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Cast 1: Zakladni informace k pfihlaSeni do programu VyLeT 2023

Tento dokument obsahuje soupis vyzkumnych témat vypsanych v ramci programu
VyLeT pro rok 2023.

Kdo se maze pfihlasit?

1. Prihlasit do programu se muze student bakalarského nebo navazujiciho magisterského
programu na FIT CVUT, a to v obdobi stanoveném v harmonogramu.

2. Témata se déli na volna a rezervovana. Rezervovana témata jsou urCena pro konkrétni
studenty vybrané mentorem. Zvolit si rezervované téma mulze pouze student, pro kterého je
téma rezervovano.

3. Kterykoliv student, ktery je studentem dle bodu (1) tohoto odstavce se mulze pfihlasit na
jakékoliv volné téma.

4. Jeden student se muze pfihlasit na vice témat, vlastni pfifazeni zajemcl k tématim
probéhne az ve vybérovém fizeni.

5. Student se muze prihlasit a nasledné fesit vyzkumné téma, které je v pfekryvu s tématem
jeho zavérecné prace.

6. Student se mlze prihlasit a nasledné fesit vyzkumné téma, a posléze si toto téma zvolit
jako téma zavére€né prace.

7. Béhem doby, kdy je program otevien pro pfijem pfihlasek od studentll, se student mize
pfihlasit s novym rezervovanym tématem, a to za nasledujicich podminek: student si najde
mentora, dohodne se s nim a nasledné mentor zada nové rezervované téma a student se na
toto téma pfihlasi.

8. Béhem doby, kdy je program otevien pro pfijem pfihlaSek od studentu, je mozné pridavat
témata pouze podle bodu (7) Neni mozné pridavat témata volna, neuréena pro zadného
studenta.

Jak se prihlasit?

PFihlaSeni probiha odeslanim elektronického formulare. Odkaz na formular je uveden na webu
FIT na strance programu VyLeT 2023. Tento zpusob pfihlaSeni je jediny mozny a jediny
platny. PfihlaSeni prostfednictvim jiného komunikacniho kanalu nebude povazovano za
platné.

Do kdy je tfeba se pfihlasit?

Je tfeba se prihlasit ve Ih(té ur¢ené pro pfihlasovani studentd. Tato Ihata konéi 30. 4. 2023.



Cast 2: Vypsana vyzkumna témata

Chytré navigacni zarizeni pro motocykly / Smart navigation devices for
motorcycles

ID zadani / Topic ID: 1
Mentor: prof. Ing. Hana Kubdtova, CSc.
Mentor specialista / Mentor specialist: Mgr. Jan Balada, ULW Czech, s.r.o.

Zadani: V projektu jde o typicky problém pro vestavné systémy, kde je duleZité navrhovat architekturu
hardware i software s ohledem na aplikaci, kde je dileZita velikost, pfikon, spotfeba, prace v redlném
Case, komunikace i zabezpeceni. Navigacni zatizeni je ve svém zakladu tablet, na kterém bézi operacni
systém Android. Kompletni funkce ovladacl jsou podporovany aktualné jen na Android, na iOS bézi
jen funkce v ramci HID klavesnice. V soucasné fazi vyvoje a pouzivani jde jednak o aktualizaci ROM pro
stavajici HW na Android 11. AktudIni pouzivana verze je Android 9. K dispozici je zdrojovy kéd pro obé
verze. ldealni stav je moznost aktualizace systémem OTA, protoze Android 9 neni pro OTA pfipraven
a oproti Android 11 ma jinou strukturu oddilG.

Zaroven zacal vyvoj kompletné nového hardware, véetné na zakazku vyvijeného LCD a PCBA. Vyvoj
PCBA probiha externé v rdmci spoluprace se spole¢nosti Quectel. Spolecné s PCBA maji byt dodany
veskeré soucasti operacniho systému, kromé aplikacni a uzivatelské ¢asti.

Otevrené problémy do budoucna, které jsou publikovatelné jako velmi inovativni v oblasti automotive
aplikaci:

1. Externi GNSS prostfednictvim UART a Bluetooth (bude tfeba specialni GNSS driver, ktery
zakomponuje predevsim mozZnost prepnuti na Bluetooth externi GNSS jednotku na systémové Urovni,
cozZ je na Androidu obecné problém).

2. Pfimé hardwarové pfipojeni na CANBUS;
3. Propojeni s periferiemi pfes UART;
4. Moznosti bezbateriového provozu.

5. Dalkova komunikace (i satelitni), a to jak pro bézné spotrebitele (interkom), tak i rozsahlejsi systémy
se zamérenim na prostiedi velkych mezinarodnich rally.

Ocekavané vystupy projektu:
- prezentace vysledku na konferenci o embedded systémech v sekci "praktické aplikace"

- navazani spoluprace s firmou s moznosti vypracovani zajimavé a prakticky uplatnitelné bakalarské
nebo diplomové prace

- mozna finanéni podpora studentd v dalsim studiu (PhD) na tématech relevantnich k vyzkumu KCN



Assignment: The project is a typical problem for embedded systems, where it is important to design
the hardware and software architecture with regard to the application, where size, power
consumption, real-time work, communication and security are important. The navigation device is
basically a tablet that runs the Android operating system. The complete functions of the drivers are
currently only supported on Android, on iOS only the functions within the HID keyboard run. At the
current stage of development and use, it is on the one hand a ROM update for existing HW to Android
11. The current version in use is Android 9. The source code for both versions is available. The ideal
situation is to be able to update via OTA, because Android 9 is not OTA-ready and has a different
partition structure compared to Android 11.

At the same time, the development of completely new hardware began, including a custom-developed
LCD and PCBA. The development of the PCBA takes place externally in cooperation with Quectel.
Together with the PCBA, all components of the operating system, except for the application and user
parts, are to be delivered.

Open problems for the future that are publishable as very innovative in the field of automotive
applications:

1. External GNSS via UART and Bluetooth (a special GNSS driver will be needed, which mainly
incorporates the possibility to switch to a Bluetooth external GNSS unit at the system level, which is
generally a problem on Android).

2. Direct hardware connection to CANBUS;
3. Connection with peripherals via UART;
4. Possibilities of battery-free operation.

5. Remote communication (including satellite), both for ordinary consumers (intercom) and more
extensive systems focusing on the environment of large international rally.

Expected outputs of the project:

- presentation of the result at the conference on embedded systems in the "practical applications"
section,

- establishing cooperation with a company with the possibility of developing an interesting and
practically applicable bachelor's or diploma thesis,

- possible support in further study (PhD) on topics relevant to KCN research.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e PESW (Prague Embedded System Workshop) [PESW: CVUT]
e Euromicro Digital System Design (DSD) [Euromicro]



Vyhodnoceni efektivity SAT resicl pro obvodovy SAT / Evaluation of
the Efficiency of SAT-Solvers for Circuit-SAT

ID zadani / Topic ID: 5
Mentor: doc. Ing. Petr Fiser, Ph.D.

Zadani: Cilem prace je provést experimentalni vyhodnoceni efektivity (rychlosti) dostupnych open-
source tesicd problému splnitelnosti booleovské formule (SAT) pro instance ziskané transformaci z
obvodu (netlistu), tj. pro tzv. ,circuit-SAT“. Tyto instance jsou svoji povahou specifické. Jsou sice
,lehké” (spiSe se blizi 2-SATu), ale objevuji se v nich tézké ¢asti. SAT feSice se proto pro né mohou
chovat jinak, ne? pro béiné zkugebni instance. U¢innost dostupnych SAT fe$i¢( pro tyto instance zatim
nebyla dostatec¢né zkoumana.

vevo

Jednd se o Cisté experimentdlni praci. Detailni znalost problematiky SAT FeSi¢l neni nutna.
Programovani pravdépodobné nebude zapotfebi. Generdtor instanci je k dispozici. Naudite se
pracovat s vypocetnim clusterem CESNET MetaCentrum (OS Linux).

Vystupem budou pfislusné statistiky, doporuceni a (pevné doufam) clanek na konferenci.

Assignment: The aim of this work is to perform an experimental evaluation of the efficiency (speed)
of available SAT-solvers for instances obtained by a transformation from a logic circuit (netlist) — the
circuit-SAT instances. These instances are somewhat specific. Even thou they are often “easy” to be
solved, some difficult parts may appear there. As a result, standard SAT-solvers may behave differently
than for typical standard benchmarks. The efficiency of standard SAT-solvers for circuit-SAT hasn’t
been satisfactorily evaluated yet.

It will be just an experimental work. Detailed knowledge of the SAT-solvers problematic is not needed.
Programming probably won’t be required either, as the instances generator is available.

You will learn how to work with a national computational cluster CESNET MetaCentrum (OS Linux).

The output of this work will be the respective statistics and recommendations, and hopefully a
conference paper.

Planované uplatnéni vystupt (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e |EEE Design and Diagnostics of Electronic Circuits and Systems (DDECS) [IEEE]
e Euromicro Conference on Digital System Design (DSD) [Euromicro]
e The International Conferences on Theory and Applications of Satisfiability Testing (SAT) [TBA]



Pouziti logické syntézy pro usnadnéni reseni SAT problému /
Application of Logic Synthesis to Simplify SAT-Solving

ID zadani / Topic ID: 6
Mentor: doc. Ing. Petr FiSer, Ph.D.

Zadani: Cilem prace je vyzkouset vliv logické syntézy na reSeni problému splnitelnosti booleovské
formule (SAT). Tj. prozkoumat, zda a jaka zjednoduseni (resp. transformace) booleovské formule
vedou ke zrychleni feSeni SATu. V literature se objevuji zminky o pozitivnim i negativnim vlivu, dosud
ale tento problém nebyl zkouman dostate¢né komplexné.

Jednad se o Cisté experimentalni praci. Detailni znalost problematiky SAT Fesicl a logické syntézy neni
nutna. Programovani pravdépodobné nebude zapotiebi. Naucite se pracovat s vypocetnim clusterem
CESNET MetaCentrum (OS Linux) a nastroji pro logickou syntézu.

Vystupem budou pfislusné statistiky, doporuceni a (pevné doufam) clanek na konferenci.

Assignment: The aim of this work is to investigate the influence of logic synthesis on SAT-solving. This
means, to explore if some simplifications (transformations) of a Boolean formula will lead to a SAT-
solving speed-up. Both positive and negative effects were reported in literature, however, this
problem hasn’t been explored thoroughly enough yet.

It will be just an experimental work. Detailed knowledge of the SAT-solvers problematic and logic
synthesis is not needed. Programming probably won’t be required either.

You will learn how to work with a national computational cluster CESNET MetaCentrum (OS Linux).

The output of this work will be the respective statistics and recommendations, and hopefully a
conference paper.

Planované uplatnéni vystupi (€asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Design, Automation and Test in Europe (DATE) [IEEE/ACM]
e |EEE Design and Diagnostics of Electronic Circuits and Systems (DDECS) [IEEE]
e The International Conferences on Theory and Applications of Satisfiability Testing (SAT) [TBA]



Zjistovani podobnosti logickych obvod( / Measuring of the Similarity
of Logic Circuits

ID zadani / Topic ID: 7
Mentor: doc. Ing. Petr FiSer, Ph.D.

Zadani: Cilem prace je navrhnout algoritmus a naimplementovat ndstroj pro stanoveni podobnosti
dvou kombinacnich logickych obvodU, které jsou funkéné ekvivalentni, ale strukturné rozdilné.
MozZnosti feseni je mnoho, véetné moznosti definovani prislusné metriky. Jedna z moznosti (mozna
preferovanad) je navazat na jiz obhajenou DP, pouzit zde prezentovany algoritmus, Iépe jej vyhodnotit
a pfipadné vylepsit.

Znalost cislicového ndvrhu neni nutnd, je to problém spiSe z oblasti teoretické informatiky (grafovy
problém).

Vystupem bude ¢lanek na konferenci.

Assignment: The aim of this work is to devise an algorithm and implement a tool measuring the
similarity of two combinational circuits, which are functionally equivalent, but structurally different.
There are many possibilities of doing so, including defining different metrics. Thus, particular solution
will be chosen based upon a discussion.

Detailed knowledge of logic synthesis is not required, it is more or less a graph problem.
The output of this work should be a conference paper.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Design, Automation and Test in Europe (DATE) [IEEE/ACM]
e |EEE Design and Diagnostics of Electronic Circuits and Systems (DDECS) [IEEE]
e Euromicro Conference on Digital System Design (DSD) [Euromicro]



Symbolic Benchmarking / Symbolic Benchmarking

ID zadani / Topic ID: 8
Mentor: prof. Christoph Kirsch

Zadani: The assignment is to study the notion of symbolic benchmarking: given a program P, possibly
as machine code, and a bound k, find input | to P such that P does not complete execution and/or
consume other resources excessively on | within k steps, possibly counted as in number of executed
machine instructions. The idea is to apply github.com/cksystemsgroup/unicorn to existing programs
and identify performance bugs ideally with program inputs that make the code not complete
execution and/or consume other resources such as memory excessively.

Prerequisites: programming languages, algorithms, compilers, runtime systems, architecture, basic
mathematical logic

Assignment: The assignment is to study the notion of symbolic benchmarking: given a program P,
possibly as machine code, and a bound k, find input | to P such that P does not complete execution
and/or consume other resources excessively on | within k steps, possibly counted as in number of
executed machine instructions. The idea is to apply github.com/cksystemsgroup/unicorn to existing
programs and identify performance bugs ideally with program inputs that make the code not complete
execution and/or consume other resources such as memory excessively.

Prerequisites: programming languages, algorithms, compilers, runtime systems, architecture, basic
mathematical logic

Planované uplatnéni vystupt (éasopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e  EuroSys 2024, Fall Deadline: October 2023 [ACM SIGOPS]



icl pomoci fyzicky neklonovatelnych funkci /

/v o

iC0 pomoci fyzicky neklonovatelnych funkci

Generovani k

Generovani k

ID zadani / Topic ID: 11
Mentor: Ing. Filip Kodytek, Ph.D.

Zadani: Cilem bude implementace vybrané fyzicky neklonovatelné funkce (PUF) a jeji nasledné vyuziti
pro generovani kli¢l. To zahrnuje vybér Gcelu, pro jaky kli¢ bude slouZit a nasledné navrh zpracovani
vystupu PUF tak, aby jej Slo pro generovani kli¢d vyuzit.

Planované uplatnéni vystupti (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Design and Diagnostics of Electronic Circuits and Systems (DDECS)
e Digital System Design (DSD)
e Materidly pro vyuku predmétd BI-HWB/NI-HWB



Generatory skutecné ndhodnych Cisel / Generatory skutecné
nahodnych Cisel

ID zadani / Topic ID: 12
Mentor: Ing. Filip Kodytek, Ph.D.

Zadani: Implementace jiz existujici (pfipadné navrh nové) architektury skutecné ndhodného
generdtoru (TRNG). Analyza vlastnosti implementovaného TRNG a vyhodnoceni jeho ndhodnosti.

Planované uplatnéni vystupi (€asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

o Digital System Design (DSD)
e Design and Diagnostics of Electronic Circuits and Systems (DDECS)
e Microprocessors and Microsystems (MICPRO)



Testovani Markovskych modelt pomoci Monte Carlo simulace na
grafické karté / Testing of Markov models using Monte Carlo
simulation on GPU

ID zadani / Topic ID: 13
Mentor: Ing. Martin Kohlik, Ph.D.
Mentor specialista / Mentor specialist: Ing. Jan Reznicek

Zadani: V ramci projektu bude vytvoren algoritmus pro testovani Markovskych modelll pomoci Monte
Carlo simulace, ktery pobézi v paralelnim prostfedi na grafické karté. Vysledkem prace budou
nasimulovana data, ktera budou poufZita pro publikaci ¢lankd na konferencich a/nebo ¢asopise. Tento
vyzkum navazuje na téma disertacni prace mentora specialisty a také na vyzkum, kterym se zabyva
Laboratofr spolehlivosti.

Assignment: An algorithm for testing Markov models using Monte Carlo simulation, which will run in
a parallel environment on a GPU, will be created within the project. The result of the work will be
simulation data, which will be used for the publication of the article at the conferences and/or journal.
This research follows up on the topic of the dissertation of a Mentor specialist and also on the research
dealt with by the SafetyLab.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

o The International Symposium on Design and Diagnostics of Electronic Circuits and Systems
(DDECS) [IEEE]

e Conference Series on Digital System Design (DSD) [Euromicro]

e Microprocessors and Microsystems (MICPRO) [Elsevier]



Techniky strojového uceni pro optimalizaci laserového plazmového
urychlovace / Machine Learning Techniques for Laser-Plasma
Acceleration Optimization

ID zadani / Topic ID: 14
Mentor: Mgr. Alexander Kovalenko, Ph.D.

Zadani: Application of physics Informed machine learning in order to overcome possible challenges by
incorporating physical laws and constraints into the machine learning algorithm.

Assignment: Application of physics Informed machine learning in order to overcome possible
challenges by incorporating physical laws and constraints into the machine learning algorithm.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Scientific Reports Journal



Bayesovskd optimalizace laserového plazmového urychlovace /
Bayesian Optimization of a Laser-Plasma Accelerator

ID zadani / Topic ID: 15

Mentor: Mgr. Alexander Kovalenko, Ph.D.

Zadani: Use bayesian statistics to optimize laser-plasma accelerator. Data will be provided.
Assignment: Use bayesian statistics to optimize laser-plasma accelerator. Data will be provided.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Scientific Reports Journal



Efektivni transformery / Efficient transformers

ID zadani / Topic ID: 16
Mentor: doc. Ing. Pavel Kordik, Ph.D.

Zadani: Experimenty se Skalovatelnosti transformer( a dalSich podobnych ML modelli vzhledem
k velikosti kontextového okna. Triky jak pouZit metalearning a metaoptimalizaci na vytvoreni
efektivnéjsi struktury paméti.

Assignment: Experiments with scalability of transformers and other similar ML models with respect
to the size of the context window. Tricks on how to use metalearning and meta-optimization to create
a more efficient memory structures.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e ECML PKDD, NEURIPS



Embedding semantic annotations in Latex / Embedding semantic
annotations in Latex

ID zadani / Topic ID: 21
Mentor: Ing. Milan Dojcinovski, Ph.D.

Zadani: While embedding semantic annotations in HTML or XML based formats is already possible via
RDFa, microdata or microformats, embedding semantic annotations in Latex is still not well supported.
The goal is to develop an approach for embedding semantic annotations (RDF based) in Latex. Part of
the thesis is to develop a tool that will support export of the information from latex to RDF/XML.

Assignment: While embedding semantic annotations in HTML or XML based formats is already
possible via RDFa, microdata or microformats, embedding semantic annotations in Latex is still not
well supported. The goal is to develop an approach for embedding semantic annotations (RDF based)
in Latex. Part of the thesis is to develop a tool that will support export of the information from latex
to RDF/XML.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e  SEMANTICS [Springer]
e ESWC [Springer]
e ISWC [Springer]



Utok postrannim kandlem na statickou spotfebu AES bloku v MCU /
Side-channel analysis of the AES MCU crypto block static power

ID zadani / Topic ID: 22
Mentor: Ing. Jan Bélohoubek, Ph.D.
Mentor specialista / Mentor specialist: Ing. Jifi Bucek, Ph.D.

Zadani: Pripravné prace zahrnuji ndvrh PCB s vybranym procesorem STM32. Navrh PCB muzZe byt
realizovan v Uzké spolupréci s vedoucim: zacatecnici a zajemci o sezndmeni se s navrhem PCB jsou
vitani. Dale student pfipravi jednoduchy software pro MCU a skripty pro fizeni experimentu, realizuje
experimenty, provede jejich vyhodnoceni a bude pod vedenim vedouciho pracovat na publikacnich
vystupech. Experimentalni prace je rozdélena do 4 etap. Student realizuje experimenty v etapé (1), v
zavislosti na postupu praci také v etapach (2), (3) a (4).

Vysledky etapy (1) mohou byt publikovany na konferenci jako student paper, Uspéch v etapach (2) -
(4) umoini podani ¢lanku na prestiznéjsi konferenci nebo do casopisu. Etapy (2) - (4) Ize provést v
libovolném poradi. V zavislosti na postupu praci budeme zvazovat, které etapy a v jakém poradi

realizujeme.
Experimentdlni ¢ast:

(1) Provedeni Utoku metodou DPA a/nebo CPA na statickou spotfebu AES bloku a srovna sloZitost
utoku s utokem na dynamickou spotfebu. (2) Provedeni totoznych Utokd na MCU, které proslo
standardnim procesem simulovaného starnuti a srovnani s vysledky (1). (3) Provedeni totoznych utokd
na MCU, které obdrzelo definovanou davku ionizujiciho zafeni a srovnani s vysledky (1) a (2). (3)
Provedeni totoznych utokd na rozpouzdiené MCU vystavené neionizujicimu definovanému osvitu a
srovnani s vysledky (1), (2) a (3).

Jako metriku sloZitosti Utoku pfedpokladame pocet méfeni nutnych pro ziskani AES klice.

Assignment: The preparatory works for the topic include the design of the PCB. The PCB design will
be realized in close cooperation and with help of the topic supervisor: beginners and those who would
like to try a PCB design are welcome. Development of the (simple) software for the STM32 MCU, and
scripts for conducting experiments follows. The experimental part of the work is further divided into
four phases, while phase (1) is mandatory and further phases will follow depending on the success of
phase (1). The work will be concluded by experiment evaluation and hopefully a successful publication.

The results of the experimental phase (1) could be already published as a student paper, while success
in phases (2) to (4) allows submitting a paper or an article to a prestigious conference or journal.
Phases (2) to (4) could be carried out in an arbitrary order, while the phase ordering will be subject to
consideration depending on the progress of the work.

Experimental part:

(1) Mounting a DPA and/or CPA attack on the static power of the AES MCU block and comparing its
complexity to the attack on the dynamic power of the same block. (2) Mounting the same attacks on
the MCU, aged by a standard accelerated aging process, and comparing the attack complexity to the
experiments from phase (1). (3) Mounting the same attacks on the MCU, aged by defined ionizing
dose radiation, and comparing the attack complexity to the experiments from phases (1) and (2). (4)



Mounting the same attacks on the decapsulated MCU under defined non-ionizing illumination, and
comparing the attack complexity to the experiments from phases (1), (2), and (3).

The number of traces is expected as the attack complexity metric is expected.

Planované uplatnéni vystupi (€asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Euromicro Conference on Digital System Design (DSD) [Euromicro]

e Cryptographic Hardware and Embedded Systems (CHES) [International Association for
Cryptologic Research (IACR)]

e Microelectronics Reliability (MICPRO) [Elsevier Ltd.]



Cluster Ensemble Techniques for Clustering Malware Families /
Cluster Ensemble Techniques for Clustering Malware Families

ID zadani / Topic ID: 23
Mentor: Mgr. Olha Jureckova
Mentor specialista / Mentor specialist: Mgr. Martin Jureéek, Ph.D.

Zadani: In recent years, there are several initiatives in automatic malware categorization using
clustering techniques. Clustering algorithms have been applied to different problems in many different
real-word applications. However, different clustering algorithms have their own strengths and
weaknesses. Therefore, the combination of different clustering algorithms (cluster ensembles) has
emerged as an attempt to overcome the limitations of each clustering technique. The use of cluster
ensembles aims to combine multiple partitions generated by different clustering algorithms into a
single clustering solution (consensus partition). The main objective of the cluster ensemble selection
(CES) is the selection of an appropriate subset of base clusterings(BC) and forms a smaller cluster
ensemble that performs better than the set of all of the base clusterings. This paper will make an
overview of recent research on clustering ensemble and application it in malware detection.

Assignment: In recent years, there are several initiatives in automatic malware categorization using
clustering techniques. Clustering algorithms have been applied to different problems in many different
real-word applications. However, different clustering algorithms have their own strengths and
weaknesses. Therefore, the combination of different clustering algorithms (cluster ensembles) has
emerged as an attempt to overcome the limitations of each clustering technique. The use of cluster
ensembles aims to combine multiple partitions generated by different clustering algorithms into a
single clustering solution (consensus partition). The main objective of the cluster ensemble selection
(CES) is the selection of an appropriate subset of base clusterings(BC) and forms a smaller cluster
ensemble that performs better than the set of all of the base clusterings. This paper will make an
overview of recent research on clustering ensemble and application it in malware detection.

Planované uplatnéni vystupi (€asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e International Conference on Security and Cryptography (SECRYPT). [Institute for Systems and
Technologies of Information, Control and Communication (INSTICC)]
e Journal of Computer Virology and Hacking Techniques [Springer]



Bezpecné aplikace pro automobilovy priimysl| / Secure automotive
applications

ID zadani / Topic ID: 26
Mentor: prof. Ing. Hana Kubatova, CSc.
Mentor specialista / Mentor specialist: Ing. Marek Jansky, Ing. Jakub Horacéek, IMA, s.r.o.

Zadani: Research work for the IMA company in the field of security, which will be more specifically
focused after agreement with the mentors, the topic is also suitable for several students.

The solution will include:

- research on the use of radars and of other sensors for obstacle detection around the vehicle for
automotive sensor systems,

- methods of ensuring car connectivity: secure unified gateway, state of development of suitable chips:
STM, Infineon, NXP, ...

- vehicle embedded system cyber security.
It is assumed that the results will be used in the context of solving EU projects:
SRIA 2023

https://www.kdt-ju.europa.eu/documents?data=refresh

and
Chip Act EU

https://www.europarl.europa.eu/news/en/headlines/society/20230210STO74502/chips-act-the-eu-
s-plan-to-overcome-semiconductor-shortage

Assignment: Research work for the IMA company in the field of security, which will be more
specifically focused after agreement with the mentors, the topic is also suitable for several students.

The solution will include:

- research on the use of radars and of other sensors for obstacle detection around the vehicle for
automotive sensor systems,

- methods of ensuring car connectivity: secure unified gateway, state of development of suitable chips:
STM, Infineon, NXP, ...

- vehicle embedded system cyber security.
It is assumed that the results will be used in the context of solving EU projects:
SRIA 2023

https://www.kdt-ju.europa.eu/documents?data=refresh

and


https://www.kdt-ju.europa.eu/documents?data=refresh
https://www.europarl.europa.eu/news/en/headlines/society/20230210STO74502/chips-act-the-eu-s-plan-to-overcome-semiconductor-shortage
https://www.europarl.europa.eu/news/en/headlines/society/20230210STO74502/chips-act-the-eu-s-plan-to-overcome-semiconductor-shortage
https://www.kdt-ju.europa.eu/documents?data=refresh

Chip Act EU

https://www.europarl.europa.eu/news/en/headlines/society/20230210STO74502/chips-act-the-eu-
s-plan-to-overcome-semiconductor-shortage

Planované uplatnéni vystupt (éasopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Euromicro Conference on Digital System Design (DSD) [EUROMICRO]

e International Symposium on Design and Diagnostics of Electronic Circuits and Systems
(DDECS) [IEEE]

e  MICPRO journal [Elesevier]


https://www.europarl.europa.eu/news/en/headlines/society/20230210STO74502/chips-act-the-eu-s-plan-to-overcome-semiconductor-shortage
https://www.europarl.europa.eu/news/en/headlines/society/20230210STO74502/chips-act-the-eu-s-plan-to-overcome-semiconductor-shortage

Velmi lind kompilace pro multi-agentni hledani cest / Very Lazy
Compilation for Multi-agent Path Finding

ID zadani / Topic ID: 29
Mentor: prof. RNDr. Pavel Surynek, Ph.D.

Zadani: Pri liné kompilaci multi-agentniho hledani cest do jiného formalismu, jako je napftiklad
vyrokova splnitelnost, urcitd omezeni zakddujeme, zatimco jind ponechame, aby se je fesic¢ naucil sam,
tj. jsme pti kddovani lini. Co kdybychom byli jesté linéjsi, tj. nezakddovali nic, a nechali fesic, at se
kédovani problému nauci Uplné sam.

Assignment: When lazily compiling a multi-agent search for paths to another formalism, such as
propositional satisfiability, we encode certain constraints, while we leave others to be learned by the
solver himself, ie we are lazy in coding. What if we were even lazier, ie we didn't encode anything, and
let the solver learn to encode the problem itself.

Planované uplatnéni vystupt (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e |CAART 2024 [INSTICC]
e |CTAI 2024 [IEEE]



Resilientni multi-agetni hledani cest s redlnymi roboty / Resilient
Multi-agent Path Finding with Real Robots

ID zadani / Topic ID: 30
Mentor: prof. RNDr. Pavel Surynek, Ph.D.

Zadani: Predstavme si vykonavani plan pro multi-agentni hledani cest se skute¢nymi roboty, jako
jsou roboti, které mame v laboratofi RoboAgelab, tj. Ozoboti, ePucky a drony Crazyflie. Pfi vykondavani
planu se ob¢as néco nepovede. Chtéli bychom se zabyvat otdzkou, jak na nezdar ve vykonavani planu
reagovat zménou planu, resp. jak zajistit, aby uz pdvodni plan byl na takové zmény pfipraven.

Assignment: Consider execution of multi-agent path finding plans with real robots, such as the robots
we have in the RoboAgelab lab, ie Ozobots, ePucks and Crazyflie UAVs. Sometimes things go wrong
with the plan. We would like to address the question of how to respond to a failure in the execution
of the plan by changing the plan or how to ensure that the original plan is ready for such changes.

Planované uplatnéni vystupt (éasopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e |CAART 2024 [INSTICC]
e |CTAI 2024 [IEEE]



Experimentalni studie parametru twin-cover number realnych
socialnich siti / An Experimental Study of the Twin-Cover Number of
Real-World Social Networks

ID zadani / Topic ID: 32
Mentor: Ing. Simon Schierreich

Zadani: Pro mnoho NP-tézkych problém( muizZeme ukazat, Ze, uvaZzujeme-li platnost rozumnych
vypocetné sloZitostnich domnének, nemlzZe existovat FPT algoritmus pokud parametrizujeme
strukturdlnim parametrem treewidth. V takovych pfipadech pak ¢asto sahdme po jinych strukturdlnich
parametrech, které sice mohou vést k rychlym algoritmlm, ale jejich hodnota je mala pro velmi
omezené tridy grafd. Klasickym pfipadem takového parametru je vertex cover number.

Cilem této prdce je experimentdini studie grafového parametru twin-cover number, ktery je
zobecnénim zminéného vertex cover number. Rozdil mezi obéma parametry spociva zejména v tom,
Ze, na rozdil od druhého zminéného, twin-cover number nabyva nizkych hodnot i pro mnoho tfid
hustych grafd. Ukolem studenta je najit vhodné data sety redlnych socidlnich sitich a na nich zjistit
hodnotu tohoto parametru.

Assignment: For many NP-hard problems, we can show that, under reasonable computational
complexity assumptions, there can be no FPT algorithm if we parameterize by the structural
parameter the treewidth of the underlying graph. In such cases, we often turn to other structural
parameters that lead to tractable algorithms but are bound only for very restricted graph families. The
classic example of such a parameter is the vertex cover number.

The aim of this work is an experimental study of the graph parameter twin-cover number, which is a
generalization of the aforementioned vertex cover number. The main difference between the two
parameters is that, unlike the latter, the twin-cover number is bounded even for many families of
dense graphs. The student's task is to find suitable datasets of real social networks and derive the
value of this parameter on these social networks.

Planované uplatnéni vystupt (éasopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e IPEC 2024 [EATCS]
e WAW 2024
e SEA2024



Landmark Detection in Micro Robots using Deep Learning / Landmark
Detection in Micro Robots using Deep Learning

ID zadani / Topic ID: 33
Mentor: Mgr. Alexander Kovalenko, Ph.D.

Zadani: The task is to detect main features (landmark point, wave variables, etc.) of the micro robots
(micro swimmers) from video. Partially labelled dataset will be provided.

Assignment: The task is to detect main features (landmark point, wave variables, etc.) of the micro
robots (micro swimmers) from video. Partially labelled dataset will be provided.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e International Conference on Computer Vision (ICCV) [The Computer Vision Foundation]
e European Conference on Computer Vision (ECCV) [European Computer Vision Association]



Témata z oblasti grafovych algoritmU, parametrizované slozitosti a
algoritm0 pro tézké problémy / Various topics in the are of graph
algorithms, parameterized complexity, and algorithms for hard
problems

ID zadani / Topic ID: 34
Mentor: RNDr. Ondfej Suchy, Ph.D.

Zadani: Cilem je zabyvat se nekterymi tezkymi grafovymi problemy z hlediska parametrizace
strukturalnimi parametry. Tedy bud nalezt parametrizovany algoritmus pro danou parametrizaci,
nebo ukazat, ze takovy neexistuje. Mezi problemy, na ktere bychom se mohli zamerit patri napriklad
nalezeni geodetickeho a obaloveho cisla grafu. Zde podmnozina vrcholu je geodeticka, pokud kazdy
vrchol grafu lezi na nejake nejkratsi ceste mezi dvema vrcholy podmnoziny. Geodeticke cislo grafu je
velikost nejmensi geodeticke mnoziny v grafu. Podmnozina vrcholu grafu je konvexni, kdyz kazda
nejkratsi cesta mezi vrcholy teto podmnoziny vede uvnitr teto podmnoziny. Obalove cislo grafu je
velikost nejmensi mnoziny vrcholu takove, ze jedina konvexni mnozina, ktera ji obsahuje, je mnozina
vsech vrcholu. Dalsim problemem je Geografie, coz je hra, kde se hraci stridaji v prodluzovani cesty v
zadanem grafu. Hrac, ktery cestu nemuze prodlouzit, prohral. Otazky zni, zda prvni hrac ma strategii,
ktera mu zaruci vyhru. Mezi vhodne parametry Ize zaradit napriklad velikost nejmensiho vrcholoveho
pokryti vstupniho grafu, velikost nejmensi feedback vertex set, stromovou sirku, apod. Konkrétni
zadani bude stanoveno se studentem.

Assignment: The goal is to approach hard graph problems from the perspective of parameterization
by structural parameters. That is, to either find a parameterized algorithm with respect to selected
parameter, or to show that there is none (under reasonable assumptions). Among the problems that
we could focus on is, e.g., the computation of the geodesic and hull number of a graph. Here a subset
of vertices is geodetic if every vertex of the graph lies on some shortest path between two vertices of
the subset. The geodetic number of a graph is the minimum size of a geodetic set in it. A subset of
vertices is convey, if each shortest path between two of its vertices is contained within the subset. The
hull number of a graph is the minimum size of a subset of vertices such that the only convex set that
this subset is contained in is the whole vertex set of the graph. Yet another interesting problem is
Geography, which is a game, where two players alternate in prolonging a path in the input graph. The
player unable to prolong the path looses. The question is, given a graph, whether the first player has
a winning strategy. Specific goals will be set with the student.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e International Workshop on Graph-Theoretic Concepts in Computer Science + WG [Pro rok
2024 zatim nebyl urcéen.]

e International Workshop on Combinatorial Algorithms + IWOCA [Pro rok 2024 zatim nebyl
urcen.]

e Information Processing Letters + IPL [Elsevier]



The maximum matching game / The maximum matching game

ID zadani / Topic ID: 36
Mentor: Foivos Fioravantes, Ph.D.

Assignment: Consider the following game, which we call "the maximum matching game": two players,
Alice and Bob, play on a common graph G. First, Alice colours a previously uncoloured edge of G with
the colour red, and then Bob colours a previously uncoloured edge of G blue. Both players know which
edges are coloured and by which player during any round of the game. Once all the edges of G are
coloured, the game ends. The score of each player is the order of a maximum matching of G, formed
only by edges coloured by their respective colour. So, for example, if there are 12 edges coloured red,
but any matching including only red edges is of order at most 6, then Alice's score is equal to 6. The
winner of the game is the player with the highest score. To the best of our knowledge, this is a novel
game, that has not been studied before.

The maximum matching game falls into the general family of scoring games, i.e., combinatorial games
in which the players strive to achieve the highest score. See [1,2,4,10,11] for other such games that
have been recently studied. It is also worth mentioning that, recently, the papers [7,8,9] have started
to build a general theory around scoring games.

Assuming both players of the maximum matching game play in an "optimal" way, what interests us is
to answer questions like:

1) Could Bob ever win this game?
2) Given an arbitrary graph G, can we efficiently (in polynomial time) decide which player will win?

3) Should Bob follow a greedy strategy, each step picking an edges that maximises his own score, or
should he try to stop Alice from achieving a high score herself?

4) If the answer to question 2. is "no", then can we answer to the same question but when focusing
only on specific graph classes?

Typically, deciding the outcome of such games tends to be PSPACE-complete. However, given the fact
that the game we propose deals with the edges of a graph, and the goal is to build a matching, we
would not be extremely surprised if the answer to question 2. above turned out to be "yes".

It could also be interesting to consider the Maker-Breaker version of the above game: this version is
played in the same way, the difference being that now Bob disregards his own score, and has as a goal
to minimise Alice's score. In a way, this would model the scenario where we are trying to construct a
maximum matching of a graph, and roughly half the edges are chosen in the worse possible way.
Maker-Breaker games are, generally, well studied, and form an important subcategory of Positional
Games [6]. Note that, judging from our results on the maximum matching game, the Maker-Breaker
version could be the subject of a dedicated study.

What we expect:

1) A short literature review of games similar to the one we propose. For example, the authors of [3,5]
study combinatorial games revolving around matchings, with rather different rules than the game we
propose. Nevertheless, these games could share some similar behaviours with the maximum matching
game.



2) Answering (at least some of) the questions asked above, as well as any new questions that can arise
while studying the game we propose.

References

[1] J. Bensmail, F. Fioravantes, F. Mc Inerney, and N. Nisse. The largest connected subgraph game.
Algorithmica, 84(9):2533-2555, 2022.

[2] M. Changat, D. S. Lekha, I. Peterin, A. R. Subhamathi, and S. Spacapan. The median game. Discrete
Optimization, 17:80-88, 2015.

[3] D. W. Cranston, W. B. Kinnersley, S. O, and D. B. West. Game matching number of graphs. Discrete
Applied Mathematics, 161(13):1828-1836, 2013.

[4] E. Duchéne, S. Gonzalez, A. Parreau, E. Rémila, and P. Solal. INFLUENCE: a partizan
scoring game on graphs. Theoretical Computer Science, 878-879:26-46, 2021.

[5] W. Goddard and M. A. Henning. The matcher game played in graphs. Discrete Applied
Mathematics, 237:82—-88, 2018.

[6] D. Hefetz, M. Krivelevich, M. Stojakovi¢, and T. Szabd. Positional Games, volume 44 of Oberwolfach
Seminars. Springer, Basel, 2014.

[7] U. Larsson, R. J. Nowakowski, J. P. Neto, and C. P. Santos. Guaranteed scoring games.
Electronic Journal of Combinatorics, 23(3): P3.27, 2016.

[8] U. Larsson, R. J. Nowakowski, and C. P. Santos. Game comparison through play. Theoretical
Computer Science, 725:52-63, 2018.

[9] U. Larsson, R. J. Nowakowski, and C. P. Santos. Games with guaranteed scores and waiting moves.
International Journal of Game Theory, 47(2):653-671, 2018.

[10] P. Micek and B. Walczak. A graph-grabbing game. Combinatorics, Probability & Computing,
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[11] A. Shapovalov. Occupation games on graphs in which the second player takes almost all vertices.
Discrete Applied Mathematics, 159(15):1526-1527, 2011.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e 50th International Workshop on Graph-Theoretic Concepts in Computer Science. WG 2024.
[University of Primorska, in cooperation with the Slovenian Discrete and Applied Mathematics
Society.]

e Discrete Applied Mathematics. [Elsevier]

e Theoretical Computer Science. [Elsevier]



Optimalizace uzivatelské zkusenosti v architekture orientované na
sluzby: Shromazdovani a vyuZiti zpétné vazby od zakaznik( /
Optimizing User Experience in Service-Oriented Architecture:
Gathering and Utilizing Customer Feedback

ID zadani / Topic ID: 37
Mentor: Ing. Marek Suchanek

Zadani: Cilem této studie je optimalizovat uZivatelskou zkusenost v prostfedi architektury orientované
na sluzby (SOA) prostfednictvim sbéru a vyuZiti zpétné vazby od zakaznik(. V SOA spolupracuje vice
sluzeb, aby poskytovaly bezproblémové uZivatelské prostredi. Zajisténi toho, Ze vSechny sluzby funguji
optimalné a splnuji potreby uZivatelQ, vSsak mizZe byt narocné. Aby se tato studie vyporadala s timto
problémem, zaméfi se na ziskavani zpétné vazby od uZivatell ohledné jejich zkusenosti s rdznymi
sluzbami a vyuziti této zpétné vazby ke zlepseni. Studie bude zahrnovat vyvoj mechanismu zpétné
vazby, ktery uZivatelim umozni snadno poskytovat zpétnou vazbu, analyzu zpétné vazby k identifikaci
vzorcU a oblasti pro zlepseni a spolupréci s vyvojovym tymem na implementaci nezbytnych zmén. Tato
studie navic navrhne navrh univerzalnich implementaci mechanismu zpétné vazby, ktery Ize aplikovat
na rlizna prostredi SOA. Upfednostiiovanim zpétné vazby od uzivatel( a neustalym zlepSovanim si tato
studie klade za cil zlepsit uZivatelskou zkuSenost a zlepsit spokojenost zdkaznik(l v prostredi
architektury orientované na sluzby. Vysledky této studie ptispéji k souboru znalosti o zpétné vazbé
uzivatell v SOA, poskytnou praktickd doporuceni pro zlepseni uZivatelské zkusenosti v systémech
orientovanych na sluzby a navrhnou navrh univerzdlnich implementaci mechanismu zpétné vazby.

Assignment: The objective of this study is to optimize the user experience in a service-oriented
architecture (SOA) environment through the collection and utilization of customer feedback. In SOA,
multiple services collaborate to deliver a seamless user experience. However, ensuring that all services
are functioning optimally and meeting user needs can be challenging. To address this challenge, this
study will focus on gathering feedback from users on their experience with the different services and
using that feedback to make improvements. The study will involve developing a feedback mechanism
that enables users to provide feedback easily, analyzing the feedback to identify patterns and areas
for improvement, and collaborating with the development team to implement necessary changes.
Additionally, this study will propose a design for versatile implementations of the feedback
mechanism that can be applied to different SOA environments. By prioritizing user feedback and
making continuous improvements, this study aims to enhance the user experience and improve
customer satisfaction in a service-oriented architecture environment. The results of this study will
contribute to the body of knowledge on user feedback in SOA, provide practical recommendations for
improving user experience in service-oriented systems, and propose a design for versatile
implementations of the feedback mechanism.

Planované uplatnéni vystupt (éasopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Information Systems Journal [Wiley]
e Evaluation of Novel Approaches to Software Engineering [INSTICC]
e International Conference on Software Technologies [INSTICC]



Paralelni vicecestny Quicksort (dokonceni a publikace) / Parallel multi-
way Quicksort

ID zadani / Topic ID: 38
Mentor: doc. Ing. lvan Simec&ek, Ph.D.
Mentor specialista / Mentor specialist: Ing. Daniel Langr, Ph.D.

Zadani: O tématu "Paralelni vicecestny Quicksort" byla vypracovdna nadstandardni prace
https://projects.fit.cvut.cz/theses/4396 Je tedy k dispozici jak text tak zdrojové kédy. Prace byla
rozhodné zaslouzila dovést k publikaci. To by zhruba znamenalo (samozrejme s mou pomoci):
identifikace dulezitych pasazi + pripadne dopsani dalsich (minimum), preklad, dalsi generatory
vstupnich dat, mereni vlivu kompilatoru, mereni na vice platformach, porovnani s vice "konkurenty",
vyhodnoceni apod.

Assignment: O tématu "Paralelni vicecestny Quicksort" byla vypracovana nadstandardni prace
https://projects.fit.cvut.cz/theses/4396 Je tedy k dispozici jak text tak zdrojové kdédy. Prace byla
rozhodné zaslouzila dovést k publikaci. To by zhruba znamenalo (samozrejme s mou pomoci):
identifikace dulezitych pasazi + pripadne dopsani dalsich (minimum), preklad, dalsi generatory
vstupnich dat, mereni vlivu kompilatoru, mereni na vice platformach, porovnani s vice "konkurenty",
vyhodnoceni apod.

Planované uplatnéni vystupt (éasopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

o Casopis zabyvajici se paralelnim zpracovanim napft.: Journal of Parallel and Distributed
Computing, International Journal of Parallel, Emergent and Distributed Systems, Scalable
Computing: Practice and Experience apod. [uvidime viz vyse]


https://projects.fit.cvut.cz/theses/4396
https://projects.fit.cvut.cz/theses/4396

Approximation and Parameterization of Max Min Cycle Transversal
Problems / Approximation and Parameterization of Max Min Cycle
Transversal Problems

ID zadani / Topic ID: 39
Mentor: Nikolaos Melissninos, Ph.D.

Assignment: One of the most classic problems in theoretical computer science is the Feedback Vertex
Set Problem (FVS). Given a graph G, a set of vertices S is called feedback vertex set if by removing S
from G, we obtain an acyclic graph.

In FVS we are given a graph G and asked to find a feedback vertex set of minimum size. FVS belongs
to the general class of circular transversal problems. Two other problems in this category are Odd
Cycle Transversal (OCT) and Even Cycle Transversal (ECT). Both of these problems are similar to FVS
except that in OCT the resulting graph contains no odd circles while in ECT it contains no even circles.

A variation of FVS, called Maximum Minimal FVS (MMFVS) asks to find a feedback vertex set S of the
given graph which is also minimal (i.e. no proper subset of S is a feedback vertex set). In [1] the authors
consider the approximability of MMFVS, while in [2] and [3] the problem is been studied under the
lens of parameterized complexity.

Here, we propose the study of the approximability and parameterization of Maximum Minimal OCT
and Maximum Minimal ECT. First we will consider the approximability of the two problems. Our goal
is to develop polynomial-time approximation algorithms and find lower bounds on the approximation
ratio that can be achieved in polynomial time. Next, we will study the parameterized complexity of
the problems based on parameters such as the treewidth of the given graph and the size of the
solution. We will also attempt to prove the optimality of our parameterized algorithms by finding
lower bounds on their running time under standard assumptions, such as the exponential time
assumption.

[1] Dublois, L., Hanaka, T., Khosravian Ghadikolaei, M., Lampis, M., Melissinos, N.:
(In)approximability of maximum minimal FVS. J. Comput. Syst. Sci. 124, 26—40

(2022). https://doi.org/10.1016/j.jcss.2021.09.001

[2] Gaikwad, A., Kumar, H., Maity, S., Saurabh, S., Tripathi, S.K.: Maximum minimal
feedback vertex set: A parameterized perspective. CoRR abs/2208.01953 (2022).

https://doi.org/10.48550/arXiv.2208.01953

[3] Lampis, M., Melissinos, N., Vasilakis, M.: Parameterized Max Min Feedback Vertex

Set. CoRR abs/2302.09604 (2023). https://doi.org/10.48550/arXiv.2302.09604

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):


https://doi.org/10.1016/j.jcss.2021.09.001
https://doi.org/10.48550/arXiv.2208.01953
https://doi.org/10.48550/arXiv.2302.09604

50th International Workshop on Graph-Theoretic Concepts in Computer Science - WG 2024
[University of Primorska, Kranjska Gora, Slovenia]

The 35th International Workshop on Combinatorial Algorithms, IWOCA 2023 [not announced
yet]

Theoretical Computer Science [Elsevier]



Analyza C++ kddu pro védecké vypocty / Analysis of C++ code for
scientific computations

ID zadani / Topic ID: 40
Mentor: doc. Ing. lvan Simec&ek, Ph.D.

Zadani: Na adrese https://github.com/vincefn/objcryst jsou C++ zdrojové kddy programu v oblasti
krystalografie. Cilem tohoto vyzkum je analyza jedné klicové fce GetLoglLikelihood() a navrh na jeji
moznou paralelizaci tzn. analyza datovych struktur, jejich zavislosti apod.

Planované uplatnéni vystupi (€asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Vysledk v idedlnim pfpadé bude pfimo publikovatelny v krystalografickych ¢asopisech jako:
Journal of Applied Crystallography apod. [Uvidime dle vysledku.]


https://github.com/vincefn/objcryst

Differetintiable Surface Triangulation for Quad-Dominant Surface
Meshes / Differetintiable Surface Triangulation for Quad-Dominant
Surface Meshes

ID zadani / Topic ID: 41
Mentor: Mgr. Vojtéch Rybar

Zadani: Extend the differentiable surface triangulation method introduced by Rakotosaona et al. to
generate quad-dominant meshes for 3D surfaces by developing a new formulation of the mesh
generation process or modifying the loss function.

Quad-dominant meshes offer several advantages over triangular meshes in various applications,
which motivate the need to extend the differentiable surface triangulation method to handle them.

Some of the key areas where quad-dominant meshes are used include:

* Computer Graphics: Quad elements can provide smoother and more continuous surfaces compared
to triangles, especially when using subdivision surface algorithms. These algorithms usually subdivide
quads into smaller quads, maintaining the smoothness and continuity of the original mesh. This
smoothness is essential for creating realistic and visually appealing 3D models.

* Finite element analysis (FEA): Quad elements are often preferred in FEA due to
their improved numerical stability and convergence properties compared to triangular elements.

By extending the differentiable surface triangulation method to quad-dominant meshes, we can
leverage these advantages in a wide range of applications, making the method more versatile and
beneficial for end-to-end machine learning frameworks in geometry processing tasks.

Reference:

RAKOTOSAONA, Marie-Julie, et al. Differentiable surface triangulation. ACM Transactions on Graphics
(TOG), 2021, 40.6: 1-13.

Assignment: Extend the differentiable surface triangulation method introduced by Rakotosaona et al.
to generate quad-dominant meshes for 3D surfaces by developing a new formulation of the mesh
generation process or modifying the loss function.

Quad-dominant meshes offer several advantages over triangular meshes in various applications,
which motivate the need to extend the differentiable surface triangulation method to handle them.

Some of the key areas where quad-dominant meshes are used include:

* Computer Graphics: Quad elements can provide smoother and more continuous surfaces compared
to triangles, especially when using subdivision surface algorithms. These algorithms usually subdivide
qguads into smaller quads, maintaining the smoothness and continuity of the original mesh. This
smoothness is essential for creating realistic and visually appealing 3D models.

* Finite element analysis (FEA): Quad elements are often preferred in FEA due to

their improved numerical stability and convergence properties compared to triangular elements.



By extending the differentiable surface triangulation method to quad-dominant meshes, we can
leverage these advantages in a wide range of applications, making the method more versatile and
beneficial for end-to-end machine learning frameworks in geometry processing tasks.

Reference:

RAKOTOSAONA, Marie-Julie, et al. Differentiable surface triangulation. ACM Transactions on Graphics
(TOG), 2021, 40.6: 1-13.

Planované uplatnéni vystupt (éasopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Eurographics [ACM SIGGRAPH]
e Symposium on Geometry Processing [VCI RWTH Aachen University]



Analyza aproximativnich implementaci neuronovych siti na FPGA /
Analysis of approximative implementations of neural networks na
FPGA

ID zadani / Topic ID: 42
Mentor: Ing. Miroslav Skrbek, Ph.D.

Zadani: Pfedmétem prace je analyza aproximativnich implementaci neuronovych siti vytvorenych
vysokouroviiovou syntézou z jazyka C do VHDL a naslednou syntézou do FPGA. Projekt vychazi z
integrace aproximativniho pocitani do nastroje HLS4AML, ktery z Keras modelu generuje vstup pro
vysokourovriovou syntézu. Cilem prace je vytvoreni sady implementaci s rlznymi velikostmi a
presnostmi vypoctl. Vysledky pak srovnat z hlediska potfebnych zdroji FPGA, rychlosti vypoctu,
spotreby, pripadné dalsich parametr(, které se daji ziskat z vyvojovych nastroju.

Assignment: The subject of the project is the analysis of approximate implementations of neural
networks created by high-level synthesis tool from the C language to VHDL and subsequent synthesis
to FPGA. The project is based on the integration of approximate computing into the HLS4ML tool,
which generates input for high-level synthesis from a Keras model. The aim of the work is to create a
set of implementations that differ in size and calculation accuracies. Then to compare them in terms
of the necessary FPGA resources, calculation speed, chip consumption, or other parameters that can
be obtained from development tools.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e DSD: Digital Systems Design 2024
e MECO Mediterranean Conference on Embedded Computing 2024



Improved denoising diffusion probabilistic models with attention for
super-resoltuion / Improved denoising diffusion probabilistic models
with attention for super-resoltuion

ID zadani / Topic ID: 44
Mentor: Mgr. Petr Simanek

Zadani: Super-resolution of weather data is a very important topic. Numerical weather simulations
are very time consuming and especially complicated in high resolution. We want to improve the spatial
resolution by denoising diffusion probabilistic models. Such models were used recently, but the results
are worse then the results of Generative Adversarial Networks. We will improve the current state-of-
the-art by:

1. Using stable diffusion: Replace the standard isotropic diffusion process with stable diffusion, which
uses an anisotropic noise distribution. This can lead to faster convergence and better sample quality.

2. Using attention mechanisms: Integrate attention layers into the de-noising model to help it focus
on the most relevant parts of the input data. This can be done using self-attention layers or
Transformer architectures.

3. Modifying loss function: Incorporate domain-specific knowledge or constraints into the loss
function to guide the learning process towards more physically plausible weather patterns.

The output will be novel variant of DDPM for super-resolution of weather data.

Assignment: Super-resolution of weather data is a very important topic. Numerical weather
simulations are very time consuming and especially complicated in high resolution. We want to
improve the spatial resolution by denoising diffusion probabilistic models. Such models were used
recently, but the results are worse then the results of Generative Adversarial Networks. We will
improve the current state-of-the-art by:

1. Using stable diffusion: Replace the standard isotropic diffusion process with stable diffusion, which
uses an anisotropic noise distribution. This can lead to faster convergence and better sample quality.

2. Using attention mechanisms: Integrate attention layers into the de-noising model to help it focus
on the most relevant parts of the input data. This can be done using self-attention layers or
Transformer architectures.

3. Modifying loss function: Incorporate domain-specific knowledge or constraints into the loss
function to guide the learning process towards more physically plausible weather patterns.

The output will be novel variant of DDPM for super-resolution of weather data.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e ICLR - International Conference on Learning Representations



Improved denoising diffusion probabilistic models with attention for
super-resoltuion / Improved denoising diffusion probabilistic models
with attention for super-resoltuion

ID zadani / Topic ID: 45
Mentor: Mgr. Petr Simanek

Zadani: In this task, the goal is to investigate the behavior of neural cellular automata (NCA), a form
of artificial life, by employing evolutionary optimization techniques. The primary objective is to train
NCAs to maximize certain metrics related to complex system properties, such as causal emergence,
information integration, transfer entropy, and agentness. Causal emergence measures the degree to
which macro-level behavior emerges from micro-level interactions, while information integration
guantifies the extent to which a system combines and processes information. Transfer entropy
evaluates the flow of information between different parts of a system, and agentness assesses the
degree to which an entity exhibits goal-directed behavior. By optimizing these metrics, we aim to gain
a deeper understanding of the underlying principles governing NCA behavior and harness their
potential for various applications in artificial life research. The output of the work is the training of
such NCAs and analysis of the results.

Assignment: In this task, the goal is to investigate the behavior of neural cellular automata (NCA), a
form of artificial life, by employing evolutionary optimization techniques. The primary objective is to
train NCAs to maximize certain metrics related to complex system properties, such as causal
emergence, information integration, transfer entropy, and agentness. Causal emergence measures
the degree to which macro-level behavior emerges from micro-level interactions, while information
integration quantifies the extent to which a system combines and processes information. Transfer
entropy evaluates the flow of information between different parts of a system, and agentness assesses
the degree to which an entity exhibits goal-directed behavior. By optimizing these metrics, we aim to
gain a deeper understanding of the underlying principles governing NCA behavior and harness their
potential for various applications in artificial life research. The output of the work is the training of
such NCAs and analysis of the results.

Planované uplatnéni vystupt (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e GECCO - The Genetic and Evolutionary Computation Conference



Fuzzy porovnavani klicovych slov a frazi pro rozpoznavani
pojmenovanych entit / Fuzzy Keyword-matching and Phrase-matching
for Named Entity Recognition

ID zadani / Topic ID: 48
Mentor: Ing. Vojtéch Cahlik

Zadani: Porovnavani klicovych slov je jednoduchou, nicméné mocnou technikou rozpoznavani
pojmenovanych entit (named entity recognition) v pfirozeném jazyce, kterou lze pouzit bud
samostatné, nebo jako podplirnou metodu pro systémy zaloZzené na modelech hlubokého uceni. V
ramci tomto pristupu je pro kazdou kategorii pojmenovanych entit (napf. "bakterie") k dispozici
seznam souvisejicich klicovych slov (napf. "Salmonella", "Streptococcus"), ktery se poté vyuzije pro
porovndvani slov v dotazovanych textech.

Toto téma se zaméruje na vyzkum a vyvoj pokrocilych technik porovnavani klicovych slov, zejména
porovnavani frazi (napf. "Escherichia coli") a fuzzy porovnavani (napf. "E. coli"). Pfistupl k
prozkoumani se nabizi celd fada, kupfikladu metody zalozené na podobnosti (pfikladem je editaéni
vzdalenost a embeddingy slov Ci frazi) nebo techniky pouZivané v pribuzné problematice word
alignmentu [1]. Tyto pfistupy budou v rdmci vyzkumu kvalitativné porovnany. Dilezitym faktorem je
vypocetni efektivita, ponévadz pocet kandidatnich frazi pfi zvysujici se délce textu exploduje.

Vystupem studentova vyzkumu bude samostatnd védeckd publikace. Ziskané poznatky budou dale
vyuzity vyzkumniky v Datalabu na realném projektu “Analyza textovych dat — extrakce entit”.

[1] https://arxiv.org/abs/2004.08728

Assignment: Keyword matching is a simple but powerful named entity recognition technique in
natural language text, which can be used by itself, or to support systems based on deep learning
models. With this approach, for each named entity category (e.g. “bacteria”), a list of related keywords

(e.g. “Salmonella”, “Streptococcus”) is provided, which is then used for the matching of words in query
texts.

This topic focuses on the research and development of advanced keyword-matching techniques, such
as phrase matching (e.g. "Escherichia coli”) or fuzzy matching (e.g. “E. coli”). Numerous approaches
can be investigated, such as similarity-based methods (e.g. edit distance, word embeddings, or phrase
embeddings), or techniques used in the related problem of word alignment [1]. These approaches will
be qualitatively compared. An important factor is computational efficiency, as the number of
candidate phrases explodes with longer texts.

The output of the student’s research will be a stand-alone scientific publication. The insights will be
further utilized by researchers in Datalab in the real-world project “Textual data analysis - entity
extraction”.

[1] https://arxiv.org/abs/2004.08728

Planované uplatnéni vystupt (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Joint European Conference on Machine Learning and Knowledge Discovery in Databases
(ECML PKDD) [The steering committee of ECML PKDD]


https://arxiv.org/abs/2004.08728
https://arxiv.org/abs/2004.08728

Automatické vyhodnoceni testd manualni zru¢nosti podle
videozaznamu / Automatic evaluation of manual dexterity tests based
on video footage

ID zadani / Topic ID: 49
Mentor: Ing. Tom4ds Vondra, Ph.D.
Mentor specialista / Mentor specialist: Ing. Jakub Novak

Zadani: Na Klinice rehabilitaéniho lékarstvi 1.LF UK a VFN v Praze probiha vyzkum zaméreny na
standardizované testy hodnotici funkci hornich koncetin. Jednim z nich je Box and Block Test, kterym
se hodnoti obratnost rukou pacientud. Test spociva v co nejrychlejsim premistovani kostek z krabice
pres prepazku do druhé krabice tak, aby se pacient konecky prst drzicich premistovanou kostku
dostal za prepazku, nez kostku upusti. Vysledkem je pocet kostek jednotlivé pfemisténych v ¢asovém
limitu za dodrZeni instrukci. Vyhodnocovani se v sou¢asné dobé provadi v redlném cCase s pacientem,
s kontrolou druhym hodnotitelem podle videa. Vyhodnoceni je velmi naro¢né na pozornost
hodnotitell a nachylné na chyby. Navrhnéte zplsob, jak automaticky vyhodnocovat tento test pomoci
technik strojového vidéni. Srovnejte vysledky s lidskymi hodnotiteli. Prace je interdisciplinarni;
vysledek je moZné uplatnit jak na konferencich na téma umélé inteligence, tak téch rehabilitacnich.
Vysledny program by se mohl vyuzivat v klinické praxi rehabilitacnich zatizeni, kterd tento test bézné
pouzivaji, a odstranil by potfebu druhého hodnotitele.

Assignment: The Department of Rehabilitation Medicine of the First Faculty of Medicine, Charles
University and the General Hospital in Prague is conducting research focused on standardized tests
evaluating the function of the upper limbs. One of them is the Box and Block Test, which assesses the
dexterity of patients' hands. The test consists of moving the dice from the box across the partition to
the second box as quickly as possible so that the patient must get over the partition with the fingertips
holding the moved dice before dropping the dice. The result is the number of dice individually moved
within the time limit while following the instructions. The evaluation is currently performed in real
time with the patient, with the reevaluation of a second evaluator using video. The evaluation is very
demanding on the attention of evaluators and prone to errors. Suggest a way to automatically
evaluate this test using machine vision techniques. Compare the results with human evaluators. The
work is interdisciplinary; the result can be applied both at conferences on the topic of artificial
intelligence and rehabilitation ones. The resulting program could be used in the clinical practice of
rehabilitation facilities that commonly use this test, and would remove the need of the second
evaluator.

Planované uplatnéni vystupi (€asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e European Conference on Machine Learning and Principles and Practice of Knowledge
Discovery in Database ECML PKDD [Nezavisla konference / Springer]
e Rehabilitace a fyzikaIni Iékarstvi [Ceska lékarska spolecnost J. E. Purkyné]



Modelovani vykonu nad algoritmy strojového uceni / Performance
modeling over machine learning algorithms

ID zadani / Topic ID: 51
Mentor: Ing. Tomds Vondra, Ph.D.

Zadani: Mdme jiz vysledky v oblasti predikce zatéze typu webovych sluzeb a chtéli bychom je aplikovat
na algoritmy strojového uceni, jako jsou NLU (Natural Language Understanding). Tyto pracuji ve fazi
uceni na velkych souborech dat a jejich doba béhu je tmérna velikosti dat. Lze ji zmensit pfiddanim vice
vypocetnich uzll, kde zrychleni mize, ale nemusi byt linearni v zavislosti na algoritmu a distribuci
vstupnich dat do uzl(l. Bylo by zajimavé vytvorit modely tohoto vztahu a umét predpovidat dobu béhu
na zakladé velikosti dat a velikosti clusteru. Umoznilo by to védci v roli cloudového zdkaznika vytvofit
klastr dostatecné velky na to, aby spocital jeho praci, napriklad za jednu hodinu.

Ve fazi predikce se pak model chova jako sluzba, ktera vraci pfedpovédi, a ma klasické problémy jako
je rychlost odezvy, paralelizace a dynamické skalovani.

V Uloze budou poufita data z redlného provozu v CSOB.

Assignment: We already have results in web service type load prediction and would like to apply them
to machine learning algorithms such as NLU (Natural Language Understanding). These work in the
learning phase on large data sets and their running time is proportional to the size of the data. It can
be reduced by adding more compute nodes, where the speedup may or may not be linear depending
on the algorithm and the distribution of input data to the nodes. It would be interesting to model this
relationship and be able to predict runtime based on data size and cluster size. It would allow a
scientist in the role of a cloud customer to create a cluster large enough to count his work in, say, one
hour.

In the prediction phase, the model behaves like a service that returns predictions and has classic
problems such as response speed, parallelization and dynamic scaling.

The task will use data from real operation at CSOB.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e International Conference on Advanced Computer Information Technologies (ACIT) [West
Ukrainian National University; indexed by IEEE]



Rozpoznani textu v archaickych pismech / Recognition of text in
archaic scripts

ID zadani / Topic ID: 52
Mentor: Ing. Tomds Vondra, Ph.D.

Zadani: Zadavatelem je CATVUSA, neziskova televize propagujici CR v USA. Cilem prace je rozsifit WP
plugin Genealogy na nasem webu tim, Ze by tam byla dalsi funkce, ktera by dokazala prepsat némecky
text tistény ve fontu Kurent a Schwabach do latinky a pokud to bude moZné i prelozit do anglictiny za
pouziti napfiklad Google translate. Prosté Ze by nékdo oscanoval text v kurentu (tfeba staré noviny) a
pak by pres nas plugin ziskal tento text v latince a popfipadé preloZeny do anglictiny.

Tento plugin chceme rozsifit o vySe uvedenou funkci se ¢tenim scanu a s prekladem
https://catvusa.com/genealogy/german-czech/

Pfedpokladame, Ze by se zadani dalo resit zabudovanim open-source OCR enginu a jeho nauc¢enim na
archaické znakové sady.

Assignment: The original submitter is CATVUSA, a non-profit television promoting the Czech Republic
in the USA. The goal of the work is to expand the Genealogy WP plugin on our website by adding
another function that would be able to transcribe the German text printed in the Kurent and
Schwabach font into Latin and, if possible, also translate it into English using, for example, Google
translate. It's just that someone would scan the text in the kurent (for example, an old newspaper)
and then via our plugin, they would get this text in Latin and possibly translated into English.

We want to expand this plugin with the above function with scan reading and translation
https://catvusa.com/genealogy/german-czech/

We assume that the assignment could be solved by building in an open-source OCR engine and
teaching it to archaic character sets.

Planované uplatnéni vystupt (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e Conference Information Technologies — Applications and Theory (ITAT) [P.).Saférik University
in KoSice, Slovakia]


https://catvusa.com/genealogy/german-czech/
https://catvusa.com/genealogy/german-czech/

Multi-Agent Reinforcement Learning with MAPPO and Social
Influence Reward / Multi-Agent Reinforcement Learning with MAPPO
and Social Influence Reward

ID zadani / Topic ID: 53
Mentor: Mgr. Vojtéch Rybar

Zadani: Multi-Agent Proximal Policy Optimization (MAPPO) is an advanced algorithm for multi-agent
reinforcement learning. Social Influence Reward (SIR) is an innovative concept proposed by Jacques
et al. (2019) that enhances the learning dynamics and adaptability of agents in multi-agent systems.
The success of MAPPO in cooperative games, as demonstrated by Vinitsky et al. (2022), offers valuable
insights for improving the performance of MAPPO.

Incorporating SIR into MAPPO can enhance agent cooperation and adaptability, which are crucial
aspects of multi-agent systems. The success of MAPPO in cooperative games (Vinitsky et al., 2022)
suggests that integrating SIR into MAPPO could lead to interesting improvements in multi-agent
reinforcement learning.

The goal is to incorporate SIR into MAPPO and evaluate performance and scalability in various
cooperative multi-agents environments.

Assignment: Multi-Agent Proximal Policy Optimization (MAPPOQ) is an advanced algorithm for multi-
agent reinforcement learning. Social Influence Reward (SIR) is an innovative concept proposed by
Jacques et al. (2019) that enhances the learning dynamics and adaptability of agents in multi-agent
systems. The success of MAPPO in cooperative games, as demonstrated by Vinitsky et al. (2022), offers
valuable insights for improving the performance of MAPPO.

Incorporating SIR into MAPPO can enhance agent cooperation and adaptability, which are crucial
aspects of multi-agent systems. The success of MAPPO in cooperative games (Vinitsky et al., 2022)
suggests that integrating SIR into MAPPO could lead to interesting improvements in multi-agent
reinforcement learning.

The goal is to incorporate SIR into MAPPO and evaluate performance and scalability in various
cooperative multi-agents environments.

Planované uplatnéni vystupt (€asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e International Joint Conference on Artificial Intelligence [International Joint Conferences on
Artificial Intelligence Organization (IJCAI Organization)]
e |CAART [SCITEVENT]



Redeni problém( na vstupech se zakdzanymi vzory / Solving Problems
on Pattern-Avoiding Inputs

ID zadani / Topic ID: 54
Mentor: Mgr. Michal Opler, Ph.D.

Zadani: Mnoho rozhodovacich probléma pracuje se sekvenci celych ¢isel, ¢i mnoZinou bod( v roviné
(napfiklad problém tfidéni ¢i geometrickd verze problému obchodniho cestujiciho). V obou ptipadech
Ize tyto vstupy pfirozené modelovat jako permutace, Cili posloupnost n rliznych hodnot z mnoziny 1,
..., N. V kombinatorice se bézné studuji vlastnosti permutaci neobsahujicich néjaky dany fixni vzor. Je
proto pfirozené ptat se, jak se zméni sloZitost vypocetnich problém, pokud mame zaruceno, Ze jejich
vstupy nebudou obsahovat néjaké zakazané vzory. Tyto zakdzané vzory si mlizeme predstavit jako bias
v datech. V navrhovaném projektu bychom radi prozkoumali rizné takové rozhodovaci problémy a
vybrali si néjaky, o kterém ukdzeme jak se zméni jeho slozitost na vstupech se zakdzanymi vzory.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e WAG: International Workshop on Graph-Theoretic Concepts in Computer Science
e Information Processing Letters [Elsevier]
e arXiv [online]



Masivné paralelni vypocet CRC na GPU / Massively Parallel CRC
Calculation on GPU

ID zadani / Topic ID: 56
Mentor: Ing. Jifi Kaspar
Mentor specialista / Mentor specialist: doc. Ing. lvan Simeéek, Ph.D.

Zadani: Nastudujte zndmé paralelni metody vypoctu CRC, vhodné z nich implementujte na GPU.
Zmérte vysledné rychlosti vypoctu a porovnejte je s dosud publikovanymi vysledky.

Assignment: Read up on known parallel CRC algorithms. Select fitting algorithms and implement them
on GPU. Measure speed of resulting implementations and compare them with known results.

Planované uplatnéni vystupt (éasopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e International Journal of Parallel, Emergent and Distributed Systems [Taylor & Francis Group]
e PPAM



Complexity in Multi-Agent Systems / Complexity in Multi-Agent
Systems

ID zadani / Topic ID: 58
Mentor: doc. RNDr. Dusan Knop, Ph.D.

Zadani: The aim of the project is to select some problem(s) (preferably inthe area of Multi-Agnet
Systems) whose computational complexity is open. The complexity studied can vary from classical to
parameterized or, e.g., special classes of inputs.

More students can apply for this topic and select their own problem.

Assignment: The aim of the project is to select some problem(s) (preferably inthe area of Multi-Agnet
Systems) whose computational complexity is open. The complexity studied can vary from classical to
parameterized or, e.g., special classes of inputs.

More students can apply for this topic and select their own problem.

Planované uplatnéni vystupu (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e International Conference on Autonomous Agents and Multiagent Systems (AAMAS)
[IFAAAMAS]

e nternational Workshop on Combinatorial Algorithms (IWOCA) [Springer LNCS]

e Workshop on Algorithms and Models for the Web Graph (WAW) [?]



Moving Machine Learning Model from Simulated to Real
Environments / Moving Machine Learning Model from Simulated to
Real Environments

ID zadani / Topic ID: 59
Mentor: Ing Miroslav Cepek, Ph.D.

Zadani: Datalab owns robotic platforms for experimenting with autonomous driving - Deep Racer and
Jet Racer. Both depends on camera for autonomous driving and the actions are the speed of the car
and turning angle. Both also allow use of machine learning models to drive the car autonomously.
Since training of machine learning models is highly impractical in real-world, the models are trained in
simulated environment. The switch from simulated (ideal) environment to real-world is very
challending, as the real car has a lot of imprecissions, varying among cars and even single car can
behave differently, depending with batery state.

The aim of this Vylet project is to explore possible improvements to techniques for transfering models
trained in simulation into real hardware - like Sim2Real [1]. Additional aim is to simplify the transfer
of the model between different cars of the same platform and even to different platforms.

[1] Allamaa, Jean Pierre, et al. "Sim2real for autonomous Vehicle control using executable digital
twin." IFAC-PapersOnLine 55.24 (2022): 385-391.

Assignment: Datalab owns robotic platforms for experimenting with autonomous driving - Deep Racer
and Jet Racer. Both depends on camera for autonomous driving and the actions are the speed of the
car and turning angle. Both also allow use of machine learning models to drive the car autonomously.
Since training of machine learning models is highly impractical in real-world, the models are trained in
simulated environment. The switch from simulated (ideal) environment to real-world is very
challending, as the real car has a lot of imprecissions, varying among cars and even single car can
behave differently, depending with batery state.

The aim of this Vylet project is to explore possible improvements to techniques for transfering models
trained in simulation into real hardware - like Sim2Real [1]. Additional aim is to simplify the transfer
of the model between different cars of the same platform and even to different platforms.

[1] Allamaa, Jean Pierre, et al. "Sim2real for autonomous Vehicle control using executable digital
twin." IFAC-PapersOnLine 55.24 (2022): 385-391.

Planované uplatnéni vystupt (¢asopisy, konference, jiné) / Planned output platforms (journals,
conferences, etc.):

e International Conference on Agents and Artificial Intelligence (ICAART)



