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ed, how

many interesting submissions are going through our hands, mu
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2002-545 D. Kr�al'

OnMaximumFa
e-Constrained Coloring of Plane Graphs of Girth

at least 5

We prove that ea
h plane graph of girth at least �ve on n � 4 verti
es


an be 
olored by at least dn=2e+ 1 
olors in su
h a way that it does not


ontain a multi
olored fa
e, i.e. the fa
e whose all the verti
es have mutually

distin
t 
olors.

2002-546 M. Loebl, J. Ne�set�ril, and B. Reed

A Note on Random Homomorphism from Arbitrary Graphs to Z

We dis
uss the spa
e of mappings f from the verti
es of a �xed graph

G to Z whi
h satisfy: jf(u)� f(v)j � 1 whenever uv 2 E(G). In parti
ular

we fo
us on the (random) range of su
h mappings.

2002-547 D. Kr�al'

ACounter-Example to Voloshin's Hypergraph Co-perfe
tness Con-

je
ture

The upper 
hromati
 number �(H) of a hypergraph H is the maximum

number of 
olors in a 
oloring avoiding a poly
hromati
 edge. The sta-

bility number �(H) of a hypergraph H is the 
ardinality of the largest

set of verti
es of H whi
h does not 
ontain an edge. A hypergraph is k{

uniform if the sizes of all its edges are k. A hypergraph H is 
o{perfe
t if

�(H

0

) = �(H

0

) for ea
h indu
ed subhypergraph H

0

of H .

Voloshin 
onje
tured that an r{uniform hypergraph H (r � 3) is 
o{

perfe
t i� it 
ontains neither of two spe
ial r{uniform hypergraphs (a so{


alled monostar and a 
omplete 
ir
ular r{uniform hypergraph on 2r�1 ver-

ti
es) as an indu
ed subhypergraph. We disprove this 
onje
ture for all r's.

2002-548 Z. Dvo�r�ak, J. K�ara, D. Kr�al', and O. Pangr�a


On Pattern Coloring of Cy
le Systems

A k{
y
le system is a system of 
y
li
ally ordered k{tuples of a �nite

set. A pattern is a sequen
e of letters. A 
oloring of a k{
y
le system

with respe
t to a set of patterns of length k is proper i� ea
h 
y
le is


olored 
onsistently with one of the patterns, i.e. the same/distin
t letters


orrespond to (the) same/distin
t 
olor(s). The feasible set of a 
y
le system

is the set of all l's su
h that there exists a proper 
oloring of it using exa
tly

l 
olors.
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For all 
ombinations of a pattern set P and a number l, we either �nd

a polynomial algorithm or prove NP{
ompleteness of the problem whether

a given 
y
le system with a set of patterns P 
an be 
olored by at most l


olors. We further 
onstru
t a 
y
le system with a pres
ribed feasible set

for almost every set of patterns 
ontaining only two di�erent letters.

2002-549 D. Kr�al', J. Krato
hv��l, A. Proskurowski, and H.-J. Voss

Mixed Hypertrees

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

and D are families of subsets of V , C{edges and D{edges. We demand in a

proper 
oloring that ea
h C{edge 
ontains two verti
es with the same 
olor

and ea
h D{edge 
ontains two verti
es with di�erent 
olors. The feasible

set of a mixed hypergraph is the set of all k's for whi
h there exists a proper


oloring using exa
tly k 
olors. A hypergraph is a hypertree if there exists

a tree su
h that the edges of the hypergraph indu
e 
onne
ted subgraphs of

that tree.

We prove that feasible sets of mixed hypertrees are gap{free, i.e., in-

tervals of integers, and we show that this is not true for pre
olored mixed

hypertrees. The problem to de
ide whether a mixed hypertree 
an be 
ol-

ored by k 
olors is NP{
omplete in general; we investigate 
omplexity of

various restri
tions of this problem and we 
hara
terize their 
omplexity in

most of the 
ases.

2002-550 M. Mare�s

Two Linear Time Algorithms for MST on Minor Closed Graph

Classes

This arti
le presents two simple deterministi
 algorithms for �nding the

Minimum Spanning Tree in O(jV j+ jEj) time for any proper 
lass ofgraphs


losed on graph minors, whi
h in
ludes planar graphs and graphs of bounded

genus. Both algorithms require no a priori knowledge of the stru
ture of the


lass ex
ept for its density; edge weights are only 
ompared and no random

a

ess to data is needed.

2002-551 R.

�

S�amal

Antisymmetri
 Flows and Strong Oriented Coloring of Planar

Graphs

In a re
ent paper Ne�set�ril and Raspaud de�ned antisymmetri
 
ow,

whi
h is a variant of nowhere zero 
ow, and the dual notion to strong
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oriented 
oloring. We give an upper bound on the number of 
olors needed

to a strong oriented 
oloring of a planar graph, and hereby we �nd a small

antisymmetri
 
ow for any planar graph. In the proof we use a result from


ombinatorial number theory|existen
e of large Sidon sets.

2002-552 T. Erleba
h, and J. Fiala

On-line Coloring of Geometri
 Interse
tion Graphs

This paper studies on-line 
oloring of geometri
 interse
tion graphs. It

is shown that no deterministi
 on-line algorithm 
an a
hieve 
ompetitive

ratio better than 
(logn) for disk graphs and for square graphs with n

verti
es, even if the geometri
 representation is given as part of the input.

Furthermore, it is proved that the standard First-�t heuristi
 a
hieves 
om-

petitive ratio O(log n) for disk graphs and for square graphs and is thus

best possible.

2002-553 E. Spe
ker

Postmodern�� matematika: Rozlou�
en�� s r�ajem? Logika aneb um�en��

programov�an�� (ed. J. Ne�set�ril)

44. KAM Matemati
k�e kolokvium p�rednesl dne 5. b�rezna 2002 prof.

dr. Ernst Spe
ker. Jeho osobnost je p�redstavena kr�at
e v pozv�an
e ke

kolokviu. Proto�ze se jedn�a o mimo�r�adnou ud�alost, KAM a ITI s laskav�ym

svolen��m p�redn�a�sej��
��ho vydaly vzpom��nkovou publika
i, kter�a zahrnuje �
esk�e

p�reklady jeho �
l�ank�u Postmoderne Matematik: Abs
hied vom Paradises? a

Die Logik oder Die Kunst des Programmierens. Ob�e vy�sly v Ernst Spe
ker:

Sele
ta (ed. G. J�ager, H. L�au
hli, B. S
arpellini, V. Strassen), Birkh�auser

Verlag, 1990; D�ekuji Ernstovi Spe
kerovi za laskav�e poskytnut�� podklad�u

a dr. M. Klazarovi, H. Nyklov�e, R. Bart�akovi a J. Hubi�
kovi za pomo


s t��mto �
��slem KAM-DIMATIA Seri��.

2002-554 S. Garoufalidis, and M. Loebl

Random Walks and the Colored Jones Fun
tion

It 
an be 
onje
tured that the 
olored Jones fun
tion of a knot 
an be


omputed in terms of 
ounting paths on the graph of a planar proje
tion

of a knot. On the 
ombinatorial level, the 
olored Jones fun
tion 
an be

repla
ed by its weight system. We give two 
urious formulas for the weight

system of a 
olored Jones fun
tion: one in terms of the permanent of a
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matrix asso
iated to a 
hord diagram, and another in terms of 
ounting

paths of interse
ting 
hords.

2002-555 B. E
kmann

Vzpom��nky na Heinze Hopfa

(Proslov p�rednesen�y 4.12.2001 u p�r��le�zitosti Hopfovy p�redn�a�sky)

(ed. J. Ne�set�ril)

45. KAM Matemati
k�e kolokvium p�rednesl dne 23. dubna 2002 prof.

dr. Beno E
kmann. Jeho osobnost je p�redstavena kr�at
e v pozv�an
e ke ko-

lokviu. Proto�ze se jedn�a o mimo�r�adnou ud�alost, KAM a ITI s laskav�ym

svolen��m p�redn�a�sej��
��ho vydaly tuto publika
i, kter�a zahrnuje �
esk�y p�reklad

vzpom��nkov�eho proslovu u p�r��le�zitosti obnoven�� Hopfov�y
h p�redn�a�sek na

ETH Cury
h dne 4. prosin
e 2001. Proslov je v�enov�an osobnosti Heinze

Hopfa, kter�y byl u�
itelem prof. E
kmanna. P�reklad p�redn�a�sky vy
h�az�� zde

poprv�e (v p�rekladu H. Marxov�e) s laskav�ym svolen��m autora, kter�y rovn�e�z

poskytl fotogra�i Heinze Hopfa. D�ekuji prof. E
kmannovi, a rovn�e�z dr.

M. Klazarovi, J. Hubi�
kovi a R.

�

S�amalovi za pomo
 s t��mto �
��slem KAM{

DIMATIA seri��.

2002-556 J. Fiala, K. Jansen, V.B. Le, and E. Seidel

Graph Sub
olorings: Complexity and Algorithms

In a graph 
oloring, ea
h 
olor 
lass indu
es a disjoint union of isolated

verti
es. A graph sub
oloring generalizes this 
on
ept, sin
e here ea
h 
olor


lass indu
es a disjoint union of 
omplete graphs. Erd}os and independently

Albertson et al. proved that every graph of maximum degree at most 3

has a 2-sub
oloring. We point out in this paper that this fa
t is best pos-

sible with respe
t to degree-
onstraints by showing that the problem of

re
ognizing 2-sub
olorable graphs with maximum degree 4 is NP-
omplete,

even when restri
ted to triangle-free planar graphs. Moreover, in general,

for �xed k, re
ognizing k-sub
olorable graphs is NP-
omplete on graphs

with maximum degree at most k

2

. In 
ontrast, we show that, for arbitrary

k, k-Sub
olorability 
an be 
omputed eÆ
iently on graphs of bounded

treewidth, on 
ographs and on graphs with bounded 
liquewidth.

2002-557 J. Fiala, P. Heggernes, P. Kristiansen, and J.A. Telle

Generalized H-
oloring and H-
overing of Trees

We study H(p; q)-
olorings of graphs, for H a �xed simple graph and

p; q natural numbers, a generalization of various other vertex partitioning
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on
epts su
h asH-
overing. AnH-
over of a graphG is a lo
al isomorphism

between G and H , and the 
omplexity of de
iding if an input graph G has

an H-
over is still open for many graphs H . In this paper we show that the


omplexity of H(2p; q)-COLORING is dire
tly related to these open graph


overing problems, and answer some of them by resolving the 
omplexity of

H(p; q)-COLORING for all a
y
li
 graphs H and all values of p and q.

2002-558 P. Poto�
nik and R.

�

Skrekovski

Nowhere-zero 3-
ows in Cayley graphs of Abelian groups

We 
hara
terize Cayley graphs of abelian groups whi
h admit a nowhere-

zero 3-
ow. In parti
ular, we prove that every k-valent Cayley graph of an

abelian group, where k � 4, admits a nowhere-zero 3-
ow.

2002-559 D. Kr�al' and H.-J. Voss

Edge{Disjoint Odd Cy
les in Planar Graphs

We prove �

odd

(G) � 2�

odd

(G) for ea
h planar graph G where �

odd

(G)

is the maximum number of edge{disjoint odd 
y
les and �

odd

(G) is the

minimum number of edges whose removal makes G to be bipartite, i.e.

whi
h meet all the odd 
y
les. For ea
h k, there is a 3{
onne
ted planar

graph G

k

with �

odd

(G) = 2k and �

odd

(G) = k.

2002-560 J. D��az, J. Ne�set�ril, M. Serna, D. M. Thilikos

H-
olorings of Large Degree Graphs

We 
onsider the H-
oloring problem on graphs with verti
es of large

degree. We prove that for H an odd 
y
le, the problem belongs to P. We

also study the phase transition of the problem, for an in�nite family of

graphs of a given 
hromati
 number, i.e. the threshold density value for

whi
h the problem 
hanges from P to NP-
omplete. We extend the result

for the 
ase that the input graph has a logarithmi
 size of small degree

verti
es. As a 
orollary, we get a new result on the 
hromati
 number; a

new family of graphs, for whi
h 
omputing the 
hromati
 number 
an be

done in polynomial time.

2002-561 P. Smol��kov�a, ed.

Eight Midsummer Combinatorial Workshop
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2002-562 J. K�ara and D. Kr�al'

Optimal Free Binary De
ision Diagrams for Computation of EAR

n

Free binary de
ision diagrams (FBDDs) are graph{based data stru
tures

representing Boolean fun
tions with a 
onstraint (additional to binary de
i-

sion diagrams) that ea
h variable is tested during the 
omputation at most

on
e. The fun
tion EAR

n

is a Boolean fun
tion on n�n Boolean matri
es;

EAR

n

(M) = 1 i� the matrixM 
ontains two equal adja
ent rows. We prove

that the size of optimal FBDDs 
omputing EAR

n

is 2

�(log

2

n)

.

2002-563 D. Kr�al', V. Majere
h, J. Sgall, T. Ti
h�y, and G. Woeginger

It is tough to be a plumber

In the Linux 
omputer game KPlumber, the obje
tive is to rotate tiles in

a raster of squares so as to 
omplete a system of pipes. We give a 
omplexity


lassi�
ation for the original game and various spe
ial 
ases of it that arise

from restri
ting the set of six possible tiles.

Most of the 
ases are NP-
omplete. One polynomially solvable 
ase is

settled by formulating it as a perfe
t mat
hing problem; other polynomial


ases are settled by simple sweepline te
hniques. Moreover, we show that

all the unsettled 
ases are polynomial time equivalent.

2002-564 J. Matou�sek, ed.

Workshop on Dis
rete Metri
 Spa
es and their Algorithmi
 Ap-

pli
ations

Finite metri
 spa
es have emerged in re
ent years as a new and in
uential

bran
h of dis
rete mathemati
s, with deep and surprising appli
ations in

Computer S
ien
e. The Workshop on Dis
rete Metri
 spa
es and their

Algorithmi
 Appli
ations was organized at the Holiday Inn Hotel in Haifa,

Israel, in Mar
h 2002, with the aim of summarizing the a
hievements in this

area to date and 
larifying the 
ore questions of the emerging �eld.

The parti
ipation was very strong and in
luded experts from quite di-

verse �elds, ranging from Bana
h spa
es to approximation algorithms. The

s
ienti�
 programme 
onsisted of 23 talks, from one-hour tutorials to short

presentations, and a problem session.

The open problems 
olle
ted in this booklet have been presented during

the talks at the workshop (in parti
ular, an opening le
ture by Nathan

Linial was mostly devoted to open problems), during the problem session, or


ontributed later by the parti
ipants. The heading of ea
h problem in
ludes
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a short title (mostly assigned by the editor, in order to fa
ilitate a qui
k

orientation) and the name of the person presenting the problem. This is not

ne
essarily the original author of the question; some of the problems seem

to be folklore and it may be nontrivial to tra
e their origins. The problems

were open, to the best knowledge of the people presenting them, at the time

of editing this 
olle
tion.

2002-565 J. J. Montellano-Ballesteros, R. Strausz

A 
hara
terization of 
o
ir
uit graphs of uniform oriented ma-

troids

In this paper the Radon 
omplex of an oriented matroid is introdu
ed.

It is a natural poset asso
iated to the Radon partitions of a separoid |a

natural generalization of an oriented matroid| whi
h, in their turn, will be

de�ned. We show that, in the uniform 
ase, the 1-skeleton of the Radon


omplex' dual is the oriented matroid's 
o
ir
uit graph. This leads to a


hara
terization of su
h graphs via a natural metri
 de�ned in the k-dual

of the n-
ube.

2002-566 J. Bra
ho, R. Strausz

Separoids and 
hara
terization of linear uniform oriented ma-

troids

In this paper the geometri
 dimension of an oriented matroid is intro-

du
ed. It is the minimal eu
lidian dimension where its separoid (to be

de�ned) 
an be realized as a family of 
onvex sets. We show that in the

uniform 
ase, it is enough to know this invariant to de
ide if the oriented

matroid is linear .

2002-567 M. DeVos, J. Ne�set�ril, and A. Raspaud

On 
ow and tension-
ontinuous maps

A 
y
le of a graph G is a set C � E(G) so that every vertex of the

graph (V (G); C) has even degree. If G;H are graphs, we de�ne a map

� : E(G) ! E(H) to be 
y
le-
ontinuous if the pre-image of every 
y
le

of H is a 
y
le of G. A fas
inating 
onje
ture of Jaeger asserts that every

bridgeless graph has a 
y
le-
ontinuous mapping to the Petersen graph.

Jaeger showed that if this 
onje
ture is true, then so is the 5-
y
le-double-


over 
onje
ture and the Fulkerson 
onje
ture.
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Cy
le 
ontinuous maps give rise to a natural quasi-order � on the 
lass

of �nite graphs. Namely, G � H if there exists a 
y
le-
ontinuous mapping

from G to H . The goal of this paper is to study this and other related quasi-

orders. In parti
ular, we establish a number of 
onne
tions between stru
-

tural properties of these quasi-orders and traditional 
ow/
oloring prob-

lems. Parti
ulary we etablish the existen
e of arbitrarily large �nite an-

ti
hains with respe
t to the 
y
le 
ontinuous order. (Even the existen
e of

anti
hains of size 2 was a problem). Our framework also leads to a vari-

ety of new questions. For instan
e, the following problem 
on
erns a basi


property of � whi
h we have been unable to resolve. Is there an in�nite set

of in
omparable graphs under the order �?

2002-568 H. Broersma, F.V. Fomin, J. Ne�set�ril, and G.J. Woeginger

More about sub
olorings

A sub
oloring is a vertex 
oloring of a graph in whi
h every 
olor 
lass

indu
es a disjoint union of 
liques. We derive a number of results on the


ombinatori
s, the algorithmi
s, and the 
omplexity of sub
olorings.

On the negative side, we prove that 2-sub
oloring is NP-hard for 
ompa-

rability graphs, and that 3-sub
oloring is NP-hard for AT-free graphs and

for 
omplements of planar graphs. On the positive side, we derive poly-

nomial time algorithms for 2-sub
oloring of 
omplements of planar graphs,

and for r-sub
oloring of interval and of permutation graphs. Moreover, we

prove asymptoti
ally best possible upper bounds on the sub
hromati
 num-

ber of interval graphs, 
hordal graphs, and permutation graphs in terms of

the number of verti
es.

2002-569 D. Kr�al'

An Exa
t Algorithm for the Channel Assignment Problem

A 
hannel assignment problem is determined by a triple (V;E;w) where

V is a vertex set, E an edge set and w is a fun
tion assigning edges positive

integer weights. An assignment 
 of integers between 1 andK to the verti
es

is proper if j
(u)� 
(v)j � w(uv) for ea
h uv 2 E; the smallest K for whi
h

there is a proper assignment is the span of the problem. The problem is

l-bounded if the values of w do not ex
eed l.

An algorithm running in time O(n(l + 2)

n

) for 
omputing the span of

an l-bounded 
hannel assignment problem with n verti
es is presented and

we dis
uss (im)possibility of designing a faster algorithm based on maximal

independent set approa
h. We further �nd an algorithm running in time

9



O(nl(l + 2)

n

) for 
omputing the number of di�erent proper assignments of

span at most K.

2002-570 A. Bag
hi, A. Chaudhary, C. S
heideler, and P. Kolman

Algorithms for Fault-Tolerant Routing in Cir
uit Swit
hed Net-

works

In this paper we 
onsider the k edge-disjoint paths problem (k-EDP),

a generalization of the well-known edge-disjoint paths problem. Given a

graph G = (V;E) and a set of terminal pairs (or requests) T , the problem

is to �nd a maximum subset of the pairs in T for whi
h it is possible to se-

le
t paths su
h that ea
h pair is 
onne
ted by k edge-disjoint paths and the

paths for di�erent pairs are mutually disjoint. To the best of our knowledge,

no nontrivial result is known for this problem for k > 1. To measure the

performan
e of our algorithms we will use the re
ently introdu
ed 
ow num-

ber F of a graph. This parameter is known to ful�ll F = O(��

�1

logn),

where � is the maximum degree and � is the edge expansion of G. We

show that a simple, greedy online algorithm a
hieves a 
ompetitive ratio of

O(k

3

�F ), whi
h naturally extends the best known bound of O(F ) for k = 1

to higher k. To a
hieve this 
ompetitive ratio, we introdu
e a new method

of 
onverting a system of k disjoint paths into a system of k length-bounded

disjoint paths. We also show that any deterministi
 online algorithm has a


ompetitive ratio of 
(k � F ).

In addition, we study the k disjoint 
ows problem (k-DFP), whi
h is

a generalization of the well-known unsplittable 
ow problem (UFP). The

k-DFP is similar to the k-EDP with the di�eren
e that we now 
onsider

a graph with edge 
apa
ities and the requests 
an have arbitrary demands

d

i

. The aim is to �nd a subset of requests of maximum total demand for

whi
h it is possible to sele
t 
ow paths su
h that all the 
apa
ity 
onstraints

are maintained and ea
h sele
ted request with demand d

i

is 
onne
ted by

k disjoint paths, ea
h of 
ow value d

i

=k.

The k-EDP and k-DFP problems have important appli
ations in fault-

tolerant (virtual) 
ir
uit swit
hing, whi
h plays a key role in opti
al net-

works.

2002-571 B. Banas
hewski, A. Pultr

A 
onstru
tive view of 
omplete regularity

This note introdu
es the largest interpolative relation 
ontained in the

rather below(= well inside) relation in a frame as a 
onstru
tive version of

10



the familiar 
ompletely below (= really inside) relation.It establishes several


onstru
tively valid results for this whose analogues for the latter are only

proved by means of the Axiom of Countable Dependent Choi
e.

2002-572 D. Kr�al', T. Madaras, and R.

�

Skrekovski

Cy
li
, Diagonal and Fa
ial Colorings

In an l-fa
ial 
oloring, any two di�erent verti
es joined by a fa
ial walk

of length at most l re
eive distin
t 
olors. The 
on
ept of fa
ial 
oloring

extends the well-known 
on
ept of 
y
li
 
oloring. We prove that

�

18l

5

�

+ 2


olors suÆ
e for an l-fa
ial 
oloring of a plane graph. For l = 2, 3 and

4, the upper bounds of 8, 12 and 15 
olors are shown. We use our results

on fa
ial 
oloring to de
rease to 16 the upper bound on the number of 
olors

needed for 1-diagonal 
oloring of plane quadrangulations.

2002-573 J. Fiala, J. Krato
hv��l, and A. Proskurowski

Systems of sets and their representatives

We introdu
e a new notion of Systems of Distant Representatives of

families of subsets of a metri
 spa
e. We are in parti
ular interested in

the 
omputational 
omplexity of de
iding the existen
e of su
h systems, for

di�erent distan
e parameters and for various metri
 spa
es. The problem


ontains as a subproblem the well known polynomial time solvable problem

of Systems of Distin
t Representatives (for dis
rete metri
 and distan
e pa-

rameter 1). We prove several NP-hardness results, e.g., for dis
rete metri


and distan
e parameter 2, or for Eu
lidean metri
 spa
es. We also show

a dire
t 
onne
tion to pra
ti
ally motivated and previously studied prob-

lems su
h as s
heduling, distan
e 
onstrained graph labeling, map labeling,

disjoint representatives of hypergraphs and independent sets in graphs.

2002-574 E. Bampis, M. Caramia, J. Fiala, A.V. Fishkin,

and A. Iovanella

On-line s
heduling of independent dedi
ated multipro
essor tasks

We study the o� and on-line versions of the well known problem of

s
heduling a set of n independent multipro
essor tasks with prespe
i�ed

pro
essor allo
ations on a set of identi
al pro
essors in order to minimize the

makespan. Re
ently, by Fishkin, Jansen, and Porkolab, it has been proven

that in the 
ase when all tasks have unit pro
essing time the problem 
annot

11



be approximated within a fa
tor of m

1

2

�"

, neither for some " > 0, unless

P= NP; nor for any " > 0, unless NP=ZPP. For this spe
ial 
ase we give a

simple algorithm based on the 
lassi
al �rst-�t te
hnique. We analyze the

algorithm for both tasks arrive over time and tasks arrive over list on-line

s
heduling versions, and show that its 
ompetitive ratio is bounded by 2

p

m

and 2

p

m + 1, respe
tively. Here we also use some preliminary results on

(vertex) 
oloring of k-tuple graphs. For the 
ase of arbitrary pro
essing

times, we show that any algorithm whi
h uses the �rst-�t te
hnique 
annot

be better than m 
ompetitive. Then, by using our split-round te
hnique, we

give a 3

p

m-approximation algorithm for the o�-line version of the problem.

Finally, by using some ideas by Shmoys, Wein, and Williamson we adapt

the algorithm to the on-line 
ase, in the paradigm of tasks arriving over

time in whi
h the existen
e of a task is unknown until its release date, and

show that its 
ompetitive ratio is bounded by 6

p

m. Due to the 
ondu
ted

experimental results, we 
on
lude that our algorithms 
an perform well in

pra
ti
e.

2002-575 A. Pultr and W. Tholen

Free Quillen Fa
torization Systems

The notion of Quillen fa
torization system is obtained by strengthening

the left and right lifting properties in a Quillen model 
ategory to the unique

diagonalization property. An equivalent des
ription of this notion is given

in terms of a double fa
torization system whi
h de
omposes ea
h arrow

uniquely into three fa
tors. The free 
ategory with Quillen fa
torization

system over a given 
ategory is des
ribed.

2002-576 M. Klazar

Extremal problems for ordered (hyper)graphs: appli
ations of

Davenport{S
hinzel sequen
es

We introdu
e a 
ontainment relation of hypergraphs whi
h respe
ts lin-

ear orderings of verti
es and investigate asso
iated extremal fun
tions. We

extend, by means of a more generally appli
able theorem, the n logn up-

per bound on the ordered graph extremal fun
tion of F = (f1; 3g; f1; 5g;

f2; 3g; f2; 4g) due to F�uredi to the n(logn)

2

(log logn)

3

upper bound in the

hypergraph 
ase. We use Davenport{S
hinzel sequen
es to derive almost

linear upper bounds in terms of the inverse A
kermann fun
tion �(n). We

12



obtain su
h upper bounds for the extremal fun
tions of forests 
onsisting of

stars whose all 
enters pre
ede all leaves.

2002-577 V. Fran�ek

Low-dis
repan
y Latti
e Sets and QMC Integration

Many low-dis
repan
y sets are suitable for quasi-Monte Carlo integra-

tion. Skriganov showed that the interse
tions of suitable latti
es with unit


ube have low dis
repan
y. We introdu
e adaptive algorithm based on lin-

ear programming whi
h s
ales any given latti
e approprietly and 
omputes

its interse
tion with unit 
ube. We 
ompare the quality of numeri
al inte-

gration using these low-dis
repan
y latti
e sets with approximations using

other known (quasi-)Monte Carlo methods. The 
omparison is based on

several numeri
al experiments, where we 
onsider both the pre
ision of the

approximation and the speed of generating of the sets. We 
on
lude that up

to dimensions about 15, low-dis
repan
y latti
es yield fairly good results.

In higher dimensions, the 
omputation of the interse
tion takes too long

and 
eases to be feasible.

2002-578 J. Fiala, A.V. Fishkin, F.V. Fomin

On-line and o�-line distan
e 
onstrained labeling of disk graphs

A disk graph is the interse
tion graph of a set of disks in the plane.

We 
onsider the problem of assigning labels to verti
es of a disk graph

satisfying a sequen
e of distan
e 
onstrains. Our obje
tive is to minimize

the distan
e between the least and the largest labels. We propose an on-line

labeling algorithm on disk graphs, if the maximum and minimum diameters

are bounded. We give the upper and lower bounds on its 
ompetitive ratio,

and show that the algorithm is asymptoti
ally optimal. In more detail

we explore the 
ase of distan
e 
onstraints (2; 1), and present two o�-line

approximation algorithms. The last one we 
all robust, i.e. it does not

require the disks representation and either outputs a feasible labeling, or

answers the input is not a unit disk graph.

2002-579 D. Kr�al', R.

�

Skrekovski

Borodin's Conje
ture on Diagonal Coloring is False

In a 1-diagonal 
oloring, verti
es of any fa
e and verti
es of any two

fa
es sharing an edge have to get di�erent 
olors. Borodin proved that

any triangulation of a surfa
e of Euler genus g � 2 
an be 1-diagonally

13




olored by b

13+

p

73+48g

2


 
olors. The bound is 
onje
tured to be sharp for

all surfa
es ex
ept for the plane. We disprove this 
onje
ture.

2002-580 A. Pultr, A. Tozzi

A monad for domains and other 
ategories

A small modi�
ation of Vi
kers' de�nition of 
ontinuous information

systems allows for a representation of the 
ategory of 
ontinuous domains

(
ontinuous DCPOs) and several other 
ategories (S
ott domains, 
ontin-

uous S
ott domains, 
ontinuous latti
es, algebrai
 latti
es, and others) as

Kleisli 
ategories of suitable monads.

2002-581 A. Pultr, A. Tozzi

Continuous DCPOs as 
omplete information systems

Continuous DCPOs are shown to be pre
isely the 
omplete obje
ts (in

the sense of the 
ompletions of Br�ummer, Giuli and Herrli
h) in a 
ertain


ategory of generalized information systems (related to those of Vi
kers),

with naturally de�ned morphisms and embeddings.

2002-582 M. Neh�ez

The Compa
tness Lower Bound of Shortest-path Interval Routing

on n� n Tori with Random Faulty Links

In this paper we 
onsider that a 
ommuni
ation network is given by a 2-

dimensional square torus with independently faulty links that is modelled

by a random graph. We prove the lower bound on 
ompa
tness of shortest-

path interval routing for a random 2-dimensional torus of the order N in

the form 
(

p

logN) with probability of at least 1 � o(1). This is the �rst

non-
onstant 
ompa
tness lower bound for random tori. The trivial upper

bound is O(N).

2002-583 J. Alber, J. Fiala

Geometri
 Separation and Exa
t Solutions for the Parameterized

Independent Set Problem on Disk Graphs

We 
onsider the parameterized problem, whether for a given set D of n

disks (of bounded radius ratio) in the Eu
lidean plane there exists a set of k

non-interse
ting disks. We expose an algorithm running in time n

O(

p

k)

,

that is|to our knowledge|the �rst algorithm for this problem with running

14



time bounded by an exponential with a sublinear exponent. For �-pre
ision

disk graphs of bounded radius ratio, we show that the problem is �xed

parameter tra
table with respe
t to parameter k.

The results are based on a new \geometri


p

�-separator theorem" whi
h

holds for all disk graphs of bounded radius ratio. The presented algorithm

then performs, in a �rst step, a \geometri
 problem kernelization" and, in

a se
ond step, uses divide-and-
onquer based on our geometri
 separator

theorem.

Our te
hniques 
an be extended to various other graph problems, su
h

as dominating set, to obtain similar results for disk graphs of bounded

radius ratio.

2002-584 R.

�

S�amal

Flows and Colorings of Graphs

We present an overview of the theory of nowhere zero 
ows, in parti
ular

the duality of 
ows and 
olorings, and the extension to anti
ows and strong

oriented 
olorings. As the main result, we �nd the asymptoti
 relation

between oriented and strong oriented 
hromati
 number.

2002-585 J. Ne�set�ril, P. Ossona de Mendez

Folding

We de�ne folding of a dire
ted graph as a 
oloring (or a homomorphism)

whi
h is inje
tive on all the down sets of a given depth. While in general

foldings are as 
ompli
ated as homomorphisms for some some 
lasses they

present an useful tool to study 
olorings and homomorphisms. Our main

result yields for any proper minor 
losed 
lass K a folding (of any pres
ribed

depth) using a �xed number of 
olors. This in turn yields (for any K) the

existen
e of a K

k

-free graph whi
h bounds all K

k

-free graphs belonging to

K. This has been 
onje
tured by the �rst author and solved for k = 3.

Parti
ularly, we prove (without using 4CT) the existen
e of a graph H

whi
h satis�es �(H) � 5, !(H) � 4 and su
h that any planar graph G is

homomorphi
 to H . This is sandwi
hed between 4CT and 5CT for planar

graphs and the general 
ase has bearing to Hadwiger Conje
ture.

2002-586 Z. Dvo�r�ak, D. Kr�al', and R.

�

Skrekovski

Coloring Fa
e Hypergraphs on Surfa
es

The fa
e hypergraph of a graph G embedded in a surfa
e has the same

vertex set as G and its edges are the sets of verti
es forming fa
es of G.

15



A Hypergraph is k-
hoosable if for ea
h assignment of lists of 
olors of sizes

k to its verti
es, there is a 
oloring of the verti
es from these lists avoiding

a mono
hromati
 edge.

We prove that the fa
e hypergraph of a triangulation of a surfa
e of

Euler genus g is O(

3

p

g)-
hoosable. This bound mat
hes a previously known

lower bound of the order 
(

3

p

g). If ea
h fa
e of the graph is in
ident with

at least r verti
es, then the fa
e hypergraph is O(

r

p

g)-
hoosable. Separate

results for small genera are presented: The bound of 3 for triangulations of

surfa
es of Euler genus g = 3 and the bound of

l

7+

p

36g+49

6

m

for g � 3 are

shown. Our results dominate the previously known bounds for all genera

ex
ept for g = 4; 7; 8; 9; 14.

2002-587 Z. Dvo�r�ak, J. K�ara, D, Kr�al', and O. Pangr�a


Feasible Sets of Pattern Hypergraphs

A pattern (�

1

; : : : ;�

�

)-hypergraph H is a hypergraph (V; E) with edge

types �

i

; ea
h of �

i

is a set of equivalen
es. Ea
h edge of H is assigned one

of the edge types �

i

. A 
oloring 
 of H is proper if for ea
h �

i

-edge E the


olor 
lasses of 
 on E form an equivalen
e whi
h is 
ontained in the type

�

i

. The feasible set of H is the set of all k's for whi
h there is a proper


oloring using exa
tly k 
olors.

We prove a simple suÆ
ient and ne
essary 
ondition on (�

1

; : : : ;�

�

) for

the existen
e of a pattern (�

1

; : : : ;�

�

)-hypergraph H whose feasible set is

not an interval of integers.

2002-588 M. Klazar

Kaleidoskop teorie �
��sel (7. kapitola)

Toto je p�redb�e�zn�y text 7. kapitoly o �
��seln�y
h rozklade
h ze skript k m�e

p�redn�a�s
e

�

Uvod do teorie �
��sel , kterou jsem konal na MFF UK v Praze

v zimn��
h semestre
h �skoln��
h rok�u 1996/97, 1998/99, 1999/00, 2000/01 a

2001/02. Zat��m v preprintov�e �rad�e KAM-DIMATIA Series vy�sly kapitoly 1

(z�akladn�� pojmy a obraty), 2 (diofanti
k�e aproxima
e), 3 (diofanti
k�e rov-

ni
e), 4 (kongruen
e) a 5 (prvo�
��sla) a budou v n�� postupn�e vyd�any zbyl�e ka-

pitoly 6 (geometrie �
��sel), 8 (medailony matematik�u) a 9 (n�avody k �re�sen��m

�uloh).
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2002-589 T. Madaras, R.

�

Skrekovski, and H.-J. Voss

The 7-
y
le C

7

is light in the family of planar graphs with mini-

mum degree 5

A 
onne
ted graph H is said to be light in the 
lass of graphs H if there

exists a positive integer k su
h that ea
h graph G 2 H that 
ontains an

isomorphi
 
opy of H 
ontains a subgraph K isomorphi
 to H that satis�es

the inequality

P

v2V (K)

deg

G

(v) � k. It is known that an r-
y
le C

r

is light

in the family of planar graphs with minimum degree 5 if 3 � r � 6, and not

light for r � 11. We prove that C

7

is also light in this family

2002-590 V. Jungi�
, J. Li
ht, M. Mahdian, J. Ne�set�ril, and R. Radoi�
i�


Rainbow Arithmeti
 Progressions and Anti-Ramsey Results

The van der Waerden theorem in Ramsey theory states that for every k

and t and suÆ
iently large N , every k-
oloring of [N ℄ 
ontains a mono
hro-

mati
 arithmeti
 progression of length t. Motivated by this result, Radoi�
i�



onje
tured that every equinumerous 3-
oloring of [3n℄ 
ontains a 3-term

rainbow arithmeti
 progression, i.e., an arithmeti
 progression whose terms

are 
olored with distin
t 
olors. In this paper, we prove that every 3-
oloring

of the set of natural numbers for whi
h ea
h 
olor 
lass has density more

than 1=6, 
ontains a 3-term rainbow arithmeti
 progression. We also prove

similar results for 
olorings of Z

n

. Finally, we give a general perspe
tive on

other anti-Ramsey-type problems that 
an be 
onsidered.

2002-591 B. Banas
hewski and A. Pultr

A General View of Approximation

2002-592 J. Ne�set�ril and P. Ossona de Mendez

Cuts and Bounds

We 
onsider the 
olouring (or homomorphism) order C indu
ed by all

�nite graphs and the existen
e of a homomorphism between them. This

ordering may be seen as a latti
e whi
h is however far from being 
omplete.

In this paper we study bounds and suprema and maximal elements in C

of some frequently studied 
lasses of graphs (su
h as bounded degree, de-

generated and 
lasses determined by a �nite set of forbidden subgraphs).

We relate these extrema to 
uts of sub
lasses K of C (
uts are �nite sets

whi
h are 
omparable to every element of the 
lass K). We determine all
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uts for 
lasses of degenerated graphs. For 
lasses of bounded degree graphs

this seems to be a very diÆ
ult problem whi
h is also mirrored by the fa
t

that these 
lasses fail to have a supremum. We note a striking di�eren
e

between undire
ted and oriented graphs. This is based on the re
ent work

of C. Tardif and J. Ne�set�ril. Also minor 
losed 
lasses are 
onsidered and

we survey re
ent results obtained by authors. A bit surprisingly this order

setting 
aptures Hadwiger 
onje
ture and suggests some new problems.

2002-593 T. Feder, P. Hell, S. Klein, and R. Motwani

List Partitions

List partitions generalize list 
olourings and list homomorphisms. Ea
h

symmetri
 matrix M over 0; 1; � de�nes a list partition problem. Di�erent


hoi
es of the matrixM lead to many well-known graph theoreti
 problems

in
luding the problem of re
ognizing split graphs and their generalizations,

�nding homogeneous sets, joins, 
lique 
utsets, stable 
utsets, skew 
utsets

and so on. We develop tools whi
h allow us to 
lassify the 
omplexity of

many list partition problems and, in parti
ular, yield the 
omplete 
las-

si�
ation for small matri
es M . Along the way, we obtain a variety of

spe
i�
 results in
luding: generalizations of Lov�asz's 
ommuni
ation bound

on the number of 
lique-versus-stable-set separators; polynomial-time al-

gorithms to re
ognize generalized split graphs; a polynomial algorithm for

the list version of the Clique Cutset Problem; and the �rst subexponen-

tial algorithm for the Skew Cutset Problem of Chv�atal. We also show that

the di
hotomy (NP -
omplete versus polynomial-time solvable), 
onje
tured

for 
ertain graph homomorphism problems would, if true, imply a slightly

weaker di
hotomy (NP -
omplete versus quasipolynomial) for our list par-

tition problems.

2002-594 P. Kolman

A Note on the Greedy Algorithm for the Unsplittable Flow Prob-

lem

In a re
ent paper Chekuri and Khanna improved the analysis of the

Greedy algorithm for the Edge Disjoint Paths problem and proved the same

bounds also for the related Uniform Capa
ity Unsplittable Flow Problem.

Here we show that their ideas 
an be used to get the same approximation

ratio even for the more general Unsplittable Flow Problem with nonuniform

edge 
apa
ities.

18



2002-595 J. Fiala and D. Paulusma

The 
omputational 
omplexity of the role assignment problem

A graph G is R-role assignable if there is a lo
ally surje
tive homomor-

phism from G to R, i.e. a vertex mapping r : V

G

! V

R

, su
h that the

neighborhood relation is preserved: r(N

G

(u)) = N

R

(r(u)). Kristiansen and

Telle 
onje
tured that the de
ision problem whether su
h a mapping exists

is an NP-
omplete problem for any 
onne
ted graph R on at least three

verti
es. In this paper we prove the 
onje
ture and show further 
orollaries

for dis
onne
ted graphs and related problems.

2002-596 M. Loebl

On Ground State In
ongruen
e in Spin Glasses

A 
onstru
tion supporting a 
onje
ture that di�erent ground state pairs

exist in the 2-dimensional Edwards-Anderson Ising spin glass is presented.

2002-597 D. Piguetov�a

A 
anoni
al Ramsey-type theorem for �nite subsets of N

T. Brown proved that whenever we 
olor P

f

(N) (the set of �nite subsets

of natural numbers) with �nitely many 
olors, we �nd a mono
hromati


stru
ture, 
alled an arithmeti
 
opy of an !-forest.

In this paper we show a 
anoni
al extension of this theorem; i.e. when-

ever we 
olor P

f

(N) with arbitrarily many 
olors, we �nd a 
anoni
ally


olored arithmeti
 
opy of an !-forest. The �ve types of the 
anoni
al 
ol-

oring are determined. This solves a problem of T. Brown.

2002-598 A. P�or and P. Valtr

On the partitioned version of the Erd�os{Szekeres theorem

Let k � 4. A �nite planar point set X is 
alled a 
onvex k-
lustering, if

it is a disjoint union of k sets X

1

; : : : ; X

k

of equal sizes su
h that x

1

x

2

: : : x

k

is a 
onvex k-gon for ea
h 
hoi
e of x

1

2 X

1

; : : : ; x

k

2 X

k

. Answering a

question of Gil Kalai, we show that for every k � 4 there are two 
onstants


 = 
(k), 


0

= 


0

(k) su
h that the following holds. If X is a �nite set of

points in general position in the plane then it has a subset X

0

of size at most




0

su
h that X nX

0


an be partitioned into at most 
 
onvex k-
lusterings.

The spe
ial 
ase k = 4 was proved earlier by P�or. Our result strengthens
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the so-
alled positive fra
tion Erd}os{Szekeres theorem proved by B�ar�any

and Valtr. The proof gives reasonable estimates on 
 and 


0

, and it works

also in higher dimensions. We also improve the previous 
onstants for the

positive fra
tion Erd}os{Szekeres theorem obtained by Pa
h and Solymosi.

2002-599 P. Valtr

A suÆ
ient 
ondition for the existen
e of large empty 
onvex poly-

gons

Let P be a set of points in general position in the plane. We say that P

is k-
onvex, if no triangle determined by P 
ontains more than k points of

P in the interior. We say that a subset A of P in 
onvex position forms

an empty polygon (in P ), if no point of P n A lies in the 
onvex hull of A.

We show that for any k; n there is an N = N(k; n) su
h that any k-
onvex

set of at least N points in general position in the plane 
ontains an empty

n-gon. We also prove an analogous statement in IR

d

for ea
h odd d � 3.
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