
6 th

Polish

Combinatorial

Conferen
e

ABSTRACTS

B�dlewo, September 19�23, 2016

6p

.t
s.uj.edu.pl



LIST OF TALKS

Mar
in Anhol
er, Every digraph is majority 4-
hoosable . . . . . . . . . . . . . . . . . . 7

Funmilola Balogun, Mset 
hains and mset anti
hains of partially ordered

multisets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Fabri
io Benevides, Edge-
olorings of graphs avoiding 
omplete graphs with

a pres
ribed 
oloring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Csaba Biró, Random walk on the Cayley graph of the Baumslag�Solitar (1, 2)-
group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Bartªomiej Bosek, A new variant of the game of 
ops and robber . . . . . . . . 11

Jarosªaw Byrka, Optimization in algorithm design . . . . . . . . . . . . . . . . . . . . . . . 13

Sebastian Czerwi«ski, The vertex-distinguishing proper edge-
oloring number

of a regular graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

Dariusz Dereniowski, Sear
hing partially ordered sets - a generalization of

binary sear
h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Adam Doliwa, Generalized quasi-symmetri
 fun
tions: Hopf algebra stru
ture

and geometri
 interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Ma
iej Dziemia«
zuk, On dire
ted latti
e paths with verti
al steps . . . . . . . .17

Anna Fiedorowi
z, Conne
ted domination game on graphs . . . . . . . . . . . . . . . 18

AramGharibyan, Lo
ally-balan
ed 2-partitions of 
omplete multipartite graphs
19

Modjtaba Ghorbani, Polyhedral graphs via their automorphism group . . . . 20

Roman Glebov, The number of Hamiltonian de
ompositions of regular graphs

21

Przemysªaw Gordinowi
z, How mu
h 
an be saved from planar graph on �re?

22

Izolda Gorgol, On extremal 
olorings without rainbow 
y
les . . . . . . . . . . . . . 23

2



Aleksandra Gorzkowska, Distinguishing index and edge-
ost of the Cartesian

produ
t of graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

Mariusz Gre
h, Road 
oloring and �erný 
onje
ture . . . . . . . . . . . . . . . . . . . . . 25

Andrzej Grzesik, Appli
ations of �ag algebras in extremal graph theory . . 26

David Gunderson, Extremal graphs for forbidding an odd 
y
le . . . . . . . . . . 27

András Gyárfás, χ-bounded graph 
lasses - results and problems . . . . . . . . . 28

Muhammad Hussain, On 
onstant metri
 dimensions of graphs obtained by

rooted produ
t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .29

Gabriel Jakób
zak, Sign and sight additive 
hromati
 number . . . . . . . . . . . 30

Mojtaba Jazaeri, Distan
e-regular Cayley graphs . . . . . . . . . . . . . . . . . . . . . . . . 31

Amir Kafshdar Goharshady, New dominating sets results in graphs with 
on-

stant treewidth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

Rafaª Kalinowski, Dense arbitrarily partitionable graphs . . . . . . . . . . . . . . . . . 33

Ludmila Kolie
hkina, Graph and Eu
lidean 
ombinatorial approa
hes to the

subset sum problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

Jerzy Konarski, Near pa
king of two graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

Woj
ie
h Korde
ki, On the q-analog of the se
retary problem . . . . . . . . . . . . 37

Tomasz Kraw
zyk, Extending partial representations of trapezoid graphs . 39

Matjaº Krn
, Krone
ker double 
overs and the family of generalized Petersen

graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

Krzysztof Krzywdzi«ski, Distributed algorithms on random graphs: minimal

independent set and 
olouring problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

Mi
haª Laso«, On the tori
 ideal of a matroid and related 
ombinatorial prob-

lems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

Anna Le
howska, Rainbow number for Hanoi graphs . . . . . . . . . . . . . . . . . . . . .43

Magdalena �ysakowska, Properties of systems of 
ubes . . . . . . . . . . . . . . . . . . 44

3



Robert Malona, On non-isomorphi
 tournaments with the possibility of a

draw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

Piotr Mi
ek, Planar posets have dimension linear in height . . . . . . . . . . . . . . 46

Piotr Miska, A simple note on p-adi
 valuation of Stirling numbers of the

se
ond kind . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

Natasha Morrison, Bootstrap per
olation in the hyper
ube . . . . . . . . . . . . . . . .48

Guilherme Mota, Thresholds for anti-Ramsey properties of 
y
les and 
liques

49

Nikolaos Pantelidis, Riordan arrays - the Riordan group . . . . . . . . . . . . . . . . . 50

Olaf Par
zyk, Expli
it 
onstru
tion of universal hypergraphs . . . . . . . . . . . . . 51

Roberto Parente, Pa
king arbores
en
es in random digraphs . . . . . . . . . . . . . 52

Leila Parsaei Majd, Zero-sum �ows on Steiner systems . . . . . . . . . . . . . . . . . . 53

Paweª Pete
ki, The distinguishing 
hromati
 polynomial . . . . . . . . . . . . . . . . . 55

Oleg Pikhurko, Measurable Combinatori
s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

Mi
haª Pilip
zuk, On tree-like graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .57

Monika Pil±niak, Distinguishing graphs by proper 
olourings . . . . . . . . . . . . . 58

Leonid Pªa
hta, On dis
retized 
on�guration spa
es . . . . . . . . . . . . . . . . . . . . . .59

Makar Plakhotnyk, On the autmorphisms of the max-plus algebra of exponent

matri
es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Joanna Pol
yn, A hierar
hy of maximal interse
ting triple systems . . . . . . .61

Mi
haª Przyku
ki, On the purity of minor-
losed 
lasses of graphs . . . . . . . 62

Shahram Rayat Pisheh, Some generalizations of Cayley graph . . . . . . . . . . . 63

Christian Reiher, A generalization of Mantel's theorem to uniformly dense

hypergraphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Jonathan Rollin, Chromati
 number of ordered graphs with forbidden ordered

subgraphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4



Katarzyna Rybar
zyk, Algorithms for �nding Hamilton 
y
les in random

interse
tion graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

Paweª Rz¡»ewski, Complexity of token swapping and its variants . . . . . . . . 67

May
on Sambinelli, On Gallai's 
onje
ture for series-parallel graphs and

graph with maximum degree 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Mohammed Senhaji, Bounded a
y
li
 and oriented 
olourings . . . . . . . . . . . 69

Rinovia Simanjuntak, Finding D-distan
e magi
 and antimagi
 graphs . . 71

Anurag Singh, Homotopy type of neighborhood 
omplexes of Kneser graphs

72

Fiona Skerman, Guessing numbers of odd 
y
les . . . . . . . . . . . . . . . . . . . . . . . . . 73

Heather Smith, Saturation for indu
ed subposets . . . . . . . . . . . . . . . . . . . . . . . . .74

Joanna Sokóª, Lo
alization games on graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

Éri
 Sopena, Combinatorial games on graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

Dragan Stevanovi¢, Comparing 
losed walk 
ounts in trees 
onsisting of three

paths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

Maªgorzata Sulkowska, On the improvement of result in best 
hoi
e problem

for powers of paths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

John Sylvester, Hitting times and e�e
tive resistan
es in Erd®s-Rényi random

graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

Konstanty Junosza-Szaniawski, On-line 
oloring and L(2, 1)-labeling of unit
disks interse
tion graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

Alexandre Talon, De
omposing 8-regular graphs into paths of length 4 . . . .82

Erik Thornblad, Degree distributions and s
ore fun
tions of tournament lim-

its . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Tom Trotter, An update on the dimension of random partially ordered sets

84

Ma
iej Ulas, Arithmeti
 properties of a sequen
e related to the Rudin-Shapiro

5



sequen
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

Dorota Urba«ska, Distributed sear
hing of arbitrary graphs by mobile agents

86

Bartosz Wal
zak, Common tangents of two disjoint polygons in linear time

and 
onstant workspa
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

Lutz Warnke, The phase transition in the random d-pro
ess . . . . . . . . . . . . . 88

Krzysztof W�sek, Nested knapsa
k and bin pa
king problems . . . . . . . . . . . . 89

Mar
in Witkowski, Cops and Robber games on GΞ
. . . . . . . . . . . . . . . . . . . . . . 90

Rafaª Witkowski, Rotate-resistant de Bruijn sequen
e . . . . . . . . . . . . . . . . . . . 91

Andrzej �ak, On pa
king large trees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

Maksim Zhukovskii, Bounded quanti�er depth monadi
 senten
es of very

sparse random graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Mi
haª Zwierzy«ski, Dis
rete a�ne λ-equidistants of polygons with parallel

opposite sides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

6



Mar
in Anhol
er

Pozna« University of E
onomi
s and Business

Every digraph is majority 4-
hoosable

A majority 
oloring of a digraph is a 
oloring of its verti
es su
h that

for ea
h vertex at most half of its out-neighbors has the same 
olor as that

vertex. A digraph D is majority k-
hoosable if for any assignment of 
olor

lists of size k to the verti
es there is a majority 
oloring of D from these

lists. We prove the statement in the title. This gives a positive answer to a

question posed re
ently in [1℄.

Referen
es

[1℄ S. Kreutzer, S. Oum, P. Seymour, D. van der Zypen, D. R. Wood, Ma-

jority 
olourings of digraphs, ArXiv:1608.03040.
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Funmilola Balogun

Ahmadu Bello University

Mset 
hains and mset anti
hains of partially

ordered multisets

In this work, we de�ne multiset (or mset) 
hains and mset anti
hains on

a partially ordered multiset (or pomset). We extend notions and results on


hains and anti
hains of partially ordered set (or posets) to the 
ase where

the ordered stru
ture is a pomset. In the sequel, we introdu
e a new 
on
ept

of a semimset 
hain and present properties of this substru
ture.
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Fabri
io Benevides

Federal University of Ceará

Edge-
olorings of graphs avoiding 
omplete graphs

with a pres
ribed 
oloring

Given a graph F and an integer r ≥ 2, a partition F̂ of the edge set of

F into at most r 
lasses, and a graph G, de�ne cr,F̂ (G) as the number of r-

olorings of the edges of G that do not 
ontain a 
opy of F su
h that the edge

partition indu
ed by the 
oloring is isomorphi
 to the one of F . We think

of F̂ as the pattern of 
oloring that should be avoided. The main question

is, for a large enough n, to �nd the (extremal) graph G on n verti
es whi
h

maximizes cr,F̂ (G). This problem generalizes a question of Erd®s and Roth-

s
hild, who originally asked about the number of 
olorings not 
ontaining a

mono
hromati
 
lique (whi
h is equivalent to the 
ase where F is a 
lique and

the partition F̂ 
ontains a single 
lass). We use Hölder's Inequality together

with Zykov's Symmetrization to prove that, for any r ≥ 2, k ≥ 3 and any

pattern K̂k of the 
lique Kk, there exists a 
omplete multipartite graph that

is extremal. Furthermore, if the pattern K̂k has at least two 
lasses, with

the possible ex
eption of two very small patterns (on three or four verti
es),

every extremal graph must be a 
omplete multipartite graph. In the 
ase

that r = 3 and F̂ is a rainbow triangle (that is, where F = K3 and ea
h part

is a singleton), we show that an extremal graph must be an almost 
omplete

graph. Still for r = 3, we extend a result about mono
hromati
 patterns of

Alon, Balogh, Keevash and Sudakov to some patterns that use two of the

three 
olors, �nding the exa
t extremal graph. For the later two results, we

use the Regularity and Stability Method.
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Csaba Biró

University of Louisville

Random walk on the Cayley graph of the

Baumslag�Solitar (1, 2)-group

The random walk des
ribed in the title 
an be equivalently de�ned as

follows. Starting from x = 0, there are four types of moves: add one to

x, subtra
t one from x, multiply x by two, divide x by two. Let pi be

the probability that in the ith step, multipli
ation or division happens. We

study the re
urren
e properties of the random walk, and how it depends on

the sequen
e pi.
Joint work with Aaron Hill.
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Bartªomiej Bosek

Jagiellonian University

A new variant of the game of 
ops and robber

We 
onsider the following metri
 version of the Cops and Robber game.

Let G be a simple graph and let k ≥ 1 be a �xed integer. In the �rst round

Cop pi
ks a subset of k verti
es B = {v1, v2, . . . , vk} and then Robber pi
ks a

vertex u but keeps it in a se
ret. Then Cop asks Robber for a ve
tor Du(B) =
(d1, d2, . . . , dk) whose 
omponents di = dG(u, vi), i = 1, 2, . . . , k, are the

distan
es from u to the verti
es of B. In the se
ond round Robber may stay

at the vertex u or move to any neighboring vertex whi
h is kept in a se
ret.

Then Cop pi
ks another k verti
es and asks as before for the 
orresponding

distan
es to the vertex o

upied by Robber. And so on in every next round.

The game stops when Cop determines exa
tly the 
urrent position of Robber.

In that 
ase she is the winner. Otherwise, Robber is the winner (that is if

Cop is not able to lo
alize him in any �nite number of rounds). Let ζ(G)
denote the least integer k for whi
h Cop has a winning strategy. Noti
e

that this parameter is well de�ned sin
e the inequality ζ(G) ≤ |V (G)| holds
obviously.

This game restri
ted to k = 1 was introdu
ed by Seager [4℄ (with addi-

tional restri
tion that robber 
annot o

upy a vertex just pi
ked be the 
op),

and studied further in [1℄, [2℄, [5℄. It is also 
onne
ted to the notion of metri


dimension of a graph G, denoted by dim(G), introdu
ed independently by

Harary and Melter [3℄, and by Slater [6℄. Indeed, dim(G) 
an be de�ned as

the least number k su
h that Cop wins our game in one round by 
leverly


hoosing k verti
es of G. Hen
e, the parameter ζ(G) 
an be seen as the game

theoreti
 variant of dim(G).
The aim of the talk is to present results 
on
erning 2-trees, outerplanar

graphs and planar graphs.

Joint work with Jarosªaw Gryt
zuk, Maªgorzata �leszy«ska-Nowak and

Joanna Sokóª.
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Jarosªaw Byrka

University of Wro
ªaw

Optimization in algorithm design

It is standard to use solutions to LP-relaxations of studied 
omplex op-

timization problems in the 
onstru
tion of LP-rounding approximation algo-

rithms. We will dis
uss a more sophisti
ated approa
h in whi
h linear models

are used in the pro
ess of optimizing the algorithm being 
onstru
ted. In the


ontext of approximation algorithms it leads to the so-
alled fa
tor-revealing

linear programs.

The tutorial will 
over the usage of a fa
tor-revealing LP in two di�erent


ontexts:

• �rst we will dis
uss a re
ent result, whi
h is an improved online algo-

rithm for the �le migration problem [1℄;

• next we will 
over a modern version of the analysis of the well known

primal-dual JMS algorithm for the in
apa
itated fa
ility lo
ation prob-

lem

Rather than presenting details of individual results, the tutorial will aim

to en
ourage the parti
ipants to use LP-modelling as a tool to handle the


omplexity of arguments with multiple parameters.

Referen
es

[1℄ M. Bie«kowski, J. Byrka, M. Mu
ha, Dynami
 beats �xed: on phase-based

algorithms for �le migration, ArXiv:1609.00831.
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Sebastian Czerwi«ski

University of Zielona Góra

The vertex-distinguishing proper edge-
oloring

number of a regular graph

We present a new upper bound for the vertex-distinguishing proper edge-


oloring number of a regular graph.
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Dariusz Dereniowski

Gda«sk University of Te
hnology

Sear
hing partially ordered sets - a generalization

of binary sear
h

The problem of sear
hing more general stru
tures than a sorted array,

namely partial orders, 
an be stated as sear
hing for an unknown target

node of an input graph by querying its nodes or edges. The goal is to lo
ate

the target node by performing as few queries as possible in the worst 
ase. In

the talk, we dis
uss the formulations of the problem, algorithmi
 te
hniques

and some re
ent results.
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Adam Doliwa

University of Warmia and Mazury

Generalized quasi-symmetri
 fun
tions: Hopf

algebra stru
ture and geometri
 interpretation

The theory of symmetri
 fun
tions is by now well established subje
t with

numerous appli
ations in 
ombinatori
s, algebrai
 topology, representation

theory, integrable systems and geometry. Quasi-symmetri
 fun
tions, intro-

du
ed by Gessel, are extensions of symmetri
 fun
tions that are be
oming of


omparable importan
e. As a graded Hopf algebra, the dual of the algebra of

quasi-symmetri
 fun
tions is the Hopf algebra of non-
ommutative symmet-

ri
 fun
tions introdu
ed by Gelfand, Krob, Las
oux, Le
ler
, Retakh, and

Thibon. In my talk (based on [1℄) I would like to introdu
e a generalization

of the Hopf algebra of quasi-symmetri
 fun
tions in terms of power series in

partially 
ommutative variables. This is the graded dual of the Hopf algebra

of 
oloured non-
ommutative symmetri
 fun
tions, des
ribed as a subalgebra

of the Hopf algebra of rooted ordered 
oloured trees by Foissy.

Referen
es

[1℄ A. Doliwa, Hopf algebra stru
ture of generalized quasi-symmetri
 fun
-

tions in partially 
ommutative variables, arXiv:1603.03259.

16



Ma
iej Dziemia«
zuk

University of Gda«sk

On dire
ted latti
e paths with verti
al steps

This presentation is about non-simple dire
ted latti
e paths running be-

tween two �xed points and for whi
h the set of allowed steps 
ontains verti
al

step V = (0,−1) and forward steps Sk = (1, k) for some k in Z. These paths
generalize the heavily-studied simple dire
ted latti
e paths that 
onsist of

only forward steps. Two spe
ial families of primary (restri
ted to the half-

plane) and free (unrestri
ted) latti
e paths are 
onsidered. It is shown that

for any family of primary paths with verti
al steps there is equinumerous

family of proper weighted simple dire
ted latti
e paths. The relationship

between primary and free paths is established and some 
ombinatorial and

statisti
al properties are obtained. Finally, four families of paths with ver-

ti
al steps are presented and related to �ukasiewi
z, Raney, Dy
k, Motzkin,

S
hröder, and Delannoy paths.
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Anna Fiedorowi
z

University of Zielona Góra

Conne
ted domination game on graphs

A new graph game is introdu
ed, namely, a 
onne
ted domination game

on graphs. It is de�ned analogously to the well known domination game,

�rst studied by Bre²ar, Klavºar and Rall in 2010. The game is played by

two players, Dominator and Staller, on a 
onne
ted graph G. The players

alternate taking turns 
hoosing a vertex of G (Dominator starts). A move

of a player by 
hoosing a vertex v is legal, if the following two 
onditions are

satis�ed: the vertex v dominates at least one new vertex of G and the set

of all 
hosen verti
es indu
es a 
onne
ted subgraph of G. The game ends

when none of the players has a legal move (i.e., G is dominated). The aim

of Dominator is to �nish as soon as possible, the aim of Staller is opposite.

We present some preliminary results 
on
erning this game, as well as

bounds and exa
t values of the 
orresponding graph parameter, 
alled the


onne
ted game domination number, for some 
lasses of graphs.

We also 
onsider variations of the above des
ribed game. Namely, we let

one of the players skip her/his move. We give some 
onne
tions between the

number of verti
es played in these games and the 
onne
ted game domination

number.

Joint work with Mie
zysªaw Borowie
ki and El»bieta Sidorowi
z
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Lo
ally-balan
ed 2-partitions of 
omplete
multipartite graphs

A 2-partition of a graph G is a fun
tion f : V (G) → {0, 1}. A 2-partition
f of a graph G is lo
ally-balan
ed with an open neighborhood if for every

v ∈ V (G), ||{u ∈ NG(v) : f(u) = 1}| − |{u ∈ NG(v) : f(u) = 0}|| 6 1, where
NG(v) = {u ∈ V (G) : uv ∈ E(G)}. A 2-partition f ′

of a graph G is lo
ally-

balan
ed with a 
losed neighborhood if for every v ∈ V (G), ||{u ∈ NG[v] :
f(u) = 1}|−|{u ∈ NG[v] : f(u) = 0}|| 6 1, where NG[v] = NG(v)∪{v}. The

on
ept of lo
ally-balan
ed 2-partition of graphs was introdu
ed by Balikyan

and Kamalian [1℄ in 2005, and it 
an be 
onsidered as a spe
ial 
ase of

equitable 
olorings of hypergraphs [3℄. In [1℄, Balikyan and Kamalian proved

that the problem of existen
e of lo
ally-balan
ed 2-partition with an open

neighborhood of bipartite graphs with maximum degree 3 is NP-
omplete.

Later, they also proved the similar result for lo
ally-balan
ed 2-partitions
with a 
losed neighborhood. In [2℄, the ne
essary and su�
ient 
onditions

for the existen
e of lo
ally-balan
ed 2-partitions of trees were obtained. In

this work we obtain the ne
essary and su�
ient 
onditions for the existen
e

of lo
ally-balan
ed 2-partitions of 
omplete multipartite graphs.

Joint work with Petros Petrosyan.

Referen
es

[1℄ S. V. Balikyan, R. R. Kamalian, On NP-
ompleteness of the problem

of existen
e of lo
ally-balan
ed 2-partition for bipartite graphs G with

∆(G) = 3, Doklady NAN RA 105 (1), 2005, pp. 21�27.

[2℄ S. V. Balikyan, On existen
e of 
ertain lo
ally-balan
ed 2-partition of a

tree, Mathemati
al Problems of Computer S
ien
e 30, 2008, pp. 25�30.

[3℄ C. Berge, Graphs and Hypergraphs, Elsevier, 1985.
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Polyhedral graphs via their automorphism group

Given a triple t = (p3, p4, p5), we denote by pt the 
lass of 3-valent poly-
hedral graph having p3 triangular, p4 quadrilateral, p5 pentagonal and h
hexagonal fa
es, and no other fa
es. The number of verti
es of a polyhedral

belonging to the 
lass pt is n = 2p3 + 2p4 + 2p5 + 2h− 4.
In general, a (4, 5, 6)-polyhedron is a 
ubi
 planar graph whose fa
es are

squares, pentagons and hexagons. A (3, 5, 6)-polyhedron is a 
ubi
 planar

graph whose fa
es are triangles, pentagons and hexagons. In this paper

we 
ompute the symmetry group of both (3, 5, 6) and (4, 5, 6) polyhedral

graphs. Our method 
an be applied for 
omputing other polyhedral graphs

as fullerenes.
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The number of Hamiltonian de
ompositions of

regular graphs

A Hamiltonian de
omposition of Γ is a partition of its edge set into dis-

joint Hamilton 
y
les. One of the oldest results in graph theory is Wale
ki's

theorem from the 19th 
entury, showing that a 
omplete graph Kn on an

odd number of verti
es n has a Hamiltonian de
omposition. This result was

re
ently greatly extended by Kühn and Osthus. They proved that every r-
regular n-vertex graph Γ with even degree r = cn for some �xed c > 1/2
has a Hamiltonian de
omposition, provided n = n(c) is su�
iently large. In

this talk we address the natural question of estimating H(Γ), the number of
su
h de
ompositions of Γ. The main result is that H(Γ) = r(1+o(1))nr/2

. In

parti
ular, the number of Hamiltonian de
ompositions of Kn is n(1+o(1))n2/2
.

Joint work with Zur Luria and Benny Sudakov.
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How mu
h 
an be saved from planar graph on fire?

Let G be any 
onne
ted graph on n verti
es, n ≥ 2. Let k be any positive

integer. Suppose that a �re breaks out at some vertex of G. Then, in ea
h

turn �re�ghters 
an prote
t at most k verti
es of G not yet on �re. Next

the �re spreads to all unprote
ted neighbours of burning verti
es. The above

model was introdu
ed by Hartnell in 1995.

It is not surprising that the number of verti
es whi
h 
an be saved highly

depends on a 
hoi
e of a vertex, where the �re has broken out. To manage

this problem, it was de�ned some graphi
al parameter - k-surviving rate of

G, denoted by ρk(G), as the expe
ted fra
tion of verti
es that 
an be saved

from the �re by k �re�ghters, providing that the starting vertex is 
hosen

uniformly at random (Cai and Wang, 2009).

Another evident observation is that the surviving rate depends on a den-

sity of a graph; Sparse graphs are less �ammable. Hen
e, it seems to be

reasonable to investigate the surviving rate on su
h graph 
lasses whi
h are

not only important from the appli
ations point of view, but also whi
h for
e

sparsity of its members, eg. planar graphs.

During a presentation bounds on the surviving rate for some graph 
lasses

will be shown. In parti
ular it will be shown that for any planar graph G
with average degree 41

2
− ε, where ε ∈ (0, 1], we have ρ2(G) ≥ 2

9
ε. The

result implies a signi�
ant improvement of the bound for 2-surviving rate for

triangle-free planar graphs (Esperet, van den Heuvel, Ma�ray and Sipma,

2013) and for planar graphs without 4-
y
les (Kong, Wang, Zhang, 2012).

The proof is done using the separator theorem for planar graphs.
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On extremal 
olorings without rainbow 
y
les

While de�ning the anti-Ramsey number Erd®s, Simonovits and Sós men-

tioned that the extremal 
olorings may not be unique [1℄. In the talk we

de�ne ESS 
olorings to formalize 
olorings proposed by Erd®s, Simonovits

and Sós and 
hara
terize some of the extremal 
olorings avoiding rainbow


y
les. In 
ase of rainbow triangles we 
ount the number of di�erent ESS

olorings. Apart from that we show the re
ursive 
onstru
tion of su
h 
olor-

ings. It o

urs that the number of them is equal to an appropriate Fibona

i

number. By a double 
ounting te
hnique we obtain a new identity for Fi-

bona

i numbers.

Referen
es

[1℄ P. Erd®s, A. Simonovits, V. Sós, Anti�Ramsey theorems, in In�nite and

�nite sets (A. Hajnal, R. Rado, and V. Sós, eds.), Colloquia mathemati
a

So
ietatis János Bolyai, North-Holland, 1973, pp. 633�643.
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Distinguishing index and edge-
ost of the Cartesian

produ
t of graphs

The distinguishing index D′(G) of a graph G is the least number d su
h

that G has an edge 
olouring with d 
olours that is only preserved by the

identity automorphism. The Cartesian produ
t of graphs G and H is a graph

denoted G�H whose vertex set is V (G) × V (H). Two verti
es (g, h) and

(g′, h′) are adja
ent if either g = g′ and hh′ ∈ E(H), or gg′ ∈ E(G) and

h = h′. Consider the graphs with distinguishing index is equal to two. The

edge-
ost ρ′(G) of a graph G is the least number of edges in one of the two


olour 
lasses.

In the talk we present the results for the distinguishing index of the

Cartesian powers of 
onne
ted graphs and Cartesian produ
t of stars K1,m

and K1,n, where 2 < m ≤ n. We demonstrate the 
onditions under whi
h

D′(K1,m�K1,n) = 2. We extend this result to any number of 
olours and

determine the distinguishing number of K1,m�K1,n for nearly all m and n.
Moreover, we present some results for edge-
ost of Cartesian produ
t of 
on-

ne
ted graphs.
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Road 
oloring and �erný 
onje
ture

Road Coloring and �erný Conje
ture are two of the long standing and

important problems in automata theory. The �rst one was solved in 2009.

The se
ond one is mu
h more di�
ult and is still opened. There is plenty of

papers 
on
erning this problems and solved it for some 
lass of edge-
olored

digraphs (automatons). It seems that all these attempts do not give any hope

for solving the all problem. We propose a more systemati
 way to atta
k the

problem, that give some hope that the �erný Conje
ture 
ould be solved in

a future.
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Appli
ations of flag algebras in extremal graph

theory

Flag algebras methods were introdu
ed by Razborov only a few years

ago, but already have a signi�
ant impa
t on extremal graph theory. Many

long-standing open problems were solved or substantial improvements on the

bounds were made.

During this talk we make a short introdu
tion to the theory of �ag alge-

bras and present some important results obtained by the method. We fo
us

on showing the broad possibilities of appli
ation for di�erent 
ombinatorial

stru
tures (simple graphs, oriented graphs, or graphs in a 
olored setting). In

parti
ular we prove the Erd®s 
onje
ture on �ve-
y
les in triangle-free graphs,

the Erd®s-Faudree-Rousseau 
onje
ture on edges in odd 
y
les, spe
ial 
ase

of the generalization of the Ca

etta-Häggkvist 
onje
ture, and provide a full

des
ription of the possible densities of all pairs of 3-vertex graphs.
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Extremal graphs for forbidding an odd 
y
le

For a �nite simple graph F , say that a graph G is F -free i� G 
ontains

no 
opy of F as a (weak) subgraph. For ea
h positive integer n, the extremal

number ex(n;F ) is the maximum number of edges in any F -free graph on n
verti
es, and EX(n;F ) is the set of (extremal) F -free graphs with pre
isely

ex(n;F ) edges.
When F is a triangle, Mantel (and later, Turán) found ex(n, F ) and

showed that EX(n;F ) 
onsists of only one graph, namely the 
omplete equibi-

partite graph on n verti
es. In the 1970s, Bondy and Woodall showed that

when F is any odd 
y
le, for n large enough, the extremal number ex(n, F ) is
the same as for the triangle, but their proof did not reveal what the extremal

graphs are. On the other hand, Simonovits showed that for n su�
iently

large, if F is an odd 
y
le, then EX(n;F ) 
onsists only of one graph.

In re
ent work with Füredi, when F is any odd 
y
le, for all n, we �nd

ex(n;F ), and in ea
h 
ase, we �nd all extremal graphs.
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χ-bounded graph 
lasses - results and problems

A 
lass of graphs is χ-bounded if the 
hromati
 number of its members

is bounded by a suitable fun
tion of its 
lique size. For example, the family

of perfe
t graphs is the 
lass χ-bounded by the identity fun
tion. I dis
uss

questions and answers related to these 
lasses.
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On 
onstant metri
 dimensions of graphs obtained

by rooted produ
t

Let G = (V,E) be a 
onne
ted graph and d(x, y) be the distan
e between
the verti
es x and y in G. A set of verti
es W resolves a graph G if every

vertex is uniquely determined by its ve
tor of distan
es to the verti
es inW .

A metri
 dimension of G is the minimum 
ardinality of a resolving set of

G and is denoted by dim(G). In this paper 
y
le, path, Harary graphs and

their rooted produ
t as well as their 
onne
tivity are studied and 
al
ulated

their metri
 dimension. It is proved that metri
 dimension of the graphs is

either three or four in 
ertain 
ases.
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Sign and sight additive 
hromati
 number

Additive 
olouring of graph G = (V,E) is an assignment to its verti
es

positive integers in su
h way that for every edge uv ∈ E sum of the labels of

the verti
es belonging to the neighbourhood of v is di�erent from analogous

sum 
onne
ted with vertex u. We present two modi�
ations of that problem.

They are both based on dividing the set of the verti
es into two disjoint

sets A and B. Here 
olour of vertex v is the sum of labels assigned to its

neighbours whi
h belong to the same set as v subtra
ted by the sum of the

labels of the verti
es from the neighbourhood whi
h belong to the other set.

We also prove that in one of these problems with some extra assumptions,

we are able to label verti
es properly, even if the weights are 
hosen from

arbitrary lists of size �ve.
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Distan
e-regular Cayley graphs

Distan
e-regular graphs are an important family of graphs in area of

algebrai
 graph theory. There is a problem in [1℄ about the 
lassi�
ation

of distan
e-regular Cayley graphs. In this talk, we give an overview about

ongoing progress in this problem and spe
ially about the 
lassi�
ation of

distan
e-regular Cayley graphs with least eigenvalues at least −2.

Referen
es

[1℄ E. R. van Dam, J. H. Koolen, H. Tanaka, Distan
e-regular graphs, Ele
-

troni
 Journal of Combinatori
s, 2016, #DS22.
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New dominating sets results in graphs with


onstant treewidth

In this work, we 
onsider graphs with �xed treewidth and study the for-

mulation of dominating sets and their extensions using groups to obtain

general (�xed-parameter) linear algorithms for answering various questions

related to them su
h as domination number, number of minimal dominating

sets, the optimal set a

ording to a given weight fun
tion, et
.

We are interested to devise a simple generalized method for proving the

existen
e of linear algorithms and to solve various types of domination-like

problems in 
onstant treewidth graphs. In some 
ases, this is going to be the

�rst known linear solution to the problem.
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Dense arbitrarily partitionable graphs

A graph G = (V,E) is 
alled arbitrarily partitionable if for every partition
τ = (τ1, . . . , τk) of the order n of G, there exists a partition (V1, . . . , Vk) of
V su
h that ea
h Vi indu
es a 
onne
ted subgraph of order ni. This 
on
ept

was introdu
ed to model a problem in the design of 
omputer networks by

Barth, Baudon and Pue
h, and independently by Hor¬ák and Wo¹niak.

The on-line version of this notion was de�ned by Hor¬ák, Tuza and Wo¹-

niak. Suppose that the whole sequen
e τ = (τ1, . . . , τk) is unknown at the

beginning, but its elements are requested on-line, i.e., one by one. In the i-th
stage, where i = 1, . . . , k, a positive integer ni arrives and we have to 
hoose

a 
onne
ted subgraph Gi of G of order ni that is vertex-disjoint with all sub-

graphs G1, . . . , Gi−1 
hosen in the previous stages. If this pro
edure 
an be

a

omplished for any sequen
e of positive integers τ = (n1, . . . , nk) summing

up to the order n of G, then G is 
alled on-line arbitrarily partitionable.

It will be shown that for dense graphs (in a pres
ribed sense) these two

notions are equivalent.
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Graph and Eu
lidean 
ombinatorial approa
hes to

the subset sum problem

A well-known problem: max
Bn

aTx, aTx ≤ b where Bn={0, 1}n, a, x ∈ R

n
,


alled the subset sum problem (SSP), is studied. This NP-
omplete prob-

lem is redu
ible to the knapsa
k problem (KP) where utility and weight of

items are equal: max
Bn

a′Tx′, a′x′ ≤ b, a′ > 0, a
′

i < a
′

i+1, i = 1, n− 1. (KP) is

traditionally formulated as a binary or integer program. Another way is its

representation as a 
ombinatorial problem over the general 
ombination set

Sn
ηk (A

0). The set is generated by a multiset A0 =
{
0η−n, a

′

1, ..., a
′

n

}
of k dif-

ferent elements by adding η−n dummy zeros to the weights for representing

all possible knapsa
ks. This statement allows using various properties of the


ombinatorial set in solving (KP). Thus, the �rst presented approa
h (A1)

to (SSP) is a Bran
h&Bound algorithm based on geometri
 and extreme pe-


uliarities of Sn
ηk (A

0).
Two other approa
hes ((A2), (A3)) to (SSP), based on graph 
onstru
tion,

are as follow.

In framework of (A2) the following generalization of the hyper
ube graph is


onsidered: a skeleton graph Hn (k1, k2) of a polytope of the binary subset

Bn (k1, k2) with limited multipli
ities of zeros and ones is 
omplemented by

Johnson graphs J (n, k) , k=k1, k2. Those 
onne
t nodes with labels of the

same number of ones. This graph, denoted by H
′

n (k1, k2), where k1, k2 - are
the lower and upper limits for one-multipli
ity, inherits known properties of

the hyper
ube and Johnson graphs, su
h as small diameter, easy routing,

et
. These properties allow using this topology as an alternative to the pop-

ular hyper
ube topology for designing the multi-pro
essor networks. It is

reasonable if a 
ost of 
onne
ting 
omputers is negligible in 
omparison with

a 
ost of the 
omputers and an aim is in
reasing an information transmission

speed within the whole network and its subnetworks. The se
ond area of

appli
ation is linear 
onstrained boolean optimization, in parti
ular, solving

(SSP). (A2) outline: 1) transform (SSP) to an equivalent problem (KP); 2)

introdu
e a partial ordering: xi ≤ xi+1 ∀i : a′

i = a
′

i+1; 3) determine a set of
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uts {Πk: ex = k}k=k1,k2
interse
ted by a hyperplane Π: a′x′ = b

′
based on

solutions of an un
onstrained linear problems: zmin,k = min
Bn(k)

a′x′, zmax,k =

max
Bn(k)

a′x′ where Bn (k) = Bn ∩ Πk; 4) 
onstru
t a dire
ted subgraph, rooted

at xmin =
(
1k1, 0n−k1

)
, with edges oriented towards in
reasing the obje
tive

fun
tion. Any two verti
es x1, x2 ∈ Bn (k1, k2) are adja
ent i� they are ad-

ja
ent in H
′

n (k1, k2) and a′Tx1 6= a′Tx2. The pro
ess of 
onstru
ting this

digraph and solving (SSP) 
ontinues until no leafs remain, whi
h 
ould allow

improvement of a 
urrent re
ord.

The next graph approa
h (A3) is based on 
onstru
tion of a stru
tural graph

of (SSP) and the following de
omposition: Bn (k1, k2) =
k2⋃

k=k1

Bn (k). This

digraph 
onsists of k2 − k1 + 1 subgraphs, 
orresponding to ea
h Bn (k):

S
′

n (k1, k2) =
k2⋃

k=k1

S
′

n (k). The subgraphs
{
S

′

n (k)
}
k
are analyzed sequentially.

These subgraphs are binary trees, where lower and upper bounds are im-

proved, based on solution of linear problems over Bn (k)-type sets.
The above-mentioned approa
hes are promising for the solution of the (SPP),

as well as many other problems.

Joint work with Oksana Pi
hugina.
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Near pa
king of two graphs

A pa
king of two graphs is a pair of edge-disjoint 
opies of those graphs

(regarded as the subgraphs of a 
omplete graph). Well known result states

that two graphs of order n have a pa
king when they have less than or equal

to 3/2n − 2 edges. In this talk we study the 
ase when the 
opies overlap

su
h that 
ommon edges form a graph whi
h belongs to a given family of

graphs. We present results for three families:

1) family of graphs of size at most k;

2) a family of graphs of maximum degree at most k;

3) a family of graphs of 
lique number at most k.
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On the q-analog of the se
retary problem

In the 
lassi
al se
retary problem there are n linearly ordered elements.

They are observed at some random order ω = (ω1, ω2, . . . , ωn). At the mo-

ment t = i the observer knows only the relative ranks w (t) of the elements

et examined so far. The algorithm: observe and reje
t the �rst v = ⌊n/e⌋
elements, note their maximum, and then sele
t the next element that ex
eeds

this maximum value if su
h an element appears. On
e reje
ted, an element


annot be re
alled [1℄.

The multi
hoi
e se
retary problem is a variation in whi
h the algorithm

is allowed to 
hoose k elements, and the goal is to maximize their sum [2℄.

Let PG (r − 1, q) be a �nite proje
tive geometry of dimension r− 1, where q
is a prime power [3℄. In the q-analog of the se
retary problem the algorithm


he
ks subsequent elements and de
ides to either reje
t irrevo
ably or a

ept

the 
urrent element, whi
h 
an be a

epted only if it does not belong to the

subgeometry spanned over all the elements reje
ted so far. A 
ase similar

to the multi
hoi
e se
retary problem is 
onsidered: observe and reje
t the

�rst elements until they span a subgeometry of �xed dimension v − 1. Then
sele
t at most k next elements that ex
eed all the reje
ted observations and

do not belong to the subgeometry spanned by the reje
ted elements. The

goal of the algorithm is to obtain the set of k elements with maximal sum.

The algorithm is studied for the simplest PG (r − 1, q), for example for q = 2
and small r, and also for r = 3, i.e. for proje
tive planes.

Referen
es
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e
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Extending partial representations of trapezoid

graphs

A trapezoid graph is an interse
tion graph of trapezoids spanned between

two horizontal lines. The partial representation extension problem for trape-

zoid graphs is a generalization of the re
ognition problem: given a graph G
and an assignment φ of trapezoids to some verti
es of G, de
ide whether φ

an be extended to an interse
tion model of the entire graph G. We prove

that this problem 
an be de
ided in polynomial time. This way, we solve the

partial representation extension problem for one of the two major remaining


lasses of geometri
 interse
tion graphs (
ir
ular-ar
 graphs being the other),

for whi
h re
ognition is de
idable in polynomial time, but the 
omplexity of

partial representation extension has been unknown. As a 
orollary, we also

provide a polynomial-time algorithm for partial representation extension of


o-bipartite 
ir
ular-ar
 graphs.

Joint work with Bartosz Wal
zak.
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Krone
ker double 
overs and the family of

generalized Petersen graphs

The family of generalized Petersen graphs GP, introdu
ed by Coxter et

al. (1950) and named by Mark Watkins (1969), is a family of 
ubi
 graphs

formed by 
onne
ting the verti
es of a regular polygon to the 
orresponding

verti
es of a star polygon. The Krone
ker 
over of a simple undire
ted graph

G is a a spe
ial type of bipartite 
overing graph of G, isomorphi
 to the

dire
t (tensor) produ
t of G and K2. In the short talk we will identify

the generalized Petersen graphs that are Krone
ker 
overs and dis
uss some

related questions.

40



Krzysztof Krzywdzi«ski

Adam Mi
kiewi
z University

Distributed algorithms on random graphs: minimal

independent set and 
olouring problems

In many distributed systems, su
h as for example internet network, ad

ho
 networks or sensor networks, there are many entities, whi
h operate in

the system. Their pro
essors are a
tive at any moment and may perform

some lo
al 
omputations. Moreover the entities have ability to 
ommuni
ate

with ea
h other to a
hieve some goals. The model of 
omputation, whi
h

use the ar
hite
ture of those systems is the distributed LOCAL model and

algorithms in this model are 
alled distributed

Most of the known distributed algorithms either work on general graphs,

i.e. study the worst 
ases, or 
on
entrate on a parti
ular family of graphs,

su
h as for example: trees, bounded growth graphs, planar graphs or bounded

degree graphs. In this talk we will analyze distributed algorithms on average

graphs represented by the Erd®s�Rényi random graph model G(n, p) with

independent edges. We will 
on
entrate on two 
lassi
al problems from the

�eld of distributed algorithms: �nding a maximal independent set and �nding

a proper 
olouring of a graph. We will analyze the performan
e on G(n, p) of
known 
lassi
al distributed algorithms, whi
h work for general graphs. Then

we will 
ompare results with algorithms designed spe
ially for G(n, p).
Joint work with Katarzyna Rybar
zyk.
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haª Laso«

Polish A
ademy of S
ien
es

White's 
onje
ture and other intriguing problems

on matroids

When an ideal is de�ned only by 
ombinatorial means, one expe
ts to have

a 
ombinatorial des
ription of its set of generators. An attempt to a
hieve

this des
ription often leads to surprisingly deep 
ombinatorial questions.

White's 
onje
ture is an example. It asserts that the tori
 ideal asso
iated

to a matroid is generated by quadrati
 binomials 
orresponding to symmetri


ex
hanges. In the 
ombinatorial language it means that if two multisets of

bases of a matroid have equal union (as a multiset), then one 
an pass between

them by a sequen
e of symmetri
 ex
hanges between pairs of bases.

White's 
onje
ture resisted numerous attempts sin
e its formulation in

1980. We will review the progress made in last years, whi
h led to 
on�rma-

tion of the 
onje
ture for high degrees (with respe
t to the rank of a matroid).

We will also dis
uss its relations with other intriguing problems on matroids.
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howska

Lublin University of Te
hnology

Rainbow number for Hanoi graphs

A graph G is rainbow 
olored if ea
h of its edge is in di�erent 
olor. The

rainbow number of graph G is the minimum number of 
olors needed to get G
rainbow 
olored in any edge-
oloring. In the talk we present an exa
t value of

the rainbow numbers for the Hanoi graphs, whi
h represent Tower of Hanoi

puzzle. Verti
es of this graph 
orrespond to state, while edges 
orrespond to

moves of n dis
s, whi
h are distributed among p pegs. We will 
al
ulate the

rainbow numbers for pairs (Hn
3 ;H

m
3 ), (Hn

4 ;H
m
4 ) and �nally (Hn

p ;H
m
p ).

43



Magdalena �ysakowska

University of Zielona Góra

Properties of systems of 
ubes

In 1930 Ott-Heinri
h Keller 
onje
tured that every unit 
ube tiling of the

n-dimensional Eu
lidean spa
e 
ontains a 
olumn of 
ubes. One proved that

Keller's 
onje
ture is true in all dimensions less than 7 and in dimension

8 one found a 
ounterexample. This implies that the 
onje
ture is false

in all dimensions greater than 7. For n = 7 the 
onje
ture is still open.

Known solutions to the Keller's 
onje
ture, the stru
ture of 
ube tilings and

unextendible systems of 
ubes in low dimensions will be presented.
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University of Opole

On non-isomorphi
 tournaments with the possibility

of a draw

At the beginning, the basi
 de�nitions, properties and theorems 
on
ern-

ing digraphs, tournaments and s
ore sequen
es will be given. The problem


onsidered is an attempt to determine the number of non-isomorphi
 tourna-

ments with the possibility of a draw for small number of verti
es. It will be

shown how to 
al
ulate the number of non-isomorphi
 tournaments without

draws. After that, we will 
al
ulate the number of non-isomorphi
 tourna-

ments with with the possibility of a draw on small number of verti
es.
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ek

Jagiellonian University

Planar posets have dimension linear in height

We prove that the dimension of planar posets is bounded by a linear

fun
tion of their height: dim(P ) 6 192h + 96 for every planar poset P of

height h. This improves on previous exponential bounds and is best possible

up to a 
onstant fa
tor.

Joint work with Gwenaël Joret and Veit Wie
hert.
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A simple note on p-adi
 valuation of Stirling

numbers of the se
ond kind

The Stirling number of the se
ond kind S(n, k), where n, k ∈ N and 0 ≤
k ≤ n, 
ounts the number of partitions of a set with n elements into exa
tly

k nonempty subsets. The problem of p-adi
 valuations (with emphasize on

2-adi
 valuations) of Stirling numbers of the se
ond kind and their relatives

generated a lot of literature. It was 
onsidered by i.a. Lengyel, Clarke,

De Wannemaker, Bennet and Mosteig. In 2008 Amdeberhan, Manna and

Moll stated a 
onje
ture on general des
ription of 2-adi
 valuation of Stirling

numbers of the se
ond kind. Later, in 2010, Berrizbeitia, Medina, Moll, Moll

and Noble generalized this 
onje
ture on p-adi
 valuations of numbers S(n, k)
for arbitrary prime number p. In this talk we will establish these 
onje
tures.
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University of Oxford

Bootstrap per
olation in the hyper
ube

The r-neighbour bootstrap pro
ess on a graph G starts with an initial set

of �infe
ted� verti
es and, at ea
h step of the pro
ess, a healthy vertex be-


omes infe
ted if it has at least r infe
ted neighbours (on
e a vertex be
omes

infe
ted, it remains infe
ted forever). If every vertex of G be
omes infe
ted

during the pro
ess, then we say that the initial set per
olates. In this talk I

will dis
uss the proof of a 
onje
ture of Balogh and Bollobás: for �xed r and
d → ∞, the minimum 
ardinality of a per
olating set in the d-dimensional

hyper
ube is

1+o(1)
r

(
d

r−1

)
.

Joint work with Jonathan Noel.
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University of São Paulo

Thresholds for anti-Ramsey properties of 
y
les

and 
liques

Given a graph H , we are interested in the following `anti-Ramsey' type

property of the random graphG = G(n, p): for every proper edge-
olouring of
G, there exists a rainbow 
opy ofH inG, i.e., a 
opy ofH with no two edges of

the same 
olour. Let pr(H) be the threshold for this property. It was proved

in [1℄ that pr(H) ≤ n−1/m(2)(H)
for any �xed graph H . When H is a 
y
le

on at least 7 verti
es or a 
omplete graph on at least 19 verti
es, Nenadov,

Person, �kori¢ and Steger [2℄ proved that in fa
t pr(H) = n−1/m(2)(H)
. They

state that, as far as they know, this result 
ould be extended for all 
y
les

and 
liques of size at least 4. We prove that this is the 
ase for all 
y
les

and 
liques of size at least 5, but not for C4 and K4. In fa
t, we show that

pr(C4) = n−3/4 < n−2/3 = n−1/m(2)(C4)
, and if H is a graph isomorphi
 to K−

4

or K4, then pr(H) is asymptoti
ally smaller than n−1/m(2)(H)
, where K−

4 is

the graph obtained by removing one edge from K4.

Joint work with Yoshiharu Kohayakawa, Olaf Par
zyk and Jakob S
hnitzer.

Referen
es

[1℄ Y. Kohayakawa, P. B. Konstadinidis, G. O. Mota, On an anti-Ramsey

threshold for random graphs, European Journal of Combinatori
s 40,

2014, pp. 26�41.

[2℄ R. Nenadov, Y. Person, N. �kori¢, A. Steger, An algorithmi


framework for obtaining lower bounds for random Ramsey problems,

ArXiv:1408.5271, 2014.
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Waterford Institute of Te
hnology

Riordan arrays - the Riordan group

A Riordan array is a lower triangular in�nite matrix, 
onstru
ted by two

formal power series in su
h a way that ea
h of the 
olumns is generated

by them. The entries of ea
h 
olumn are the 
oe�
ients of the polynomial

that is generated by these two fun
tions and the elements of the matrix 
an

be determined by a re
ursive formula. Obje
ts that 
an be expressed by a

sequen
e of numbers are used to 
onstru
t Riordan arrays, su
h as Fibona

i

or Catalan numbers. The area of Riordan arrays has been resear
hed sin
e

the early 1990s and appli
ations of them have been found in many areas of


omputing su
h as algorithm analysis, error 
orre
ting 
odes and wireless


ommuni
ations. Additionally, Riordan arrays have been used in di�erent

s
ienti�
 areas beyond the borders of Mathemati
s as parts of their theory

and te
hniques have been su

essfully applied in Mole
ular Biology for RNA

se
ondary stru
ture enumeration and Chemistry. Our resear
h fo
uses on the

stru
ture of the Riordan group that is determined by these arrays, properties

of it and relations between already known subgroups of the main group.
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zyk

Goethe University

Expli
it 
onstru
tion of universal hypergraphs

A hypergraph H is 
alled universal for a family cF of hypergraphs, if it


ontains every hypergraph F ∈ cF as a 
opy. For the family of r-uniform
hypergraphs with maximum vertex degree bounded by ∆ and at most n ver-

ti
es any universal hypergraph has to 
ontain Ω(nr−r/∆) many edges. We

exploit 
onstru
tions of Alon and Capalbo to obtain universal r-uniform hy-

pergraphs with the optimal number of edges O(nr−r/∆) when r is even, r | ∆
or ∆ = 2. Further, we generalize the result of Alon and Asodi about opti-

mal universal graphs for the family of graphs with at most m edges and no

isolated verti
es to hypergraphs.

Joint work with Samuel Hetteri
h and Yury Person.
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University of São Paulo

Pa
king arbores
en
es in random digraphs

We study the problem of pa
king arbores
en
es in the random digraph

Dnp, where ea
h possible ar
 is in
luded uniformly at random with probabil-

ity p = p(n). Let λ(Dnp) denote the largest integer λ ≥ 0 su
h that, for all

0 ≤ ℓ ≤ λ, we have
∑ℓ−1

i=0(ℓ− i)|{v : din(v) = i}| ≤ ℓ. We show that the max-

imum number of ar
-disjoint arbores
en
es in Dnp is λ(Dnp) asymptoti
ally

almost surely. We also give tight estimates for λ(Dnp) depending on the range
of p. Moreover, we prove that if p = (log(n)−h(n))/(n−1) with h(n) = ω(1),
then λ(Dnp) = 0 asymptoti
ally almost surely; if p = (log(n)+h(n))/(n−1)
with h(n) = o(log n) and h(n) = O(log logn), then λ(Dnp) ∈ {δin, δin + 1}
asymptoti
ally almost surely; if p = (log(n) + h(n))/(n − 1) with h(n) =
o(logn) and h(n) = Ω(log logn), then λ(Dnp) ∼ δin asymptoti
ally almost

surely.

Joint work with Carlos Hoppen and Cristiane M. Sato.
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Shahid Rajaee University

Zero-sum flows on Steiner systems

In this talk, we fo
us on zero-sum �ows on Steiner triple and quadruple

systems. we will 
onsider a well-known 
onstru
tion STS(2v+7) whi
h 
an be
used to 
onstru
t non-resolvable Steiner triple systems and by using a zero-

sum �ow on STS(v), we 
an be able to 
onstru
t a new zero-sum �ow on

STS(2v+7). Moreover, 
onsider STS(v) and STS(w) (SQS(v) and SQS(w))
for some appropriate v and w. We are going to state some 
onditions for

the existen
e of zero-sum �ow on STS(vw) (SQS(vw)). In part, we try to

understand some relations between the zero-sum �ows on SQS(v) and its

derived Steiner triple system, STS(v − 1).
Joint work with S. Akbari and H. R. Maimani.
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The distinguishing 
hromati
 polynomial

Let G be a graph, and let Γ = AutG. A 
oloring c of G is symmetry-

breaking if for every non-identity automorphism ϕ ∈ Γ , there is some vertex

v of G su
h that c(v) 6= c(ϕ(v)). There has been a lot of work on the min-

imum number of 
olors in a symmetry-breaking 
oloring of G. We dis
uss

here a di�erent problem: 
ounting the number of k-
olorings that are sym-

metry breaking. The tool, as is frequently the 
ase for problems su
h as this

one, is Möbius inversion. To solve this problem we de�ne symmetry break-

ing polynomial ψG. For positive integer k (number of 
olors), ψG(k) is the
number of k-
olorings that break all non-trivial symmetries of the graph G.
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Oleg Pikhurko

University of Warwi
k

Measurable Combinatori
s

This tutorial will 
onsider measurable versions of 
lassi
al 
ombinatorial

problems (vertex/edge 
olourings, mat
hings, spanning trees, et
). The main

obje
t of study will be graphings (that is, bounded-degree graphs whose ver-

tex set is a standard probability spa
e and whose edge set is the union of

�nitely many measure-preserving mat
hings). Graphings appear in various

areas su
h as the limit theory of bounded-degree graphs, measure-preserving

group a
tions, des
riptive set theory, et
. The existen
e of a measurable fun
-

tion F that satis�es given 
ombinatorial 
onstraints (su
h as being a proper

vertex 
olouring) is of interest be
ause it may be used, for example, to distin-

guish non-isomorphi
 graphings in orbit equivalen
e theory or be transferred

to �nite graphs in the 
ontext of property testing. We will mostly 
on
en-

trate on positive results. Here, a powerful tool for 
onstru
ting the desired

fun
tion F is to design a parallel de
entralized algorithm that 
onverges to

it almost everywhere.
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On tree-like graphs

The notions of treewidth and tree de
ompositions 
apture the 
on
ept of

de
omposing graphs along small separators into simple pie
es. While orig-

inating in the Graph Minors proje
t of Robertson and Seymour, treewidth

has found multiple algorithmi
 appli
ations, and is by now one of the 
ru
ial

tools in the design of algorithms for 
omputationally hard graph problems.

Moreover, deep 
onne
tions between treewidth and monadi
-se
ond order

logi
 on graphs has also been studied. During the talk we will present the

main 
ombinatorial and algorithmi
 properties of treewidth, and survey the

most important results: from 
lassi
 ones to the most re
ent. Some larger

fo
us will be put on the results obtained by the speaker.
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Distinguishing graphs by proper 
olourings

A vertex-, edge- or total 
olouring of a graph G is 
alled distinguishing if it

is preserved only by the trivial automorphism. In [1℄, the distinguishing 
hro-

mati
 number χD(G) of a graph G was de�ned as the least number of 
olours

in a proper distinguishing vertex-
olouring. Corresponding invariants, the

distinguishing 
hromati
 index χ′

D(G) for proper edge-
olourings, and the to-

tal distinguishing 
hromati
 number χ′′

D(G) for proper total 
olourings, were
introdu
ed in [2℄ and [3℄, respe
tively.

General bounds for χD(G), χ
′

D(G) and χ
′′

D(G) will be dis
ussed, also for

in�nite graphs.

Referen
es
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On dis
retized 
onfiguration spa
es

In this talk, we dis
uss some algebrai
 and topologi
al problems arising

in the study of 
on�guration spa
es asso
iated with graphs and puzzles. The

braid groups of the "dis
retized" obje
ts are 
onsidered in parti
ular 
ases.

We also indi
ate the relationship between the "dis
retized" 
on�guration

spa
es and the 
on�guration spa
es of hard dis
s in the square.
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University of São Paulo

On the automorphisms of the max-plus algebra of

exponent matri
es

Exponent matri
es appeared in the study of tiled orders, i.e. prime

Noetherian semi-prefe
t semi-distributive rings with non-zero Ja
obson radi-


al. Any semi-maximal ring is isomorphi
 to a dire
t produ
t of tiled orders.

LetO be a (non-ne
essarily 
ommutative) dis
rete valuation ring in a division

ring with prime element π. A tiled order over O is a ring of the form

Λ = (παijO) ⊆Mn(O),

where (αij) ∈Mn(Z) is su
h that aii = 0 for all i and

αij + αjk ≥ αik,

for any i, j and k. The matrix (αij) is 
alled an exponent matrix 
ompletely


hara
terizes Λ. It is known, that up to isomorphisms of tiled orders, ea
h

entry αij 
an be assumed non-negative. All non-negative exponent matri
es

form a max-plus algebra. In our talk we will pay attention to the automor-

phisms of the max-plus algebra of non-negative exponent matri
es.

Joint work with M. Doku
haev, V. Kyry
henko and G. Kudryavtseva.

This work is partially supported by FAPESP.
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A hierar
hy of maximal interse
ting triple systems

We rea
h beyond the 
elebrated theorems of Erd®s-Ko-Rado and Hilton-

Milner, and, a re
ent theorem of Han-Kohayakawa, and determine all maxi-

mal interse
ting triples systems. It turns out that for ea
h n ≥ 7 there are

exa
tly 15 pairwise non-isomorphi
 su
h systems (and 13 for n = 6). We

present our result in terms of a hierar
hy of Turán numbers ex(s)(n;M3
2 ),

s ≥ 1, where M3
2 is a pair of disjoint triples. Moreover, owing to our uni�ed

approa
h, we provide short proofs of the above mentioned results (for triple

systems only).

The triangle C3 is de�ned as C3 = {{x1, y3, x2}, {x1, y2, x3}, {x2, y1, x3}}.
Along the way we show that the largest interse
ting triple system H on

n ≥ 6 verti
es, whi
h is not a star and is triangle-free, 
onsists of max{10, n}
triples. This fa
ilitates our main proof's philosophy whi
h is to assume that

H 
ontains a 
opy of the triangle and analyze how the remaining edges of H
interse
t that 
opy.

Joint work with Andrzej Ru
i«ski.
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On the purity of minor-
losed 
lasses of graphs

Given a graph H , let Ex(H) denote the 
lass of graphs with no minor

H , and let gapH(n) denote the maximum di�eren
e between the numbers

of edges in two n-vertex edge-maximal graphs in Ex(H). We show that for

exa
tly four 
onne
ted graphsH the 
lass Ex(H) is pure, that is, gapH(n) = 0
for all n ≥ 1; and for ea
h 
onne
ted graph H , we have the di
hotomy that

either gapH(n) = O(1) or gapH(n) = Θ(n). We also give some partial results

when H is not 
onne
ted or when there are two or more ex
luded minors.

Joint work with Colin M
Diarmid.
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Some generalizations of Cayley graph

Cayley graphs were introdu
ed by Arthur Cayley in 1878. In addition

various generalizations of Cayley graphs have been introdu
ed for example:

generalized Cayley graph by Maru²i£ et al., quasi-Cayley graphs by Gauy-

a
y, various kinds of groupoid graphs by Mwambene, group a
tion graphs by

Annexstein et al., general semigroup graphs by Kelarev and Praeger. A gen-

eralized Cayley digraphs that were introdu
ed by Anvil in 2012, and renamed

to two-sided group digraphs and graphs by Iradmusa and Praeger.

We introdu
e a new family of digraphs and graphs that 
an be 
onsidered

as the generalization of the 
lass of Cayley digraphs and graphs. For two

subgroup L, R of a group G and a subset S of G, we de�ne double 
oset

digraph (G;L,R, S) to have vertex set of all double 
osets of L, R in G and

an ar
 from LxR to LyR if and only if y = lsl′xr for some l, l′ in L, s in S
and r in R. We show that when this graph is empty, undire
ted, 
omplete

and 
onne
ted. Moreover, in this paper we show that when this graph is

vertex-transitive, Eulerian, Hamiltonian and planar.
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A generalization of Mantel's theorem to uniformly

dense hypergraphs

A well known theorem of Mantel asserts that the Turán density of the

triangle is 1/2. More re
ently, Glebov, Král', and Vole
 proved that every

large 3-uniform hypergraph with the property that all linearly sized subsets

of its vertex set indu
e subhypergraphs of density > 1/4 
ontains four verti
es
spanning at least three edges. The 
onstant 1/4 appearing here is optimal

as a random tournament 
onstru
tion shows.

When thinking about a possible 
ommon generalization of these two fa
ts

to k-uniform hypergraphs, one easily observes that the tournament 
onstru
-

tion generalizes to a hypergraph having the density 21−k
in a very uniform

sense but not 
ontaining the hypergraph F (k)

onsisting of (k + 1) verti
es

and three edges.

Our main result spe
i�es a pre
ise sense of 'uniformly dense' su
h that

the generalized tournament 
onstru
tion does indeed have the largest density

among F (k)
-free hypergraphs that are uniformly dense in this sense. Su
h

variations of Turán's problem were �rst suggested by Erd®s and Sós. For

k = 2 our density notions 
oin
ides with the usual density and for k = 3 it is
the same as the 'vertex uniform density' 
onsidered in the result of Glebov,

Král', and Vole
 mentioned above. Our proof relies on the regularity method

for hypergraphs.

Joint work with V. Rödl and M. S
ha
ht.
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Chromati
 number of ordered graphs with

forbidden ordered subgraphs

It is well-known that the graphs not 
ontaining a given graph H as a

subgraph have bounded 
hromati
 number if and only if H is a
y
li
. Sur-

prisingly, the situation is very di�erent for ordered graphs, that is, for graphs

equipped with a linear ordering < on their vertex set.

Call an ordered graph H unavoidable if any ordered graph of su�
iently

large 
hromati
 number 
ontains a 
opy of H , and avoidable otherwise. As

in the 
ase of unordered graphs, any ordered graph that 
ontains a 
y
le

is avoidable. However, we also give an in�nite family of avoidable ordered

forests. For example the ordered path with verti
es a < b < c < d and edges

ab, ad, and bc is avoidable.
We 
ompletely 
hara
terize all avoidable ordered graphs that do not have


rossing edges and redu
e the 
ase of 
onne
ted ordered graphs to a well-

behaved 
lass of trees. Although this identi�es large 
lasses of avoidable

ordered forests, we don't know whether the mat
hing with verti
es a < b <
c < d < e < f and edges ac, be, df is avoidable.

Joint work with Maria Axenovi
h and Torsten Ue
kerdt.
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Katarzyna Rybar
zyk

Adam Mi
kiewi
z University

Algorithms for finding Hamilton 
y
les in random

interse
tion graphs

In the random interse
tion graph model G(n,m, p) to ea
h vertex from a

vertex set V (|V | = n) we assign a random set of its features W (v) from an

auxiliary set W (|W | = m). For ea
h w ∈ W we have Pr(w ∈ W (v)) = p
independently of all other elements from V andW . We 
onne
t verti
es v and
v′ by an edge if the sets W (v) and W (v′) interse
t. The random interse
tion

graph model has real-life appli
ations su
h as wireless networks modelling or


omplex networks analysis. In the talk we will present the algorithmi
 aspe
ts

of Hamilton 
y
le problem. We will analyze the e�
ien
y on G(n,m, p) of
known algorithms whi
h 
onstru
t Hamilton 
y
les in random graphs.
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Warsaw University of Te
hnology & Hungarian A
ademy of S
ien
es

Complexity of token swapping and its variants

In the Token Swapping problem we are given a graph with a token

pla
ed on ea
h vertex. Ea
h token has exa
tly one destination vertex, and we

try to move all the tokens to their destinations, using the minimum number

of swaps, i.e., operations of ex
hanging the tokens on two adja
ent verti
es.

As the main result of this talk, we show that Token Swapping is W[1℄-

hard parameterized by the length k of a shortest sequen
e of swaps. In fa
t,

we prove that, for any 
omputable fun
tion f , it 
annot be solved in time

f(k)no(k/ log k)
where n is the number of verti
es of the input graph, unless the

ETH fails. This lower bound almost mat
hes the trivial nO(k)
-time algorithm.

We also 
onsider two generalizations of the Token Swapping, namely

Colored Token Swapping (where the tokens have di�erent 
olors and

tokens of the same 
olor are indistinguishable), and Subset Token Swap-

ping (where ea
h token has a set of possible destinations). To 
omplement

the hardness result, we prove that even the most general variant, Subset

Token Swapping, is FPT in nowhere-dense graph 
lasses.

Finally, we 
onsider the 
omplexities of all three problems in very re-

stri
ted 
lasses of graphs: graphs of bounded treewidth and diameter, stars,


liques, and paths, trying to identify the borderlines between polynomial and

NP-hard 
ases.

Joint work with Édouard Bonnet and Tillmann Miltzow.
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University of Campinas

On Gallai's 
onje
ture for series-parallel graphs

and graph with maximum degree 4

A path de
omposition of a graphG is a set of edge-disjoint paths ofG that


overs the edge-set of G. Gallai (1966) 
onje
tured that every graph on n
verti
es admits a path de
omposition of size at most ⌊(n+1)/2⌋. Geng, Fang
and Li (2015) veri�ed this 
onje
ture for maximal outerplanar graphs and

2-
onne
ted outerplanar graphs, and Favaron and Kouider (1988) veri�ed it

for Eulerian graphs with maximum degree 4. In this paper, we generalize the

te
hnique introdu
ed by Geng, Fang and Li, and verify Gallai's Conje
ture

for series�parallel graphs, and for graphs with maximum degree 4. Moreover,

we show that the only graphs in these 
lasses that do not admit a path

de
omposition of size at most ⌊n/2⌋ are isomorphi
 to K3, K5 − e or K5.
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University of Bordeaux

Bounded a
y
li
 and oriented 
olourings

Introdu
ed by P. Hanse, A. Hertz and J. Kuplinsky in [1℄, the bounded


olouring problem is a variant of proper 
olouring where the 
olours 
lasses

are of bounded size. Formally the problem is the following :

• Input : A graph G and positive integer B, k.

• Output : Is there a proper 
olouring c : V (G) 7→ {1, .., k} su
h that

∀i ∈ {1, .., k}, |c−1(i)| ≤ B.

The problem is NP-
omplete when B ≥ 3, but for many graphs families the

problem is polynomial (split, 
o-
hordals, 
o-intervals . . . ), see [2℄.

In [1℄, Hanse, Hertz and Kuplinsky proved that if χB is the 
hromati
 pa-

rameter asso
iated with the problem with input B, then for ea
h graph G
with n verti
es and 
hromati
 number χ, we have :

max
{
χ,

⌈ n
B

⌉}
≤ χB(G) ≤

⌊
n− χ

B

⌋
+ χ.

Moreover, they proved that those bounds are sharp.

We present the extension of this theorem, and other results to bounded

a
y
li
 and oriented 
olourings. A
y
li
 
olouring is a proper 
olouring of

a graph where the indu
ed graph by the verti
es of any 2 
olours 
lasses is

a forest. Oriented 
olouring of an oriented graph

−→
G is a proper 
olouring

where all the ar
s between any 2 
olours 
lasses have the same dire
tion.

The oriented 
hromati
 number of an undire
ted graph is the maximum of

the oriented 
hromati
 numbers of all its orientations. If we denote by χa(G)
(resp. χo(G)), the a
y
li
 (resp. oriented) 
hromati
 number of a graph G,
and by χB

a (G) (resp. χ
B
o (G)), the bounded a
y
li
 (resp. oriented) 
hromati


number of a graph G, then we 
an write our �rst theorem as follows.
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Theorem 1 (M.S., O. Baudon, É. Sopena '15) For ea
h graph G over

n verti
es, and positive integer B, we have :

max
{
χa(G),

⌈ n
B

⌉}
≤ χB

a (G) ≤
⌊
n− χa(G)

B

⌋
+ χa(G).

And those bounds are sharp. And :

max
{
χo(G),

⌈ n
B

⌉}
≤ χB

o (G) ≤
⌊
n− χo(G)

B

⌋
+ χo(G).

The sharpness is not yet proved for oriented 
olouring.

We then 
hara
terize the bounded 
hromati
 number of some graphs families:

Theorem 2 (M.S., O. Baudon, É. Sopena '15) Let

−→
G be an oriented

graph over n > 0 verti
es su
h that χo(
−→
G ) = 2, and B > 0, and d =

max{2,
⌈
n
B

⌉
}. Then d ≤ χB

o (
−→
G) ≤ d+ 1.

Theorem 3 (M.S., O. Baudon, É. Sopena '15) For n ≥ 3, and B > 0
we have :

• χB
o (
−→
Pn) = max{χo(Pn),

⌈
n
B

⌉
};

• χB
o (
−→
Cn) = max{χo(Cn),

⌈
n
B

⌉
};

• χB
o (
−→
C∗

n) = max{χo(Qn),
⌈
n
B

⌉
}.

And if k ≥ 2 and n1, . . . , nk ≥ 1, and G is the 
omplete k-partite graph,

Kn1,n2,...,nk
, then :

χB
a (Kn1,n2,...,nk

) =



k∑

i=1

ni − χa

B


+ χa.

Referen
es

[1℄ Pierre Hansen, Alain Hertz, Julio Kuplinsky, Bounded vertex 
olorings of

graphs, Dis
rete Mathemati
s 111(1�3), 1993, pp. 305�312.

[2℄ Aline Parreau, A survey on bounded 
olorings of graphs, manus
ript,

2013.
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hnology

Finding D-distan
e magi
 and antimagi
 graphs

For an arbitrary set of distan
es D ⊂ {0, 1, . . . , d}, a graph G is said to

be D-distan
e magi
 if there exists a bije
tion f : V → {1, 2, . . . , v} and a


onstant k su
h that for any vertex x, Σy∈ND(x)f(y) = k, where ND(x) = {y ∈
V |d(x, y) ∈ D}. Additionally, a graph G is said to be D-distan
e antimagi
 if

the Σy∈ND(x)f(y) is unique for ea
h vertex x. A D-distan
e graph of a graph

G is the graph with vertex set V (G) and edge set {(x, y)|dG(x, y) ∈ D}.
In this talk we shall 
onstru
t D-distan
e magi
 and antimagi
 graphs for

various D by using the notion of D-distan
e graph.
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Anurag Singh

Indian Institute of Te
hnology

Homotopy type of neighborhood 
omplexes of

Kneser graphs

S
hrijver identi�ed a family of vertex 
riti
al subgraphs of Kneser graphs


alled the stable Kneser graphs SGn,k. Björner and de Longueville proved

that the neighborhood 
omplex of the stable Kneser graph SGn,k is homotopy

equivalent to a k-sphere. It is also known that the neighborhood 
omplex

of KGn,k is homotopy equivalent to the wedge sum of k-spheres. The main

obje
tive here is to give the exa
t number for KG2,k i.e. to show that the

homotopy type of the neighborhood 
omplex of KG2,k is a wedge sum of

(k + 4)(k + 1) + 1 spheres of dimension k. Further we will 
onstru
t a

subgraph S2,k of KG2,k whose neighborhood 
omplex deformation retra
ts

onto the neighborhood 
omplex of SG2,k.
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University of Bristol

Guessing numbers of odd 
y
les

For a given number of 
olours, s, the guessing number of a graph is the

base s logarithm of the size of the largest family of 
olourings of the vertex

set of the graph su
h that the 
olour of ea
h vertex 
an be determined from

the 
olours of the verti
es in its neighbourhood. We show that, for any given

integer s > 2, if a is the largest fa
tor of s less than or equal to

√
s, for

su�
iently large odd n, the guessing number of the 
y
le Cn with s 
olours
is (n − 1)/2 + logs(a). This answers a question posed by Christo�des and

Markström in 2011.

Guessing numbers are related to index 
oding and our results show that

the information defe
t of the 
oding problem where the side information is a

large odd 
y
le is (n+ 1)/2− logs(a).
Joint work with Ross Atkins and Pu
k Romba
h.
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Georgia Institute of Te
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Saturation for indu
ed subposets

Graph saturation was �rst introdu
ed in 1964 by Erd®s, Hajnal, and

Moon. The notion of saturation 
an be extended to posets as follows: Fix

a target poset P . A family F of points in the Boolean latti
e is 
alled

(indu
ed)-P -saturated if

(1) 
ontains no 
opy of P as an (indu
ed) subposet;

(2) every stri
t superset of F 
ontains a 
opy of P as an (indu
ed) subposet.

For ea
h n, the (indu
ed) saturation number for P is the size of the small-

est family in Bn whi
h is (indu
ed)-P -saturated. Gerbner et. al. (2013) �rst
studied this notion of saturation for the 
hain where the saturation number

and the indu
ed saturation number are identi
al. We turn our attention to

indu
ed saturation, determining bounds on this value for several small posets

in addition to proving a logarithmi
 lower bound for target posets from an

in�nite family.

Joint work with Mi
hael Ferrara, Bill Kay, Lu
as Kramer, Ryan Martin,

Benjamin Reiniger, and Eri
 Sullivan.
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Joanna Sokóª

Warsaw University of Te
hnology

Lo
alization games on graphs

We present game version of metri
 and 
entroidal bases of graphs, inspired

by lo
alization problems in wireless networks. Given the network as a graph

of wi-� a

ess points, we try to lo
alize a person walking with a 
ell phone

solely by wi-� signals. The strength of the signals measured by the 
ell phone

is proportional to the distan
es from a

ess points. In our approa
h Robber

is walking on the graph and Cop tries to 
at
h him. In ea
h round Cop


hooses whi
h a

ess points will be a
tive in this round. Then Robber moves

to an adja
ent vertex or stays where he is. After that Cop re
eives some

information about the distan
es between Robber and a
tive a

ess points.

Cop wins the game if able to determine the exa
t lo
ation of Robber in �nite

number of rounds. The question is how many a

ess points Cop a
tivates in

ea
h round in order to win. This parameter is bounded by the 
ardinality

of metri
 and 
entroidal basis respe
tively for two variants of the game. We

determine the number of a
tive a

ess points for some 
lasses of graphs, su
h

as trees, outerplanar graphs and unit distan
e graph on the plane.

Joint work with Jarosªaw Gryt
zuk and Maªgorzata �leszy«ska-Nowak.
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Combinatorial games on graphs

Combinatorial game theory has already a long and ri
h history. A 
om-

binatorial game is played by two players who alternate taking turns. At ea
h

step of the game, the number of available moves is �nite and the game ends

after a �nite number of turns. All along the game, there is no hidden infor-

mation and no random elements. Under normal 
onvention, the �rst player

unable to move looses the game.

In this talk, I will dis
uss several 
ombinatorial games played on graphs.

Some of them 
an be viewed as extensions to graphs of 
lassi
al 
ombinatorial

games, while others are more dire
tly related to the stru
ture of graphs or

to some well-known graph invariants.
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Comparing 
losed walk 
ounts in trees 
onsisting

of three paths

Spe
tral moments of adja
en
y matrix of a graph, whi
h also represent


ounts of its 
losed walks, are useful obje
ts in dealing with spe
tral radius

and Estrada indi
es of graphs. For k ≥ 0, let Mk(G) denote the number of


losed walks in G of length k. Let G � H denote that Mk(G) ≤ Mk(H) for
all k ≥ 0. For example, if G � H then the spe
tral radius and the Estrada

index of G are smaller than or equal to the spe
tral radius and the Estrada

index of H , respe
tively.

Let Pa,b,c denote the tree obtained from the union of paths Pa+1, Pb+1 and

Pc+1 by identifying one endvertex from ea
h of the three paths. We show

that for any a, b, c, d, e, f holds either

Pa,b,c � Pd,e,f or Pa,b,c � Pd,e,f .

This is well known in the 
ase that min{a, b, c} = min{d, e, f}, but its proof
needs to play with both 
hara
teristi
 polynomials and walk embeddings

when min{a, b, c}+ 1 = min{d, e, f}.
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ªaw University of S
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On the improvement of result in best 
hoi
e

problem for powers of paths

The verti
es of the power of a dire
ted path are exposed one by one

to a sele
tor in some random order. At any time the sele
tor 
an see the

graph indu
ed by the verti
es that have already appeared. The sele
tor's

aim is to 
hoose on-line the maximal vertex (i.e., the vertex with no outgoing

edges). We give upper and lower bounds for the asymptoti
 behaviour of the

probability of su

ess under the optimal algorithm. In order to derive the

upper bound, we 
onsider a model in whi
h the sele
tor obtains some extra

information about the edges that have already appeared. We give the exa
t

asymptoti
 of the probability of su

ess under the optimal algorithm in this


ase. In order to derive the lower bound, we analyze a site per
olation pro
ess

on a sequen
e of powers of a dire
ted path.
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University of Warwi
k

Hitting times and effe
tive resistan
es in

Erd®s-Rényi random graphs

In this talk I will dis
uss e�e
tive resistan
e in graphs and how this is

related to the strength of 
onne
tivity. In parti
ular, I determine the expe
ta-

tion for random walk hitting times and e�e
tive resistan
es in G (n, p) where
c log(n) ≤ np < n1/10

, c > 1. I also show 
on
entration results for hitting

times and e�e
tive resistan
es then explain how these follow from showing

a 
ertain strong edge-
onne
tivity property holds with high probability for

G(n, p) in this regime.
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Konstanty Junosza-Szaniawski

Warsaw University of Te
hnology

On-line 
oloring and L(2, 1)-labeling of unit disks

interse
tion graphs

Graphs representing interse
tions of families of geometri
 obje
ts are in-

tensively studied for their pra
ti
al appli
ations and for their interesting the-

oreti
al properties. In parti
ular, unit disk interse
tion graphs are interesting

for appli
ations in radio network modeling. We 
onsider the problem of 
las-

si
al 
oloring, as well as the L(2, 1)-labeling of su
h graphs.

Unit disk interse
tion graphs 
an be 
olored on-line with 
ompetitive ratio

equal to 5. We improve this ratio using j-fold 
olorings of the so-
alled unit

distan
e graph (see [2℄). (The unit distan
e graph is an in�nite graph, whose

vertex set is R
2
, and two points are adja
ent if their Eu
lidean distan
e is

exa
tly 1).

Fiala, Fishkin and Fomin [1℄ presented an on-line algorithm for L(2, 1)-
labeling of unit disk interse
tion graphs with 
ompetitive ratio 50/3 ≈ 16.66.
We improve this algorithm to the one with 
ompetitive ratio 40/3 ≈ 13.33.
Moreover, using the j-fold 
oloring, we manage to improve this ratio for unit

disks interse
tion graphs with a large 
lique number.

We also 
onsider o�-line L(2, 1)-labeling. Shao et al. [3℄ proved that

λ(G) ≤ 4
5
∆2 + 2∆ for unit disk interse
tion graph G with maximum degree

∆. We improve this result to λ(G) ≤ 3
4
∆2 + 3∆ − 3. Moreover, from work

of Fiala, Fishkin and Fomin [1℄, we derive a bound λ ≤ 18∆ + 18, whi
h is

signi�
antly better for large ∆.

Joint work with Paweª Rz¡»ewski, Joanna Sokóª and Krzysztof W�sek.

Referen
es
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disk graphs, Theoreti
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De
omposing 8-regular graphs into paths of length

4

A T -de
omposition of a graph G is a set of edge-disjoint 
opies of T in G
that 
overs the edge set ofG. Graham and Häggkvist (1989) 
onje
tured that

any 2ℓ-regular graph G admits a T -de
omposition if T is a tree with ℓ edges.
Kouider and Lon
 (1999) 
onje
tured that, in the spe
ial 
ase where T is the

path with ℓ edges, G admits a T -de
omposition D where every vertex of G
is the end-vertex of exa
tly two paths of D, and proved that this statement

holds when G has girth at least (ℓ + 3)/2. In this paper we verify Kouider

and Lon
's Conje
ture (and, 
onsequently, Graham�Häggkvist's Conje
ture)

for paths of length 4.
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Uppsala University

Degree distributions and s
ore fun
tions of

tournament limits

Motivated by known results for �nite tournaments, we de�ne and study

the s
ore fun
tions of tournament kernels (fun
tions W : [0, 1]2 → [0, 1] sat-
isfying W (x, y) +W (y, x) = 1) and the degree distributions of tournament

limits (in the Lovász/Szegedy-sense). Our main theorem fully 
hara
terizes

those distributions whi
h appear as the degree distribution of some tourna-

ment limit, and those fun
tions whi
h appear as the s
ore fun
tion of some

tournament kernel. We also show that there is only one valid degree distribu-

tion that is realized by a unique tournament limit, implying that the degree

distribution does not (in general) distinguish between distin
t tournament

limits.
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Georgia Institute of Te
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An update on the dimension of random partially

ordered sets

In 1991, Erd®s, Kierstead and Trotter investigated the dimension of ran-

dom height 2 partially ordered sets (posets). Their resear
h was motivated

primarily by two goals. One was to analyze the a

ura
y of the Füredi-Kahn

upper bounds on dimension in terms of maximum degree. The se
ond was

to develop the ma
hinery for estimating the expe
ted dimension of a ran-

dom labelled poset on n points. For these reasons, most of their e�orts were

fo
used on the 
ase 0 < p ≤ 1/2.
Motivated by extremal problems involving 
onditions whi
h for
e a poset

to 
ontain a large standard example, we were 
ompelled to revisit this subje
t,

but now with parti
ular emphasis on the range 1/2 ≤ p < 1, where 
an make

substantive improvements in both upper and lower bounds. Our sharpened

analysis allows us to 
on
lude that as p approa
hes 1, the expe
ted value of

dimension in
reases and then de
reases, a subtlety not previously identi�ed.

Along the way, we establish 
onne
tions with 
lassi
al topi
s in analysis as

well as with latin re
tangles. Also, using stru
tural insights drawn from this

resear
h, we are able to make progress on the motivating extremal problem

with an appli
ation of the asymmetri
 form of the Lovász Lo
al Lemma.

Joint work with Csaba Biró, Peter Hamburger, Hal A. Kierstead, Attila

Pór and Ruidong Wang.
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Jagiellonian University

Arithmeti
 properties of a sequen
e related to the

Rudin-Shapiro sequen
e

We present an exa
t 
omputation of a 2-adi
 valuation of 
ertain integer

sequen
es related to the powers of generating fun
tion of the Rudin-Shapiro

sequen
e.
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Gda«sk University of Te
hnology

Distributed sear
hing of arbitrary graphs by

mobile agents

A team of mobile agents starting from a home base need to visit and


lean all nodes of the network. The goal is to �nd a strategy whi
h would be

optimal in sense of number of needed entities, moves performed by them or a

total time of an algorithm. Currently, the �eld of distributed graph sear
hing

by a team of mobile agents is rapidly expanding and many new approa
hes

and models are being presented in order to better des
ribe real life problems

like de
ontaminating danger areas by a group of robots or 
leaning networks

from viruses. An o�ine 
ase, when a topology of a graph is known in advan
e

is well studied, espe
ially for one sear
her. This survey presents re
ent results

fo
using mainly on an issue of de
ontaminating an arbitrary graph with none

or some a priori knowledge about its topology, but also some ba
kground of

an o�ine 
ase is given. We introdu
e a bibliography for various models,

whi
h di�er on i.e. knowledge about a graph, properties of agents, time


lo
k or size of available memory.
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zak

Jagiellonian University

Common tangents of two disjoint polygons in

linear time and 
onstant workspa
e

A tangent of a polygon is a line tou
hing but not 
rossing the polygon.

Two disjoint polygons 
an have four, two, or no 
ommon tangents, depending

on whether the 
onvex hulls of the polygons are disjoint, overlapping, or

nested. We des
ribe a very simple linear-time 
onstant-workspa
e algorithm

to 
ompute all 
ommon tangents of two disjoint simple polygons, ea
h given

by a read-only array of its 
orners in a 
y
li
 order.

Joint work with Mikkel Abrahamsen.
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University of Cambridge

The phase transition in the random d-pro
ess

One of the most interesting features of Erd®s-Rényi random graphs is the

`per
olation phase transition', where the global stru
ture intuitively 
hanges

from only small 
omponents to a single giant 
omponent plus small ones.

In this talk we dis
uss the per
olation phase transition in the random

d-pro
ess, whi
h 
orresponds to a natural algorithmi
 model for generat-

ing random regular graphs that di�ers from the usual 
on�guration model

(starting with an empty graph on n verti
es, the random d-pro
ess evolves by
sequentially adding new random edges so that the maximum degree remains

at most d).
Our results on the phase transition solve a problem of Wormald from

1997, and verify a 
onje
ture of Bali«ska and Quintas from 1990.

Joint work with Ni
k Wormald.
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Nested knapsa
k and bin pa
king problems

In this talk we introdu
e nested versions of knapsa
k and bin pa
king type

of problems. The word 'nested' means that items 
an be pa
ked into ea
h

other a

ording to some natural 
onstraint. In the 
lassi
 knapsa
k problem,

we are given a set of items with two positive values representing its size and

value. The goal is to 
hoose a subset of those items with the total size not

ex
eeding a given limit, su
h that the total value is as large as possible. In the

proposed nested version, ea
h item additionally o�ers a 
ertain non-negative

amount of its 
apa
ity to other items. Hen
e ea
h item 
an be 
onsidered

as a potential knapsa
k for other, smaller items. Therefore, we seek for a

subset of items that 
an be pa
ked into the given base 
apa
ity or into other


hosen items, su
h that the sum of item values is maximized. Similarly, one


an de�ne the nested versions of bin pa
king problem and also a related

variable-sized variant. We make the �rst steps to investigate these problems.

In parti
ular, we obtain an algorithm with logarithmi
 approximation ratio

for nested knapsa
k problem and an algorithm with 
onstant approximation

ratio for nested bin pa
king problem.

Joint work with György Dosa, Armin Fügens
huh, Fabian Gnegel, Qie

He, Shi Li and Zsolt Tuza.

The author's work was partially 
ondu
ted as a guest resear
her at the

Helmut S
hmidt University / University of the Federal Armed For
es Ham-

burg.
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Cops and Robber games on GΞ

Cop Robber game is a two player game played on an undire
ted graph. In

this game 
ops try to 
apture a robber moving on the verti
es of the graph.

The 
op number of a graph is the least number of 
ops needed to guarantee

that the robber will be 
aught.

In the talk we present results 
on
erning games on GΞ
. Graph GΞ

is

de�ned as a graph on vertex set V (G ∪ G) with edges as in G and G and

additional edges between 
orresponding verti
es of G and G (we 
onne
t

every vertex v with its 
opy v′ in the 
omplement graph). For example

Petersen graph is CΞ
5 . In parti
ular we show that for planar graphs c(GΞ) ≤ 3.

Furthermore we investigate the 
op-edge 
riti
al graphs, i.e. graphs that for

any edge e in G we have either c(G−e) < c(G) or c(G−e) > c(G). We show


ouple examples of 
op-edge 
riti
al graphs having 
op number equal to 3.
Joint work with D. Cardoso, C. Domini
 and �. Witkowski.
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Rotate-resistant de Bruijn sequen
e

De Bruijn obje
ts are signi�
ant 
ombinatorial problems. I would like to

present the properties and appli
ations of the standard de Bruijn obje
ts.

Afterwards, there will be shown the purpose of thesis whi
h is to des
ribe a

spe
i�
 type of de Bruijn obje
ts � rotate resistant obje
ts. A few di�erent

types of these obje
ts, ways to generate them and unique appli
ations will

also be presented. In the third part I attempt to verify hypothesis that 
omes

to mind after dis
ussion of length of de Bruijn sequen
es and rotate resistant

de Bruijn sequen
es.
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On pa
king large trees

A set of (simple) graphs G1, G2, . . . , Gk are said to pa
k into a 
omplete

graph Kn (in short pa
k) if G1, G2, . . . , Gk 
an be found as pairwise edge-

disjoint subgraphs in Kn. Mu
h attention has been given to pa
king trees.

One example is a 
onje
ture by Bollobás from 1995 (whi
h is a weakening

of the famous Tree Pa
king Conje
ture by Gyárfás from 1976) whi
h states

that any set of k trees Tn, Tn−1, . . . , Tn−k+1, su
h that Tn−i has n− i verti
es,
pa
k into Kn, provided n is su�
iently large. In 2013 Balogh and Palmer


on�rmed Bollobás 
onje
ture in the 
ase when no tree is a star. We 
on�rm

Bollobás 
onje
ture for trees Tn, Tn−1, . . . , Tn−k+1, su
h that Tn−i has k−1−i
leaves or a pending path of order k− 1− i. As a 
onsequen
e we obtain that

the 
onje
ture is true for k ≤ 5. Another famous problem is the Erd®s-Sós


onje
ture from 1963, whi
h states that every graph G of average degree

greater than k − 1 
ontains every tree with k edges. In the early 1990's,

Ajtai, Komlós, Simonovits and Szemerédi announ
ed a proof of this result

for su�
iently large k. On the other hand, many partial results are known.

In parti
ular, the 
onje
ture is true in the spe
ial 
ases where G has exa
tly

k + 1 verti
es (Zhou, 1984), k + 2 verti
es (Slater, Teo, and Yap, 1985),

k + 3 verti
es (Wo¹niak, 1996) and k + 4 verti
es (Tiner, 2010). We further

explore this dire
tion. Given an arbitrary integer c ≥ 1, we prove Erd®s-Sós

onje
ture in the 
ase when G has k + c verti
es provided that k ≥ k0(c)
(here k0(c) = o(c13)).

Joint work with A. Görli
h.
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Bounded quantifier depth monadi
 senten
es of

very sparse random graph

The random graph G(n, n−a) obeys FO (MSO) zero-one k-law if for any

�rst order (monadi
 se
ond order) formulae it is true for the random graph

with a probability tending to 0 or to 1. Zero-one k-laws are well studied

only for the �rst order language and a < 1. We obtain new zero-one k-
laws (both for �rst order and monadi
 se
ond order languages) for G(n, n−a)
where a > 1. More spe
i�
ally, we obtain a lower and an upper bounds on

the maximal a > 1 su
h that FO (MSO) zero-one k-law hods. Proofs of these

results are based on the existed study of �rst order equivalen
e 
lasses (O.

Pikhurko et al., 2006) and our study of monadi
 se
ond order equivalen
e


lasses. In parti
ular, we estimate the number of MSO equivalen
e 
lasses.
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Dis
rete affine λ-equidistants of polygons with
parallel opposite sides

In this talk we 
onsider planar polygons with parallel opposite sides,

espe
ially non-
onvex ones. These polygons are dis
retization of 
losed planar


urves by taking tangent lines at points of a 
urve with parallel tangents.

For these polygons we present a notion of dis
rete a�ne λ-equidistants, in
parti
ular a dis
rete version of the Wigner 
austi
, and study its geometry.

We will also talk about an algorithm of parallel walking in the moun-

tains whi
h is related to des
ribing the geometry of bran
hes of the a�ne

equidistants.
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