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Mar
in Anhol
er

Pozna« University of E
onomi
s and Business

Nowhere-zero group irregular labelings of graphs

We investigate the group irregularity strength, sg(G), of a graph, i.e.

the least integer k su
h that taking any Abelian group G of order k, there
exists a fun
tion f : E(G) → G so that the sums of edge labels in
ident

with every vertex are distin
t. So far the best upper bound on sg(G) for a
general graph G was exponential in n − c, where n is the order of G and

c denotes the number of its 
omponents. In this note we prove that sg(G)
is linear in n, namely not greater than 2n. In fa
t, we prove a stronger

result, as we additionally forbid the identity element of a group to be an

edge label or the sum of labels around a vertex. We 
onsider also lo
ally

irregular labelings where we require only sums of adja
ent verti
es to be

distin
t. For the 
orresponding graph invariant we prove the general upper

bound: ∆(G) + col(G)− 1 (where col(G) is the 
oloring number of G) in the


ase when we do not use the identity element as an edge label, and a slightly

worse one if we additionally forbid it as the sum of labels around a vertex. In

the both 
ases we also provide a sharp upper bound for trees and a 
onstant

upper bound for the family of planar graphs.

This is joint work with Sylwia Ci
ha
z and Jakub Przybyªo.
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Sylwia Antoniuk

Adam Mi
kiewi
z University

Powers of Hamiltonian 
y
les in randomly

augmented graphs

We investigate the existen
e of powers of Hamiltonian 
y
les in graphs

with large minimum degree to whi
h some additional edges have been added

in a random manner. It follows from the theorems of Dira
 and of Komlós,

Sarközy, and Szemerédi, who 
on�rmed the Pósa�Seymour 
onje
ture, that

for every k ≥ 1 and su�
iently large n already the minimum degree δ(G) ≥
k

k+1
n for an n-vertex graph G alone su�
es to ensure the existen
e of the

k-th power of a Hamiltonian 
y
le. Here we show that under essentially the

same degree assumption the addition of just O(n) random edges ensures the

presen
e of the (2k + 1)-st power of a Hamiltonian 
y
le with probability

approa
hing one as n → ∞.

This is joint work with Andrzej Dudek, Christian Reiher, Andrzej Ru-


i«ski and Mathias S
ha
ht.
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Halina Bielak

Maria Curie Skªodowska University

Multi
olour Ramsey numbers for some sele
ted

graphs

The k-
olour Ramsey number R(G1, G2, . . . , Gk) is the smallest integer n
su
h that in arbitrary edge k-
olouring of Kn a subgraph Gi in the 
olour i,
1 ≤ i ≤ k is 
ontained. The Turán number ex(n,G) is the maximum number

of edges of a graph on n verti
es whi
h does not 
ontain G as a subgraph. For

a given k ≥ 1 we show lower and upper bounds for R(G1, G2, . . . , Gk, Cm),
where Gi (1 ≤ i ≤ k) is a linear forest with small 
omponents and Cm is a


y
le of order m, where m ≥ 3. We apply Turán numbers [3-4℄ for 
ounting

upper bounds.

Referen
es

[1℄ H. Bielak, Multi
olor Ramsey numbers for some paths and 
y
les, Dis
us-

siones Mathemati
ae Graph Theory, 29, 2009, pp. 209�218.

[2℄ T. Dzido, Multi
olor Ramsey numbers for paths and 
y
les, Dis
ussiones

Mathemati
ae Graph Theory, 25, 2005, pp. 57�65.

[3℄ T. Dzido, M. Kubale, K. Piwakowski, On some Ramsey and Turán num-

bers for paths and 
y
les, Ele
troni
 Journal of Combinatori
s, R55, 13,

2006, 9 pages.

[4℄ L. T. Yuan and X. D. Zhang, The Turán numbers of disjoint 
opies of

paths, Dis
rete Mathemati
s, 340, 2017, pp. 132�139.
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Mindaugas Bloznelis

Vilnius University

Normal approximation to the number of small


liques in sparse random interse
tion graphs

Random interse
tion graphs with bounded average degree have many

small 
liques. I will present re
ent results on the normal approximation of the

number of 
liques of given size. An important appli
ation is the asymptoti


normality of the global 
lustering 
oe�
ient.

This is joint work with Jerzy Jaworski.
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Béla Bollobás

University of Cambridge and University of Memphis

Sieves, random Xorsat and the sharp threshold for

making squares

Motivated by the fastest fa
toring algorithms, in 1994 Pomeran
e posed

the problem of determining the threshold of the event that a random sequen
e

of N integers, ea
h 
hosen uniformly from the set {1, . . . , x}, 
ontains a

subsequen
e, the produ
t of whose elements is a perfe
t square. In 1996,

Pomeran
e gave good bounds on this threshold and also 
onje
tured that it

is sharp.

In 2012, Croot, Granville, Pemantle and Tetali signi�
antly improved the

bounds given by Pomeran
e, and 
onje
tured that their upper bound is in

fa
t the sharp threshold. In re
ent work, Paul Balister, Rob Morris and I

have proved this 
onje
ture. In my talk, I shall give a brief overview of some

related results and of some of the ideas used in the proof, whi
h relies on

te
hniques from number theory, 
ombinatori
s and sto
hasti
 pro
esses.
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Padraig Condon

University of Birmingham

A bandwidth theorem for approximate

de
ompositions

We provide a degree 
ondition on a regular n-vertex graph G whi
h en-

sures the existen
e of a near optimal pa
king of any family H of bounded

degree n-vertex k-
hromati
 separable graphs into G. In general, this degree


ondition is best possible. Here a graph is separable if it has a sublinear

separator whose removal results in a set of 
omponents of sublinear size.

Equivalently, the separability 
ondition 
an be repla
ed by that of having

small bandwidth. Thus our result 
an be viewed as a version of the band-

width theorem of Bött
her, S
ha
ht and Taraz in the setting of approximate

de
ompositions. In parti
ular, this yields an approximate version of the

tree pa
king 
onje
ture in the setting of regular host graphs G of high de-

gree. Similarly, our result implies approximate versions of the Oberwolfa
h

problem, the Alspa
h problem and the existen
e of resolvable designs in the

setting of regular host graphs of high degree.

This is joint work with Daniela Kühn, Jaehoon Kim and Deryk Osthus
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Matthew Coulson

University of Birmingham

Rainbow Hamilton 
y
les in Dira
 graphs

A famous theorem of Dira
 states that any graph on n verti
es with

minimum degree at least n/2 has a Hamilton 
y
le. Su
h graphs are 
alled

Dira
 graphs. Strengthening this result, we show the existen
e of rainbow

Hamilton 
y
les in µn-bounded 
olourings of Dira
 graphs for su�
iently

small µ > 0.
This is joint work with Guillem Perarnau.
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Sebastian Czerwi«ski

University of Zielona Góra

Generalized arbori
ity of graphs with large girth

The arbori
ity of a graph G is the least number of 
olors needed to 
olor

the edges of G so that no 
y
le is mono
hromati
. We 
onsider a higher

order analog of this parameter, denoted by Arbp(G), introdu
ed re
ently by

Ne²et°il, Ossona de Mendez, and Zhu. It is de�ned as the least number of


olors needed to 
olor the edges of a graph so that ea
h 
y
le C gets at

least min{|C|, p+ 1} 
olors. So, Arb1(G) is the usual arbori
ity of G, while

Arb2(G) 
an be seen as a relaxed version of the a
y
li
 
hromati
 index of

G. By the results of Ne²et°il, Ossona de Mendez, and Zhu it follows that

Arbp(G) is bounded for 
lasses of graphs with bounded expansion, provided

that the girth of graphs G is su�
iently large (depending on p). Using

more dire
t approa
h we obtain expli
it upper bounds on Arbp(G) for some


lasses of graphs. In parti
ular, we prove that Arbp(G) ≤ p + 1 for every

planar graph of girth at least 2p+1
. A similar result holds for graphs with

arbitrary �xed genus. We also demonstrate that Arb2(G) ≤ 5 for outerplanar
graphs, whi
h is best possible. By using entropy 
ompression argument we

prove that Arbp(G) ≤ (∆ − 1)p + 1 for graphs of maximum degree ∆ and

su�
iently large girth.
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Dariusz Dereniowski

Gda«sk University of Te
hnology

On-line tree exploration strategies

We dis
uss an on-line tree exploration problem in whi
h, in graph-theoreti


terms, the goal is to 
over an input tree with a 
olle
tion of paths, ea
h hav-

ing bounded length. It is required that ea
h path starts at a spe
i�ed vertex

of the tree, the root, and depending on the variant of the problem, ea
h path

either must also end at the root or may end at an arbitrary vertex. In this

talk we survey some re
ent results and dis
uss some open problems.
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Alberto Espuny Díaz

University of Birmingham

Edge 
orrelations in random regular hypergraphs

Compared to the 
lassi
al binomial random (hyper)graph model, the

study of random regular hypergraphs is made more 
hallenging due to 
or-

relations between the o

urren
e of di�erent edges. We develop an edge-

swit
hing te
hnique for hypergraphs whi
h allows us to show that these 
or-

relations are limited for a large range of densities. This extends some previous

results of Kim, Sudakov and Vu for graphs. From our results we dedu
e sev-

eral 
orollaries on subgraph 
ounts in random d-regular hypergraphs. We also

prove a 
onje
ture of Dudek, Frieze, Ru
i«ski and �ileikis on the threshold

for the existen
e of an ℓ-overlapping Hamilton 
y
le in a random d-regular
r-graph. As an appli
ation, we use our 
ounting results to prove bounds on

the query 
omplexity of testing subgraph-freeness.

This is joint work with Felix Joos, Daniela Kühn and Deryk Osthus.

15



Hanna Furma«
zyk

University of Gda«sk

Equitable 
olorings of hypergraphs

A graph is equitably k-
olorable if its verti
es 
an be partitioned into k
sets/
olor 
lasses in su
h a way that mono
hromati
 edges are avoided and

the number of verti
es in any two 
olor 
lasses di�ers by at most one. In

the talk we generalize this de�nition for hypergraphs. We prove that the

problem of equitable 2-
oloring of hypergraphs is NP-
omplete even for 3-
uniform hyperstars. Finally, we apply the method of dynami
 programming

for designing polynomial-time algorithm to equitably k-
olor linear hyper-

trees, where k ≥ 2 is �xed.
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Przemysªaw Gordinowi
z

�ód¹ University of Te
hnology

Some properties of automorphism group of


ountable homogeneous posets

A 
ountable relational stru
ture is homogeneous if every isomorphism

between its �nite substru
tures 
an be extended to an automorphism. If A
is su
h a stru
ture, then the group Aut(A) has a natural topology (basis


onsists of sets of possible extensions of ea
h isomorphism between �nite

substru
tures) in whi
h Aut(A) is a Polish topologi
al group. We study

properties of automorphism group of 
ountably in�nite homogeneous posets.

In parti
ular we show that ea
h su
h a group 
ontains a dense free subgroup

of two generators. In our 
onsiderations we use the result of S
hmerl whi
h

says that there are essentially four types of 
ountable homogeneous posets.

This is joint work with Marek Bienias, Szymon Gª¡b and Filip Strobin.
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Izolda Gorgol

Lublin University of Te
hnology

Indu
ed Ramsey numbers for multiple 
opies of

graphs

We say that a graph F strongly arrows a pair of graphs (G,H) if any


olouring of its edges with red and blue leads to either a red G or a blue

H appearing as indu
ed subgraphs of F . The indu
ed Ramsey number,

IR(G,H) is de�ned as the smallest order of a graph that strongly arrows

(G,H). We 
onsider the 
onne
tion between the indu
ed Ramsey number

for a pair of two 
onne
ted graphs IR(G,H) and the indu
ed Ramsey number

for multiple 
opies of these graphs IR(sG, tH), where xG denotes the pairwise

vertex-disjoint union of x 
opies of G. It is easy to see that IR(sG, tH) is at
most (s+ t−1) IR(G,H). For all known results on indu
ed Ramsey numbers

for multiple 
opies, the inequality above holds as equality. We show that

there are in�nite 
lasses of graphs for whi
h the inequality above is stri
t.

On the other hand, we provide further examples of 
lasses of graphs for whi
h

the inequality above holds as equality.

This is joint work with Maria Axenovi
h.
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Mariusz Gre
h

University of Wro
ªaw

De
ompositions of the automorphism groups of

edge-
olored graphs into the dire
t produ
t of

permutation groups

In the paper 'Graphi
al 
omplexity of produ
ts of permutation groups',

M. Gre
h, A. Je», and A. Kisielewi
z have proved that the dire
t produ
t

of automorphism groups of edge-
olored graphs is itself the automorphism

groups of an edge-
olored graph. Now, we study the dire
t produ
t of two

permutation groups su
h that at least one of them fails to be the auto-

morphism group of an edge-
olored graph. We �nd ne
essary and su�
ient


onditions for the dire
t produ
t to be the automorphism group of an edge-


olored graph. The same problem is solved for the edge-
olored digraphs.
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Jarosªaw Gryt
zuk

Warsaw University of Te
hnology

On some 
oloring problems of the integers

I will present some of my favorite problems on 
oloring the integers. In

most of them a 
entral role is played by 
entral arithmeti
 progressions, that

is, sets of the form {a, 2a, . . . , ka} 
onsisting of initial multiples of a �xed

natural number. Is it true, for instan
e, that for every k, there is a k-
oloring
of positive integers su
h that every 
entral arithmeti
 progression of length

k is rainbow? As one may expe
t, problems of this type inevitably lead to

deep number-theoreti
 issues. I will formulate some new questions 
onne
ted

to Erd®s' Dis
repan
y Problem and Riemann Hypothesis.
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Andrzej Grzesik

University of Warwi
k and Jagiellonian University

For
ing 
y
les in dire
ted graphs

Motivated by the well-known Ca

etta-Häggkvist Conje
ture, Kelly, Kühn

and Osthus made a 
onje
ture on minimal semidegree for
ing appearan
e of

a dire
ted 
y
le of a given length and proved it for 
y
les of length not di-

visible by 3. In the talk we will present an overview of a proof of all the

remaining 
ases of their 
onje
ture.

This is joint work with Roman Glebov and Jan Vole
.
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Grzegorz Gutowski

Jagiellonian University

A
y
li
 edge-
oloring using entropy 
ompression

Let G be any graph with maximum degree d. We show a randomized

pro
edure that 
olors edges of G so that:

1/ two adja
ent edges get two di�erent 
olors;

2/ edges of any 
y
le get at least three di�erent 
olors.

Su
h a 
oloring is 
alled an a
y
li
 edge-
oloring of G. The minimum number

of 
olors required for su
h a 
oloring is 
alled the a
y
li
 index of G. It is


onje
tured that a
y
li
 index of G is at most d + 2. Esperet and Parreau

used entropy 
ompression method to show that a
y
li
 index of G is at most

4d−4. We use similar methods to present a 
oloring pro
edure that a
hieves

better multipli
ative fa
tor.

This is joint work with Jakub Kozik and Xuding Zhu.
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Tony Johansson

Uppsala University

The 
over time of a biased random walk on the

random regular graph

On a �nite graph G, we 
onsider a random walk whi
h prefers to use

previously unvisited edges whenever possible. Suppose all edges are initially


oloured red. At any stage of the pro
ess, the walk moves from its 
urrent

vertex along a red edge 
hosen uniformly at random, re
olouring it blue. If

there are no red edges to traverse, then it walks along a blue edge 
hosen

uniformly at random. We show that if G is 
hosen uniformly at random from

the set of simple r-regular graphs for some �xed odd r, then the expe
ted

vertex 
over time of this walk is asymptoti
ally n ln(n)/(r − 2).
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Pawaton Kaemawi
hanurat

King Mongkut's University of Te
hnology Thonburi

Conne
ted domination 
riti
al graphs with 
ut

verti
es

A graph G is said to be k 
onne
ted domination 
riti
al if the 
onne
ted

domination number of G is k but the 
onne
ted domination number of G+uv
is less than k for any pair of non-adja
ent verti
es u and v of G. Let G
be a k 
onne
ted domination 
riti
al graph with a(G) 
ut verti
es. It was

proved that, for k = 3 or 4, every k 
onne
ted domination 
riti
al graph

has a(G) at most k − 2. In this talk, we generalize that every k 
onne
ted

domination 
riti
al graph has a(G) at most k − 2 for all k greater than 4.
We also 
hara
terize all k 
onne
ted domination 
riti
al graphs when a(G)
is a
hieving the upper bound.
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Nina Kam£ev

Swiss Federal Institute of Te
hnology in Züri
h

Intervals in the Hales-Jewett theorem

The Hales-Jewett Theorem states that any r-
olouring of [m]n 
ontains

a mono
hromati
 
ombinatorial line if n is su�
iently large. Shelah's proof

of the theorem for m = 3 yields a mono
hromati
 
ombinatorial line in [3]n

whose set of wild
ard 
oordinates is the union of at most r intervals. The

question of how optimal this stru
ture is has been investigated by Conlon,

Kam£ev, Leader, Räty and Spiegel, revealing a surprising alternation de-

pending on the parity of r. Namely, for odd r, there are 
olourings avoiding
all mono
hromati
 lines whose wild
ard set 
onsists of fewer than r intervals.
However, for even r and large n, we 
an a
hieve r − 1 intervals.

In this talk, we will outline some of the ideas involved in the proofs,

fo
using on the upper bound for even r. We hope that our approa
h 
ould

also be relevant to the 
orresponding problem for larger alphabets (m ≥ 4).
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Bartªomiej Kielak

Polish A
ademy of S
ien
es

On the maximum number of odd 
y
les in graphs

without smaller odd 
y
les

We prove that for ea
h odd integer k ≥ 7, every graph on n verti
es

without odd 
y
les of length less than k 
ontains at most (n/k)k 
y
les of

length k. This generalizes the previous results on the maximum number of

pentagons in triangle-free graphs, 
onje
tured by Erd®s in 1984, and asymp-

toti
ally determines the generalized Turán number ex(n, Ck, Ck−2) for odd

k. In 
ontrary to the previous results on the pentagon 
ase, our proof is not


omputer-assisted.

This is joint work with Andrzej Grzesik.
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Andrzej Kisielewi
z

University of Wro
ªaw

König's problem on permutation groups
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Jakub Konie
zny

The Hebrew University of Jerusalem and Jagiellonian University

Digital sequen
es from the perspe
tive of additive


ombinatori
s

Automati
 sequen
es are among the most basi
 models of 
omputation.

Intuitively speaking, an automati
 sequen
e is one whose n-th term 
an be


omputed from the digits of n using a �nite devi
e. Perhaps the simplest

example of a (non-trivial) automati
 sequen
e 
arries the name of Thue�

Morse and is given by t(n) = (−1)s2(n), where s2(n) denotes the sum of

digits of n base 2. It is also a 2-multipli
ative sequen
e, meaning that t(n)

an be 
omputed as the produ
t of 
ontributions whi
h depend on 
onse
utive

binary digits of n (ea
h 1 in the expansion 
ontributes the fa
tor of −1). The
talk will 
on
ern these and other 
lasses of sequen
es de�ned in terms of the

digits of the input.

Various uniformity properties of su
h sequen
es have long been studied.

It was already in 1968 that Gelfond obtained quantitative estimates of the

Fourier 
oe�
ients of the Thue�Morse sequen
e, implying in parti
ular that

in any su�
iently long arithmeti
 progression the sum of binary digits is

even for approximately half of the terms. A more 
omprehensive inquiry was

later undertaken by Mauduit and Sarközy, and behaviour of more general

sequen
es restri
ted to more general index sets (su
h as the primes or the

values of integer polynomials) has been extensively studied by many authors,

in
luding Drmota, Mauduit, Müllner, Rivat, Spiegelhofer and others.

With the advent of higher order Fourier analysis, new notions of uni-

formity have 
ome to light. Spe
i�
ally, a sequen
e f 
an be 
onstrued as

uniform (or pseudorandom) of order s ≥ 2 if the Gowers uniformity norms

‖f‖Us[N ] be
ome small as N → ∞. The usefulness of this notion stems in

large part from the fa
t that the Gowers norms 
ontrol the 
ount of arithmeti


progressions (as well as other linear patterns) � indeed, this observation lies

at the heart of Gower's proof of Szemerédi theorem and the later work of

Green and Tao on linear patterns in the primes.

During the talk I will dis
uss some new and old results 
on
erning 
om-

binatorial properties of various sequen
es de�ned in terms of digital expan-
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sions. In parti
ular, we will be 
on
erned with the 
onditions under whi
h

su
h sequen
es are Gowers uniform.

This in
ludes joint work with Jakub Byszewski, Aihua Fan and Tanja

Eisner.
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Alexandr V. Kosto
hka

University of Illinois at Urbana-Champaign

Extremal problems on paths and mat
hings in

ordered and 
onvex geometri
 hypergraphs

An ordered r-graph is an r-uniform hypergraph whose vertex set is lin-

early ordered, and a 
onvex geometri
 r-graph (
g r -graph, for short) is

an r-uniform hypergraph whose vertex set is 
y
li
ally ordered. Extremal

problems for ordered and 
g graphs have a ri
h history.

We 
onsider similar extremal problems for two types of paths and mat
h-

ings in ordered r-graphs and 
g r-graphs: zigzag and 
rossing paths and

mat
hings. We prove bounds on Turán numbers for these 
on�gurations;

some of them are exa
t. Our theorem on zigzag paths in 
g r-graphs is a


ommon generalization of early results of Hopf and Pannwitz, Sutherland,

Kupitz and Perles for 
g graphs. It also yields the 
urrent best bound for

the extremal problem for tight paths in uniform hypergraphs. There are

interesting similarities and di�eren
es between the ordered setting and the


onvex geometri
 setting.

This is joint work with Zoltan Füredi, Tao Jiang, Dhruv Mubayi and

Ja
ques Verstraëte.
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Wro
ªaw University of S
ien
e and Te
hnology

Uniform random posets

We propose a simple algorithm generating labelled posets of given size

a

ording to the almost uniform distribution. By "almost uniform" we un-

derstand that the distribution of generated posets 
onverges in total variation

to the uniform distribution. Our method is based on a Markov 
hain gener-

ating dire
ted a
y
li
 graphs.
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Jakub Kozik

Jagiellonian University

Coloring algorithms for small hypergraphs
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Mariusz Kwiatkowski

University of Warmia and Mazury

The graphs of proje
tive 
odes

Consider the Grassmann graph formed by k-dimensional subspa
es of an

n-dimensional ve
tor spa
e over the �eld of q elements (1 < k < n− 1), two
subspa
es are adja
ent if their interse
tion is k − 1 dimensional. Denote by

Π(n, k)q the restri
tion of this graph to the set of proje
tive [n, k]q 
odes, i.e.
linear 
odes whose generator matri
es do not 
ontain proportional 
olumns.

In the 
ase when q ≥
(

n

2

)

, we show that the graph Π(n, k)q is 
onne
ted, its

diameter is equal to the diameter of the Grassmann graph and the distan
e

between any two verti
es 
oin
ides with the distan
e between these verti
es

in the Grassmann graph. Also, we give some observations 
on
erning the

graphs of simplex 
odes. For example, binary simplex 
odes of dimension 3
are pre
isely maximal singular subspa
es of a non-degenerate quadrati
 form.
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Ri
hard Lang

University of Birmingham

Mono
hromati
 
y
le partitions in random graphs

Erd®s, Gyárfás and Pyber showed that every r-edge-
oloured 
omplete

graph Kn 
an be 
overed by 25r2 log r vertex-disjoint mono
hromati
 
y
les

(independent of n). We extend this result to the setting of binomial random

graphs. That is, we show that if p = p(n) ≫ n−1/(2r)
, then with high prob-

ability any r-edge-
oloured G(n, p) 
an be 
overed by at most 1000r4 log r
vertex-disjoint mono
hromati
 
y
les.
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Robert Malona

University of Opole

Hamiltoni
ity in tournaments with s
ores

The 
lassi
 Rédei theorem states that every tournament has got a Hamil-

tonian path and the 
lassi
 Camion theorem states that every strongly 
on-

ne
ted tournament has got a Hamiltonian 
y
le. In this le
ture we will 
on-

sider tournaments with draws and we will show that for some natural 
lass

of su
h tournaments with draws the modi�ed versions of the two theorems

hold.

Referen
es

[1℄ John W. Moon, Topi
s on Tournaments, Holt, Rinehart and Winston,

In
., 1968.

[2℄ Paul Camion, Chemins et 
ir
uits hamiltoniens des graphes 
omplets (in

Fren
h), Comptes Rendus de l'A
adémie des S
ien
es, 249, 1959, pp.

2151-2152.
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Tomá² Masa°ík

Charles University

Parameterized approximation s
hemes for Steiner

trees with small number of Steiner verti
es

We study the Steiner Tree problem, in whi
h a set of terminal verti
es

needs to be 
onne
ted in the 
heapest possible way in an edge-weighted

graph. This problem has been extensively studied from the viewpoint of

approximation and also parametrization. In parti
ular, on one hand Steiner

Tree is known to be APX-hard, and W [2]-hard on the other, if parameterized

by the number of non-terminals (Steiner verti
es) in the optimum solution.

In 
ontrast to this we give an e�
ient parameterized approximation s
heme

(EPAS), whi
h 
ir
umvents both hardness results. Moreover, our methods

imply the existen
e of a polynomial size approximate kernelization s
heme

(PSAKS) for the 
onsidered parameter. We further study the parameterized

approximability of other variants of Steiner Tree, su
h as Dire
ted Steiner

Tree and Steiner Forest. For neither of these an EPAS is likely to exist for

the studied parameter: for Steiner Forest an easy observation shows that the

problem is APX-hard, even if the input graph 
ontains no Steiner verti
es.

For Dire
ted Steiner Tree we prove that approximating within any fun
tion

of the studied parameter is W [1]-hard. Nevertheless, we show that an EPAS

exists for Unweighted Dire
ted Steiner Tree, but a PSAKS does not. We also

prove that there is an EPAS and a PSAKS for Steiner Forest if in addition

to the number of Steiner verti
es, the number of 
onne
ted 
omponents of

an optimal solution is 
onsidered to be a parameter. We also mention some

appli
ations of our algorithmi
 approa
h in pra
ti
e.
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Tamás Mészáros

Free University of Berlin

Boolean dimension and tree-width

The dimension is a key measure of 
omplexity of partially ordered sets.

Small dimension allows su

in
t en
oding. Indeed if P has dimension d,
then to know whether x ≤ y in P it is enough to 
he
k whether x ≤ y
in ea
h of the d linear extensions of a witnessing realizer. Fo
using on the

en
oding aspe
t Ne²et°il and Pudlák de�ned a more expressive version of

dimension. A poset P has Boolean dimension at most d if it is possible to

de
ide whether x ≤ y in P by looking at the relative position of x and y
in only d permutations of the elements of P . We prove that posets with


over graphs of bounded tree-width have bounded Boolean dimension. This

stays in 
ontrast with the fa
t that there are posets with 
over graphs of

tree-width three and arbitrarily large dimension. This result might be a step

towards a resolution of the long-standing open problem: Do planar posets

have bounded Boolean dimension?
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Piotr Mi
ek

Jagiellonian University

Unavoidable minors of 2-
onne
ted graphs with

large pathwidth

We prove the 
onje
ture of Seymour (1993) that for every apex-forest H1

and outerplanar graph H2 there is an integer p su
h that every 2-
onne
ted
graph of pathwidth at least p 
ontains H1 or H2 as a minor. An independent

proof was re
ently obtained by Dang and Thomas.

This is joint work with Tony Huynh, Gwenaël Joret and David R. Wood.
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Patryk Mikos

Jagiellonian University

FirstFit on-line 
oloring of short intervals with

bandwidths

The online interval 
oloring and its variants are important 
ombinatorial

problems with many pra
ti
al appli
ations in network multiplexing, resour
e

allo
ation and job s
heduling. In this talk we investigate a performan
e of the

simplest greedy algorithm in a variant of the online interval 
oloring problem

in whi
h all intervals have lengths in [1, σ] and weights in [α, β].
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Mateusz Miotk

University of Gda«sk

Certified domination

A set D of verti
es of a graph G = (VG, EG) is a dominating set of G if

every vertex in VG −D is adja
ent to at least one vertex in D. The domina-

tion number (upper domination number, respe
tively) of a graph G, denoted

by γ(G) (Γ(G), respe
tively), is the 
ardinality of a smallest (largest mini-

mal, respe
tively) dominating set of G. A subset D ⊆ VG is 
alled a 
erti�ed

dominating set of G if D is a dominating set of G and every vertex in D has

either zero or at least two neighbors in VG −D. The 
ardinality of a small-

est (largest minimal, respe
tively) 
erti�ed dominating set of G is 
alled the


erti�ed (upper 
erti�ed, respe
tively) domination number of G and is de-

noted by γcer(G) (Γcer(G), respe
tively). In this presentation we show basi


properties of Certi�ed Domination and we present relations between domina-

tion, upper domination, 
erti�ed domination and upper 
erti�ed domination

numbers of a graph.
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hisimita Mishra

Indian Institute of Te
hnology Madras

Strong 
hromati
 index of graph produ
ts

A strong edge 
oloring of a graph is an assignment of 
olors to edges su
h

that verti
es of every 
olor 
lass indu
e a mat
hing. The smallest number

of 
olors for whi
h a strong edge 
oloring of a graph G exists is known as

the strong 
hromati
 index and it is denoted by χ′
s(G). In 1985, Erd®s and

Ne²et°il 
onje
tured that every graphG with the maximum degree∆ satis�es,

χ′
s(G) ≤ 5

4
∆2

if ∆ is even and χ′
s(G) ≤ (5∆2− 2∆+1)/4 if ∆ is odd. In this

work we obtain upper and lower bounds on the Cartesian produ
ts of trees

and tree with 
y
le.
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Piotr Miska

Jagiellonian University

p-adi
 denseness of members of partitions of N and

p-adi
 asymptoti
 densities

The ratio set of a set of positive integers A is de�ned as R(A) := {a/b :
a, b ∈ A}. The study of the denseness of R(A) in the set of positive real

numbers is a 
lassi
al topi
 and, more re
ently, the denseness in the set of

p-adi
 numbers Qp has also been investigated. Let A1, . . . , Ak be a partition

of N into k sets. We will show that for all prime numbers p but at most

⌊log2 k⌋ ex
eptions at least one of R(A1), . . . , R(Ak) is dense in Qp. More-

over, we will present the result that for all prime numbers p but at most

k− 1 ex
eptions at least one of A1, . . . , Ak is dense in Zp. Both these results

are optimal in the sense that there exist partitions A1, . . . , Ak having exa
tly

⌊log2 k⌋, respe
tively k − 1, ex
eptional prime numbers; and we give expli
it


onstru
tions for them. The above results imply that in any �nite partition

of the set of positive integers there is at least one subset dense in Zp (or with

dense ratio set in Qp, respe
tively) for all but �nitely many prime numbers

p. It resembles theorems from Ramsey theory that ea
h �nite partition of

the set of positive integers 
ontains at least one subset whi
h has ri
h 
om-

binatorial stru
ture, in appropriate sense. In parti
ular, they are similar to

famous van der Waerden's theorem that in every �nite partition of positive

integers there exists a member of this partition 
ontaining arbitrarily long

�nite arithmeti
 progressions (we will 
all su
h a set as AP-ri
h, for short).

Van der Waerden's theorem is easily implied by Szemerédi's theorem, as ea
h

�nite partition of positive integers has at least one set with positive upper

asymptoti
 density. We thus see that in 
ase of van der Waerden's theo-

rem we have some subadditive measure on N that its positive value ensures

AP-ri
hness of a given set. Existen
e of su
h measure is a motivation for us

to �nd a subadditive measures that ensures denseness of a given set in Zp

(or denseness of its ratio set in Qp, respe
tively), where p is a �xed prime

number. During the talk we will introdu
e p-adi
 asymptoti
 densities and

present some their properties.

The �rst part of the talk is joint work with Carlo Sanna.
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Adam Morawie


University of Wro
ªaw

On the stru
ture of Steinhaus boards

Re
ently, I have introdu
ed Steinhaus boards as a 
ombinatorial tool to

solve an old, seemingly elementary problem about rooks on the 
hess-board,

posed in the 1950s by Hugo Steinhaus in Matematyka, Polish mathemati
al

journal for s
hools. This problem appeared to have deep and multiple 
on-

ne
tions with one of the most famous theorems in 
ombinatori
s, viz. Hall's

marriage theorem. I have already presented, dis
ussed and analyzed those


onne
tions in a series of papers elsewhere. In that dis
ussion, I have indi-


ated that there seems to have been two last problems left open with respe
t

to Steinhaus boards: the des
ription of their stru
ture and the 
hara
teri-

zation of minimal Steinhaus boards. In this paper, I would like to present

a 
omplete solution to the �rst of those problems, ie. to give a 
omplete

des
ription of the stru
ture of Steinhaus boards.

43



Dhruv Mubayi

University of Illinois at Chi
ago

New developments in hypergraph Ramsey theory

I will dis
uss re
ent progress on a variety of old and new problems in

hypergraph Ramsey theory. These in
lude 
lassi
al Ramsey numbers, and

various questions of Erd®s, Hajnal, Gyárfás and Rogers dating ba
k to the

1970s. Most of the new results I will des
ribe involve 
onstru
tions that

in
lude a 
ombination of random and deterministi
 methods.

44



Carole Muller

Université Libre de Bruxelles

Ex
luded minors for embeddings of metri
 graphs

in ℓk∞-spa
es

By metri
 graph we mean a pair (G, d), where G = (V,E) is a graph

and d : E → R≥0 is a distan
e fun
tion on E. An isometri
 embedding of

the metri
 graph (G, d) in ℓk∞ = (Rk, d∞) is a set of ve
tors {qv}v∈V ⊆ Rk

su
h that d∞(qv, qw) = d(vw) for all vw ∈ E. The graph parameter f∞(G)
is the least integer k su
h that there exists an isometri
 embedding of (G, d)
in ℓk∞ for all distan
e fun
tions d. The property f∞(G) ≤ k is 
losed under

taking minors. By the Graph Minor Theorem of Robertson and Seymour,

there exists a �nite list of ex
luded minors for the property f∞(G) ≤ k. We

present four graph families of unbounded f∞-value and show that they are

unavoidable in any graph with large f∞-value. This 
an be viewed as an

approximate 
hara
terization of graphs with large f∞-value in the same vein

as the grid theorem for graphs of large treewidth.
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Karolina Okrasa

Warsaw University of Te
hnology

Interse
ting edge distinguishing 
olorings of

hypergraphs

An edge labeling of a graph distinguishes neighbors by sets (multisets,

resp.), if for any two adja
ent verti
es u and v the sets (multisets, resp.) of

labels appearing on edges in
ident to u and v are di�erent. In an analogous

way we de�ne total labelings distinguishing neighbors by sets or multisets:

for ea
h vertex, we 
onsider labels on in
ident edges and the label of the ver-

tex itself. We show that these problems, and also other problems of similar

�avor, admit an elegant and natural generalization as a hypergraph 
oloring

problem. An ieds-
oloring (iedm-
oloring, resp.) of a hypergraph is a vertex


oloring, in whi
h the sets (multisets, resp.) of 
olors, that appear on every

pair of interse
ting edges are di�erent. We show upper bounds on the size of

lists, whi
h guarantee the existen
e of an ieds- or iedm-
oloring, respe
ting

these lists. The proof is essentially a randomized algorithm, whose expe
ted

time 
omplexity is polynomial. As 
orollaries, we derive new results 
on
ern-

ing the list variants of graph labeling problems, distinguishing neighbors by

sets or multisets. We also show that our method is robust and 
an be easily

extended for di�erent, related problems.
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University of Warmia and Mazury

Z-knotted triangulations

An embedded graph is z-knotted if it has a single zigzag (up to reverse).

Our main result: every triangulation has a z-knotted shredding. The proof

is based on the new 
on
ept of z-monodromy.
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in Pilip
zuk

University of Warsaw

The square root phenomenon: subexponential

algorithms in sparse graph 
lasses
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yn

Adam Mi
kiewi
z University

The stru
ture of large hypergraphs with

forbidden interse
tions

We show that for in�nitely many natural numbers k there are k-uniform
hypergraphs whi
h admit a `res
aling phenomenon'. To be more pre
ise,

letA(k, I, n) denote the 
lass of k-graphs on n verti
es in whi
h the sizes of all

pairwise interse
tions of edges belong to a set I. We show that if k = rt2 for
some r ≥ 1 and t ≥ 2, and I is 
hosen in some spe
ial way, the densest graphs

in A(rt2, I, n) are either dominated by stars of large degree, or basi
ally,

they are `t-thi
k' rt2-graphs in whi
h verti
es are partitioned into groups of

t verti
es ea
h and every edge is a union of tr su
h groups. It is easy to see

that, unlike in stars, the maximum degree of t-thi
k graphs is of a lower order
than the number of its edges. Thus, if we study the graphs from A(rt2, I, n)
with a pres
ribed number of edges m whi
h minimise the maximum degree,

around the value of m whi
h is the number of edges of the largest t-thi
k
graph, a rapid, dis
ontinuous phase transition 
an be observed. Interestingly,

these two types of k-graphs determine the stru
ture of all hypergraphs in

A(rt2, I, n). Namely, we show that ea
h su
h hypergraph 
an be de
omposed

into a t-thi
k graph HT , a spe
ial 
olle
tion HS of stars, and a sparse `left-

over' graph HR.

This is joint work with Tomasz �u
zak and Christian Reiher.
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Ryerson University

k-regular subgraphs near the k-
ore threshold of

a random graph

We prove that the binomial random graph Gn,p=c/n with high probability

has a k-regular subgraph if c is at least e−Θ(k)
above the threshold for the

appearan
e of a subgraph with minimum degree at least k; i.e. an non-empty

k-
ore. In parti
ular, this pins down the threshold for the appearan
e of a

k-regular subgraph to a window of size e−Θ(k)
.

This is joint work with Dieter Mits
he and Mike Molloy.
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ki

University of Birmingham

Shotgun assembly of the hyper
ube

In re
ent work, Mossel and Ross, and others have 
onsidered the shot-

gun assembly problem in various settings. We 
onsider shotgun assembly

of the hyper
ube - given the r-balls of a random q-
olouring of the verti
es,


an we re
onstru
t the 
olouring up to an automorphism with high proba-

bility? We show that for 2-balls, q = 2 is su�
ient, and that for 1-balls,

q ≥ n2+Θ(log−
1

2 n)
is su�
ient. Along the way we also prove some stability

results for set systems.

This is joint work with Alexander Roberts and Alex S
ott.
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Warsaw University of Te
hnology

Fine-grained 
omplexity in geometri
 interse
tion

graphs

A typi
al problem in the 
lassi
al 
omplexity theory is to 
hara
terize,

whi
h members of a given family of 
omputational problems 
an be solved

in polynomial time, and whi
h of them are NP-hard. Problems 
lassi�ed as

NP-hard are often 
onsidered unsolvable in pra
ti
e and thus not interesting.

In past two de
ades, algorithmi
 
ommunity started paying mu
h more

attention to problems, whi
h are 
omputationally hard. Many new algorith-

mi
 tools were developed and allowed to design algorithms that are signi�-


antly faster than a trivial brute-for
e approa
h. However, some well-known

problems resist su
h algorithms. For example, we still 
annot �nd a subexpo-

nential algorithm for 3-Sat, i.e., an algorithm solving any instan
e of 3-Sat

with n variables and m 
lauses in time (n +m)O(1) · 2o(n+m)
. The Exponen-

tial Time Hypothesis by Impagliazzo and Paturi (1999) asserts that su
h an

algorithm 
annot exist.

The ETH be
ame one of standard assumptions in 
omplexity theory.

Being stronger than �P 6= NP�, the ETH allows for a mu
h �ner 
lassi�
ation

of problems that are NP-hard. We 
an distinguish the 
lass of problems that

are �easier�, i.e., admit subexponential algorithms, and �harder�, i.e., 
annot

be solved in subexponential time. We 
an also ask for 
omplexity of an

optimal algorithm and try to �nd mat
hing upper (algorithmi
) and lower

(
omplexity) bounds.

In this talk, we will dis
uss how deep stru
tural analysis of interse
tion

graphs of geometri
 obje
ts may lead to tight or almost tight algorithmi


results. In parti
ular, we will dis
uss subexponential algorithms for 
oloring

interse
tion graphs of disks and, in general d-dimensional balls, or �nding

maximum 
liques in interse
tion graphs of disks. We will also show some

natural problems that 
an be solved in subexponential time in interse
tion

graphs of segments, and some whi
h do not admit su
h algorithms.
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ie
h Samotij

Tel Aviv University

Entropy and 
ounting
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olás Sanhueza Matamala

University of Birmingham

An asymptoti
 bound for the strong 
hromati


number

The strong 
hromati
 number χs(G) of a graph G on n verti
es is the

least number r with the following property: after adding r⌈n/r⌉−n isolated

verti
es to G and taking the union with any 
olle
tion of spanning disjoint


opies of Kr in the same vertex set, the resulting graph has a proper vertex-


olouring with r 
olours. We show that for every c > 0 and every graph G on

n verti
es with ∆(G) > cn, χs(G) ≤ (2+o(1))∆(G), whi
h is asymptoti
ally

best possible.
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h

Extremal additive sets

By the well-known Freiman-Ruzsa theorem, a set A of integers with small

doubling, |A+A| < c|A|, is a dense subset of a multidimensional arithmeti


progression P . The volume of A is the smallest volume of su
h a progression


ontaining A.
Improving on earlier results by Freiman, Bilu, Chang, Sanders and Konya-

gin, S
hoen obtained an upper bound on the volume of A in terms of the

doubling 
onstant c whi
h is asymptoti
ally best possible.

In this 
ontext, a set of integers is said to be additively extremal if it has

the largest volume among all sets with the same 
ardinality and doubling.

Freiman 
onje
tured an exa
t formula for this maximum volume. The talk

will survey results on this 
onje
ture and on the stru
ture of extremal additive

sets.

This is joint work with Gregory A. Freiman.
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Jagiellonian University

The dimension of posets with ex
luded minors in


over graphs

A fan is a graph obtained from a path by adding an extra vertex adja
ent

to all verti
es on the path. We give a qualitative stru
ture theorem for

graphs ex
luding a fan as a minor. This is inspired by a re
ent result by

Ding that gives an approximate des
ription of graphs ex
luding K2,n as a

minor. Next, we use both 
hara
terizations to show that the dimension of

a poset is bounded in terms of the size of a largest K2,n or a fan (graph)

whi
h is a minor of the 
over graph. This is a step towards 
hara
terization

of minor-
losed graph 
lasses su
h that posets with 
over graphs from su
h

a 
lass has bounded dimension.
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Shahriar Shahriari
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Forbidden 
onfigurations for posets of subspa
es

Let V be a �nite dimensional ve
tor spa
e over a �nite �eld, and 
onsider

the poset of subspa
es of V ordered by in
lusion. The 
ombinatorial proper-

ties of this partially ordered set often resemble those of the Boolean latti
es,

the subsets of a �nite set ordered by in
lusion. Often the 
ase of subsets is

easier to handle, but, there are situations where a 
ombinatorial question is

easier to answer for subspa
es. In this talk, we dis
uss a few su
h problems

in
luding forbidden 
on�guration problems: Given a small poset P , what is

the largest number of subspa
es of V that do not 
ontain a 
opy of P ?
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Permutations in binary trees and split trees

We investigate the number of permutations that o

ur in random node

labellings of trees. This is a generalisation of the number of subpermutations

o

uring in a random permutation. It also generalises some re
ent results

on the number of inversions in randomly labelled trees [1℄. We 
onsider


omplete binary trees as well as random split trees a large 
lass of random

trees of logarithmi
 height introdu
ed by Devroye [2℄. Split trees 
onsist of

nodes (bags) whi
h 
an 
ontain balls and are generated by a random tri
kle

down pro
ess of balls through the nodes.

In the 
ase of the 
omplete binary trees that asymptoti
ally the 
umulants

of the number of o

urren
es of a �xed permutation in the random node

labelling have expli
it formulas. For a random split tree with high probability

we show the 
umulants of the number of o

urren
es are asymptoti
ally an

expli
it parameter of the split tree. I will des
ribe some results on the number

of embeddings of digraphs into split trees, used in the proof of the se
ond

result, whi
h may be of independent interest.

This is joint work with Mi
hael Albert, Ce
ilia Holmgren, Tony Johans-

son.
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Online 
oloring of interse
tion graphs of various

shapes

We study interse
tion graphs of geometri
 shapes su
h as dis
s or re
tan-

gles in R2
, intervals in R et
. We allow shapes to be translated, rotated and

even s
aled, but not too mu
h. Say the diameters of 
opies of a 
hosen shape

is between 1 and σ, where σ ≥ 1. What 
an we say about online 
oloring

of an interse
tion graph of su
h shapes? We try to establish bounds on the


ompetitive ratio of online 
oloring algorithms for these graphs in terms of

σ.
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Semi-random graph pro
ess

We introdu
e and study a novel semi-random multigraph pro
ess, de-

s
ribed as follows. The pro
ess starts with an empty graph on n verti
es. In

every round of the pro
ess, one vertex v of the graph is pi
ked uniformly at

random and independently of all previous rounds. We then 
hoose an addi-

tional vertex (a

ording to a strategy of our 
hoi
e) and 
onne
t it by an edge

to v. For various natural monotone in
reasing graph properties P , we give

tight upper and lower bounds on the minimum (extended over the set of all

possible strategies) number of rounds required by the pro
ess to obtain, with

high probability, a graph that satis�es P . Along the way, we show that the

pro
ess is general enough to approximate (using suitable strategies) several

well-studied random graph models.

This is joint work with Omri Ben-Eliezer, Dan Hefetz, Gal Kronenberg,

Olaf Par
zyk and Clara Shikhelman
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Konstanty Junosza-Szaniawski

Warsaw University of Te
hnology

Online 
oloring of short intervals

We study the online graph 
oloring problem restri
ted to the interse
tion

graphs of intervals with lengths in [1; σ]. For σ = 1 it is the 
lass of unit

interval graphs, and for σ = ∞ the 
lass of all interval graphs. Our fo
us is

on intermediary 
lasses. We present a (1 + σ)-
ompetitive algorithm, whi
h

beats the state of the art for 1 < σ < 2. For σ = 1 our algorithm mat
hes

the performan
e of FirstFit, whi
h is 2-
ompetitive for unit interval graphs.

For σ = 2 our algorithm mat
hes the Kierstead-Trotter algorithm, whi
h

is 3-
ompetitive for all interval graphs. On the lower bound side, we prove

that no algorithm is better than 5/3-
ompetitive for any σ > 1, nor better
than 7/4-
ompetitive for any σ > 2, and that no algorithm beats the 5/2
asymptoti
 
ompetitive ratio for all, arbitrarily large, values of σ.
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Bran
hing rules and bije
tions

A bran
hing rule des
ribes the algebrai
 behaviour of an irredu
ible rep-

resentation restri
ted to the a
tion of a smaller group. This behaviour is

often understood in a 
ombinatorial way. We present a bran
hing rule ob-

tained in joint work with Bea S
humann, provide a promenade through the

bije
tions that 
ompose its proof, and shine light on work to be done. A lot

of tableaux 
ombinatori
s are involved.
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Two 
hallenging 
onje
tures for planar posets

We dis
uss re
ent progress towards the resolution of two long standing

problems involving planar posets. The �rst is due to Ne²et°il and Pudlák

who 
onje
tured that the Boolean dimension is bounded on the 
lass of pla-

nar posets. Most likely I am responsible for the se
ond problem whi
h asks

whether a planar poset with large dimension 
ontains a large standard ex-

ample. Both problems date from the 1980's, and with the surge of re
ent

results, both problems seem a

essible.
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e and Te
hnology

Maximal edge-
olorings of graphs

Maximal edge-
oloring of a graph G of order n is a proper edge-
oloring

of a graph G with χ′(Kn) 
olors su
h that no edge of G 
an be atta
hed to

G without violating the 
onditions of proper edge-
oloring. We de�ne the

spe
trum of maximal edge-
oloring MEC(n) as the set of all m su
h that

there exists a maximal edge-
oloring of some graph G, where |V (G)| = n
and |E(G)| = m. In the talk we present the lower bound for the spe
trum.

We also show 
onstru
tions of su
h 
olorings. Thus the spe
trum is almost


ompletely determined. Moreover, di�erent number of 
olors used for the


oloring will be 
onsidered. This is a natural generalization of a problem.

This is joint work with Mariusz Meszka.
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M
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Transversal and 
olorful versions of Mantel's

theorem

A 
lassi
al result of Mantel states that every graph of density larger than

1/2 
ontains a triangle, and this result is best possible. In this talk, we study

two Mantel-inspired problems: The �rst one asks what is the minimum d su
h
that any triplet of graphs G1, G2,G3 on the same vertex-set ea
h of density

larger than d 
ontains a transversal triangle, i.e., three edges uv, vw, wu of

G1, G2, G3, respe
tively. We show that d = (52−4
√
7)/81, whi
h is asymp-

toti
ally best possible witnessed by a 
onstru
tion dis
overed by Aharoni and

DeVos. Moreover, we prove that their 
onstru
tion is asymptoti
ally the only

extremal 
on�guration. The se
ond problem, due to DeVos, M
Donald and

Montejano, states that every k-edge-
olored graph where ea
h 
olor 
lass has

density more than 1/(2k − 1) 
ontains a non-mono
hromati
 triangle.

This is joint work with Eri
 Culver, Bernard Lidi
ký, Florian Pfender and

Sergey Norin.

65



Bartosz Wal
zak

Jagiellonian University

Sparse Kneser graphs are Hamiltonian

For integers k > 1 and n > 2k + 1, the Kneser graph K(n, k) is the

graph whose verti
es are the k-element subsets of {1, . . . , n} and whose edges


onne
t pairs of subsets that are disjoint. The Kneser graphs of the form

K(2k+1, k) are also known as the odd graphs. We settle an old problem due

to Meredith, Lloyd, and Biggs from the 1970s, proving that for every k > 3,
the odd graph K(2k + 1, k) has a Hamilton 
y
le. The proof is based on a

redu
tion of the Hamiltoni
ity problem in the odd graph to the problem of

�nding a spanning tree in a suitably de�ned hypergraph on Dy
k words. As a

byprodu
t, we obtain a new proof of the so-
alled Middle Levels Conje
ture.

This is joint work with Torsten Mütze and Jerri Nummenpalo.
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Lower bounds for 
oloring of the plane

One of the most 
hallenging questions in dis
rete geometry is the Hadwiger-

Nelson problem: how many 
olors are needed to 
olor the Eu
lidean plane so

that points at distan
e 1 re
eive distin
t 
olors? In other words, what is the


hromati
 number of the unit distan
e graph of the plane? For over 60 years,

the answer was known to be between 4 and 7. Only re
ently, Aubrey de Grey

made a great breakthrough by improving the lower bound to 5. However, it
appears that if we 
onsider a modi�ed problem with a wider distan
e 
on-

dition, it is possible to make the gap smaller or even give the exa
t answer.

For b > 1, let G[1,b] be the graph with the set of verti
es R2
and adja
en
y

between points at distan
e in the interval [1, b]. We obtain new lower bounds

on χ(G[1,b]) for 
ertain values of b. Combined with known upper bounds,

this result gives two intervals of values of b for whi
h we exa
tly determine

χ(G[1,b]) to be 7 and 9, respe
tively. The �rst interval 
ontains and enlarges

the only known set of values of b with determined χ(G[1,b]), 
oming from the

work of Exoo (2005)

This is joint work with Konstanty Junosza-Szaniawski.
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A short proof of Brooks' theorem

This proof of Brooks' theorem uses only indu
tion and greedy 
oloring,

while avoiding issues of graph 
onne
tivity. The argument generalizes easily

to some extensions of Brooks' theorem, in
luding its variants for list 
oloring,

signed graphs 
oloring and 
orresponden
e 
oloring.
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The size of a largest 
omponent vs. node fault

toleran
e

We study a problem of minimizing the size of a largest 
omponent of a

graph by removing a given number of its verti
es. For S ⊂ V (G) let Ω(G, S)
denote the number of verti
es in a largest 
omponent of G− S. Then let

ω(G, k) = min{Ω(G, S) : S ⊂ V (G), |S| = k}.

This parameter is 
losely related to the notions of a graph separator and the

fragmentability of graphs. Namely, the planar separator theorem by Tarjan

and Lipton 
an be expressed as follows.

Theorem 1 (Planar separator theorem) Let Π be a planar graph of or-

der n. Then

ω(Π, 4
√
n) ≤ 2n

3
.

On the other hand, a graphG of order n is (a, ǫ)-fragmentable if ω(G, ǫn) ≤ a.
In the talk we establish ω(Cn�Cn, k) for (almost) all values of k. Our main

result is the following theorem.

Theorem 2 Let k ≥ 2n. Then

ω(Cn�Cn, k) ≥
(n2 − k)2 + (n2 − k)

√

(n2 − k)2 − k2

k2
.

The lower bound is best possible. We then apply our result in a problem of

node-fault-tolerant graphs introdu
ed by Hayes in 1976 as a graph theoreti


model of 
omputer or 
ommuni
ation networks operating 
orre
tly in the

presen
e of faults.

This is joint work with Jakub Przybyªo.
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Avoiding long Berge 
y
les

Füredi, Kosto
hka and Luo generalized a theorem of Erd®s and Gallai.

The maximum number of edges an r-uniform hypergraph 
an have without


ontaining a for Berge 
y
les of length at least k. They determined this

number for k > r + 2 for k < r − 1 and asymptoti
ally for k = r − 1.
Together with Ergemlidze, Gy®ri, Methuku, Salia and Tompkins the 
ases

k = r and k = r + 1 were also solved.
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