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About

The 56th Czech-Slovak Conference on Graph Theory 2021, held in Rajecké Tepliceon 23–27 August 2021, continues along tradition started by the conference in Liblicein 1961; for the history of these events see e.g., www.iti.zcu.cz/csgt18/en.This year’s edition has been organized by the Slovak University of Technology inBratislava in collaboration with the Slovak Mathematical Society. Further particu-lars about the conference can be found athttp://www.math.sk/wiki/CSGT21.

This booklet contains a schedule of the event, abstracts of presentations, and alist of participants.

Invited speakers

Michael Drmota University of Technology, ViennaAndrzej Grzesik Jagiellonian University, KrakówPavol Hell Simon Fraser University, BurnabyKlavdija Kutnar University of Primorska, KoperMichał Pilipczuk University of Warsaw, WarsawPaweł Rzążewski Warsaw University of Technology, WarsawMaria Saumell Czech Academy of Sciences & Czech Technical University

Organizers

Štefan Gyürki, Ivona Hrivová, Pavol Jánoš, Martin Knor, Soňa Pavlíková, Jozef Širáň(Slovak University of Technology, Bratislava).
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Timetable
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Monday, 23 of August

13:00–
15:00 Registration

15:00–15:10 Opening

15:10–16:00 Pavol HellSimon Fraser U. In praise of loops
16:00–16:20 Přemysl HolubUWB Plzeň On S-packing colouringof distance graphs16:20–16:40 Coffee break

16:40–17:00 Tatiana JajcayováComenius Univ. Rearrangement problem of bicolorarrays by prefix reversals17:00–17:20 Petr KovářVŠB–TU Ostrava Supermagic graphs with arbitrarydegree differences17:20–17:40 Jakub ZávadaVŠB–TU Ostrava Scheduling of incompletetournaments17:40–18:00 Václav BlažejCTU Prague m-eternal domination numberof cactus graphs
20:00–
21:00 Welcome reception
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Tuesday, 24 of August

09:00–
12:00

Morning

09:00–09:50
Klavdija KutnarUniv. Primorska

Vertex-transitive graphsvia automorphisms withor without fixed vertices09:50–10:10 Martin BachratýSTU Bratislava Orientably-regular mapswith no non-trivial exponents10:10–10:40 Coffee break

10:40–11:00 Robert JajcayComenius Univ.
A connection betweena question of Bermond and Bollobásand Ramanujan graphs11:00–11:20 Katarína ČekanováŠafárik Univ. Light edges in embedded graphswith minimum degree 211:20–11:40 Mária SkyvováUWB Plzeň Classification of finite group actionson orientable surfaces11:40–12:00 Peter CzimmermannUniv. Žilina Voltage graphs in the servicesof location science

15:00–
18:00 Afternoon

15:00–15:50 Andrzej GrzesikJU Kraków Generalized Turán problem for cycles
15:50–16:10 Jozef RajníkComenius Univ. Uniquely 3-edge-colourable graphswith cyclic connectivity 416:10–16:40 Coffee break

16:40–17:00 Róbert LukoťkaComenius Univ. Circular flow numberof Goldberg snarks17:00–17:20 Roman NedelaUWB Plzeň Cubic graphs of defect 3
17:20–17:40 Edita MáčajováComenius Univ. Perfect matching index of cubicgraphs with defect 317:40–18:00 Ján KarabášMI SAS, B. Bystrica Girth, oddness, and colouringdefect of snarks
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Wednesday, 25 of August

09:00–
12:00

Morning

09:00–09:50
Maria SaumellCAS + CTU Prague Hamiltonicity of Delaunay graphs:An overview

09:50–10:10 Petr VránaUWB Plzeň Hamilton-connected{claw,net}-free graphs10:10–10:40 Coffee break

10:40–11:00 Martin KnorSTU Bratislava Distance based indicesin generalized nanotubical graphs11:00–11:20 Martin ŠkovieraComenius Univ. Determining the perfect matchingindex of a snark is NP-complete11:20–11:40 Ján KratochvílCharles Univ. Covers of disconnected graphs: Whatare they? And why should we care?11:40–12:00 Onur ÇağırıcıMasaryk Univ. Unit disk visibility graphs

13:00–
20:00 Hiking afternoon
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Thursday, 26 of August

09:00–
12:00

Morning

09:00–09:50
Paweł RzążewskiWUT + UW H-free graphs:from structure to algorithms

09:50–10:10 Tomáš KaiserUWB Plzeň Kempe equivalencein odd-hole-free graphs10:10–10:40 Coffee break

10:40–11:00 Stanislav JendroľŠafárik Univ. Loose edge-connection of graphs
11:00–11:20 Tomáš MadarasŠafárik Univ. Facial homogeneous colouringsof graphs11:20–11:40 Alfréd OnderkoŠafárik Univ. Edge homogeneous colorings
11:40–12:00 Zuzana ŠárošiováŠafárik Univ. Interval vertex coloring of trees

15:00–
18:00 Afternoon

15:00–15:50 Michał PilipczukUniv. Warsaw Structural graph theory throughthe lens of First Order logic15:50–16:10 Peter ZemanCharles Univ. Testing isomorphism of chordal graphsof bounded leafage is in FPT16:10–16:40 Coffee break

16:40–17:00 Jakub BalabánMasaryk Univ. Twin-width is linear in the poset width
17:00–17:20 Filip PokrývkaMasaryk Univ. Twin-width of circle graphs
17:20–17:40 Petr HliněnýMasaryk Univ. Isomorphism testingfor T -graphs in FPT17:40–18:00 Deniz AğaoğluMasaryk Univ. Proper T -graph isomorphismin FPT-time
19:00–
21:00 Conference dinner
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Friday, 27 of August

09:00–
12:00

Morning

09:00–09:50
Michael DrmotaTU Wien Subgraph statistics in series-parallelgraphs and related graph structures

09:50–10:10 Štefan GyürkiSTU Bratislava Vertex transitive directed stronglyregular graphs of order up to 3210:10–10:40 Coffee break

10:40–11:00 Pavol JánošSTU Bratislava On a relation betweenG-graphsand lifting construction11:00–11:20 Soňa PavlíkováSTU Bratislava Upper bounds on the HOMO-LUMOspectral gap of graphs
11:20–11:40 Jozef ŠiráňSTU Bratislava

Classification of orientably-regularmaps of genus p+ 1 for prime pwithout computational assistance
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Subgraph statistics in series-parallel graphs
and related graph structures

Michael Drmota1, Lander Ramos2, Juanjo Rué3

1 TU Wien, Austria, michael.drmota@tuwien.ac.at
2 UPC Barcelona, Spain, lander.ramos@upc.edu
3 UPC Barcelona, Spain, juan.jose.rue@upc.edu
Series-parallel graphs can be characterized in several ways. For example, they canbe generated by a successive series-parallel extension of a forest, or they are pre-cisely those graphs with noK4 as a minor. The (asymptotic) enumeration problemof series-parallel graphs was solved in [1] in the vertex-labeled case and in [3] inthe unlabeled case; the corresponding results and methods will be reviewed inthe first part of the talk.
However, the main purpose of this talk is to establish asymptotic properties of thesubgraph counting problem in random series-parallel graphs, where we assumethat every series-parallel graph G with n vertices appears equally likely. LetHbe a fixed connected series-parallel graph. The main result says that the numberof occurrences ofH (as a subgraph) in a random series-parallel graph of size nfollows asymptotically a normal limiting distribution with linear expectation andvariance [2]. Actually the same result holds in so-called sub-critical graph classes.
The main ingredient in the proof is the analytic framework developed by Drmota,Gittenberger and Morgenbesser to deal with infinite systems of functional equa-tions [4]. As a case study, we get explicit expressions for the number of trianglesand cycles of length four.
References[1] M. Bodirsky, O. Giménez, M. Kang, and M. Noy. Enumeration and limit laws
for series-parallel graphs, European Journal of Combinatorics, 28, Issue 8, pp.2091–2105, 2007.[2] M. Drmota, L. Ramos and J. Rué, Subgraph statistics in subcritical graph classes,Random Structures and Algorithms 51, Issue 4, pp. 631–673 (2017).[3] M. Drmota, E. Fusy, M. Kang, V. Kraus, and J. Rue, Asymptotic study of subcritical
graph classes, SIAM J. Dicrete Maths. 25, pp. 1615–1651 (2011).[4] M. Drmota, B. Gittenberger and J. Morgenbesser, Infinite Systems of Functional
Equations and Gaussian Limiting Distributions, DMTCS proc AQ, pp. 453–478(2012).
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Generalized Turán problem for cycles

Mateusz Górski1, Andrzej Grzesik2, Bartłomiej Kielak3

1 Jagiellonian University, Kraków, Poland, mateuszg18@gmail.com
2 Jagiellonian University, Kraków, Poland, Andrzej.Grzesik@uj.edu.pl
3 Jagiellonian University, Kraków, Poland, bartlomiej.kielak@doctoral.uj.edu.pl

The generalized Turán problem asks for the largest number of copies of a graphHin an n-vertex graph not containing a graph F as a subgraph. In the talk we willdiscuss this problem in the case when both H and F are cycles by presentingknown bounds and recent developments. In particular, we will sketch the proofproviding the first exact solution for the generalized Turán problem for cycles inthe sparse setting.

In praise of loops

Pavol Hell1

1 Simon Fraser University, Canada, pavol@sfu.ca

I will discuss several (unrelated) examples of graph and digraph concepts that haveinteresting extensions if loops are allowed (but not required). This will illustratehow allowing loops can unify and extend existing concepts and results. The exam-ples will include versions of the game of cops and robbers, versions of domination,versions of chordality, and versions of interval graphs. I will include some recentand some not so recent joint results with T. Feder, C. Hernández Cruz, J. Huang,J. Lin, R. McConnell, J. Nešetřil, and A. Rafiey.
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Vertex-transitive graphs via automorphisms
with or without fixed vertices

M.D.E. Conder1, A. Hujdurović2, K. Kutnar3, D. Marušič4

1 University of Auckland, New Zealand, m.conder@auckland.ac.nz
2 University of Primorska, Slovenia, ademir.hujdurovic@upr.si
3 University of Primorska, Slovenia, klavdija.kutnar@upr.si
4 University of Primorska, Slovenia, dragan.marusic@upr.si

When dealing with symmetry of combinatorial objects – or in any other setting forthat matter – one will come across two different kinds of nonidentity automor-phisms of these objects: those fixing as large as possible subset of points, on theone hand, and those fixing no points at all on the other.
For example, given an automorphism α of a graphX , we let Fix(α) be the setof all those vertices ofX which are fixed by α. When Fix(α) is empty, then α iscalled a derangement, and furthermore, it is said to be semiregular if all of its cyclesin the cycle decomposition are of the same length. When Fix(α) is non-empty,then an α-rigid cell is a connected component of the subgraph induced by Fix(α).In this lecture, I will aim for two goals:

1. give a complete description of rigid cells in cubic arc-transitive graphs, and
2. discuss some recent developments in regards to the problem of decidingwhich cubic arc-transitive graphs admit the so called simplicial automor-

phisms, that is, semiregular automorphisms whose quotient “multigraphs”are in fact simple graphs – a special case of the well known semiregular-ity problem regarding existence of semiregular automorphisms in vertex-transitive graphs.
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Structural graph theory through the lens of First Order logic

Michał Pilipczuk1

1 University of Warsaw, Poland, michal.pilipczuk@mimuw.edu.pl

We say that a graphH can be transduced from a graphG ifH can be interpretedin a coloring ofG using First Order logic FO. This is a basic concept of embeddingone graph into another that is well-suited for investigating problems connectedto FO on graphs, as that H can be transduced from G implies that H is notmore complicated thanG in terms of how complicated structures can be definedin FO.
During the talk we will discuss what happens if one attempts to construct a struc-tural theory for graphs with transductions set to be the main underlying notionof embedding, and how this theory connects to contemporary work in structuralgraph theory. In particular, we survey recent results on graph classes that are
monadically stable andmonadically dependent, which appear to be the main di-viding lines in the emerging theory. No prior exposure to logic in computer scienceis required.

H-free graphs: from structure to algorithms

Paweł Rzążewski1,2

1 Warsaw University of Technology, Poland
2 University of Warsaw, Poland, p.rzazewski@mini.pw.edu.pl

One of the active areas of algorithmic graph theory is to investigate how therestrictions imposed on the set of input instances influence the complexity ofcomputational problems. Quite often we can witness an interesting interplaybetween graph-theoretic and algorithmic results: a good understanding on thestructure of instances may help in the design of efficient algorithms.
During the talk we will mostly focus on H-free graphs, i.e., graphs that do notcontain a fixed graph H as an induced subgraph. We will survey some old andsome new results concerning the complexity of well-known problems inH-freegraphs, for various graphsH .
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Hamiltonicity of Delaunay graphs: An overview

Maria Saumell1,2

1 The Czech Academy of Sciences, saumell@cs.cas.cz
2 Czech Technical University, Prague

Proximity graphs, and in particular Delaunay graphs, are a central object in compu-tational geometry due to their great number of real-life applications and their useas a tool to solve a variety of interesting mathematical problems. Unfortunately,the standard Delaunay graph of a set of points in the plane is not always Hamilto-nian, which has lead to the question of which variants or generalizations of thisgraph are.
In this talk, I will present the history of this problem, including the recent resultproving that there exist universal (constant) values of k such that the k-orderDelaunay graph with respect to any arbitrary convex shape contains a Hamiltoniancycle for any set of points [1].
References[1] P. Bose, P. Cano, M. Saumell, R.I. Silveira, Hamiltonicity for convex shape Delau-
nay and Gabriel graphs, Comput. Geom. 89, 101629 (2020).
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Proper T -graph isomorphism in FPT-time

Deniz Ağaoğlu1, Petr Hliněný2

1 Masaryk University, Brno, agaoglu@mail.muni.cz
2 Masaryk University, Brno, hlineny@fi.muni.cz

For a fixed graphH , anH-graph is the intersection graph of connected subgraphsof a suitable subdivision ofH [3]. AnH-graph is proper if the representing sub-graphs of H can be chosen incomparable by the inclusion. The isomorphismproblem for (proper)H-graphs is GI-complete even whenH is a star with d rays,i.e. Sd-graphs. As we have shown that Sd-graph isomorphism can be solved inFPT-time parameterized by d in [1], we prove that proper T -graph isomorphismproblem can also be solved in FPT-time parameterized by the size of a fixed tree T .In contrast to our group-theoretical approach for Sd-graph isomorphism, we givea simple and fully combinatorial algorithm for proper T -graph isomorphism, thedetails of which are given in [2].
Acknowledgements This work has been supported by the Czech Science Founda-tion, project no. 20-04567S.
References[1] D. Ağaoğlu, P. Hliněný. Isomorphism problem for Sd-graphs, in: 45th Inter-
national Symposium on Mathematical Foundations of Computer Science (MFCS
2020), volume 170 of Leibniz International Proceedings in Informatics (LIPIcs), pp.4:1–4:14, Dagstuhl, Germany (2020).[2] D. Ağaoğlu, P. Hliněný. Efficient Isomorphism for Sd-graphs and T -graphs,
arXiv: 1907.01495[3] M. Biró, M. Hujter, Z. Tuza. Precoloring extension. I. Interval graphs, DiscreteMath. 100, pp. 267–279 (1992).
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Orientably-regular maps with no non-trivial exponents

Veronika Bachratá, Martin Bachratý1

1 Slovak University of Technology, Bratislava, martin.bachraty@stuba.sk

Given an orientable mapM, and an integer e relatively prime to the valency ofM,the e th rotational powerMe ofM is the map formed by replacing the cyclicrotation of edges around each vertex with its e th power. If mapsM andMe areisomorphic, and the corresponding isomorphism preserves the orientation of thecarrier surface, then we say that e is an exponent ofM.
In this talk, I will explain how canonical regular covers of maps can be used to provethat for every given hyperbolic pair (k,m) there exists an orientably-regular mapof type {m, k}with no non-trivial exponents. In particular, for each hyperbolic pair
(k,m) we find a suitable orientable map of type {m, k} such that the canonicalregular cover of this map is an orientably-regular map (of the same type) with nonon-trivial exponents.
Acknowledgements The second author is grateful for the support from the VEGAResearch Grant 1/0238/19.
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Twin-width is linear in the poset width

Jakub Balabán1, Petr Hliněný2

1 Masaryk University, Brno, jakbal@mail.muni.cz
2 Masaryk University, Brno, hlineny@fi.muni.cz

Twin-width is a new parameter informally measuring how diverse are the neigh-bourhoods of the graph vertices, and it extends also to other binary relationalstructures, e.g. to digraphs and posets. It was introduced just very recently, in 2020by Bonnet, Kim, Thomassé and Watrigant [1]. One of the core results of theseauthors is that FOmodel checking on graph classes of bounded twin-width is in FPT.With that result, they also claimed that posets of bounded width have boundedtwin-width, thus capturing prior result on FOmodel checking of posets of boundedwidth in FPT [2]. However, their translation from poset width to twin-width wasindirect and giving only a very loose double-exponential bound.
We prove that posets of width d have twin-width at most 9d with a direct andelegant argument, and show that this bound is asymptotically tight. Specially, forposets of width 2 we prove that in the worst case their twin-width is also equal 2.These two theoretical results are complemented with straightforward algorithmsto construct the respective contraction sequence for a given poset.
References[1] É. Bonnet, E.J. Kim, S. Thomassé, R. Watrigant, Twin-width I: tractable FO model
checking, 2020 IEEE 61st Annual Symposium on Foundations of Computer Science(FOCS), pp. 601-612 (2020).[2] J. Gajarský, P. Hliněný, D. Lokshtanov, J. Obdržálek, S. Ordyniak, M.S. Ramanujan,S. Saurabh, FO Model Checking on Posets of Bounded Width, FOCS, pp. 963–974(2015).
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m-eternal domination number of cactus graphs

Václav Blažej1, Jan Matyáš Křišťan, Tomáš Valla

1 Czech Technical University, Prague, blazeva1@fit.cvut.cz

Given a graph G, guards are placed on vertices of G. Then vertices are subjectto an infinite sequence of attacks so that each attack must be defended by aguard moving from a neighboring vertex. Them-eternal domination number isthe minimum number of guards such that the graph can be defended indefinitely.We present a recent result showing that an exactm-eternal domination numbercan be determined in polynomial for any cactus graph (a connected graph whereeach edge lies in at most one cycle).
We consider three variants of the m-eternal domination number: first variantallows multiple guards to occupy a single vertex, second variant allows at mostone guard on each vertex, and in the third variant additional “eviction” attacksmust be defended.
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Unit disk visibility graphs

Deniz Ağaoğlu1, Onur Çağırıcı2

1 Masaryk University, Brno, agaoglu@mail.muni.cz
2 Masaryk University, Brno, onur@mail.muni.cz

Visibility graphs were studied considering various geometric sets such as a sim-ple polygon [5], a polygon with holes [6], a set of points [1], a set of line seg-ments [2], along with different visibility models such as line-of-sight visibility [3]and α-visibility [4].
We study unit disk visibility graphs, where the visibility relation between a pair ofgeometric entities is defined by not only obstacles, but also the distance betweenthem. This particular graph class models real world scenarios more accuratelycompared to the conventional visibility graphs. We first define and classify the unitdisk visibility graphs, and then show that the 3-coloring problem is NP-completewhen unit disk visibility model is used for a set of line segments and for a polygonwith holes.
References[1] J. Cardinal, U. Hoffmann. Recognition and Complexity of Point Visibility Graphs,Discrete & Computational Geometry, pp. 164–178 (2017).[2] H. Everett, C.T. Hoàng, K. Kilakos, M. Noy. Planar segment visibility graphs,Computational Geometry, pp. 235–243 (2000).[3] M. Garey, D. Johnson, H. So. An application of graph coloring to printed circuit
testing, IEEE Transactions on Circuits and Systems, pp. 591–599 (1976).[4] M. Ghodsi, A. Maheshwari, M. Nouri Baygi, J.-R. Sack, H. Zarrabi-Zadeh. α-
Visibility, Computational Geometry: Theory and Applications, pp. 435–446 (2014).[5] J. O’Rourke, Art Gallery Theorems and Algorithms. ISBN: 0195039653, OxfordUniversity Press, (1987).[6] R. Wein, J.P. van den Berg, D. Halperin. The visibility – Voronoi complex and its
applications. Computational Geometry, pp. 66–87 (2007).
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Voltage graphs in the services of location science

Peter Czimmermann1

1 University of Žilina, Žilina, peter.czimmermann@fri.uniza.sk

Location of emergency stations, firehouses, depots, and charging stations belongsto the wide class of location problems. Mathematical representation of theseproblems includes weighted p-median, weighted p-center, uncapacitated facilitylocation problem, and covering location problem. It is known that these prob-lems are from the class of hard combinatorial problems, and improving heuristicalgorithms (for example genetic algorithms) are often used to solve them. Thesealgorithms usually work with the input set of feasible solutions, which is repeatedlytransformed into a set of new (and better) feasible solutions. It is known that theabove-mentioned algorithms are more efficient when the starting set of feasiblesolutions has high diversity. Hence we decided to test a t-uniformly deployed set(t-uds) as a starting set in these algorithms. A set is called t-uds with parameters
n and p, if its elements are vectors from {0, 1}n that contains exactly p ones andthe minimal Hamming distance between each pair of vectors is at least 2p− 2t.
In our contribution, we present the construction of large t-uds with parameters nand p from appropriate voltage (di)graphs. The elements of these sets are rowsof an adjacency matrix of abelian lifts of these (di)graphs. We also present a fastalgorithm for the construction of t-uds by this method.
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Light edges in embedded graphs with minimum degree 2

Katarína Čekanová 1, Mária Maceková2, Roman Soták3

1 P. J. Šafárik University, Košice, katarina.cekanova@student.upjs.sk
2 P. J. Šafárik University, Košice, maria.macekova@upjs.sk
3 P. J. Šafárik University, Košice, roman.sotak@upjs.sk

Let G be a class of graphs. The weight w(e) of an edge e is the sum of the degreesof its endvertices. We say thatK2 is light in G if there exists a constant k such thatevery graphG ∈ G contains an edge e with w(e) ≤ k.
Kotzig [4] proved that every 3-connected plane graph contains an edge with weightat most 13. Ivančo [1] described upper bounds for weights of edges in the classof graphs embeddable on orientable surfaces with higher genus. Jendroľ andTuhársky [2] examined the existence of light edges in the class of graphs embed-dable on the non-orientable surfaces with higher genus. Later, Jendroľ, Tuhárskyand Voss [3] described exact types of edges in embedded graphs with minimumdegree 3, minimum face size 3 and sufficiently many vertices.
In this talk we describe types of edges in connected embedded graphs with min-imum degree at least 2, minimum face size 3, and with prescribed number ofvertices. We also discuss the optimality of all parameters in our results.
References[1] J. Ivančo, The weight of a graph, Ann. Discrete Math. 51, pp. 113-116 (1992).[2] S. Jendroľ, M. Tuhársky, A Kotzig type theorem for non-orientable surfaces,Math. Slovaca 56, pp. 245-253 (2006).[3] S. Jendroľ, M. Tuhársky, H.-J. Voss, A Kotzig type theorem for large maps on
surfaces, Tatra Mt. Math. Publ. 27, pp. 153-162 (2003).[4] A. Kotzig, Contribution to the theory of Eulerian polyhedra, Mat. Čas. 5, pp.101-103 (1955).

23



Vertex transitive directed strongly regular graphs of order up to 32

Štefan Gyürki1

1 Slovak University of Technology, Bratislava, stefan.gyurki@stuba.sk

A directed strongly regular graph (DSRG) with parameters (n, k, t, λ, µ) is a regulardirected graph on n vertices with valency k such that every vertex is incident with tundirected edges; the number of directed paths of length 2 directed from a vertexxto another vertex y is λ, if there is an arc from x to y and µ otherwise.
In this talk we will focus on the DSRGs whose group of automorphisms acts transi-tively on the vertex set. Enumeration of all such DSRGs up to order 20 was givenin [1] by Fiedler, Klin and Muzychuk. As a continuation, here we provide such anenumeration up to order 32.
Acknowledgements This research was supported by the APVV Research Grants17-0428 and 19-0308, and the VEGA Research Grants 1/0238/19 and 1/0206/20.
References[1] F. Fiedler, M.H. Klin, M. Muzychuk, Small vertex-transitive directed strongly
regular graphs, Discrete Math. 255, pp. 87–115 (2002).
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Isomorphism testing for T -graphs in FPT

Deniz Ağaoğlu1, Petr Hliněný2

1 Masaryk University, Brno, agaoglu@mail.muni.cz
2 Masaryk University, Brno, hlineny@fi.muni.cz

A T -graph (as a special case of a chordal graph) is the intersection graph of con-nected subtrees of a suitable subdivision of a fixed tree T . We deal with theisomorphism problem for T -graphs which is GI-complete in general – when T is apart of the input and even a starSd. We prove that the T -graph isomorphism prob-lem is in FPT when T is the fixed parameter of the problem. This can equivalentlybe stated that isomorphism is in FPT for chordal graphs of (so-called) boundedleafage. While the recognition problem for T -graphs is not known to be in FPTwrt. T , we do not need a T -representation to be given (a promise is enough).To obtain the result, we combine a suitable isomorphism-invariant decompositionof T -graphs with the classical tower-of-groups procedure of Babai [2], and reusesome of the ideas of our FPT-time isomorphism algorithm for Sd-graphs [1].
Acknowledgements This work has been supported by the Czech Science Founda-tion, project no. 20-04567S.
References[1] D. Ağaoğlu, P. Hliněný. Isomorphism problem for Sd-graphs, in: 45th Inter-
national Symposium on Mathematical Foundations of Computer Science (MFCS
2020), volume 170 of Leibniz International Proceedings in Informatics (LIPIcs), pp.4:1–4:14, Dagstuhl, Germany, 2020.[2] L. Babai.Monte carlo algorithms in graph isomorphism testing. Tech. Rep. 79-10,Université de Montréal, (1979), 42 pages.
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On S-packing colouring of distance graphs

Jakub Hofman, Přemysl Holub1

1 University of West Bohemia, Plzeň, holubpre@kma.zcu.cz

LetG be a simple undirected graph and S = (s1, s2, s3, . . . ) a non-decreasingsequence of positive integers. A mapping c : V (G) → {1, 2, . . . , k} is an
S-packing k-colouring ofG if, for any pair of distinct vertices x, y ∈ V (G) with
c(x) = c(y) = i, the distance between x and y in G is greater than si. Thesmallest k such thatG has an S-packing k-colouring is the S-packing chromaticnumber ofG, denoted χS(G). For a setD of positive integers, a distance graph
G(D) is the graph with Z as its vertex set, with two vertices i, j being adjacent ifand only if |i− j| ∈ D.
In this talk we focus on the distance graphs with distance sets D = {1, t},
D = {2, t} andD = {1, 2, t} and we determine the S-packing chromatic num-bers of these distance graphs, where S is any sequence with si ∈ {1, 2} forall i.
References[1] B. Brešar, J. Ferme, K. Kamenická, S-packing colorings of distance graphs
G(Z, {2, t}), Discrete Appl. Math. 298, pp. 143-154 (2021).[2] J. Hofman, P. Holub, On S-packing colourings of distance graphsD(1, t) and
D(1, 2, t), submitted (2021).
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A connection between a question of Bermond and Bollobás
and Ramanujan graphs

Slobodan Filipovski1, Robert Jajcay2

1 University of Primorska, Slovenia, slobodan.filipovski@famnit.upr.si
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In our talk, we present an interesting connection between two seemingly unrelatedproblems:
• the Degree/Diameter Problem, a well-known problem from Extremal GraphTheory; and
• the question of the existence of infinitely many non-bipartite Ramanujan

graphs of any degree k; with Ramanujan graphs defined via the propertiesof their spectra.
The Degree/Diameter Problem is the problem of finding the order n(k, d) of alargest graph of maximum degree k and diameter d. If we letM(k, d) denote thecorresponding Moore bound, then n(k, d) ≤M(k, d), for all k ≥ 3, d ≥ 2. Thisinequality has been shown to be strict for all but very few parameter pairs k and d,however, the exact relation between the values n(k, d) andM(k, d) is unknown.The uncertainty of the situation is captured by an open question of Bermond andBollobás who asked whether it is true that for any positive integer c > 0 thereexists a pair k and d, such that n(k, d) ≤M(k, d)− c.
Ramanujan graphs are k-regular graphs whose second largest eigenvalue (in mod-ulus) does not exceed 2

√
k − 1. It is an open question whether infinitely manynon-bipartite k-regular Ramanujan graphs exist for any degree k.

The surprising connection exhibited in our talk is based on a result in which weshow that if the answer to the question of Bermond and Bollobás were negative,and if there existed a c > 0 such that n(k, d) ≥M(k, d)− c, for all k ≥ 3, d ≥ 2,then, for any fixed k and all sufficiently large even d’s, the largest graphs of degree kand diameter dwould all have to be Ramanujan graphs. This would imply a positiveanswer to the question of the existence of infinitely many non-bipartite k-regularRamanujan graphs for any degree k.
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Rearrangement problem of bicolor arrays by prefix reversals

Tatiana Jajcayová1, Akihiro Yamamura2
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In our presentation we will consider a rearrangement problem of two-dimensionalbicolor arrays by prefix reversals as a generalization of the burnt pancake prob-lem [1,2]. We study an equivalence relation on the set of bicolor arrays inducedby prefix reversals, and the rearrangement problem is then to characterize theequivalence classes of this relation. While previously studied rearrangement prob-lems for unicolor arrays [3] made use of the classical group theoretic tools, in thepresent problem rearrangements are described by partial injections, and thusthe equivalence classes are characterized in terms of a groupoid action. We alsomention graphs appearing in the study of rearrangment problems as well as out-line algorithms and give estimates for a minimum number of rearrangementsneeded.
References[1] W. Gates, C. Papadimitriou, Bounds for sorting by prefix reversal, Discrete Math.
79, pp. 47–57 (1979).[2] D.S. Cohen, M. Blum, On the problem of rearranging burnt pancakes, DiscreteAppl. Math. 61(2), pp. 105–120 (1995).[3] A. Yamamura, Rearranging two dimensional arrays by prefix reversals. In:Bojanczyk, M., Lasota, S., Potapov, I. (eds.) RP 2015. LNCS, vol. 9328, pp. 153–165.Springer, Cham (2015).
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On a relation betweenG-graphs and lifting construction
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Constructions of regular graphs with given properties are of special interest inthe degree-girth problem, introduced by Tutte [3], where one has to find thesmallest possible order n(d, g) of a d-regular graph of girth g. Several of theseconstructions are based on groups; a prominent example are lifting constructions,which can be regarded as a generalisation of the well known Cayley graphs. Brettoand Faisant presented in [1] another construction of graphs related to groups andhaving highly regular properties, calledG-graphs.
The purpose of this talk is to compare these two constructions and to show underwhich circumstances the G-graphs can be obtained as lifts of dipoles. We alsoprovide the lifting constructions of graphs of girth 6 and 8, originally constructedin [2] as p-regularG-graphs for an arbitrary prime p, which we were able to extendfor prime powers.
Acknowledgements The support of the research grants VEGA 1/0238/19, VEGA1/0206/20, APVV-17-0428 and APVV-19-0308 is kindly announced.
References[1] A. Bretto and A. Faisant: A new way for associating a graph to a group, Math.Slovaca 55(1), pp. 1-8 (2005).[2] A. Bretto, A. Faisant and L. Gillibert: New graphs related to (p, 6) and (p, 8)-
cages, Comput. Math. Appl. 62, pp. 2472-2479 (2011).[3] W. T. Tutte: A family of cubical graphs, Math. Proc. Cambridge Philos. Soc., pp.459-474 (1947).
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Loose edge-connection of graphs

Christoph Brause1, Stanislav Jendroľ2, Ingo Schiermeyer3
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In the last years, connection concepts such as rainbow connection and properconnection appeared in graph theory and obtained a lot of attention. In this talk,we investigate the loose edge-connection of graphs. A connected edge-colouredgraphG is loose edge-connected if between any two of its vertices there is a pathof length one, or a bi-colored path of length two, or a path of length at least threewith at least three colours used on its edges. The minimum number of colours,used in a loose edge-colouring ofG, is called the loose edge-connection numberand denoted lec(G). We determine the precise value of this parameter for anysimple graphG of diameter at least 3. We show that deciding, whether lec(G) = 2for graphsG of diameter 2, is NP-complete problem. Furthermore, we characterizeall complete bipartite graphsKr,s with lec(Kr,s) = 2.
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Kempe equivalence in odd-hole-free graphs

Tomáš Kaiser1

1 University of West Bohemia, Plzeň, kaisert@kma.zcu.cz

A Kempe change in a graph G with vertices coloured from a set C consists inchoosing two colours a, b ∈ C and interchanging them on some maximal set
X ⊆ V (G) such that all vertices inX are coloureda or b and the induced subgraphofG onX is connected. Two colourings of a graphG are Kempe-equivalent if onecan be changed into the other by a series of Kempe changes.
We study Kempe-equivalence of colourings in the class of odd-hole-free graphs(that is, graphs containing no induced odd cycle of length at least 5). Let G bean odd-hole-free graph with maximum degree ∆ and clique number ω, and let
t =

⌈
∆+ω+1

2

⌉. We show that every colouring ofGwith at least t colours is Kempe-equivalent to a t-colouring. In particular, this provides a short proof of a specialcase of the well-known ‘ω, ∆, χ’ conjecture of Reed.
For perfect graphs (which form a subclass of the above), we can get a strongerresult: Any two colourings with at least t+ 1 colours are Kempe-equivalent. Somerelated problems and observations will be discussed in the talk.
Joint work with Marthe Bonamy, Sébastien Bonduelle and Clément Legrand-Duchesne.
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Girth, oddness, and colouring defect of snarks

Ján Karabáš1, Edita Máčajová2, Roman Nedela3, Martin Škoviera4
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The colouring defect of a cubic graph, introduced by Steffen in 2015, is theminimumnumber of edges that are left uncovered by any set of three perfect matchings.Since a cubic graph has defect 0 if and only if it is 3-edge-colourable, this invariantcan measure how much a cubic graph differs from a 3-edge-colourable graph.
Our aim is to examine the relationship of colouring defect to oddness, an exten-sively studied measure of uncolourability of cubic graphs, defined as the smallestnumber of odd circuits in a 2-factor. We show that there exist cyclically 5-edge-connected snarks (cubic graphs with no 3-edge-colouring) of oddness two andarbitrarily large colouring defect. This result is achieved by means of a constructionof cyclically 5-edge-connected snarks with oddness two and arbitrarily large girth.The fact that our graphs are cyclically 5-edge-connected significantly strengthensa similar result of Jin and Steffen (2017), which only guarantees graphs with cyclicconnectivity at most three. At the same time, our result improves Kochol’s originalconstruction of snarks with large girth (1996) in that it provides infinitely manynontrivial snarks of any prescribed girth g ≥ 5, not just girth at least g.
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Distance based indices in generalized nanotubical graphs

Vesna Andová1, Martin Knor2, Riste Škrekovski3
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2 Slovak University of Technology, Bratislava, knor@math.sk
3 University of Ljubljana, Ljubljana, Slovenia, skrekovski@gmail.com

There aremany graph invariants important in chemistry. They are used for instancefor preliminary estimation of properties of complex molecules. Big group of theseindices involve distances, and usually they are in a form
Iλ(G) =

∑
u6=v

f(u, v)distλ(u, v),

where λ is a real number and f(u, v) is a symmetric nondecreasing functiondepending only on degrees of u and v.
A nanotube is a carbon structure of cylindrical form. It can be open, closed, orin some sense degenerated at the ends. For all the above mentioned chemicalindices Iλ and for all generalized nanotubes we found estimations for Iλ(G).These estimations differ for λ < −1, λ = −1 and λ > −1 and they all dependonly on the circumference of the nanotube and not on its specific type.
Acknowledgements This research was supported by the APVV Research Grants17-0428 and 19-0308, and the VEGA Research Grants 1/0238/19 and 1/0206/20.
References[1] V. Andova, M. Knor, R. Skrekovski, Distance based indices in nanotubical graphs:
part 1, Journal of Mathematical Chemistry, 56, pp. 2801-2815 (2018).[2] V. Andova, M. Knor, R. Skrekovski, Distance based indices in nanotubical graphs:
part 2, Journal of Mathematical Chemistry, 56, pp. 3076-3088 (2018).[3] V. Andova, M. Knor, R. Skrekovski, Distance based indices in nanotubical graphs:
part 3, Journal of Mathematical Chemistry, 59, pp. 250-263 (2021).
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Supermagic graphs with arbitrary degree differences
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A supermagic labeling of a graphG,G = (V,E), is a labeling of all edges inE byconsecutive distinct integers such that each vertex v ∈ V has the same weight,while the weight of vertex v is the sum of edge labels of all edges incident to v.
The concept of supermagic labelings has been explored for a half century. Themajority of results naturally deals with regular or almost regular graphs. However,in a recently published paper [1] the authors have shown that a supermagic graphcan have arbitrary many different degrees.
In this talk we extend the result. We show that given an arbitrary nondecreasingsequence of nonnegative integers a1, a2, . . . , an−1 there exists a supermagicgraph with degrees from the list d1, d2, . . . , dn such that ai = di+1 − di for all
i = 1, 2, . . . , n− 1.
References[1] P. Kovář, M. Kravčenko, A. Silber, and M. Krbeček, Supermagic graphs with many
different degrees, Discussiones Mathematicae Graph Theory, 41 (4), pp. 1041–1050(2021).
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Covers of disconnected graphs: What are they?
And why should we care?

Jan Bok1, Jiří Fiala2, Nikola Jedličková2, Jan Kratochvíl2, Michaela Seifrtová2

1 Charles University, Prague, bok@iuuk.mff.cuni.cz
2 Charles University, Prague, {fiala, jedlickova, honza, mikina}@kam.mff.cuni.cz
The notion of graph covers is a discretization of covering spaces introduced anddeeply studied in topology. In discrete mathematics and theoretical computer sci-ence, they have attained a lot of attention from both the structural and complexityperspectives. Nonetheless, disconnected graphs were usually omitted from theconsiderations with the explanation that it is sufficient to understand coveringsof the connected components of the target graph by components of the sourceone. However, different (but equivalent) versions of the definition of covers ofconnected graphs generalize to nonequivalent definitions of disconnected graphs.The aim of this talk is to summarize this issue and to compare three differentapproaches to covers of disconnected graphs:

1. locally bijective homomorphisms,
2. globally surjective locally bijective homomorphisms (which we call surjective

covers), and
3. locally bijective homomorphismswhich cover every vertex the same numberof times (which we call equitable covers).

The standpoint of our comparison is the complexity of deciding if an input graphcovers a fixed target graph. We show that both surjective and equitable coverssatisfy what certainly is a natural and welcome property: covering a disconnectedgraph is polynomial time decidable if such it is for every connected componentof the graph, and it is NP-complete if it is NP-complete for at least one of itscomponents. Despite of this, we argue that the third variant, equitable covers, isthe right one, when considering covers of colored (multi)graphs, andwe completelycharacterize the complexity of covering 2-vertex colored multigraphs with semi-edges.
References[1] J. Bok, J. Fiala, N. Jedličková, J. Kratochvíl, and M. Seifrtová, Computational
Complexity of Covering Disconnected Multigraphs, to appear in Proceedings of FCT2021 - 23rd International Symposium on Fundamentals of Computation Theory,Athens, September 2021, LNCS, Springer.
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Circular flow number of Goldberg snarks

Robert Lukoťka1

1 Comenius University, Bratislava, lukotka@dcs.fmph.uniba.sk
A circular nowhere-zero r-flow on a bridgeless graph G is an orientation of theedges and an assignment of real values from [1, r − 1] to the edges in such away that the sum of incoming values equals the sum of outgoing values for everyvertex. The circular flow number ofG is the infimum over all values r such thatGadmits a nowhere-zero r-flow. We prove that the circular flow number of GoldbergsnarkG2k+1 is 4 + 1/(k + 1), proving a conjecture of Goedgebeur, Mattiolo, andMazzuoccolo [1].
References[1] J. Goedgebeur, D. Mattiolo, G. Mazzuoccolo: Computational results and new
bounds for the circular flownumber of snarks, DiscreteMath. 343, 112026 (2020).

Facial homogeneous colourings of graphs

Tomáš Madaras1, Mária Šurimová2

1 P. J. Šafárik University, Košice, tomas.madaras@upjs.sk
2 P. J. Šafárik University, Košice, maria.surimova@student.upjs.sk
A proper vertex k-colouring of a plane graphG is called facial `-homogeneous ifevery face ofG sees precisely ` colours. The case k = ` corresponds to properpolychromatic colouring (the general version of which was introduced by Alonet al. in 2008, see [1]). We present (rare) examples of plane graphs which are notfacial homogeneously colourable at all, or require significantly more colours thanchromatic number; in addition, we study various sufficient conditions (relatedto girth, face sizes or weak dual structure) for facial homogeneous colourabilityof plane graphs, its relation to other facial colourings, and the extension of thisconcept for embedded graphs.
References[1] N. Alon, R. Berke, K. Buchin, M. Buchin, P. Csorba, S. Shannigrahi, B. Speckmann,P. Zumstein, Polychromatic colorings of plane graphs, SCG 2008: Proceedingsof the Twenty-Fourth Annual Symposium on Computational Geometry, ACM pp.338–345 (2008).
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The defect of a cubic graph is one of the parameters that measure how far a givencubic graph is from being 3-edge-colourable. It is defined as the smallest numberof edges not covered with three perfect matchings. Steffen [1] proved that thedefect of a cubic graph is at least 3 whenever the graph is not 3-edge-colourable.
Here we prove that the edges of every cyclically 4-edge connected cubic graphwith defect 3 can be covered with four perfect matchings, implying that some ofthe long open problems are satsfied for this family of graphs. This result is bestpossible as there is an infinite family of cubic graphs with cyclic connectivity 3whose edges cannot be covered with four perfect matchings.
References[1] E. Steffen, 1-Factor and cycle covers of cubic graphs, J. Graph Theory 78, pp.195-206 (2015).
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Cubic graphs of defect 3
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Every 3-edge-colourable cubic graph has a set of three perfect matchings thatcover all of its edges. Conversely, three perfect matchings cover the edge set of acubic graph only when they are pairwise disjoint, and consequently, the graph is
3-edge-colourable. It follows that if a cubic graph is not 3-edge-colourable, thenany collection of three perfect matchings leaves some of its edges not covered.The minimum number of edges of a cubic graphG left uncovered by any set ofthree perfect matchings will be called the colour defect ofG.
The concept of colour defect of a cubic graph was introduced in 2015 by Steffenwho used the notation µ3(G) but did not coin any term for it. Among otherthings he proved that every bridgeless cubic graph which is not 3-edge-colourable– a snark – has colour defect at least 3. In the present talk we first derive somebasic properties of the defect. After that we investigate the behaviour of cubicgraphs of defect 3 with respect to reductions along edge-cuts of size at most four.A surprising behaviour of the defect with respect to 3-cuts is studied in detail.
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Edge homogeneous colorings
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We define several types of edge colorings defined by the requirement of equalnumber of colors appearing, in particular ways, on maximal stars and maximaldouble-stars without the central edge (these are denoted by Sv and He, for acentral vertex v and central edge e, respectively). We characterize graphs, whichare colorable in such a way that, for each edge e, q colors are used on eachconnected component ofHe. We present sufficient condition for a graph to admit2-coloring in a way that, for each edge e, the number of colors used onHe equals 2.We also show that the set of all integers k, such that G admits a k-coloring inwhich the number of colors used on edges of each maximal star Sv equals q, formsan integer interval.
Upper bounds on the HOMO-LUMO spectral gap of graphs

Soňa Pavlíková1

1 Slovak University of Technology, Bratislava, sona.pavlikova@stuba.sk

In quantum chemistry, the smallest positive and the largest negative eigenvalueof a graph representing a molecule determine (up to a constant multiple) theenergy of the highest occupied molecular orbital (HOMO) and the lowest unoccu-pied molecular orbital (LUMO), respectively; their difference is the HOMO-LUMOseparation (or spectral) gap.
In our contribution we will focus on the HOMO-LUMO spectral gap of weightedgraphs. In particular, we introduce a construction of a new weighted graph from apair of old ones by bridging them over a bipartite graph, and analyze the construc-tion from the point of view of maximizing the spectral gap of the resulting graphwith respect to the bridging graph.
Acknowledgements This research was supported by the APVV Research Grant19-0308, and the VEGA Research Grant 1/0206/20.
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Twin-width of circle graphs
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In 2020 Bonnet et al. introduced parameter of graphs called twin-width [1]. Theseries of results followed, showing that graph classes of bounded twin-width havetractable first-order model checking and then followed by examples of classes ofbounded twin-width [2]. One of the most interesting graph class result is that anyhereditary proper subclass of permutation graphs has bounded twin-width [1],while class of all permutation graphs does not.
We studied superclass of permutation graphs called circle graphs (intersectiongraph of chords of a circle), and we concluded that a subclass of circle graphs hasbounded twin-width if and only if some permutation graph is forbidden as inducedsubgraph.
References[1] É. Bonnet, E.J. Kim, S. Thomassé, R. Watrigant, Twin-width I: tractable FO model
checking, 2020 IEEE 61st Annual Symposium on Foundations of Computer Science(FOCS), pp. 601–612, (2020).[2] É. Bonnet, E.J. Kim, S. Thomassé, R. Watrigant, Twin-width II: small classes,Proceedings of the 2021 ACM-SIAM Symposium on Discrete Algorithms (SODA),pp. 1977–1996 (2021).
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The study of uniquely k-edge-colourable graphs was initiated by Greenwell andKronk in 1973 [3]. Thomason [4] proved that for each k ≥ 4, each uniquely
k-edge-colourable graph is isomorphic to the starK1,k. The class of cubic uniquely
3-edge-colourable graphs, denoted by UEC3, remains uncharacterised. Althoughthere is an infinite family of graphs from UEC3, even triangle-free [1], the onlyknown cyclically 4-edge-connected such graph is the generalised Petersen graph
P (9, 2) of order 18, whose cyclic edge-connectivity is 5.
Let G be an uniquely 3-edge-colourable cubic graph with cyclic connectivity 4and a 4-edge-cut separatingG into two cyclic componentsG1 andG2. We showthat each ofG1 andG2 can be completed to a graph from UEC3 by adding twoadjacent vertices. This result is similar to Golberg’s result that each snark withcyclic connectivity 4 can be decomposed into two snarks in a similar manner [2].Also, we prove several other structural results about graphs from UEC3 withcyclic connectivity 4. Our results are useful for a computer search for small graphsfrom UEC3 and perhaps, for proving that no graphs from UEC3 with cyclicconnectivity 4 exist.
References[1] S.-M. Belcastro and R. Haas, Triangle-free uniquely 3-edge colorable cubic graphs,Preprint, arXiv:1508.06934.[2] M. K. Goldberg, Construction of class 2 graphs with maximum vertex degree 3,Journal of Combinatorial Theory, Series B 31, pp. 282-291, 1981.[3] D. Greenwell and H. Kronk, Uniquely line-colorable graphs, Canad. Math. Bull
16, pp. 525-529 (1973).[4] A. Thomason, Hamiltonian cycles and uniquely edge colourable graphs, AnnalsDiscrete Math. 3, pp. 259-268 (1978).
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Classification of finite group actions on orientable surfaces
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The problem of classifying all finite group actions on orientable surfaces of lowgenera is considered. Our aim is to extend the existing classifications (genera 2and 3 byBroughton (1990), genus 4 by Bogopolsky (1991) and genus 5 by Kuribayashiand Kimura (1990)) to higher genera using computer algebra systems. On the otherhand, Marston Conder classified actions of all “large groups” on orientable surfacesof genera up to 101 (late 2000’s). The latter catalogue is not satisfactory becauseof two reasons:
1. The groups considered in Conder’s list have orders at least 4(g − 1), givengenus g, and
2. The equivalence of the group actions on Conder’s list is different of theequivalence considered in earlier works.

We will mainly discuss the problem of transferring (so-called) topological equiv-alence of actions into purely algebraic form and further, the problem of imple-mentation of such test. As follows, the problem of equivalence of group actionsinvolves (at least partial) knowledge of group of automorphisms of given Fuchsiangroup — a deep and interesting problem itself.
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Interval vertex coloring of trees

Igor Fabrici1, Mária Maceková2, Zuzana Šárošiová3
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A vertex k-coloring (not necessarily proper) is an open (closed) interval k-coloringif for every vertex v the set of colors used in the open (closed) neighborhood of vforms an interval of integers. The largest k for which there exists an open (closed)interval k-coloring of G is called open (closed) interval chromatic number of G,and we denote it by χio(G) (χic(G)).
There was a lot of attention given to the edge version of such a coloring (theexistence of an interval edge coloring of given graph and the value of the corre-sponding chromatic index - see e.g. [1,2,3]), but the vertex version of this coloringwas (as far as we know) not investigated. In the talk we present algorithms forfinding the precise value of χio and χic for trees.
References[1] A.S. Asratian, R.R. Kamalian. Investigation on Interval Edge-Colorings of Graphs.Journal of Combinatorial Theory, Series B, 62 (1), pp. 34–43 (1994).[2] P.A. Petrosyan. On interval edge-colorings of outerplanar graphs. Preprint,
arXiv:1303.1039.[3] P. Hudák, F. Kardoš, T. Madaras, et al. On improper interval edge colourings.Czech Math. J. 66, 1119–1128 (2016).
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An orientably-regular map is an embedding of a connected graph on an compactorientable surface such that the group all orientation-preserving automorphisms ofthe embeddings is transitive on the vertex-edge incident pairs. In 2010 M. Conder,J. Š. and T. Tucker classified orientably-regular maps on surfaces of genus p+ 1 forprime p. However, a part of this classification – for p ≤ 83 and dividing the orderof the automorphism group – relied on computational results of M. Conder. In thetalk we will indicate how this computational assistance can be avoided.
Acknowledgements This research was supported by the APVV Research Grants 17-0428 and 19-0308, and by the VEGA Research Grants 1/0238/19 and 1/0206/20.
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Determining the perfect matching index of a snark is NP-complete
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A conjecture of Berge predicts that every bridgeless cubic graph can have itsedges covered with at most five perfect matchings. If the graph in question hasno 3-edge-colouring, then at least four perfect matchings are necessary. It wasproved by Esperet and Mazzuoccolo [1] that it is NP-complete to decide whetherfour perfect matchings are enough to cover the edges of a bridgeless cubic graph.A disadvantage of the proof (noted by the authors) is that the constructed graphshave 2-cuts.
In this talk we show that small cuts can be altogether avoided and that the prob-lem remains NP-complete even for nontrivial snarks – that is, cyclically 4-edge-connected cubic graphs with no 3-edge-colouring. As a by-product, we provide arich family of nontrivial snarks that cannot be covered with four perfect matchings.The methods rely on the theory of tetrahedral flows developed by Máčajová andŠkoviera in [2].
References[1] L. Esperet, G. Mazzuoccolo, On cubic bridgeless graphs whose edge-set cannot
be covered by four perfect matchings., J. Graph Theory 77, pp. 144-157 (2014).[2] E. Máčajová, M. Škoviera, Cubic graphs that cannot be covered with four perfect
matchings, J. Combin. Theory Ser. B 150, pp. 144-176 (2021).
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Hamilton-connected {claw,net}-free graphs

Xia Liu1, Zdeněk Ryjáček2, Petr Vrána3, Liming Xiong4, Xiaojing Yang5

1 Beijing Institute of Technology, P.R. China, liuxia_90@163.com
2 University of West Bohemia, Plzeň, ryjacek@kma.zcu.cz
3 University of West Bohemia, Plzeň, vranap@kma.zcu.cz
4 Beijing Institute of Technology, P.R. China, lmxiong@bit.edu.cn
5 Beijing Institute of Technology, P.R. China, yangxiaojing89@163.com

We complete the characterization of forbidden generalized nets implying Hamilton-connectedness of a 3-connected claw-free graph (where the generalized net is thegraphNi,j,k obtained by attaching endvertices of three paths of lengths i, j, k toa triangle). We first present the necessary techniques that allow to handle theproblem, namely:
• we strengthen the closure concept for Hamilton-connectedness in claw-freegraphs, introduced by the second and third authors, such that not onlythe line graph preimage of a closure, but also its core has certain strongstructural properties,
• we prove a special version of the “nine-point-theorem" by Holton et al. thatallows to handle Hamilton-connectedness of “small" {claw, Ni,j,k}-freegraphs,
• by combination of these techniques, as an application, we prove that for
X ∈ {N1,3,3, N1,1,5, N2,2,3}, every 3-connected {claw, X}-free graph isHamilton-connected.

All the results on Hamilton-connectedness are sharp and answer a long-standingopen question.
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Scheduling of incomplete tournaments

Petr Kovář1, Jakub Závada2

1 VŠB – Technical University of Ostrava, petr.kovar@vsb.cz
2 VŠB – Technical University of Ostrava, jakub.zavada@vsb.cz
Tournament in which n participants play each other in n − 1 rounds is calleda round robin tournament. Such a tournament is quite fair for each participant butfor instance in lots of chess tournaments the number of participants is too large toplay all n− 1 rounds. So, how can we schedule a tournament with n participantsinto r, r < n− 1 rounds if we want the tournament to be as fair as possible?The Swiss system is often used, but it cannot be usedwhenwe need to schedule thewhole tournament ahead. We can try to use graph theory to find the best possibleschedule. We show for which number of vertices n a connected handicap cubicgraph with proper 3-edge-coloring exists and how to use it to create a differentgraph with higher regularity r which is again handicap. We also show that if thereis an advantage (e.g. the advantage of first move in a chess game), we can alwaysschedule the r-round tournament in which each participant plays in each round,so that for each participant the difference between the number of games withand without his advantage is exactly 1 if r is odd and 0 if r is even. Moreover, wecan ensure that no participant plays three or more consecutive games with theadvantage nor without the advantage during the tournament.

Testing isomorphism of chordal graphs of bounded leafage is in FPT

Vikraman Arvind1, Roman Nedela2, Ilia Ponomarenko3, Peter Zeman4

1 The Institute of Mathematical Sciences, Chennai, India
2 University of West Bohemia, Plzeň, nedela@savbb.sk
3 Steklov Institute of Mathematics, Sankt Petersburg, Russia
4 Charles University, Prague, zeman@kam.mff.cuni.cz
It is known that testing isomorphism of chordal graphs is as hard as the generalgraph isomorphism problem. Every chordal graph can be represented as the inter-section graph of some subtrees of a tree. The leafage of a chordal graph, is the min-imum number of leaves in the representing tree. We construct a fixed-parametertractable algorithm testing isomorphism of chordal graphs with bounded leafage.The key point is a fixed-parameter tractable algorithm finding the automorphismgroup of a colored 3-order hypergraph with bounded sizes of color classes ofvertices.
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