci nehladkych funkci. Nehladkymi funkcemi
nazyvame funkce, které nejsou diferencovatelné. Problém minimalizace miZeme feSit
nepiimo nahrazenim funkce spojité diferencovatelnou aproximaci, nebo pomoci algoritmd,
které jsou vhodné pro minimalizaci nediferencovatelnych funkci. Mezi tyto algoritmy
patii subgradientni metody, bundle metody a také napiiklad metoda r-secen. V této praci
se seznamime s touto metodou, popiSeme jeji zdkladni rysy a nasledné ji otestujeme na
vhodnych dlohach. Také se sezndmime s nezbytnou teorii z oblasti Clarkeova kalkulu.
Navic porovndme metodu r-secen se subgradientnimi metodami.

Matematické modelovani interakce tekutiny s pevnymi a elastickymi
prekazkami pomoci metody Lattice — Boltzmann

Pavel Eichler
CVUT, Praha, Fakulta jaderna a fyzikalng inzenyrska

Tato préce se zabyva studiem numerické metody Lattice — Boltzmann (LBM) pro simulaci
proudéni nestlacitelné, newtonovské tekutiny v izotermalnim systému a studiem simulac{
interakce tekutiny s pevnou nebo elastickou prekazkou.

Hlavnim cilem této prace je kritce Ctendfovi predstavit Lattice — Boltzmannovu metodu
a jeji dil¢i varianty, které jsou ndsledné pouZity pro vypocty v praktické ¢asti, ve které
jsou tyto numerické metody otestovany a je urcen jejich experimentdlni fdd konvergence
v prostoru v zavislosti na volbé okrajovych podminek. V praktické ¢asti je dle srovnana
Lattice — Boltzmannova metoda s metodou kone¢nych objemu pro dlohu obtékani prekazek
ve 2D.

Dals§im cilem této prace je popis metody vnofené hranice (IBM) pro simulaci interakce
tekutiny s prekdzkou, pficemz tekutina je modelovdna metodou Lattice — Boltzmann.

z Xz

V rdmci teoretické C4sti je predstaveno nékolik variant této metody pro simulace interakce
jak s pevnou tak s elastickou prekdzkou. V praktické Casti spjaté s IBM je analyzovan
optimélni pocet bodu pro diskretizaci hranice vnofeného télesa a déle je zkoumadna loha
kavitacniho proudéni v oblasti s elastickym dnem.

V ramci této prace je vyvijen ve spoluprici s Ing. Robertem Strakou, Ph.D. (AGH Kra-
kéw) numericky software implementovany v jazyce C++ s podporou architektury CUDA.
Veskeré vysledky v této praci, kromé vysledkt ziskanych metodou koneénych objemd,
jsou ziskdny timto softwarem s vyuzitim vypocetnich prostiedkt dostupnych na KM FJFI

CVUT v Praze.
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Discontinuous solution of the Laplace equation in a mixed finite ele-
ment method and level-set setting

Michal Habera
UK, Praha, Matematicko-fyzikalni fakulta

In electrochemical sciences (batteries, chemical cells, corrosion, metal oxidation) electric
current density is coupled with electrostatic potential jump on some interface in a nonlinear
way. Additionally, in the real world problems, the interface of discontinuity evolves in time
and is implicitly given.

In this work we show very natural formulation of this problem in terms of mixed Poisson
problem (saddle-point structure). Existence and uniqueness of the solution is proven under
the assumptions of Lipschitz continuous and monotone nonlinearity.

Equations are discretized with finite element method and implemented into FEniCS tool.
In one dimension, where exact solution is in hand, L2 convergence is studied.

This work is a part of diploma thesis entitled “Modeling of porous metal oxide layer
growth in the anodization process”. Results were not published nor presented in any student
competition (SVOC).

Interpolacné splajnové krivky a vyhladzovanie dat

Juraj Hudak
UPJS, Kosice, Prirodovedecka fakulta

Préica sa zaobera analyzou uniformného ukotveného kubického interpolacného splajnu, teda
po Castiach kubického polynému triedy C2, ktory v jednotlivych ekvidistanénych uzloch
spfﬁa prislusné interpolacné podmienky. Na rozdiel od klasického implicitného pristupu
sa sustredime na vyjadrenie splajnu v jeho novom, explicitnom tvare. Prezentujeme dve
odlisné metddy konstrukcie explicitného tvaru kubického interpolacného splajnu, konkrétne
pomocou Hermitovho kubického splajnu alebo kubického interpolacného B-splajnu. Pre
oba pripady navrhujeme linedrny regresny model, vhodny na vyhladenie redlnych dat
kubickym interpola¢nym splajnom.

Dynamika deformovatelnych pérovitych materialov

Martin Kratky
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

V préci skimame dynamiku kapilarneho nasiakavania kvapaliny do deformovatelného p6-
rovitého materidlu. V uvazovanej konfigurécii kvapalina samovolne infiltruje do materidlu
vplyvom kapilarnych sil, ktoré st orientované v opacnom smere ako gravitidcia. Model
je zaloZeny na tedrii zmesi, v ktorej je kazdy objemovy element ponimany ako dokonala
zmes pevnej a kvapalnej fazy. V jednorozmernom pripade sa problém redukuje na parcidlnu
diferencidlnu rovnicu s dvoma volnymi hranicami, ktoré su riadené dvojicou obyc€ajnych
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diferencidlnych rovnic. Predchddzajica analyza problému [Siddique et al.] sa zaoberala
pripadom linedrnej funkcie napétia pevnej fazy a linedrnej lomenej funkcie pre permeabilitu
porovitého prostredia. V nasej praci analyzujeme pripady nelinedrnych funkcii napitia
a permeability, ktoré su konzistentné s existujicimi experimentdlnymi meraniami [Sommer
and Mortensen]. Numerické rieSenie modelu je zaloZené na metdde Ciar s vyuZitim pseudos-
pektralnej diskretizacie priestorovej premennej. Charakter ivodnej dynamiky ziskanych
rieSeni zodpoveda existujicim experimentom, predpovedany rovnovazny stav sa vSak pri
experimentoch nepozoruje. Vysledky prace ndjdu aplikdciu v kontexte fazovej premeny
viaczlozkovych zmesi [Guba and Anderson].

Aplikace vypocetnich metod v tfidéni sklenénych kament
Matéj Lébl
UK, Praha, Matematicko-fyzikalni fakulta

Cilem predloZené prace je vyuZzit matematickych metod zpracovani obrazu k navrhu auto-
matické vystupni kontroly kvality sklenénych bizuternich kamenti. Hlavnim matematickym
objektem je zde matice specifickych vlastnosti, reprezentujici digitdlni snimek zkoumanych
vyrobku. Prace shrnuje matematicky popis digitdlniho obrazu a nékteré standardni metody
zpracovani obrazu. Déle je navrZzeno kompletni feSeni zadané dlohy sloZené z lokalizace
kamene na snimku a nésledné analyzy lokalizované oblasti. Pro ti¢el lokalizace jsou pred-
stavena dvé vlastni feSeni. Prvni je zaloZeno na konvoluci matic a optimalizovdno pomoci
Fourierovy transformace. Druhé vyuZivd matematickych metod prahovani a medidnové
filtrace a projekce dat do jedné dimenze. Lokalizovand oblast je analyzovdna s vyuZitim
statistického rozloZeni celkové svétlosti kamend. Metody jsou implementovény v prostfedi
MATLAB.

Skalovanie kapilarnych sil a hydraulickej permeability pri infiltracii
vody v poréznom prostredi

Patrik Mihala
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

V tejto préaci si ukdZzeme efektivnu numericki metddu rieSenia matematického modelu
pridenia vody v poréznom valci, ktord slizi na rieSenie inverznych tdloh pri uréovani mode-
lovych dét. Naviac prezentujeme analyzu konvergencie metddy a existencie slabého rieSenia.
V préci uvazujeme nenasytend vzorku s izolovanymi podstavami ponorend do vody, kde
infiltrdcia prebieha cez bo¢ny plast, d’alej uvaZzujeme nasytent vzorku, kde prebieha vytok
na mensom polomere spodnej podstavy a inde izolovand a tieZ uvaZujeme vzorku ponorent
do vody, kde infiltracia prebieha cez bocny plast, vrchna podstava je izolovand a na spodne;j
podstave prebieha vytok pre mensi polomer a na vonkajSom prstenci spodnej podstavy
uvazujeme izoldciu. Pridenie vody v uvaZovanom modeli je generované kapildrnymi silami
a silou gravitécie, pripadne silou centrifugécie.
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Je to origindlny scendr pre ur¢ovanie hydrologickych dat daného porézneho prostredia,
kde staci merat’ mnoZstvo infiltrovanej vody, mnoZstvo vytecenej vody a v pripade centrifu-
gacnej sily aj poziciu taZiska. Nasledne Skdlovanie parametrov meranej vzorky realizujeme
minimalizdciou vzdialenosti medzi meranymi ddtami a napocitanymi ddtami. Bod minima
povaZzujeme za priblizné rieSenie.

Doteraz sa pouzivala vzorka v tvare tizkeho valca a voda sa infiltrovala len hornou
zdkladiiou, zatial’ ¢o bocny plast bol izolovany. Tato metéda viedla na jednorozmernu tlohu
pozdii osi valca, Co v praxi sposobovalo velké technické problémy. Len velmi tazko sa dalo
zabranit prideniu medzi izoldciou a okrajom valca. Casto vznikali vo valci preferenéné
cesty pridenia. Jednorozmernd aproximécia preto nie je dostato¢ne presnd a je velmi tazko
realizovatelnd. My uvaZujeme poréznu vzorku ako trojrozmerny valec, vd’aka ¢omu elimi-
nujeme predchddzajice tazkosti. RieSenie tohoto problému je vSak vyrazne narocnejsie.

Numerické reseni rovnic mélké vody

David Sery
UK, Praha, Matematicko-fyzikalni fakulta

Préce se zabyvd numerickym feSenim parcidlnich diferencidlnich rovnic popisujicich prou-
déni tzv. mélké vody (SWE). Tyto rovnice jsou hyperbolického typu 1. fddu s reaktivnim
¢lenem danym topologii dna. Pomoci SWE se odhaduji $kody zpisobené vinou tsunami,
modeluje se jimi obtékani prekazek, proudéni vody v fekdch a vyliti vody z koryta fek pfi
zaplavdch &i protrzeni hraze. Rovnice lze také pouZzit k modelovani lavin, sesuvt pudy,
proudéni atmosféry, ve filmovém a hernim primyslu.

V praxi se k feSeni SWE pouzivaji metody konecnych objemd, explicitn{ a semiimplicitn{
Casoprostoroveé nespojité Galerkinovy metody (STDGM) a metody plné explicitni. Ty vSak
maji své limitace, jimZ se v ndmi pouZité numerické metodé vyhneme.

V praci odvodime SWE z Navier-Stokesovych rovnic a nédsledné jejich plné implicitni
schéma STDGM vcetné adaptivity, stabilizacnich ¢lend a ¢lenti umoziujicich pocitat
s oblastmi sucha. Narozdil od metody kone¢nych objemd metoda umoziiuje volbu dlouhého
casového kroku. PouZiti plné implicitni misto explicitni STDGM je poté vhodné pfedev§im
pro adaptivni metody, nebot’ pfirozené umoziuje pouziti riznych siti na riznych casovych
hladinéch.

V zavéru prace prezentujeme pouZziti metody na nékolika testovacich tlohach. Srovname
vysledky standardnich tdloh, uvedeme parametry pouzité pfi simulacich a rozebereme ome-
zeni navrzeného algoritmu.
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Numerické modelovanie vymeny tepla pri prudeni vody v pérovitom
prostredi

Michal Téth
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

V préci prezentujeme numerické modelovanie toku vody v pérovitom prostredi, vedenie
tepla vo vode a prostredi a ich vzdjomnu vymenu tepla. Je to numerickd aproximdcia rieSenia
sdstavy troch diferencidlnych rovnic, z ktorych prva, tok vody v pérovitom prostredi, je
silno nelinedrna a degenerovand, no nezavisla na zvySnych. Druh4, vedenie tepla vo vode,
je silno zdvisld na predoslej a je previazand s tretou rovnicou vedenia tepla v prostredi.

V skratke popisujeme jednotlivé met6édy pouZité na odvodenie rovnic a algoritmus
vypoctu.

Prica je pokracovanim minuloro¢nej prace Transport tepla a vody v porovitom prostredi.
Rozsirenie obsahuje spresnenie koeficientu disperzie a dokaz existencie rieSenia. Dolezitym
prinosom tejto prace je navrh modelu na uréenie koeficientu prenosu tepla medzi vodou
a pérovitym prostredim, pretoZe je technicky nemozné merat’ v danom bode zv14st’ teplotu
prostredia a vody v pdroch.

Poruchova teorie statistické rigidity casticovych systému

Jana Vackova
CVUT, Praha, Fakulta jaderna a fyzikalné inzenyrska

Nejprve zavadime dvé sady ndhodnych veli€in pro jednorozmérny ¢ésticovy systém, a to
rozte¢ mezi referen¢nim vozidlem a ostatnimi vozidly a intervalové Cetnosti. Zkoumame
jejich vzdjemné vazby a predstavujeme dileZitou charakteristiku téchto systému, statistic-
kou rigiditu, jejiz Laplacetiv obraz nachdzime vzapéti. Posléze axiomaticky formulujeme
ndmi uvazovany systém tak, aby korespondoval s redlnymi dopravnimi systémy. Daéle
zkoumame asymptotické chovanf statistické rigidity nejdfive kratkodosahovych, posléze
stfednédosahovych systémti. Pro oba typy systémi ndsledné nachazime analytické predikce
linedrni asymptoty statistické rigidity. VSechny analytické vztahy postupné numericky
validujeme. V zdvéru diskutujeme aplikaci kompresibility pfi uréovani presnosti dopravn{
hustoty a dopravniho toku. Tato prace vznikla jako diplomova prace na FIFI CVUT v Praze
v akademickém roce 2016/2017.
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Alternating Weighted Automata over Commutative Semirings
Filip Misun
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

V préci definujeme a skiimame nové rozsirenie alternujicich kone¢nych automatov, v kto-
rom md kazdy prechod priradend véhu z nejakého komutativneho polokruhu, disjunkcie
st nahradené suctami a konjunkcie si nahradené stucinmi. Takto definované automaty
nazyvame alternujicimi automatmi s vdhami. Skimame triedu formalnych mocninovych
radov realizovanych alternujicimi automatmi s vdhami a rdzne spdsoby, ktorymi mozno
tdto triedu charakterizovat’. Hlavnym vysledkom dokdzanym v préci je charakterizacia
triedy komutativnych polokruhov, pre ktoré si automaty s vdhami a alternujiice automaty
s vdhami rovnako silné. Skiimame uzédverové vlastnosti tried formdlnych mocninovych
radov realizovanych alternujicimi automatmi s vdhami. Autor ma v imysle uplatnit’ pre-
zentované vysledky vo svojej bakalarskej praci.

FO Properties of Geometric Graphs

Filip Pokryvka
MU, Brno, Fakulta informatiky

In finite model theory, the first-order model checking problem on graphs is nowadays
popular. The research has focused on finding subclasses of graphs on which FO model
checking is fixed-parameter tractable, since it is proven that FO model checking on general
graphs is non-FPT, unless the Exponential Time Hypothesis fails. In this work, we show
that under some restrictions, FO model checking of permutation graphs and of unit box
graphs is FPT, while for general permutation graphs or general unit box graphs FO model
checking problem is non-FPT, as on general graphs.
This work is the key part of my bachelor thesis research.

Pridavna informacia a zlozitost’ nedeterministickych kone¢nych auto-
matov

Simon Sadovsky
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

V préci skiimame vplyv pridavnej informdcie na zloZitost rieSenia problému. Ako vypoc-
tovy model sme zvolili nedeterministické kone¢né automaty a mierou zloZitosti je pocet
stavov. Formalizdciou ndsho problému je rozklad nedeterministického kone¢ného automatu
na dvojicu nedeterministickych konecnych automatov takych, Ze jazyk pévodného automatu
je prienikom jazykov tychto dvoch automatov. NavySe oCakdvame, Ze oba tieto automaty
budd jednoduchsie ako povodny automat. V praci dokazujeme rozloZitelnost, respektive
nerozloZitel'nost’ konkrétnych regularnych jazykov. Dokazujeme uzdverové a iné vlastnosti
tried nedeterministicky rozloZiteI'nych a nedeterministicky nerozloZite'nych regularnych
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jazykov. Charakterizujeme triedu jazykov tvorenych jednym slovom vzhl'adom na roz-
loZitel'nost’. Skimame jazyky, ktorych minimalny nedeterministicky automat je tvoreny
prave jednym cyklom. Ukazujeme rozdiel medzi nedeterministickou a deterministickou
rozloZitelnost'ou reguldrnych jazykov. Praca nadvizuje na predoslé diplomové prace Petra
GaZiho respektive Pavla Labatha, ktori skimali tento problém uvazujic deterministické
konec¢né automaty respektive deterministické zdsobnikové automaty.

Rearranging Two-Dimensional Arrays by Prefix Reversals
Patricia Siskova
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Rearranging Two-Dimensional Arrays by Prefix Reversals or Two-Dimensional Pancake
Sort Problem is a generalisation of a combinatorial problem called The Pancake Sort Prob-
lem. In the original version of the problem, we are to sort n numbered pancakes by the only
operation - flipping top k£ pancakes. In this article, we consider two-dimensional arrays
with n rows and m columns and two different operations: horizontal and vertical prefix
reversals. By these operations, we can reverse the first j rows or the first £ columns of the
array, 1 <j<n,1 <k <m.

The problem was posed for the first time in 2015 by Akihiro Yamamura. We analyse his
work and propose new approaches to the problem. We represent it as a different structure
- aregular graph. Further, we study cycles in this structure and compositions of different
operations.

We ran computer experiments and provide so-called pancake numbers for arrays: 2 x 2,
2x3, 2x4, 2x5and3 x 3. We propose the first lower bound for this problem, analyse
upper bound and suggest significantly smaller upper bound than Yamamura set.

Numeracni systémy s realnymi kubickymi bazemi

Magdaléna Tinkova
CVUT, Praha, Fakulta jaderna a fyzikalné inzenyrska

V prezentované praci se zabyvame pozi¢nimi reprezentacemi, kdy ¢isla uvazujeme ve tvaru
Zg:_ oo @n 3", kde B je ndmi zvolend bdze a cifry a,, nileZeji do konené mnoZiny c¢isel.
Zamétujeme se predevsim na hladové rozvoje Cisel, které zavedl A. Rényi pro baze 8 > 1.

V ramci té€chto systému pracujeme s tzv. S-celymi Cisly, analogif celych Cisel, jejichz
hladovy rozvoj ma nulové cifry u zdpornych mocnin 3. Kdyz vsak seCteme dvé takova Cisla,
nemusime ziskat S-celé Cislo, dokonce se nemusi jednat ani o ¢islo s kone¢nym hladovym
rozvojem. Byla proto zavedena veli¢ina Lg, (), kterd udavd, o kolik nejvice se prodlouzi
délka zlomkové ¢asti, pokud predpokladdme konecnost rozvoje souctu.

Bylo ukdzéano, Ze pro Pisotova ¢isla je hranice L (3) koneénd, pficemZ doposud riizni
autofi odvodili odhady na Lg (8) pro kvadratickd a n€kolik mdlo kubickych Pisotovych

¢isel. V nasi préci jsme tuto skupinu kubickych iracionalit podstatné rozsifili.
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prof. RNDr. Ing. Milo§ Seda, Ph.D. (FSI VUT, Brno)
doc. Mgr. Tomas$ Vinaf, PhD. (FMFI UK, Bratislava)
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Syntakticka analyza slovenskej vety pomocou Tvaroslovnika

Jana Hilovska
UPJS, Kosice, Prirodovedecké fakulta

Nasa praca sa venuje problematike spracovania prirodzeného jazyka, ktora je v posled-
nych rokoch vel'mi populdrnou oblastou vyskumu. Existuje niekol’ko rovin pocitacového
spracovania prirodzeného jazyka — od prevodu reci na text aZ po najvyssiu, sémantickd,
rovinu, pri ktorej sa urcuje vyznam slov. My sa zaoberdme rovinou syntaxe, ktorej ilohou
je uréovat’ vztahy medzi slovami. Pocitacové spracovanie slovenciny stazuje fakt, Ze ide
o flektivny jazyk, teda jazyk v ktorom sa slova ohybaju (sklomiuju, Casuju). Preto je klticovou
zlozkou nasej prace databdza Tvaroslovnik, ktord uchovava tvary slov slovenského jazyka
spolu s informaciami potrebnymi pre rozbor viet (slovny druh, gramatické kategérie a po-
dobne).V praci uvddzame rieSenie syntaktického rozboru vety, pri ktorom sme vyuzili
princip redukénej analyzy.

Web Users’ Behavioral Patterns Recognition in Online Time for Per-
sonalized Recommendation

Tomas Chovanak
Slovenska Technicka Univerzita, Fakulta Informatiky a Informaénych Technolégii

Understanding a website user behaviour is important for identification of user preferences,
recommendation of interesting content to him or predicting his next actions. Behavioral
patterns represent frequently repeating sequences or sets of actions, which website users
often perform together. In existing methods, these patterns are usually identified for large
communities of users. Therefore, they don’t describe behaviour of more specific user groups
well. They identify patterns offline in accurate but time and computationally expensive way.
Thus, they have limited usage in online time with dynamically changing websites (e.g.,
news, social networks). We propose novel method for behavioral patterns mining. It makes
use of well-known data stream algorithms to process data by single pass and quickly adapt
to changes. It combines common general patterns with patterns specific for dynamically
identified groups of similar users. We represent these patterns as frequent closed itemsets
of user actions and use them to recommend interesting content according user’s actual
behaviour. The method was evaluated on data from e-learning and news domains. Thanks
to the combination of common global patterns and specific group patterns it reaches higher
recommendation precision than its components used individually. The proposed method
can be used in dynamically changing websites, with fast increase of new data and frequent
changes in users’ behaviour. The results presented in this work will be used as author’s
master thesis. They were not presented in any of previous SVOC competitions.
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Graphical Granger Causality for Detection Temporal Anomalies in EEG
Data

Anton Kovaé
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

The goal of our work was to apply the algorithm of Qui et al. (2012), using Graphical
Granger causality for time series anomaly detection so that it can be used to the EEG time
series of a human brain. The algorithm (Qui et al., 2012) is presented in a brief form and its
parametrization is not sufficiently discussed. We elaborated its detailed parametrization
and focused on its practical utilization for detection of anomalies in EEG data, concretely
for neurological patients after a stroke. We created the program in MATLAB software
(2016, MOOQOC license) which applies the basic algorithm designed in Qui et al. (2012).
The program takes the EEG data files (the raw signal and information about the possible
artifacts identified preliminarily) and tests the model for different parameters. The output
of the program is the graph of the EEG signal where possible anomalies are highlighted.
This work was intended mainly for introduction of our program to interested users. Our
program may offer rigorous testing of EEG data in terms of finding the temporal anomaly
in the brain connectivity. Our program provides relatively detailed view at the temporal and
spatial domain of brain activity. The user can specify time scale to be explored, even to
short time windows. Nevertheless, the program should be considered as the beta version
and we are still working on the details.

The work is the result of the author’s mobility project in Vienna between 10/2016 and
2/2017.

Dolovanie suvisiacich patentov k vedeckym ¢lankom

Vladimir Macko
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Hl'adanie relevantnych patentov k minulému alebo prebiehajicemu vyskumu v biomedicine
je zlozité, ale ddleZité pre vyskum a vyvoj biotechnického priemyslu. V tejto praci sme
otestovali potencidl metéd LSA a TFIDF, ktoré by mohli tento proces vyrazne ul'ahdit.
Na urcenie tspeSnosti sme pouZili nami vytvoreny subor ru¢ne anotovanych dat a nami
ziskané data o citovani ¢lankov v patentoch. PouZitim len verejne dostupnych dat dok4-
Zeme automaticky najst’ relevantny patent k biomedicinskemu ¢lanku s presnostou 58%.
Nase vysledky ukazuju, Ze testované metédy dokdZu pomdct’ v odhalovani vztahu medzi
globalnou publikacnou ¢innostou a poddvanim patentov.



46 svo¢C 2017

Modelling Music Structure using Artificial Neural Networks

Lukas Martak
Slovenska technicka univerzita, Fakulta informatiky a informacnych technolégii

As deep learning approaches arise thanks to availability of large datasets and high computing
power, they show increasing competence at solving various tasks of growing complexity.

Automatic music transcription is one such problem, which has been approached by com-
puter scientists in music information retrieval for decades, remaining practically unsolved.

Recent advances introduced deep architectures with significant audio modelling capacity.
Since transcription of complex polyphony requires distinct cognitive capabilities, we believe,
that deep learning could successfully tackle this problem.

We propose several neural network architectures for frame-level multi-class classification
with static thresholding of estimated values. We start off with a well-known Multi-Layer
Perceptron architecture, propose several variations and train these models on spectral
magnitude data. Additionally, we adjust WaveNet architecture for task of frame-level
transcription and train it on raw audio snippets to predict notes in time frame centered
against given snippet.

We evaluate our work on benchmark data set and conclude competitive and promising
results. In addition, we empirically evaluate performance of our models on cherry-picked
examples.

Results presented in this submission are based upon work on masters thesis and will be
used in its report and defense. Author also plans to present these result on an international
research conference. None of these results have been used in SVOC or similar contests
before.

Explicitni sémanticka analyza

Michal Tusl
ZCU, Pizen, Fakulta aplikovanych véd

Tato préce je zaméfena na sémantickou analyzu texti. Konkrétné na metody Explicitn{
sémantickd analyza a Latentni sémantickd analyza. Tyto metody jsou zaloZené na trénovani
bez uditele a jako trénovaci data vyuzivaji Wikipedii. Na vysledek metod je aplikovan
singuldrni rozklad matic, ktery redukuje pamétové ndroky a zdroveii vylepSuje vysledky
metod. Testovani vysledkil je provddéno na standardnich datasetech pro anglicky a Cesky
jazyk. Tyto datasety obsahuji pary slov a manudlné definovanou sémantickou podobnost.
Kvalita sémantické reprezentace je méfena pomoci Pearsonovy a Spearmanovy korelace.
Vsechny testované metody dosahuji na obou jazycich velmi dobrych vysledka.
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4D segmentacia nelinearnou difuziou a jej aplikacia v trekingu buniek

Timotej Hornacek
STU, Bratislava, Stavebna fakulta

V tejto praci predstavujeme dve semi-implicitné numerické schémy, ktoré riesia level-set
rovnicu segmentacie Stvordimenziondlneho (4D) obrazu. Pod pojmom 4D obraz rozumieme
trojdimenziondlne video. Numerické schémy su zalozené na semi-implicitnej Casovej diskre-
tizacif a metdde konecnych objemov v priestorovej diskretizacii. Obidve schémy testujeme
na 3D a 4D prikladoch, v ktorych segmentujeme pohybujice sa objekty. Nasledne segmen-
tacie pouzivame v aplikdcii hl'adania trajektdrii tychto objektov.

Automatic segmentation and semantic indoor scenes description
using RGB-D data

Lukas Hudec
Slovenska Technicka Univerzita, Informatiky a Informacnych Technolégii

The main goal of our work is to implement a method capable of segmenting and labeling
the objects in a real scene. We specialize in indoor scenes typical for high clutter and
overfilling of objects. The final application of this method is the enhancement of an ex-
isting model of human visual prediction. The main enhancement could be achieved by
an augmentation of top-down information derived from the recognized objects. We propose
combined approach of superpixel and CNN enhanced segmentation on RGB-D images,
with implicit object labeling. The task of superpixel segmentation is to follow the object
edges. Afterwards the superpixels defines the object seeds which are necessary for further
CNN region expansion and merging of object segments as proposed by Lampert et al.

Pouzitie aktivnych kontur na segmentaciu trasologickych objektov

Marcel Koé
UMB, Banska Bystrica, Fakulta prirodnych vied

Tato praca je venovana segmentacii trasologickych objektov v obraze za pouZitia segmen-
tacnej metddy aktivnych kontidr. V teoretickej rovine venujeme pozornost’ tedrii aktivnych
kontur a ich rozdelenia. Hlavnym cielom tejto prace je praktickd ukdzka fungovania algorit-
mov a ich porovnanie na jednotlivych obrdzkoch. V z4vere priace sme dosiahnuté vysledky
porovnali.
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Point cloud simplification

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

In our work, a new method for non-linear simplifying point clouds is proposed. Given
a point cloud sampled from a surface and triangulated, one computes a coarser triangu-
lation via fitting a quadric to a local set of points and their normals. This is achieved by
minimizing an objective function. The procedure is performed locally, that is, only in
a small neighbourhood of a certain point. Then, the output set, i.e. with lower cardinality, is
constructed by choosing specific points on the fitted surface. Also, we propose an evaluation
for a certain vertex and other criteria for reduction of cardinality. When a vertex is erased,
the connections of the remaining vertices in its close neighbourhood has to be appropriately
modified. Several cases of an erased vertex with low valency are explored.

Program pro tvorbu normalovych map z jedné fotografie

Simon Sedlacek
CVUT, Praha, Fakulta elektrotechnicka

V této praci popisuji vyuziti Shape from Shading algoritmi na vytvofeni vyskovych a norma-
lovych map z jediné fotografie, nasledné je zde popsana implementace algoritmu Interactive
Normal Reconstruction from a Single Image, ktery dokdze ze vstupni fotografie vypocitat
vyskovou mapu. Pro dosazeni lep$ich vysledkil jsem algoritmus upravil. Pro vypocet norma-
lovych map z map vyskovych jsem vyuzil Sobel-Feldmaniiv operator konvoluce. Nasledné
jsem implementaci algoritmu Interactive Normal Reconstruction from a Single Image
testoval na rtiznych vstupnich obrazcich a srovnaval jsem vystupy s vystupy autord ¢lanku.
Algoritmus jsem také testoval vzhledem k poCtu vypocetnich kroku, velikosti vstupniho
obrazku a vzhledem k rtiznorodosti dat na vstupu. Implementovany algoritmus jsem pouzil
v programu NormalMAPP, ktery je vysledkem mé prace. Program NormalMAPP dokdze
vypocitat vySkovou a normalovou mapu z jediné fotografie. UZivatelské prostfedi jsem
testoval s uZivately a nalezené problémy jsem zpét reflektoval do implementace programu.

Extraction of Displacements between Mesh and Basemesh

Martin Stuchlik
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

This paper is devoted to the extraction of the displacement between two predefined polygo-
nal meshes. Using a combination of GPU tessellation and vector displacement mapping,
our approach enables the original high-poly detailmesh to be rendered approximately by
the displaced low-poly basemesh at various LOD in real-time. During the preprocessing
phase, the cross-parameterization between the meshes is obtained and locally optimized to
maximize the amount of preserved geometry detail. Therefore, our method can store and
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reconstruct even more complex non-convex surface protuberances. This version of paper is
intended for the SVOC competition. It is derived from Martin Stuchlik’s master thesis and
was originally submitted to the CESCG’17 student seminar.

Single Camera Path Detection for Outdoor Navigation

Marek Suppa, Ondrej Jariabka, Ondrej Rudolf
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

The ability to find a path leading to an objective is one of the fundamental characteristics
of autonomous mobile robots. In the recent years, a class of approaches which makes use
of a combination of Computer Vision and Machine Learning has gained traction in the ro-
botics community. In this work we examine the problem of Path Detection in the context
of the Robotour competition, by analyzing solutions which were previously proposed in this
context and use the aforementioned combination. Furthermore, we propose new models
based on recent advances in using Convolutional Neural Networks for related Computer
Vision tasks, as well as structural changes to the processing pipeline, which help to improve
its performance. Finally, we evaluate all of the described methods on a dataset that is
released as part of this work.

PKSpace: An OpenSource Solution For Parking Space Occupancy
Detection

Marek Suppa, Roman Stevanak, Adrian Matejov, Ondrej Jariabka
UK, Bratislava, Fakulta matematiky, fyziky a informatiky

Parking space management is an issue that affects any building above certain size. While
there are solutions which rely on networks of connected sensors for each parking space,
these are usually difficult to maintain and expensive to implement. In this work we present
PKSpace — an open source solution for detecting vacant and occupied parking spaces, using
only an inexpensive camera and single-board computer. PKSpace aims to be the whole
package: by being able to obtain the images, provide admin interfaces for specifying
parking spaces, marking them as vacant or occupied, and offering tools for training machine
learning models, which are capable of predicting the number of vacant or occupied parking
spaces in new images, it allows the user to deploy the system in a short amount of time
while minimizing the amount of resources necessary for its maintenance. This work also
includes a comparison of methods used for this task and their empirical evaluation on
the FMPH parking dataset, which is released as part of this work.
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Post-quantum alternative to secure sockets

Marek Behun
UK, Praha, Matematicko-fyzikalni fakulta

Cilem této prace je implementovat softwarovou knihovnu, kterd umoznf Sifrovat interak-
tivni sitovou komunikaci pomoci kryptografického protokolu podobného SSL nebo TLS,
jehoZ bezpecnost neni ohroZena ttocnikem vlastnicim kvantovy pocitac. Pro dosaZeni
dané drovné bezpecnosti vysledny software pouZiva algoritmus na vyménu klicd zvany
Supersingular Isogeny Diffie Hellman (SIDH). Software je relativné jednoduchy, pfenosny
a nezavisly na specifikach konkrétniho operac¢niho systému, jeho funkénost je demonstro-
véna na zjednoduSené post-kvantové alternativé programu SSH. Prace také podava zhustény
tvod do teorie, na které je algoritmus SIDH postaven, psany pro cilovou skupinu studentti
bakalarskych a magisterskych kurzti informatiky.

NoSQL databazy a podpora offline rezimu

Jozef Dzama
UPJS, KosSice, Prirodovedecké fakulta

V naSej prici sme sa venovali porovnaniu databdzovych systémov a analyzovaniu rdznych
spdsobov riesenia offline reZimu a cachovania. Na zdklade tejto analyzy sme navrhli a im-
plementovali rieSenie pre podporu transparentného offline reZimu a cachovania tdajov
zo vzdialeného datového uloZiska. Vytvorené rieSenie je zaloZené na principe rozsirova-
telnosti. Na otestovanie nami vytvoreného systému sme implementovali lokdlne dloZisko
pouZzivajice databdzu SQLite a vzdialené uiloZisko komunikujice pomocou DDP protokolu.

Estimation of Power-Management Effect on Dynamic Power Consump-
tion

Jaroslav Erdelyi

STU, Bratislava, Fakulta informatiky a informaénych technolégii

Power estimation is one of the key aspects, which help designers to design a digital circuit
well. If a designer is able to estimate circuit parameters in an early development stage,
the designer can make the right decisions, and thus it can significantly shorten the design
time. The early design stages represent the modelling at the system level of abstraction.
The existing power/energy estimation methods at the system level are either too compli-
cated, or they do not consider power management while estimating the power consumption
(i.e. they provide inaccurate results). In this paper, therefore, we propose a method for
more accurate estimation of the dynamic power consumption at the system level. An input
of the power-estimation method is the SystemC description of a power-managed system
and the simulation results in a VCD form. The proposed method is based on a modified
Hamming distance, which is potentially more accurate than the existing methods.
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Automatic Answering of Students’ Questions by Using an Archive
of Questions

Adrian Huna
Slovenska technicka univerzita, Fakulta informatiky a informacnych technol6gii

The arrival of educational material available online resulted in many online student com-
munities. Students often have many questions, which can be posted on various forums
and nowadays even in Community Question Answering (CQA) systems. In this work, we
propose to utilize valuable knowledge present in archives of solved questions to automati-
cally answer new questions by reusing old answers. In the proposed method, we exploit
metadata specific for educational domain besides standard features, such as semantic simi-
larity of questions’ content. The results of an offline experiment proved, that consideration
of education-specific features improved the performance of the method by 10.2% and 3.4%.
Evaluation of performance of our method as a whole uncovered a challenging problem
of differentiation between answers from related and unrelated questions.

Recommendation of New Questions in Online Student Communities

Jakub Macina
Slovenska technicka univerzita, Fakulta informatiky a informacénych technolégii

Existing Community Question Answering (CQA) systems and discussion boards used
by Massive Open Online Courses (MOOCs) have high proportion of unanswered questions.
We propose a novel approach for a recommendation of new questions (so called question
routing) designed for CQA systems in educational settings. Majority of the existing meth-
ods tend to overload only few experts by recommending most of questions to them. This
work explicitly models user’s expertise and willingness to answer a new question and tries
to involve whole community in participation by considering non-QA data from the MOOC
course. Experimental results demonstrated that our method outperforms baseline method
in prediction of new question answerers by 5.3% in S@10.

Analyza cinitefov ovplyvnujucich spotrebu elektrickej energie klastra
pre vysokovykonné vypocty

Martin Trnik
UMB, Banska Bystrica, Fakulta prirodnych vied

Clanok sa zaoberd analyzou vysokovykonnych vypo&tovych klastrov z pohladu spotreby
elektrickej energie. Pri rozvrhovani tloh na vypoctové uzly klastra sa zvycajne spotreba
elektrickej energie nepovazuje za jeden z klIiCovych parametrov, napriek pomerne vysokym
ndkladom, ktoré musia prevddzkovatelia vypoctovych centier vynaloZit' na jej platenie.



54 svo¢C 2017

V teoretickej Casti prace sa nachddza analyza tdajov potrebnych k rieSeniu tlohy a me-
todika rieSenia dlohy. Prakticka cast’ obsahuje analyzu konkrétnych ddajov z vysokovykon-
ného vypoctového klastra na Univerzite Mateja Bela.

V préci sme pouZili rdzne metddy, sliZiace na analyzy mnohorozmernych ddajov,
medzi ktoré patria metdda paralelného programovania pomocou programovacej paradigmy
MapReduce v systéme Hadoop, met6dy Business Intelligence implementované v néstroji
Tableau a Statistické metddy realizované pomocou analytického jazyka R.

Kld€ovym prinosom prace je analyza vztahu medzi spotrebou elektrickej energie vypoc-
tového uzla a jeho zataZenim. Sekunddrnym vysledkom je analyza vztahu medzi zataZenim
vypoctového uzla a poziadavkami tloh, ktoré sa na uzle pocitaja.

Prica je volnym pokralovanim bakaldrskej prace a prace zo SVOC 2016 Mnohoroz-
mernd analyza rozvrhovania vo vysokovykonnych pocitatovych systémoch.
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