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2003-600 P. Hell and J.J. Montellano

Poly
hromati
 Cliques

The sub-Ramsey number sr(K

n

; k) is the smallest integer m su
h that

in any edge-
olouring of K

m

whi
h uses every 
olour at most k times some

subgraphK

n

has all edges of di�erent 
olours. It was known that, for a �xed

k, the fun
tion sr(K

n

; k) is O(n

3

) and 
(n). We improve these bounds to

O(n

2

) and 
(n

3=2

) (slightly less for small values of k).

2003-601 Z. F�uredi, A.V. Kosto
hka, M. Stiebitz, R.

�

Skrekovski, and D.

B. West

Nordhaus{Gaddum-type theorems for de
ompositions into many

parts

A k-de
omposition (G

1

; : : : ; G

k

) of a graph G is a partition of its edge

set to form k spanning subgraphs G

1

; : : : ; G

k

. The 
lassi
al theorem of

Nordhaus and Gaddum bounds �(G

1

) + �(G

2

) and �(G

1

)�(G

2

) over all

2-de
ompositions of K

n

. For a graph parameter p, let p(k;G) denote the

maximum of

P

k

i=1

p(G

i

) over all k-de
ompositions of the graph G.

The 
lique number !, 
hromati
 number �, list 
hromati
 number �

`

,

and Szekeres{Wilf number � satisfy !(2;K

n

) = �(2;K

n

) = �

`

(2;K

n

) =

�(2;K

n

) = n+1. We obtain lower and upper bounds for !(k;K

n

), �(k;K

n

),

�

`

(k;K

n

), and �(k;K

n

). The last three behave di�erently for large k. We

also obtain lower and upper bounds for the maximum of �(k;G) over all

graphs embedded on a given surfa
e.

2003-602 V. Jungi�
, D. Kr�al', and R.

�

Skrekovski

Colorings of Plane Graphs with no Rainbow Fa
es

We prove that ea
h n-vertex plane graph with girth g � 4 admits a vertex


oloring with at least dn=2e+1 
olors with no rainbow fa
e, i.e., a fa
e whose

all verti
es re
eive distin
t 
olors. This answers in aÆrmative a 
onje
ture

of Ramamurthi and West. Moreover, we prove for plane graph with girth

g � 5 that there is a vertex 
oloring with at least

l

g�3

g�2

n�

g�7

2(g�2)

m

if g is

odd and

l

g�3

g�2

n�

g�6

2(g�2)

m

if g is even. The bounds are tight for all pairs of

n and g with g � 4 and n � 5g=2� 3.
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2003-603 Z. Dvo�r�ak, J. K�ara, D. Kr�al', and O. Pangr�a


An Algorithm for Cy
li
 Edge Conne
tivity of Cubi
 Graphs

The 
y
li
 edge 
onne
tivity is the size of the smallest edge 
ut in a graph

su
h that at least two of the parts of the graph are not a
y
li
. We present

an algorithm running in time O(n

2

log

2

n) for 
omputing the 
y
li
 edge


onne
tivity of n-vertex 
ubi
 graphs.

2003-604 M. Loebl

A Dis
rete Non-PfaÆan Approa
h to the Ising Problem

We des
ribe a method developed in �fties by Ka
, Ward, Potts, Feynman

and Sherman to solve the 2-dimensional Ising problem using methods of

dis
rete mathemati
s. This approa
h is older and not so well known to

dis
rete mathemati
s 
ommunity as the PfaÆan approa
h. Using the results

of Sherman and the theory of PfaÆan orientations developed by Gallu

io

and Loebl we generalise the results to arbitrary (non-planar) graphs.

2003-605 B. Banas
hewski and A. Pultr

On weak latti
e and frame homomorphisms

In the 
ontext of distributive latti
es, frames, or �-frames, a join homo-

morphism preserving the unit and those binary meets whi
h are zero often

preserves all binary meets. This paper analyzes this phenomenon.

2003-606 J. Hubi�
ka and J. Ne�set�ril

On Homogeneous Graphs and Posets

We present a 
lass P

2

of simple �nite stru
tures whi
h indu
e the 
ount-

able homogeneous universal poset. We also de�ne the notion of a �nitely

presented 
ountable stru
ture and 
onje
ture that every generi
 stru
ture

for a �nitely axiomatizable 
lass of stru
tures is �nitely presented. This is

veri�ed for undire
ted graphs, tournaments and posets. The stru
ture P

2

extends Conway's surreal numbers and their linear ordering to posets.

2003-607 J. Matou�sek

Bounded VC-dimension implies a fra
tional Helly theorem

We prove that every set system of bounded VC-dimension has a fra
-

tional Helly property. More pre
isely, if the dual shatter fun
tion of a set
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system F is bounded by o(m

k

), then F has fra
tional Helly number k. This

means that for every � > 0 there exists a � > 0 su
h that if F

1

; F

2

; : : : ; F

n

2

F are sets with

T

i2I

F

i

6= ; for at least �

�

n

k

�

sets I � f1; 2; : : : ; ng of size

k, then there exists a point 
ommon to at least �n of the F

i

. This further

implies a (p; k)-theorem: for every F as above and every p � k there ex-

ists T su
h that if G � F is a �nite subfamily where among every p sets,

some k interse
t, then G has a transversal of size T . The assumption about

bounded dual shatter fun
tion applies, for example, to families of sets in

R

d

de�nable by a bounded number of polynomial inequalities of bounded

degree; in this 
ase, we obtain fra
tional Helly number d+1.

2003-608 J. Han Kim, J. Matou�sek, and V.H. Vu

Dis
repan
y after adding a single set

We show that the hereditary dis
repan
y of a hypergraph F on n points

in
reases by a fa
tor of at most O(log n) when one adds a new edge to F .

2003-609 I. B�ar�any and J. Matou�sek

The randomized integer 
onvex hull

Let K � R

d

be a suÆ
iently round 
onvex body (the ratio of the 
ir-


ums
ribed ball to the ins
ribed ball is bounded by a 
onstant) of a suf-

�
iently large volume. We investigate the randomized integer 
onvex hull

I

L

(K) = 
onv(K \ L), where L is a randomly translated and rotated 
opy

of the integer latti
e Z

d

. We estimate the expe
ted number of verti
es of

I

L

(K), whose behaviour is similar to the expe
ted number of verti
es of

the 
onvex hull of VolK random points in K. In the planar 
ase, we also

des
ribe the expe
tation of the missed area Vol (K n I

L

(K)). Surprisingly,

for K a polygon, the behaviour in this 
ase is di�erent from the 
onvex hull

of random points.

2003-610 J. Matou�sek and M. Stojakovi�


On Restri
ted Min-Wise Independen
e of Permutations

A family of permutations F � S

n

with a probability distribution on it is


alled k-restri
ted min-wise independent if we have Pr[min �(X) = �(x)℄ =

1

jXj

for every subset X � [n℄ with jX j � k, every x 2 X , and � 2 F 
hosen

at random. We present a simple proof of a result of Norin: every su
h

family has size at least

�

n�1

b

k�1

2




�

. Some features of our method might be of

independent interest.
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The best available upper bound for the size of su
h family is 1+

P

k

j=2

(j�

1)

�

n

j

�

. We show that this bound is tight if the goal is to imitate not the

uniform distribution on S

n

, but a distribution given by assigning suitable

priorities to the elements of [n℄ (the stationary distribution of the Tsetlin

library, or self-organizing lists). This is analogous to a result of Karlo� and

Mansour for k-wise independent random variables.

We also investigate the 
ases where the min-wise independen
e 
ondi-

tion is required only for sets X of size exa
tly k (where we have only an


(log logn + k) lower bound), or for sets of size k and k�1 (where we

already obtain a lower bound of n�k+2).

2003-611 J. Matou�sek

A lower bound on the size of Lips
hitz subsets in dimension 3

A set S � R

d

is C-Lips
hitz in the x

i

-
oordinate, where C > 0 is a real

number, if for every two points a; b 2 S, we have ja

i

�b

i

j � C maxfja

j

�b

j

j :

j = 1; 2; : : : ; d; j 6= ig. Motivated by a problem of La
zkovi
h, the author

asked whether every n-point set in R

d


ontains a subset of size at least


n

1�1=d

that is C-Lips
hitz in one of the 
oordinates, for suitable 
onstants

C and 
 > 0 (depending on d). This was answered negatively by Alberti,

Cs�ornyei, and Preiss. Here it is observed that a 
ombinatorial result of

Ruzsa and Szemer�edi implies the existen
e of a 2-Lips
hitz subset of size

n

1=2

'(n) in every n-point set in R

3

, where '(n) !1 as n!1.

2003-612 A. Holmsen and J. Matou�sek

No Helly theorem for stabbing translates by lines in R

3

For ea
h n > 2 we 
onstru
t a 
onvex body K � R

3

and a �nite family

F of disjoint translates of K su
h that any n � 1 members F admit a line

transversal, but F has no line transversal.

2003-613 J. Matou�sek

The number of unique-sink orientations of the hyper
ube

Let Q

d

denote the graph of the d-dimensional 
ube. A unique-sink orien-

tation (USO) is an orientation of Q

d

su
h that every fa
e of Q

n

has exa
tly

one sink (vertex of outdegree 0); it does not have to be a
y
li
. USO have

been studied as an abstra
t model for many geometri
 optimization prob-

lems, su
h as linear programming, �nding the smallest en
losing ball of

5



a given point set, 
ertain 
lasses of 
onvex programming, and 
ertain linear


omplementarity problems. It is shown that the number of USO is d

�(2

d

)

.

2003-614 D. Kr�al'

Coloring Powers of Chordal Graphs

We prove that the k-th powerG

k

of a 
hordal graphG with maximum de-

gree � is O(

p

k�

(k+1)=2

)-degenerated for even values of k and O(�

(k+1)=2

)-

degenerated for odd ones. In parti
ular, this bounds the 
hromati
 number

�(G

k

). The bound proven for odd values of k is the best possible. Another


onsequen
e is the bound �

p;q

(G) �

j

(�+1)

3=2

p

6

k

(2q� 1) + �(2p� 1) on the

least possible span �

p;q

(G) of an L(p; q)-labeling for 
hordal graphs G with

maximum degree �. On the other hand, a 
onstru
tion of su
h graphs with

�

p;q

(G) � 
(�

3=2

q + �p) is presented.

2003-615 P. Kolman and J. Matou�sek

Crossing number, pair-
rossing number, and expansion

The 
rossing number 
r(G) of a graphG is the minimum possible number

of edge 
rossings in a drawing of G in the plane, while the pair-
rossing

number p
r(G), introdu
ed by Pa
h and T�oth, is the smallest number of

pairs of edges that 
ross in a drawing of G in the plane. While 
r(G) �

p
r(G) holds trivially, it is not known whether a stri
t inequality 
an ever

o

ur. We aim at bounding 
r(G) in terms of p
r(G). Using the methods

of Leighton and Rao, Bhatt and Leighton, and Even, Guha and S
hieber,

we prove that 
r(G) = O

�

log

3

n(p
r(G) + ssqd(G))

�

, where n = jV (G)j and

ssqd(G) =

P

v2V (G)

deg

G

(v)

2

. One of the main steps is an analogy of the

well-known lower bound 
r(G) = 
(b(G)

2

)�O(ssqd(G)), where b(G) is the

bise
tion width of G, that is, the smallest number of edges that have to be

removed so that no 
omponent of the resulting graph has more than

2

3

n

verti
es. We show that p
r(G) = 
(b(G)

2

= log

2

n)�O(ssqd(G)).

We also prove by similar methods that a graph G with k = 
r(G) >

C

p

ssqd(G)m log

2

n has a nonplanar subgraph on at most O

�

�nm log

2

n

k

�

verti
es, where m is the number of edges, � is the maximum degree in G,

and C is a suitable suÆ
iently large 
onstant.
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2003-616 R.N. Ball, A. Pultr, and J. Si
hler

Priestley 
on�gurations and Heyting varieties

We investigate Heyting varieties determined by prohibition of systems of


on�guraations in Priestley duals; we 
hara
terize the 
on�guration systems

yielding su
h varieties. On the other hand, the question whether a given

�nitely generated Heyting variety is obtainable by su
h means is solved for

the spe
ial 
ase of systems of trees.

2003-617

O�
i�al Kombinatori
k�eho semin�a�re (J. Fiala, ed.)

2003-618 M. Loebl, J. Matou�sek, and O. Pangr�a


Triangles in random graphs

We show the number of triangles of G

n;

1

2

is almost uniformly distributed

among residue 
lasses modulo q, where q is a prime number bounded by

�(logn). This implies a 
onsequen
e of a 
onje
ture of Bollob�as, Pebody

and Riordan (that almost every random graph G

n;

1

2

is uniquely determined

by its Tutte polynomial): almost every pair of independently 
hosen random

graphs G

n;

1

2

has di�erent Tutte polynomials.

2003-619 T.  Lu
zak, J. Ne�set�ril

On proje
tive graphs

We show that all graphs with a simple extension property are proje
tive.

As a 
onsequen
e of this result we settle in the aÆrmative a 
onje
ture

of Larose and Tardif and 
hara
terize all homogeneous graphs whi
h are

proje
tive.

2003-620 J. Hubi�
ka, J. Ne�set�ril

Universal Partial Order Represented by Means of Trees and Other

Simple Graphs

We present several simple representations of universal partially ordered

sets and use them for the proof of universality of the 
lass of oriented trees

ordered by the graph homomorphisms. This (what we believe surprising

result) solves several open problems. It implies for example universality

of 
ubi
 planar graphs. This is in sharp 
ontrast with representing even
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groups (and monoids) by automorphisms (and endomorphims) of a bounded

degree and planar graph. Thus universal partial orders (thin 
ategories) are

representable by mu
h simpler stru
tures than 
ategories in general.

2003-621 J. Hubi�
ka, J. Ne�set�ril

Finite Paths are Universal

We prove that any 
ountable (�nite or in�nite) partially ordered set may

be represented by �nite oriented paths ordered by the existen
e of homo-

morphism between them. This (what we believe a surprising result) solves

several open problems. Su
h path-representations were previously known

only for �nite and in�nite partial orders of dimension 2. Path-representation

implies the universality of other 
lasses of graphs (su
h as 
onne
ted 
ubi


planar graphs). It also implies that �nite partially ordered sets are on-line

representable by paths and their homomorphisms. This leads to a new

on-line dimensions.

2003-622 J. Fiala, J. Maxov�a

Cantor-type theorem for lo
ally 
onstrained graph homomorphisms

In the paper we show that the simultaneous existen
e of a lo
ally surje
-

tive and of a lo
ally inje
tive graph homomorphisms between a 
onne
ted

graph G and a 
onne
ted and �nite graph H assures that all su
h homo-

morphisms are in fa
t lo
ally bije
tive.

We give a short proof of this assertion whi
h uni�es previously known

partial results of this form. We utilize the notion of universal 
over, and

relate its properties to the notion of degree re�nement, whi
h was used as

a prin
ipal tool in other works.

2003-623 J.

�

Cern�y, Z. Dvo�r�ak, V. Jel��nek, and P. Podbrdsk�y

Generalization of the polygon-
rossing problem

We study the maximum possible number of interse
tions of a simple k{

gon with a simple l{gon for k; l � 3 odd. We generalize this problem to

a larger 
lass of obje
ts. We prove that the number of interse
tions 
annot

ex
eed kl � k � (l � 3)=2. This improves the best known upper bound and

gives alternative solution of the 
ase l = 5.

8



2003-624 M. Bodirsky and J. Ne�set�ril

Constraint Satisfa
tion with Countable Homogeneous Templates

For a �xed 
ountable homogeneous stru
ture � we study the 
ompu-

tational problem whether a given �nite stru
ture of the same relational

signature homomorphi
ally maps to �. This problem is known as the 
on-

straint satisfa
tion problem CSP(�) for � and was intensively studied for

�nite �. We show that - as in the 
ase of �nite � - the 
omputational 
om-

plexity of CSP(�) for 
ountable homogeneous � is determinded by the 
lone

of polymorphisms of �. To this end we prove the following theorem whi
h

is of independent interest: The primitive positive de�nable relations over

an !-
ategori
al stru
ture � are pre
isely the relations that are invariant

under the polymorphisms of �.

Constraint satisfa
tion with 
ountable homogeneous templates is a proper

generalization of 
onstraint satisfa
tion with �nite templates. If the age of

� is �nitely axiomatizable, then CSP(�) is in NP. If � is a digraph we 
an

use the 
lassi�
ation of homogeneous digraphs by Cherlin to determine the


omplexity of CSP(�).

2003-625 M. B�alek and J. Ne�set�ril

Measuring of Aestheti
 Invariant of Images

We de�ne four new aestheti
s | Combinatorial Entropies | for graph

drawings, sket
hes and images and show their relevan
e for pi
ture pro
ess-

ing by means of results of integral geometry. We in
lude an analysis of two

pi
tures.

2003-626 Daniel Kr�al'

Lo
ally satis�able formulas

A CNF formula  is k-satis�able if ea
h k 
lauses of  
an be satis�ed

simultaneously. Let �

k

be the largest real number su
h that for ea
h k-

satis�able formula  with variables x

i

, there are probabilities p

i

with the

following property: If ea
h variable x

i

is 
hosen randomly and independently

to be true with the probability p

i

, then ea
h 
lause of  is satis�ed with the

probability at least �

k

.

We determine the numbers �

k

and design a linear-time algorithm whi
h

given a formula  either outputs that  is not k-satis�able or �nds proba-

bilities p

i

su
h that ea
h 
lause of  is satis�ed with the probability at least

�

k

. Our approa
h yields a robust linear-time deterministi
 algorithm whi
h

9



�nds for a k-satis�able formula a truth assignment satisfying at least the

fra
tion of �

k

of the 
lauses.

A related parameter is r

k

whi
h is the largest ratio su
h that for ea
h

k-satis�able CNF formula with m 
lauses, there is a truth assignment whi
h

satis�es at least r

k

m of its 
lauses. It was known that �

k

= r

k

for k = 1; 2; 3.

We 
ompute the ratio r

4

and show �

4

6= r

4

. We also design a linear-time

algorithm whi
h �nds a truth assignment satisfying at least the fra
tion r

4

of the 
lauses for 4-satis�able formulas.

2003-627 J.

�

Cern�y, Z. Dvo�r�ak, V. Jel��nek, J. K�ara

Non
rossing Hamiltonian Paths in Geometri
 Graphs

A geometri
 graph is a graph embedded in the plane in su
h a way

that verti
es 
orrespond to points in general position and edges to segments


onne
ting appropriate points. A non
rossing Hamiltonian path is a Hamil-

tonian path whose embedding in the plane is a simple 
urve in the plane.

We study the problem asked by Mi
ha Perles about the existen
e of a non-


rossing Hamiltonian path for various 
lasses of geometri
 graphs. Let h

1

(n)

denote the largest k su
h that when we remove edges of an arbitrary 
om-

plete subgraph of size at most k from a 
omplete geometri
 graph on n ver-

ti
es the resulting graph still has a non
rossing Hamiltonian path. We prove

that there exist 
onstants 0 < 


1

< 


2

su
h that 


1

�

p

n < h

1

(n) < 


2

�

p

n.

Let h

2

(n) denote the largest k su
h that when we remove an arbitrary star

with at most k edges from a 
omplete geometri
 graph on n verti
es the

resulting graph still has a non
rossing Hamiltonian path. We show that

h

2

(n) = dn=2e�1. We also prove that h

3

(n) = dn=2e�1 where h

3

(n) is the

largest k su
h that when we remove at most k arbitrary edges from a 
om-

plete geometri
 graph on n verti
es whose verti
es are in 
onvex position

then the graph still has a non
rossing Hamiltonian path. Further we prove

that when we remove any mat
hing from a 
omplete geometri
 graph the

resulting graph will have a non
rossing Hamiltonian path.

2003-628 B. Bre�sar, S. Klav�zar, and R.

�

Skrekovski

On 
ube-free median graphs

Let G be a 
ube-free median graph. It is proved that

k

2

�

p

n � 1 �

m

2

p

n

�

p

s � r � 1 ; where n, m, s, k, and r are the number of verti
es,

edges, squares, �-
lasses, and the number of edges in a smallest �-
lass ofG,

respe
tively. Moreover, the equalities 
hara
terize Cartesian produ
ts of two

10



trees of the same order. The 
ube polynomial of 
ube-free median graphs

is also 
onsidered and it is shown that planar 
ube-free median graphs 
an

be re
ognized in linear time.

2003-629 J. Krato
hv��l

Complexity of hypergraph 
oloring and Seidel's swit
hing

Seidel's swit
hing of a vertex in a given graph results in making the

vertex adja
ent to pre
isely those verti
es it was nonadja
ent before, while

keeping the rest of the graph un
hanged. Two graphs are 
alled swit
hing

equivalent if one 
an be transformed into the other one by a sequen
e of

Seidel's swit
hings. We 
onsider the 
omputational 
omplexity of de
iding

if an input graph 
an be swit
hed into a graph having a desired graph

property. Among other results we show that swit
hing to a regular graph is

NP-
omplete. The proof is based on an NP-
omplete variant of hypergraph

bi
oloring that we �nd interesting in its own.

2003-630 H. Broersma, F.V. Fomin, J. Krato
hv��l, and G. J. Woeginger

Planar graph 
oloring avoiding mono
hromati
 subgraphs: trees

and paths make things diÆ
ult

We 
onsider the problem of 
oloring a planar graph with the minimum

number of 
olors su
h that ea
h 
olor 
lass avoids one or more forbidden

graphs as subgraphs. We perform a detailed study of the 
omputational


omplexity of this problem.

We present a 
omplete pi
ture for the 
ase with a single forbidden 
on-

ne
ted (indu
ed or non-indu
ed) subgraph. The 2-
oloring problem is NP-

hard if the forbidden subgraph is a tree with at least two edges, and it is

polynomially solvable in all other 
ases. The 3-
oloring problem is NP-hard

if the forbidden subgraph is a nontrivial path, and it is polynomially solv-

able in all other 
ases. We also derive results for several forbidden sets of


y
les.

2003-631 S. Gravier and R.

�

Skrekovski

Coloring the 
lique hypergraph of graphs without forbidden stru
-

ture

For a given simple 
onne
ted graph G with at least one edge, the 
lique

hypergraph is de�ned as the one with the same vertex set as G but whose

11



hyperedges are the maximal 
liques ofG. We 
hara
terize that C

5

is the only

graph without indu
ed P

3

+P

1

, whose 
lique hypergraph is not 2-
olorable.

We prove also that the 
lique hypergraph is 2-
olorable providing that the

underlined graph is without indu
ed P

5

and C

5

. The later result is best

possible in the sense that if we omit some of the forbidden graphs, then the


laim is not true.

2003-632 V. Jungi�
 and R. Radoi�
i�


Rainbow Arithmeti
 Progressions

Consider a 
oloring of f1; 2; : : : ; ng in 3 
olors, where n � 0 (mod 3).

If all the 
olor 
lasses have the same 
ardinality, then there is a 3-term

arithmeti
 progression whose elements are 
olored in distin
t 
olors. This

rainbow variant of van der Waerden's theorem proves the 
onje
ture of the

se
ond author.

2003-633 D. Kr�al' and L. Sta
ho

Closure for the Property of Having a Hamiltonian Prism

We prove that a graph G of order n has a hamiltonian prism if and only

if the graph Cl

4n=3�4=3

(G) has a hamiltonian prism where Cl

4n=3�4=3

(G) is

the graph obtained fromG by sequential adding edges between non-adja
ent

verti
es whose degree sum is at least 4n=3� 4=3. We show that this 
annot

be improved to more than 4n=3� 5.

2003-634 M. Stiebitz and R.

�

Skrekovski

A Map Colour Theorem for the Union of Graphs

In 1890 Heawood established an upper bound for the 
hromati
 number

of a graph embedded on a surfa
e of Euler genus g � 1. This upper bound

be
omes known as the Heawood number H(g). Almost a 
entury later,

Ringel and Ringel & Youngs proved that the Heawood number H(g) is

in fa
t the maximum 
hromati
 number as well as the maximum 
lique

number of graphs embbeded on a surfa
e of Euler genus g � 1 beside the

Klein bottle. In this paper we present a Heawood type formula for the edge

disjoint union of two graphs that are embedded on a given surfa
e �. More

pre
isely, we determine a number H

2

(�) su
h that if a graph G embedded

on � is the edge disjoint union of two graphs G

1

and G

2

, then

!(G

1

) + !(G

2

) � �(G

1

) + �(G

2

) � H

2

(�):

12



Similar to the results of Ringel and Ringel & Youngs, we show that this

bound is sharp for all but at most one non-orientable surfa
e �.

2003-635 J. Matou�sek and P.

�

Skovro�n

Three views of LP-type optimization problems

An axiomati
ally de�ned 
lass of optimization problems, 
alled LP-type

problems (or also generalized linear programming problems) and introdu
ed

by Sharir and Welzl, in
ludes linear programming, the smallest en
losing

ball for a given point set in R

d

, and many other important problems. We

investigate mathemati
al properties of LP-type problems. In parti
ular,

we introdu
e two axiomati
 de�nitions, the 
on
rete LP-type problems and

the a
y
li
 violator spa
es, and we show that they are exa
tly equivalent

to the original de�nition, thus providing two new approa
hes to LP-type

problems.

2003-636 T. Kaiser and D. Kr�al' and R.

�

Skrekovski

A Revival of the Girth Conje
ture

We show that for ea
h " > 0, there exists a number g su
h that the


ir
ular 
hromati
 index of every 
ubi
 bridgeless graph with girth at least

g is at most 3 + ". This 
ontrasts to the fa
t (whi
h disproved the Girth

Conje
ture) that there are snarks of arbitrary large girth. In parti
ular,

we show that every 
ubi
 bridgeless graph with girth at least 14 has the


ir
ular 
hromati
 index at most 7=2.

2003-637 D. Kr�al'

Extending partial 5-
olorings and 6-
olorings in planar graphs

Let D be a dis
 and let X be a �nite set of points on the boundary of

D. A set C of k-
olorings of the points X is 
alled k-feasible if there exists

a plane graph G drawn in the dis
 D with X � V (G) su
h that pre
isely


olorings 
ontained in the set C 
an be extended to proper 
olorings of G.

We show that for ea
h k-feasible set C, there exists su
h a plane graph G

of order at most jX j+ 5

jXj

if k = 5 and 17jX j � 48 if k = 6.

2003-638 M. Janata

Matroids Indu
ed by Pa
king Subgraphs

The paper is 
on
erned with the 
lassi�
ation of families of graphs T

with the property: For any graph G, the subsets of verti
es of G that

13




an be saturated by pa
king 
opies of graphs from T form a 
olle
tion of

independent sets of a matroid. From this point of view, we present a 
hara
-

terization of so 
alled EHP-families of graphs (i.e families 
onsisting of K

2

,

hypomat
hable graphs and propellers). The main result is the following:

For a matroid-indu
ing EHP-family T , we 
hara
terize 
onne
ted graphs H

su
h that the family T [ fHg is also matroid-indu
ing.

2003-639 M. Janata

About a new 
lass of matroid-indu
ing pa
king families

Let T be a family of graphs. A T -pa
king of a graph G is a set of

disjoint subgraphs of G, ea
h isomorphi
 to one of the members of T . We are


on
erned with families T , su
h that in every graphG, the subsets of verti
es

that 
an be saturated by some T -pa
king form a 
olle
tion of independent

sets of a matroid. The main purpose of this paper is to introdu
e a new


lass of families with this property.

2003-640 T.  Lu
zak and J. Ne�set�ril

A probabilisti
 approa
h to the dy
hotomy problem

Let R(n; k) denote the random k-ary relation de�ned on the set [n℄ =

f1; 2; : : : ; ng. We show that the probability that ([n℄;R(n; k)) is proje
tive

tends to one, as either n or k tends to in�nity. This result implies that for

most relational systems (B;R) the CSP(B;R) problem is NP-
omplete, and


on�rms a 
onje
ture of Rosenberg.

2003-641 D. Kr�al and J. Sgall

Coloring graphs from lists with bounded size of their union

A graph G is k-
hoosable if its verti
es 
an be 
olored from any lists L(v)

of 
olors with jL(v)j � k for all v 2 V (G). A graph G is said to be (k; u)-


hoosable if its verti
es 
an be 
olored from any lists L(v) with jL(v)j � k,

for all v 2 V (G), and with j

S

v2V (G)

L(v)j � u. For ea
h 3 � k � u, we


onstru
t a graph G whi
h is (k; u)-
hoosable but not (k; u+ 1)-
hoosable.

On the other hand, it is proven that ea
h (k; 2k � 1)-
hoosable graph G is

O(k � ln k � 2

4k

)-
hoosable.

14



2003-642 J. Ne�set�ril and O. Serra

The Erdos-Tur�an Property for a Class of Bases

Given a set A of positive integers, r

A

(n) denotes the number of rep-

resentations of n as a sum of two elements in A. It was 
onje
tured by

Erd}os and Tur�an in 1942 that, if A is an asymptoti
 basis of order 2, then

lim sup

n!1

r

A

(n) = 1. A set A � N is 2-bounded if there is a fun
-

tion f su
h that, for ea
h n 2 A + A there is a pair x; y 2 A su
h that

n = x + y and jS(x) [ S(y)j � f(jS(n)j) where S(n) denotes the binary

support of n, that is, n =

P

i2S(n)

2

i

. We prove the Erd}os-Tur�an 
onje
ture

for any 2-bounded asymptoti
 basis of order h � 2. We list several other

variations and strengthenings of this 
onje
ture and we highlight the di�er-

en
es between versions for integers and positive integers, and additive and

multipli
ative versions.

2003-643 J. Ne�set�ril

Ramsey Classes and Homogeneous Stru
tures

We present a programme of 
hara
terizing Ramsey Classes of Stru
tures

by a 
ombination of the Model Theory and Combinatori
s. Parti
ularly we

relate the Classi�
ation Programme of 
ountable homogeneous stru
tures

(of La
hlan { Cherlin) to the Classi�
ation of Ramsey 
lasses. As parti
u-

lar instan
es of this approa
h we 
hara
terize all Ramsey 
lasses of graphs,

tournaments and partial ordered sets. We fully 
hara
terize all monotone

Ramsey 
lasses of relational systems (of any type). We also 
arefully dis-


uss the role of (admissible) orderings whi
h lead to a new 
lassi�
ation of

Ramsey properties by means of 
lasses of order invariant obje
ts.

2003-644 W. Ho
hst�attler and J. Ne�set�ril

Antisymmetri
 Flows in Matroids

We present a seemingly new de�nition of 
ows and 
ow numbers for

oriented matroids and prove that the 
ow number �

L

and the antisymmetri



ow number �

Las

of an oriented matroid are bounded with its rank. In

parti
ular we show that if O is an oriented matroid of rank r then �

L

(O) �

r + 2 and �

Las

(O) � 3

b

9

2

r
+1

.

Furthermore, we introdu
e the notion of a semi
ow and show that ea
h

oriented matroid has an antisymmetri
 3-NZ-semi
ow.

15



2003-645 D. Kr�al'

Mixed Hypergraphs and Other Coloring Problems

A mixed hypergraph is a triple (V; C;D) where V is the vertex set and

C and D are sets of subsets of V 
alled C-edges and D-edges, respe
tively.

A proper 
oloring of a mixed hypergraph (V; C;D) is a 
oloring of its ver-

ti
es su
h that no C-edge is poly
hromati
 and no D-edge is mono
hromati
.

We show that mixed hypergraphs 
an be used to eÆ
iently model several

graph 
oloring problems in
luding homomorphisms of simple graphs and

multigraphs, 
ir
ular 
olorings, (H;C;� K)-
olorings, (H;C;K)-
olorings,

lo
ally surje
tive, lo
ally bije
tive and lo
ally inje
tive homomorphisms,

L(p; q)-labelings, the 
hannel assignment problem, T -
olorings and general-

ized T -
olorings.

2003-646 T. Madaras and R.

�

Skrekovski

Lightness, heaviness and gravity

The gravity g(H;H) of a graph H in the family of graphs H is the

greatest integer n with the property that for every integer m, there are

in�nitely many graphs G 2 H su
h that ea
h subgraph of G, whi
h is

isomorphi
 to H , 
ontains at least n verti
es of degree � m in G. We

study the basi
 properties of the gravity fun
tion for various families of

plane graphs. We also introdu
e and study the almost-light graphs and the

absolutely heavy graphs. The paper 
on
ludes with few open problems.

2003-647 J. Fiala, D. Kr�al' and R.

�

Skrekovski

A Brooks-type Theorem for the Generalized List T -Coloring

We study the notion of a generalized list T -
oloring whi
h is a 
ommon

generalization of the 
hannel assignment problem and the T -
oloring. An

instan
e of the generalized list T -
oloring is des
ribed by a triple (G;�; t)

where G is a graph, � is a mapping whi
h assigns the verti
es of G lists of

numbers (
olors) and t is a mapping whi
h assigns ea
h edge of G a set of

forbidden di�eren
es. We require that 0 2 t(e) for ea
h edge e of G. The

goal is to �nd a labeling 
 of the verti
es of G with 
(v) 2 �(v) for ea
h

vertex v, and j
(u) � 
(v)j 62 t(uv) for ea
h edge uv of G. An instan
e is

balan
ed if the size of the list �(v) for ea
h vertex v is equal to the sum of

the sizes of t(e) for edges e in
ident with v.

16



We state and prove a Brooks-type theorem for the generalized list T -


oloring problem. This generalizes and uni�es the previously known Brooks-

type theorems for the 
hannel assignment problem and for the T -
oloring.

The theorem 
hara
terizes balan
ed instan
es of the generalized list T -


oloring with a good labeling. As a 
onsequen
e, if G is a 
onne
ted graph

di�erent from a Gallai tree, then all balan
ed instan
es on G have good

labelings.

2003-648 D. Kr�al'

Group 
oloring is �

P

2

-
omplete

The group 
hromati
 number of a graph G is the smallest integer k

su
h that for ea
h Abelian group A of order at least k, ea
h orientation

of G and ea
h edge-labeling ' : E(G) ! A, there exists a vertex-
oloring


 : V (G) ! A with 
(v) � 
(u) 6= '(uv) for all oriented edges uv of G. We

show that the de
ision problem whether a given graph has group 
hromati


number at most k is �

P

2

-
omplete for ea
h integer k � 3.

2003-649 J.

�

Cern�y

Geometri
 graphs with no three disjoint edges

A geometri
 graph is a graph drawn in the plane so that the verti
es

are represented by points in general position and edges are represented by

straight line segments. We show that a geometri
 graph on n verti
es with

no three pairwise disjoint edges has at most 2:5n+ 1 edges. This result is

tight up to a 
onstant.

2003-650 R. N. Ball, A. Pultr and J. Si
hler

Con�gurations in Coprodu
ts of Priestley Spa
es

Let P be a 
on�guration, i.e., a �nite poset with top element. Let

Forb(P ) be the 
lass of bounded distributive latti
es L whose Priestley spa
e

P(L) 
ontains no 
opy of P . We show that the following are equivalent:

Forb(P ) is �rst-order de�nable, i.e., there is a set of �rst-order senten
es

in the language of bounded latti
e theory whose satisfa
tion 
hara
terizes

membership in Forb(P ); P is 
oprodu
tive, i.e., P embeds in a 
oprodu
t

of Priestley spa
es i� it embeds in one of the summands; P is a tree. In the

restri
ted 
ontext of Heyting algebras, these 
onditions are also equivalent

to Forb

H

(P ) being a variety, or even a quasivariety.
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2003-651 J. Ne�set�ril, A. Pultr and C. Tardif

Gaps and dualities in Heyting 
ategories

We present an algebrai
 treatment of the 
orresponden
e of gaps and

dualities in partial ordered 
lasses indu
ed by the morphism stru
tures of


ertain 
ategories whi
h we 
all Heyting (su
h are for instan
e all 
artesian


losed 
ategories, but we present examples of others, too). This allows to

extend the results of Ne�set�ril and Tardif to a wide range of more general

stru
tures. Also, we introdu
e a notion of 
ombined dualities and dis
uss

the relation of their stru
ture to that of the plain ones.

2003-652 T. H. Marshall

Antisymmetri
 
ows on planar graphs

We prove that every oriented planar graph admits a homomorphism to

the Paley tournament P (271) and hen
e that every oriented planar graph

has an antisymmetri
 
ow number and a strong oriented 
hromati
 number

of at most 271.

2003-653 B. G�artner, F. Ts
hirs
hnitz, J. Solymosi,

P. Valtr and E. Welzl

One line and n points

We analyze a randomized pivoting pro
ess involving one line and n

points in the plane. The pro
ess models the behavior of the Random-

Edge simplex algorithm on simple polytopes with n fa
ets in dimension

n� 2. We obtain a tight O(log

2

n) bound for the expe
ted number of pivot

steps. This is the �rst nontrivial bound for Random-Edge whi
h goes be-

yond bounds for spe
i�
 polytopes. The pro
ess itself 
an be interpreted as

a simple algorithm for 
ertain 2-variable linear programming problems, and

we prove a tight �(n) bound for its expe
ted runtime.
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