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KoLLOQUIUM UBER KOMBINATORIK — 16. UND 17. NOVEMBER 1993
DISKTRETE MATHEMATIK — TECHNISCHE UNIVERSITAT BRAUNSCHWEIG

Liebe Teilnehmerinnen und Teilnehmer:

Fir Ihr Interesse an dieser dritten Braunschweiger Kombinatorik-Tagung bedanken

wir uns sehr herzlich bei Ihnen. Durch Ihre Teilnahme wird eine gelungene Tagung
erst moglich.

An dieser Stelle mochten wir den vielen freiwilligen Helfern unseren besten Dank
aussprechen.

Fir eine finanzielle Unterstitzung danken wir dem Herrn Prasidenten der Technischen
Universitit Braunschweig.

Allen Teilnehmern wiinschen wir einen erfolgreichen Tagungsverlauf und einen an-
genehmen Aufenthalt in Braunschweig.

Heiko Harborth
Arnfried Kemnitz
Lothar Piepmeyer
Hartmut Weif§

Diskrete Mathematik
Technische Universitiat Braunschweig
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KoLLoQuiuM UBER KOMBINATORIK — 16. UND 17. NOVEMBER 1993
DISKRETE MATHEMATIK — TECHNISCHE UNIVERSITAT BRAUNSCHWEIG

9.45

10.00

11.05

Dienstag, 16. November 1993

Eroffnung

(Horsaal: Aula)

L. W. Beineke (Fort Wayne, Indiana, USA)
“Arbitrary decompositions of graphs.”

— Kaffeepause —

A. Blokhuis (Eindhoven, The Netherlands)

(Horsaal: Aula)

“Blocking sets and arcs in desarguesian planes,
recent developments.”

(Horsaal: Aula)

12.00-13.30 Mittagspause
Zeit SektionI Sektion II Sektion ITI Sektion IV Sektion V
Raum F315 Raum F316 Raum PK 14.1 Paum PK 14.7 Raum PK 14.8
(chem. Raum P$) (chem. Raum P§6) {¢hem. Raum P7)
K. Router s R.-H. Schuls H.M. Muldor: B. Wagnor K. Klamroth :

13.30 Linear extensions of ordesrod Prifsciches aus Paaren Subpath acyclic digraphs Partial infation of closed Ramsey-Zahlen fir Mengen

sets and convexity orthogonaler Lateinischer peolygens In the plans von Grapben
Quadrate
Th. Andrecac: T. van Trung : C. Flotow : V. V/elkor 3 D. Olpp:

14'00 A note on fibres of posets Some existence theorems for Potensen von m-Traper- Das Permutasder, Kom- Die Muitiplicities einiger
and the clique-transversal t-designs graphen positioncn uad Kenfigura- kleiner Hypergraphen
pumber of perfect graphs tionsraume

St. Folsoor: A, Pott: E. Priosnors B. Woraicke : E. Harxhelm 1

14’30 On the fractional dimensicn A new class of symmetric Radius versus dlametor in Das Volumen voa Sitaplaxen Ober Ramscy-Zahlen bei

of partially orders designs cocomparsbility and inter- mut Kanten glelcher Linge schwach arithmetischen
section graphs in Banachrwnen Progressionca
D. Lau: J. Bierbrauer: V.Los 3. M, Wllis + $. Hartmana:

15.00 Die Anzahl der charakte- A family of erthogonal ar- Sterblichkeit itorierter Gallai- | Finite and Infinite packings A Turda type problern for
ristischen Tupel der Menge rays and resilient functions Graphen eartially ordercd sets
aller Funktionea... of arbitrary strength

15.30 Kaffeepause
W, Poguntko 1 R. Bodendlek ; R. Labahas P. Brafis M. Klasar;

16.00 Optimale Graphea fir Kom- On edgo labelings Keorncls of minlmum sixe Counting smallest distancss Single cxpom.:}linl upper
munikationsnetse gossip ochemes in normod spacey b:;f o3 Frddo-Rado pair

numbery

16.30 U. Tamm : G, Schaart W. Douber: T. Thialo ¢ U. Matthlas s

. Rank of sct intersoction ma- Spezielle Numerierungen in Tha bridge bet bj Punl gen mit verschi Ule Turdn-Funkejon fir
trics and communication Hypergraphan natorics and loglc I denen Abstinden Kypergraphen
complexity

17.00 H. Lotmann § G. Gutia ; W. Thumsar s - G.Blr L. Neumaaa :

. A {ast approximation al- Polynomial algorithms for The bridge between combi- Paclung clastischer Rechtocke | Einsig-3-farbbars Graphea
gorithm for computing the finding bamiltonian paths natorics and logic 1
17 30 L Althdfor : Y. Guo: G. Lafmaan 1 T. Pisagski : X. Dohmont
. Edge search in graphs and Weakly bamiltonjan-con- qorutmdlou of combinato- Characterising graph draw- Reduktionsinvarianten und
hypergraphs of bounded n?cud locally Jcomp d-pscudomanifolds with ings with sigeavectors ctromatische Polynome
rank digraphs permuted difference cycles
18.00 D. Geraart : L. Volkmaan 3 W. Kihoel ¢ B. Nadaola:
. How to manage a mathe Oa the cycle structure of Permutod difference cycles Elementary proafs of Grio-
matical 200 strong mullipartite and trlangulated sphers baum's and McBeath's
tournaments buadles Theorem
19.30 Gemeinsames Abendessen

im Restaurant “Guner Jager”, Ebertallee 50,
Braunschweig-Riddagshausen
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9.00

10.00

11.05

Mittwoch, 17. November 1993

G. Fejes Toth (Budapest, Hungary)
“Generalizations of the Erds-Szekeres
convex n-gon theorem.”

W. Oberschelp (Aachen)
“Exponential generating functions — a solution

(Horsaal: PK4.3)
(ehem. P2)

for linear difference- and differential-equations.”

— Kaffeepause —

C. Thomassen (Lyngby (Copenhagen) Denmark)
“Drawings of graphs in the plane.”

(Horsaal: PK4.3)

(Horsaal: PK4.3)

12.00-13.30 Mittagspause
3
Zeit SektionI Sektion II Sektion III Sektion IV Sektion V
Raum F315 Raum F316 Raum PK 14.1 Raum PK 14,7 Raum PK 14.8
(ehem. Raum P5) (chem. Raum P6) (chem. Raum P7)
G. Brinkmaun : E. Girlich : U. Baumann 3 G. Burcsech 1 H. Fripertingert
13030 H 3 H ‘ i in} Idi Anzahlt i d
The solution of the 9-cage Combinatorial properties of Power graphs Edges of given - 1g un
problem polymatroids tance in hypercubes Konstruktion von k-Motiven...
E. Steffen ¢ P. Strempel ¢ P, Valtr: S. Bosrukow H.-J. Vob 5
14.00 Culiic graphs with nowhere- (Pscudo)Geradenarrangements]| A Ramsey-type theorem Sonie new solution: af & dis- 2-connected cubis bipartite
zero S-How mit maximaler Anzahl von in the planc and related crete isoperimetric problem graphs of given circ
Dreiccken questions in the Hamming apacs ence with maximum order
Th. Béhmea1 J. Bokowaki 1 J. Ottas M, Skoviera s P, Gobel ¢
14.30 On circuits in toroidal graphs | Matroldtheoric und Konvex. Triangle-frec planar graphs Regular cmbcddingg of the Planar regular graphs with
geometric are planar Hasso-dlagrams n-cubo graphs In orientable prascribed diameter
surfaces
U. Leck ¢ P. Schucbert t P. Niomayer : J. Flachomayer : St. Braudt :
15.00 Die Dichte uniformer Men- Simpliziale 3-Spharen mit ‘Translationen lokalfiniter Polya-Abzahlung fGr die Cycles aad paths in tricnglo-
. Eekonfi Granh Netsze des 4-dimensicnalen f
gensysteme isomorphen 3 p Warfes roe graphs
15.30 Kaffeepause
16.00 M. Bussieck s 1. Schiermoyar : . P. Hering C. Hoedeo s Th. Kélmel :
. The minimal cut-cover of a On path-tough graphs Radons Sate und symme- New resulis on act games Even Desigus und sym-
sraph trische Verteilungen tactrische Blockplane
16.30 M. Bischoff': S. Kyaw : H, Gropp: J. Biiltermann s K. Matach 1
. Counting paths in sparsc A Dirac-type criterion for Blocking set free config Superli pesiod lengths Wieviel Struktur kénnen
large graphs with Lmited hamiltonicity tions, digraphs and hyper- in some subtraction games uwej verschicdene projektive
memory graphs Ebenen derselben Ordnung
gemeinsun haben
17.00 T. Grotendiek : V. Hoa: H.-D. Gronau ¢ L. Khachatrlan ; A. Hucek :
. On some decision models Hinreichende Bedingun- Orthogonale Doppeliber New correlation i Liti Independent trces
with random walks gen fiir die Existens von Il in combinatorial numbcr
Hamiltonkreisen... dockungen des Ko theory
17 30 K. Engel : V., Hoa: G. Behrondt : M, Hendy t
. Spectral properties and the Hamiltonsche und path- Ou o-homogeneous arderod Stisling factors end evolu-
Jordan normal form of ma- tough Eigenschaftca In st tonesy trees

trices with products of...

3-tough Graphen
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KoLrLoQuiuM UBER KOMBINATORIK — 16. UNI{ 17. NOVEMBER 1993
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Tagungsbiiro

Hauptvortrage

Sektionsvortrage

Bibliothek

Cafeteria

Arbeitsraum

\

!

Raumplan

F314 (Forum, 3.Stockwerk)

Aula der Kant-Hochschule und
Horsaal PK 4.3 (ehem. P2) (Altgebaude, Pockelsstr. 4)

PK 4.1 (ehem. P5), F315 und F316 (Forum, 3. Stockwerk) sowie
Hoérsile PK 14.7 (ehem. P6) und PK 14.8 (ehem. P7) (Forum, 5.
Stockwerk)

F416 (Forum, 4. Stockwerk), gedffnet Dienstag von 9.00 bis 19.00,
Mittwoch von 9.00 bis 18.00

F314 (Forum, 3.Stockwerk)

F507 (Forum, 5.Stockwerk)

Im Erdgeschofl des Forum befindet sich ein Miinzfernsprecher
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GEMELINSAMEDS ABENULOSSIN AM JLENSTAG, 16,.11.1993

Landgasrhaus

Suppen

i Vonspeise ' . -

Hauptgerichie

Salat

Desrsend

UNSERE KLEINE KARTE

TVAXXAXIXIILIDSB AR

Holsteinen Kaato{lel Lauchéuppe

. mit Caéion4 und Kadutean : on

Lachbcaemeéuppe m4t Caevetten ’ﬁ}A oM

v

'Uacholdea—geaducheathé Fonellen{&lai »
- mil Zitnone,: Sahnemeenaett&ch, ST
‘ Buttea und 7oa4t fﬁﬁgr, R V;Q;_ on

Aagent¢n¢4che¢ RLndanhuﬂtéteak 780 gnr.
dazu Pleffersauce; Baatkaato{#eln
und Buiterbohnen - . on

Schwibischern Stubletellon

3 Schweinefilet-Medaillons

auf Kdsespitzle, dazu Rahmchampignons,
Speckstreifen und ein kleinen Salat on

Kuttenscholle ”Nadagaékaa
mit galinem Pleflenr, Buitenkaritoffeln
und einem Beilagensalat on

Hausgemachtles Braunschweigen Sauwen-
Lfleisch mil Suuce Remoulade und

Bratkantoffeln . oM

Gemillsegratin “Vien Jahreszeiten®
mil Kdsesauce Uberbacken,

dazu StangenweiBbnrot anm

Wildrnagout Garlnen Jégen

in Pilzaahméauce, Rotkoht, Spitzle

und edinem Bratapfel, gelUlit mit
Preiselleeren - oM

GroBen Salatteller mit Ei, Croldtons
und krossem Speck on

ABraunschweigen Rote Gallize
mil Vanilleeis und Sahne DM

7 Kugel Eis mit Sahne on

6,50
7,00

12,50

28,50

24,00

20,50

75,50

21,50
73.50

7,50
4,20
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KOLLOQUIUM UBER KOMBINATORIK — 16. UND 17. NOVEMBER 1993
DISKRETE MATHEMATIK — TECHNISCHE UNIVERSITAT BRAUNSCHWEIG

Hauptvortage

L. W. Beineke (Fort Wayne, Indiana, USA)
A. Blokhuis (Eindhoven, The Netherlands)
G. Fejes-T6th (Budapest, Hungary)

W. Oberschelp (Aachen)

C. Thomassen (Lyngby, Denmark)

Arbitrary decompositions of graphs

Blocking sets and arcs in desarguesian planes, recent developements
Generalizations of the Erdés-Szekeres convex n-gon theorem
Exponential generating functions - a solution concept for linear
difference- and differential equations

Drawings of graphs in the plane

Kurzvortrage

I. Althofer (Bielefeld)
Th. Andreae (Hamburg)

G. Bir (Greifswald)

U. Baumann (Dresden)
G. Behrendt (Tibingen)
S. Bezrukow (Paderborn)

J. Bierbrauer (Heidelberg)

M. Bischoft (Braunschweig)
R. Bodendiek (Kiel)

J. Bokowski (Darmstadt)
Th. B6hme (Ilmenau)

St. Brandt (Berlin)

P. BraB (Greifswald)

G. Brinkmann (Bielefeld)
J. Biiltermann (Bielefeld)
G. Burosch (Rostock)

M. Bussieck (Braunschweig)
W. Deuber (Bielefeld)

K. Dohmen (Disseldorf)
K. Engel (Rostock)

St. Felsner (Berlin)

J. Flachsmeyer (Greifswald)

C. Flotow (Hamburg)

H. Fripertinger (Graz, Osterreich)

D. Gernert (Miinchen)
E. Girlich (Magdeburg)
F. Gobel (Enschede, The Netherlands)

H.-D. Gronau (Greifswald)
H. Gropp (Heidelberg)

T. Grotendiek (Bielefeld)

Y. Guo (Aachen)

G. Gutin (Odense, Denmark)

S. Hartmann (Rostock)

E. Harzheim (Diisseldorf)

M. Hendy (Palmerston North, New Zealand)
F. Hering (Dortmund)

V. Hoa (Dresden)

Edge search in graphs and hypergraphs of bounded rank
A note on fibres of posets and the clique

transversal number of perfect graphs

Packung elastischer Rechtecke

Power graphs

On c-homogeneous ordered sets

Some new solutions of a discrete isoperimetric problem in
the Hamnming spaces

A family of orthogonal arrays and resilient functions of
arbitrary strength

Counting paths in sparse large graphs with limited memory
On edge labelings

Matroidtheorie und Konvexgeometrie

On circuits in toroidal graphs

Cycles and paths in triangle-free graphs

Counting smallest distances in normed spaces

The solution of the 9-cage problem

Superlinear period lengths in some subtraction games
Edges of given minimal distance in hypercubes

The minimal cut-cover of a graph

;" The bridge between combinatorics and logic I

Reduktionsinvarianten und chromatische Polynome
Spectral properties and the Jordan normal form of matrices
with products of binomial coefficients as entries

On the fractional dimension of partially orders

:. Polya-Abzahlung fiir die Netze des 4-dimensionalen Wiirfels

Potenzen von m-Trapezgraphen

Anzahlbestimmung und Konstruktion von k-Motiven in einem
Modell der Mathematischen Musiktheorie

How to manage a mathematical zoo

Combinatorial characterizations of polymatroids

Planar regular graphs with prescribed diameter

Orthogonale Doppeliiberdeckungen des IT,:
Blocking set free configurations, digraphs and hypergraphs
On some decision models with random walks

: . Weakly hamiltonian-connected locally semicomplete digraphs

Polynomial algorithms for finding hamiltonian paths and cycles
in quasi-transitve digraphs

A Turan type problem for partially ordered sets

Uber Ramsey-Zahlen bei schwach arithmetischen Progressionen
Stirling factors and evolutionary trees

Radons Satz und symmetrische Verteilungen

Hinreichende Bedingungen fir die Existenz von
Hamiltonkreisen in pathtough Graphen



V. Hoa (Dresden)

C. Hoede (Enschede, The Netherlands)
A. Huck (Hannover)

: L. Khachatrian (Bielefeld)

K. Klamroth (Braunschweig)

M. Klazar (Praha, Czech Republik)
Th. Kélmel (Heidelberg)

W. Kiihnel (Duisburg)

S. Kyaw (Berlin)

R. Labahn (Rostock)

G. LaBmann (Berlin)

D. Lau (Rostock)

V. Le (Berlin)
U. Leck (Berlin)
H. Lefmann (Dortmund)

U. Matthias (Neckarhausen)
K. Metsch (Giessen)

H.M. Mulder (Rotterdam, The Netherlands)
R. Nedela (Banski Bystrica, Slovakia)-
L. Neumann (Dresden)

P. Niemeyer (Berlin)

D. Olpp (Braunschweig)

J. Otta (Praha, Czech Republik)
T. Pisanski (Ljubljana, Slowenia)
W. Poguntke (Hagen)

A. Pott (Augsburg)

E. Prisner (Hamburg)

K. Reuter (Hamburg)

G. Schaar (Freiberg)

I. Schiermeyer (Aachen)

P. Schuchert (Darmstadt)

R.-H. Schulz (Berlin)

M. Skoviera (Bratislava, Slovakia)
E. Steffen (Bielefeld)

P. Strempel (Darmstadt)

U. Tamm (Bielefeld)

T. Thiele (Berlin)

W. Thumser (Bielefeld)

T. van Trung (Essen)

P. Valtr (Berlin)

L. Volkmann (Aachen)

H.-J. Vo8 (Dresden)

B. Wegner (Berlin)
V. Welker (Essen)
B. Wernicke (Erfurt)

J.M. Wills (Siegen)

Hamiltonsche und pathtough Eigenschaften in 2-tough Graphen
New results on set games

Independent trees

New correlation inequalities in combinatorial number theory
Ramsey-Zahlen fiir Mengen von Graphen

Single exponential upper bound on Erdds-Rado pair numbers
Even Designs und symmetrische Blockplane

Permuted difference cycles and triangulated sphere bundles

A Dirac-type criterion for hamiltonicity

Kernels of minimum size gossip schemes

Construction of combinatorial d-pseudomanifolds with
permuted difference cycles

Die Anzahl der charakteristischen Tupel der Menge aller
Funktionen der k-wertigen Logik, die hochstens

zwei verschiedene Werte annehmen

Sterblichkeit iterierter Gallai-Graphen

Die Dichte uniformer Mengensysteme

A fast approximation algorithm for computing

the frequencies of subgraphs in a given graph

Die Turan-Funktion fiir Hypergraphen ;
Wieviel Struktur konnen zwei verschiedene projektive Ebenen 3

derselben Ordnung gemeinsam haben 5
Subpath acyeclic digraphs :
Elementary proofs of Griinbaum’s and McBeath’s Theorem
Einzig-3-firbbare Graphen '

Translationen lokalfiniter Graphen

Die Multiplicities einiger kleiner Hypergraphen

Triangle-free planar graphs are planar Hasse-diagrams
Characterising graph drawings with eigenvectors

Optimale Graphen fiir Kommunikationsnetze

A new class of symmetric designs

Radius versus diameter in cocomparability and intersection graphs
Linear extensions of ordered sets and convexity

Spezielle Numerierungen in Hypergraphen

On path-tough graphs ,

Simpliziale 3-Spharen mit isomorphen Eckenfiguren

Priifzeichen aus Paaren orthogonaler Lateinischer Quadrate
Regular embeddings of the n-cube graphs in orientable surfaces
Cubic graphs with nowhere-zero 5-flow
(Pseudo)Geradenarrangements mit maximaler Anzahl von Dreiecken
Rank of set intersection matrices and communication complexity
Punktmengen mit verschiedenen Abstanden

The bridge between combinatorics and logic II

Some existence theorems for t-designs

A Ramsey-type theorem in the plane and related questions

On the cycle structure of strong multipartite tournaments
2-connected cubic bipartite graphs of given circumference

with maximum order

Partial inflation of closed polygons in the plane

Das Permutaeder, Kompositionen und Konfigurationsraume

Das Volumen von Simplexen mit Kanten gleicher Lange

in Banachraumen

Finite and infinite packings

Weitere Teilnehmer

I. Bouchemakh (Rostock),
N. Cai (Bielefeld),
D. Dornieden (Braunschweig),
M. Griittmiiller (Rostock).



H. Harborth (Braunschweig),

H. Hotje (Hannover),

Ch. Josten (Frankfurt/Main),

H.A. Jung (Berlin),

A. Kemnitz (Braunschweig),

R. Klimmeck (Berlin),

V. Leck (Rostock),

I. Mengersen (Braunschweig),

E. Pfeifer (Braunschweig),

L. Piepmeyer (Braunschweig),

U. Prifi (Darmstadt),

P.A.J. Scheelbeek (Groningen, The Netherlands) ,
K. Scheel-Bielefeld (Osterholz-Scharmbeck),
M. Sonntag (Freiberg),

B. Strauch (Rostock),

Th. Thode (Diisseldorf),

M. Voigt (Ilmnenau),

A. Walz (Berlin),

I. Warnke (Rostock),

H. Weif§ (Braunschweig)
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EDGE SEARCH IN GRAPHS AND HYPERGRAPHS
OF BOUNDED RANK

INGO ALTHOFER ;.

Fakultét fiir Mathematik '
' Universitit Bielefeld
Postfach 100131
33501 Bielefeld

Germany

Consider a finite undirected graph G = (V, E) with a probability distribution P =
(P1,-.-,pm) ontheset E = {e1,...,em} of its edges. What is the average case com-
plexity L(G,P) of finding an unknown edge ¢* € E which is distributed according

to P if the following tests are admitted: For any U C V' we may test whether both .

vefticgs of e* belongto U.

We give a construction which proves the existence of a constant c; such that

H(Pl)”'apm) < T’(G,P) < H(Pl,---,Pm) +c2
for all pairs (G, P) . Here H(P) denotes the entropy of the distribution P .

Analogous results (with constants c¢, ) hold for all hypergraphs of bounded rank r .
(The rank of a hypergraph is the maximum cardinality of a hyperedge in it.)



A Note on Fibres of Posets and the Clique-transversal Number
of Perfect Graphs

sl

\

THOMAS ANDREAE
Universitdt Hamburg

A fibre F of a poset P = (X, <) is a subset of X which meets every maximal antichain
of P. A splitting element of a poset is one which is comparable to every other element in
the poset. Let A be the least number such that for any finite poset P = (X, <) without
splitting elements there is a fibre of size at most A« |X|. A question raised by M. Aigner
and the author asking whether or not A = 1 was answered in the negative by Duffus,
Sands, Sauer and Woodrow (1991) who constructed a poset showing that A > 3. On
the other hand, Duffus, Kierstead and Trotter (1991) proved that 2/3 is an upper bound
for A. In a recent paper, Maltby (1992) proposed a construction showing that A > .

In the present note we study a similar question for perfect graphs. A clique-transversal
set T of a graph G is a set of vertices of G such that T’ meets all maximal cliques of G.
The cligue-transversal number, denoted 7 (G), is the minimum cardinality of a clique-
transversal set. Let )’ = sup{7.(G)/|G| : G is perfect and without isolated vertices }.
By amalgamating graphs, we construct an infinite series of perfect graphs G, for which

4
7c (Gn)/ |Gal = 7

as n — oo,thus showing that A’ > 4. We also use our technique to correct a flaw in the
paper of Maltby.

References

D. DurFus, B. SANDS, N. SAUER, AND R.E. WooODROW (1991) Two-coloring all
two—element mazimal antichains, J. Combinatorial Theory A 57, 109-116.

D. DurFus, H.A. KIERSTEAD, AND W.T. TROTTER (1991), Fibres and ordered set
coloring, J. Combinatorial Theory A 58, 158-164.

R. MALTBY A smallést—ﬁbre—size to poset-size ratio approaching -l%, (1992) J. Combi-
natorial Theory A 61, 328-330.



Packung elastischer Rechtecke

Gunter Bar, Greifswald

Eines der beim VLSI-Entwurf studierten Probleme ist das der Packung einer
Menge von Rechtecken in einem einzigen Rechteck (sogen. Packungsrechteck R)
von minimaler Fliche. Gewohnlich reprisentieren die Rechtecke Schaltkreise
und das Packungsrechteck R einen Chip.

Unterschiedliche Varianten des Rechteck-Packungsproblems wurden in der
Vergangenheit studiert, so etwa das NP-schwere zweidimensionale Binpacking-
Problem. :

Eine andere Variante - bekannt als Spalten-Packungsproblem - besteht in der
Packung einer Menge von Rechtecken { Ry,..., Ry} in ciner cinzigen Spalte. In
diesem Fall sind die um 90° drehbaren Rechtecke so iibereinander zu stapeln.
daB das umhiillende Rechteck R minimale Flache besitzt. Hakimi gab 1988
hierfiir einen O(nlog(n)) - Algorithmus.

Eine weitere Variante des Rechteck-Packungsproblems befaBt sich mit der
Packung einer Menge elastischer Rechtecke. Bei einem elastischen Rechteck R;
konnen Lange [; und Breite w; innerhall eines vorgegebenen Bereichs gedehnt
oder verkiirzt werden, wobei die Flache o; von R; ungeandert bleiben soll.
Dieses Problem ist wiederum NP-schwer. .

Im Vortrag wird die Packung einer Menge von clastischen Rechtecken in
m > 1 Spalten betrachtet, bei der das Packungsrechteck R wieder minimale
Fliche besitzen soll (Bez.: Verallgemeinertes Spalten-Packungsproblem).

Folgende Resultate wurden erzielt:

1. Fiir m = 1 kann eine optimale Packung in der Zeit O(n log(n)) konstruiert
werden.

2. Falls fiir m > 2 eine optimale Packung ohne Verlustfliche existiert, so
kann di'@e in der Zeit O(n log(n)) erzeugt werden.

3. (a) Fir m = 2 oder m = 3 kanu eine oplimale Packung in der Zeit O(n*)
konstruiert werden.

(b) Fiir m > 4 kann eine optimale Packung bestimmt werden, wobei der
Berechnungsaufwand im wesentlichen vem Aufwand zur Lésung einer
Gleichung vom Grade 2(m — 1) abhangt.



Power Graphs

U. BauMann, DRESDEN

Let G = (V,E) be a graph. Then the graph Gf = (vi,ef)
with vE= (v | viev, V' e}
and

= [V, V') | WieVy Bvevy’: (vi,vp)eE

A Wyevy” 3viev,’: (visvy) €E}

is called the power graph of a.!
We study the behaviour of graph automorphisms under the power construction.
Moreover, the structure of power graphs is investigated and the following
“isomorphism problem” is discussed:
Obviously, G =G = G =g,

For which graphs holds G =G, = Gf « g7

1Cbr.is Brink: POWER STRUCTURES. Research Report.
Dept. of Mathematics. University of Cape Town, 1991
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On c—homogeneous ordered sets

Gerhard Behrendt

In the theory of finite graphs there are many results (by I>.J. Cameron, A. Gardiner and
others) that describe those graphs which have the property that every isomorphism between
induced subgraphs of a certain kind, or every automorphism of an induced subgraph of a
certain kind, can be extended to an automorphisim of the whole graph. For example, A.
Gardiner gave a complete list of those graphs where every automorphism of a connected
induced subgraph can be extended to an automorphism of the whole graph. We consider
the analogous problem for finite ordered sets.

A finite ordered set (X, <) shall be called c-homogencous if every automorphism of a
connected induced suborder can be extended to an automorphism of (X, <).

A crown on 2n elements ay, ..., ay, by, ..., b, has the non-trivial relations a; < b; and
a; < b;4y (modulon) and no others. A standard n-dimensional ordered set (n > 2) consists
of the 1-clement and (n — 1)-clement subsets of an n—clement set with the order given by
set-theoretic inclusion. A weak order (X, <) has the property that whenever z,y,z € X
with z < y then z is comparable with z or y (equivalently, (X, <) is a linear sum of trivial

orders).

Theorem. Let (X, <) be a finite connected ordered set. Then (X, <) is c-homogene-
ous if and only if (X, <) is a crown, a standard n-dimensional ordered set, or a weak
order.

We also give a description of those finite ordered sets where every automorphism of a
connected induced subdiagram can be extended to an automorphism of (X, <).



Arbitrary decompositions of graphs

L. W. BEINEKE (FORT WAYNE, INDIANA, USA)
\

A decomposition of a graph consists of a partition of its edges into subgraphs. We will
be primarily concerned with decompositions in which all subgraphs are isomorphic.
The theory of graph decomposition began in the middle of the nineteenth century with
problems of STEINER and KIRKMAN, and we will survey some of the important results
that have been obtained since then.

The graph G is said to be randomly F-decomposable if every F-decomposition of a
subgraph of G can be extended to all of G. We will present results of graphs that are
randomly decomposable by stars, matchings, paths, and cycles. We will also discuss
properties of graphs that are minimal with respect to being F -decomposable but not
randomly so, and give a description of these graphs for strongly edge transitive graphs.



Some New' Solutions of a Discrete Isoperimetric
Problem in the Hamming Space

SERGEY L. BEZRUKOV
FB Mathematilk/Informatik
Universitat-GH Paderborn
Warburger Str. 100, D-33098 Paderborn

Abstract: Let A be a subset of the n-dimensional unit cube B and |A] = m. A vertex
a € A is called the inner vertex if the ball of radius 1 centered in « is in 4. We consider
the problem of specification of all subsets of B with maximal number of inner vertices
among all the m-element subsets.

One of the extremal subsets for each value of m is known almost for 30 years due
to Harper, but as examples show it is not unique in general. The knowledge of all the
extremal subsets often helps to find solutions for some other problems. It is known that
sometimes the solutions of the isoperimetric problem of the same cardinality differ greatly.
But the cases when the solution is unique (up to isomorphism) are of particular interest.

Here we present some new cases when the solution is either unique or “almost unique”,
That means that all the solutions for these values of m differ very slightly [rom the
standard one. Some open problems are mentioned as well.
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A family of orthogonal arrays and resilient
functions of arbitrary strength

Jirgen Bierbrauer, Mathematisches Institut der Universitat,
69120 Heidelberg

October 19, 1993

Abstract

We give a simple algebraic construction of a very general family of orthogonal
arrays, with parameters

A s (t, 0" g™) (2S£ < )

for every prime-power ¢ and n > m.
The special case n = m are the Reed-Solomon codes, the case t = 2 was

: constructed in the book by T.Beth,D.Jungnickel,H.Lenz: Design Theory,

but in an overly complicated way. These arrays are simple if and only if
t < ¢™. In general each row occurs with the same multiplicity ¢°. This shows
that the simplification Ty of a design in the family (where each row is written
exactly once) is an orthogonal array again. We prove lower bounds on p using
a polynomial method. The exact determination of p is equivalent with an

‘interesting open problem on finite fields.

Our simplifications can indeed be embedded in large sets of orthogenal arrays,
which in turn arg equivalent with t—resilient functions. These functions came
up in computer s\cience. They allow the reconstruction of a partially leaked
key, the generation of a common string of random bits in the presence of
faulty processors, and are used in the theory of Stream Ciphers. We mention
that the family of strength 2 is used for the construction of universal classes
of hash functions, via Stinson’s composition method.

1



Counting Paths in Sparse Large Graphs
‘ with Limited Memory

Michael Bischoff

Mathematische Optimierung
TU Braunschweig

We consider the problem of counting the number of paths between two given
vertices in a large graph. The graph is given by an oracle which returns a
list of adjacent nodes for every given input node.

Problems of this type do often arise in the analysis of games, when discussing
questions as: “How many different possibilities exist to change position A
to position B in no more than & moves?”

A special case arises when all possible paths have the same length, for ex-
ample, in solitaire-like games.

The classical approaches are BFS and DFS. We propose a flexible mixture
of both algorithms and discuss their time-space tradeoff.




Blocking sets and arcs in desarguesian planes,
recent developments.

AART BLOKIHUIS

T.U. EINDHOVEN, THE NETHERLANDS

A blocking set S in a (finite) plane is a collection of points with the property
that every line contains a point of S. The set § is called a n-fold blocking set if
every line has at least n points of S. A (k,n)-arc A is a collection of k points such
that every line has at most n points of A. The notions blocking set and arc are
therefore complementary. Using recent connections between projective blocking sets
and lacunary polynomials on the one hand, and affine blocking scts and (multiple)
nuclei on the other hand we give new and in a large number of cases exact bounds
_for the size of blocking sets and arcs in projective and affine desarguesian plancs. In
particular we show that the Lunelli-Sce conjectures are true in desarguesian affine
planes, and in projective planes of prime order.



Abstract

On Edge Labelings
R. Bodendiek, Kiel

In the theory of labeling of graphs, the so-called edge labeling plays an important role.
After giving the definitions of macic, prime-magic, supermagic, antimagic and (a,d)-
antimagic graphs or lzii)élings, respectively, we turn towards (a,d)-antimagic graphs in
order to show that it is possible to develop a theory of (a,d)-antimagic graphs with the
aim of determining the set of all (a,d)-antimagic graphs. Since the problem is very hard
we restrict ourselves on dealing with giving the set of all (a,d)-antimagic parachutes as
a paradigm for solving the hard problem.
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MATROIDTHEORIE UND KONVEXGEOMETRIE

Jirgen Bokowski, TH-Darmstadt

Es gibt viele Wechselbeziehungen zwischen der Konvexgeometrie und der Matroidtheorie.
Anhand neucrer Ergebnisse wird dieser Zusammenhang erneut belegt.

Ein konvexes (d — 1)-Polytop im euklidischen (d — 1)-Raum mit n Facctten kann als
ein Arrangement von n orientierten Hyperebenen angeschen werden. Wir definieren die
Orientierung so, daB das Polytop jeweils auf der positiven Seite der Hyperebene liegt.
Wir betrachten die Einbettung in den projektiven Raum und wir betrachten allgemeiner
orientierte topologische Hypercbenen bei denen die Schnitteigenschaften so gefordert
werden, wie wir sie von, Hyperebenen kennen. Alle homéomorphen Bilder eines solchen
topologischen Arrangements von orientierten topologischen Hyperebenenen werden zu
ciner Klasse zusammengefaBt, dem Matroid Polytop. Ein Vorteil dieser Struktur liegt in
der Méglichkeit, alle Matroid-Polytope aufzuzéhlen.

Literatur

(1] Altshuler, A., Bokowski, J. and Schuchert, P.: 1992, Spatial polyhedra without
diagonals, Israel J. Math., im Druck.

[2] Bokowski J.: 1993, Oriented matroids, Handbook of Convex Geometry, Gruber P.
and Wills J.M., (eds.), Elsvier, North-Holland, Netherland.

[3] Bokowski J., Guedes de Oliveira, A. and Veloso da Costa, A.: 1993, On the cube
problem of Las Vergnas, in Vorbereilung.

(4] Bokowski, J. and Schuchert, P.: 1993, Altshuler’s sphere M$s, revisited, Preprint
Darmstadt.

[5] Bokowski, J. and Schuchert, P.: 1993, Equifacetted 3-spheres as topes of nonpolytopal
matroid polytopes, in Vorbereitung.

e-mail: bokowski @ mathematik.th-darmstadt.de



Cycles and paths in triangle—free graphs

STEPHAN BRANDT
GRADUIERTENKOLLEG ” ALGORITHMISCHE DISKRETE MATHEMATIK”
FB MATHEMATIK, FU BERLIN
ARNIMALLEE 2-6, 14195 BERLIN
e-mail: brandt@math.fu-berlin.de

1}
,\

We determine the exact length of a longest cycle and a longest path
of triangle-free graphs with sufliciently large minimum degree 6, in terms
of their order n and (vertex-)independence number a. For a triangle-free
graph G # Cs with § > n/3 the circumference ¢(G) is min{n,2(n — «)}
and the longest path in a triangle-free graph with § > n/3 has exactly
min{n,2(n—a)+1} vertices. As an easy consequence we obtain that triangle-

free non-bipartite graphs with § > 3n/8 are hamiltonian. All bounds are best
possible. :

Abstract

question asking for all the occurring cycle lengths. The set of cycle lengths of
a triangle-free non-bipartite graph G # C5 with § > n/3 is {4,5,...,¢(G)},
in particular the set has no gaps. This settles the triangle—free part of a result
of Brandt, Faudree and Goddard who proved that the set of cycle iengths of
every non-bipartite graph of sufficiently large order n with § > (n+2)/3 has
no gaps.



Counting smallest distances in normed spaces

Peter Braf§

Universitat Greifswald

The exact maximum number of occurences of the smallest distance among » points in the
euclidean plane was already determined by HARBORTH in 1974 to be l3n —+V12n — 3_' .
We study the same problem for an arbitrary twodimensional normed space and show

Theorem For each twodimensional normed space in which the unit circle is not a par-
allelogramm the maximum number of occurences of the smallest distance
among n points is [Sn - mj .
If the unit circle is a parallelogramm, then the maximum number of oc-
curences of the smallest distance is l4n - \/WJ .

These numbers can also be interpreted as the maximum numbers of touching pairs in a
translative packing of n congruent convex sets.
The key tool to this result is the following lemma

Lemma For each twodimensional normed space in which the unit circle is not a
parallelogramm there exists an angular measure such that each equilateral
triangle is equiangular.



The Solution of the 9-cage Problem
\
Gunnar Brinkmann and Carsten Saager
Fakultét fiir Mathematik
Universitidt Bielefeld

A cubic graph with girth n that has the smallest possible number of vertices is called an
n-cage. So e.g. the [y is the unique 4-cage and the Petersen graph is the unique 5-cage.
All cages for n < 8 are unique and can casily be constructed by hand. The number of
vertices is very close to a lower bound that is given by the size of a tree that must be
conlained in every cubic graph of the given girth. Indeed only for n = 7 the tree does not
span the graph. Here 2 “external” vertices are needed. Although the 10-cage problem was
already completely solved in 1981, the gap lor n = 9 remained.

As it turned out, the difficulty of the 9-cage problem was rooted in the facts that the 9-
cages are the first cages that are not unique (there are 18) and that 12 “external” vertices
are needed. .

In 1958 R.M.Foster constructed a cubic graph with girth 9 and 60 vertices. It stayed the
smallest such graph known, until in 1980 Biggs and Hoare construcied a graph with 58
vertices. In 1984 B.D. McKay constructed 18 graphs with girth 9 and 58 vertices and
showed that there are no such graphs with 56 vertices or less. His method was computer
based, but the time the program would have needed to show that these graphs are all
9-cages was much too long,.

So the last brick in the solution of the 9-cage problem was to show that the list of the 18
graphs is complete.

In this talk, an algorithm to generate regular graphs with given girth very efficiently will
be described. A program based on this approach confirmed Brendan McKay’s results and
showed the completeness of the list in less than 3 months on a DEC 5000/240.
Using the same program for a first attack on the 11-cage problem, we obtained the result
that the 1l-cage must have at least 106 vertices. The best graph known so far has 112
vertices, so there is still a large gap between the upper and the lower bound.

E-mail:
gunnar@mathematik.uni-bieleleld.de
saager@mathematik.uni-bieleleld.de



Superlinear Period Lengths
in Some Subtraction Games

Jorg Biiltermann
Fakultdt fiir Mathematik
Universitit Bielefeld
Postfach 100 131

33501 Bielefeld
Germany

Abstract

Subtraction games are “simple” variants of the famous Nim game.
We will show that in some subtraction games the sequences of
Win/Loss states have superlinear period lengths. Our most pro-
minent result is:

For every s € N the (s,4s,125+1,16s+1)-game has
the cubic period length 56s® 4 52s% + 9s + 1.
Other results are:

For every s € N the (s,2s+1,3s+1)-game has the quadratic period
" length 4s® + 3s.

For every s € N, s > 3, the (s,25,3s+1)-game has the linear period
length 4s + 1 and preperiod 3s. ‘

Possibly, the (s,83,303+1,37s+1,388;i-1)-games with s € N have su-
perpolynomial period lengths.

e-mail: buelter@math30.mathematik.uni-bielefeld.de
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Edges of given minimal distance in hypercubes
'\

GusTAV BUROSCH (ROSTOCK) AND JEAN-MARIE LABORDE (GRENOBLE)

Let be n = 27 +1,¢,1, and denote by @, the n-dimensional hypercube.

Theorem 1. There exist n edges in Q, covering all directions in the hypercube and

of pairwise distance g¢.

By a good matching we mean a system of n edges in Qx which have the properties
mentioned in Theorem 1. =

Theorem 2. The edge-set of the n-dimensional hypercube can be partioned into 2"~?
good matchings.

(L



The Minimal Cut Cover of a Graph

Michael Bussieck *
. September 29, 1993

Abstract

We consider a problem which occurs in testing for short circuits in printed circuit
board components. This problem can be modelled as the covering of the edges of an
undirected graph by cuts.

In particular, we look for a family of cuts ¥ = {C), ..., Cy} with minimal cardinality,
so that each edge belongs to at least one C;. We call this problem the Minimal Cut
Cover problem, MIN-CUT-CoVER for short. For the special case of complete graphs,
Loulou (cf. {1]) describes a polynomial greedy-like method for MiN-CuT-CoOVER.

Here we will show that MIN-CuT-CoVER is NP-hard for arbitrary graphs, by drawing
the relationship to the VERTEX-COLOUR problem. Further, we will give some simple
heuristics for MIN-CuT-CoVER which can be used for VERTEX-COLOUR as well.

References

[1} Richard Loulou. Minimal cut cover of a graph with an application to the testing of
electronic boards. Oper. Res. Lett., 12:301-305, 1992.

*TU Braunschweig, Abteilung fiir Mathematische Optimierung, Pockelsstrafie 14, D-38106 Braunschweig,
Germany
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THE BRIDGE BETWEEN COMBINATORICS AND LOGIC I/II

WALTER A. DEUBER
WoOLFGANG THUMSER

Abstract

Mathematicians understand to a certain extent how to find unprovable theorems
and how to prove their unprovability within a formal system. In that sense we are
relying on the classical work by Gentzen [Ge 36], Kreisel [Kr 52) and Wainer [Wa
72). Moreover we shall apply their beautiful ideas to something which seems to be
well understood, viz. to well quasi orderings. Leeb was one of the first dealing with
structural problems of wgo's, which are related to these talks [Le 73]. Beautiful

ideas of P. Erds are valuable for the-analysis of such phenomena occuring in all”

well quasi orders. , o 7
We are interested in first order statements Vz3yA(z,y) in the language of Peano
arithmetic where A is primitive recursive. Let g(z) be the smallest y satisfying
A(z,y). We would like to answer the question of whether g is defined for every z.
Let us anticipate the answer, which has been known for a long time: If g grows fast
enough then the statement “g is defined everywhere” is not provable within Peano
arithmetic. :

In order to specify growth rates in complexity theory, we define a hierarchy of refer-
ence functions. There are various hierarchies available and depending on the com-
binatorial problems and personal taste one can make a choice. Here we concentrate
on the Wainer-Grzegorczyk hierarchy, cf. [Wa 72}, [Gr53] and show how to estimate
certain combinatorial functions within that framework. :

References

[Ge 36) Gentzen, G., Die Widerspruchsfreiheit der reinen Zahlentheorie, Math-
ematische Annalen 112, (1936), 493-565.

[Gr 53] Grzegorezyk, A., Some classes of recursive functions. (1953), Rozprawy
matematiczne no. 4, Instytut Matematyczny Polskiej Akademie Nauk,

: Warsaw.

[Kr 72 Kruskal, J.B., The Theory of Well-Quasi-Ordering: A Frequently Dis-
covered Concept, Journal of Combinatorial Theory (A) 13, (1972), 297-
305.

{Le 73] Leeb, Klaus, Vorlesungen "uber Pascaltheorie, Arbeitsbericht des Insti-
tuts f"ur mathematische Maschinen und Datenverarbeitung, Friedrich
Alexander Universit”at Erlangen N”urnberg, Bd. 6 Nr. 7 (1973).

[Wa 72 Wainer, S.S., Ordinal recursion and a refinement of the extended Grzegor-

czyk hierarchy. Journal of Symbolic Logic, 37, 136-153.
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Klaus Dohmen

Heinrich-Heine-Universitit Diisseldorf

REDUKTIONSINVARIANTEN UND CHROMATISCHE POLYNOME

Eine Abbildung ¢, die jedem Graphen eine reelle Zahl zuordnet, heiit Reduktionsin-
variante, wenn je zwei isomorphe Graphen dasselbe 9-Bild haben, und wenn fiir jeden
Graphen G und jede Kante e von G gilt: ¥(G) = ¥(G — e) — ¥(G/e). Dabeiist G — e
bzw. G/e der Graph, der aus G durch Entfernung bzw. Kontraktion von e hervorgeht.

Eine Reduktionsinvariante ist z. B. die Anzahl Pg(\) der zulissigen A-Firbungen von G.

Anders als die aus der Matroidtheorie bekannten Tutte-Grothendieck-Invariantzn bil-
den die Reduktionsinvarianten mit den fiir reellwertige Abbildungen iiblichen linearen
Operationen einen (zum Vektorraum der reellen Zahlenfolgen isomorphen) Vektorraum.

Es wird bewiesen, dafl eine Reduktionsinvariante genau dann nichtnegativ ist (d-h.
¥(G) 2 0 fiir alle Graphen G), wenn das Bild jedes vollstindigen Graphen nichtnegativ
ist. Fiir nichtnegative Reduktionsinvarianten gelten die nachfolgenden Abschitzungen:

Satz Sei G = (V, E) ein nicht kantenloser Graph mit Taillenweite g, L, der (bis auf
Isomorphie eindeutig bestimmte) kantenlose Graph mit v Ecken (v=0,1,..) undy eine
nichinegative Reduktionsinvariante mit y(L,) < ¥(L,). Firq=0,..., g —1 gilt dann

WG) < i(—l)k('f')fp(z:.v._k)-('E'q' N6 (ve) e

k=0

¥(G@) > ?_::0(‘-1)& (lfl) ¥ (L|V|-k) + (IEIQ_ 1) ¥ (Lm-q-l) (¢ ung.)

Wihlt man in diesem Satz fiir ¥ die Reduktionsinvariante G+ Pg(\) (mit einer festen
Zahl A € INV), so erhalt man neue Abschitzungen fiir das chromatische Polynom von G:

Py < () amor (B0 gt (g g

k=0 q

Po) 2 S-0r () amet (P11 et g ung

k=0 q
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. Spectral properties and the Jordan normal ifdi'mb?c"

matrices with products of binomlal'COefﬁcie'ntS‘:as
entries
L. Berg, K. Engel, and C. Rommel, Universitit Rostock

Let A = (ai;) be a squaré matrix of order n + 1 with entries

s = 1+ m—1t—)
=\ )\ n-i )

n>1landi,j=0,1,...,n, where m is a real parameter.

Theorem. a) The eigenvalues of A are

m+1\ (m+1) (m+1 m+1
o U U2 ) Un )
: :) The eigénvectors z; = (zij) of AT and y; = (yi;) of A to the eigenvalue ("‘;“1) are given
v . |

IS - [y
= B (ETE )

k=0

We could find the result and also main ideas of the proof (factorization of matrices)
only by several computer experiments using DERIVE and MAPLE. For the verification,
we need identities of binomial coefficients where the most difficult one is :

ey ey B AP ey

The matrices A and AT are not diagonalizable ifim € {0,1,...,2n — 2} We deter-
mine explicitly the Jordan normal form of these mat#ices together with the corresponding
principal vectors. For that we use a limit prdcess an'fd de 'Hospital’s rule.

Problem. Give a nice combinatorial aj)plicatibn of this result, e.g., in the solution
of extremal problems for finite sets. ‘ o ' :
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Kolloquium iiber Kombinatorik

Generalizations of the Erdos-Szekeres convex n-gon theorem

G. Fejes Té6th, Budapest

[

\

The classical theorem of Erdés and Szekeres states that to any integer n > 3 there
exists a minimum integer f(n) such that if F is a set of points on the Euclidean plane
with cardinality greater than f(n) and no three elements of F' are on a line, than F
contains the vertices of some convex n-gon. We start with the following reformulation of
this theorem: If no n elements of a set of points on the plane are convexly independent
and the convex hull of any two points from the set contains at most two points of the set,
then the cardinality of the set is bounded (by f(n)). A set of points is called convexly
independent if no clement of it is contained in the convex hull of the remaining elements.
This, rather complicated reformulation of the Erdds-Szekeres theorem gives rise to the
following problem: We say that a set F' of points satisfies property F (k) for integers k,
[, k €1, nif no n elements of F' are convexly independent and the convex hull of any &
elements of F' contains at most [ elements of F. Is it true that the cardinality of a set of
points in the plane satisfying property H. (k) 18 bounded? We show that the answer to this
question is affirmative. Further we determine the maximum cardinality f™(k,[) of such
sets for some special values of n, k& and I. We also give upper bounds for f*(k,1) for other
values of the arguments.

This is a report on joint work with T. Bisztriczky.



On the Fractional Dimension of
Partially Ordered Sets

STEFAN FELSNER

Bell Communications Research, {45 South Street, Morristown, NJ 07962, U.S.A., and

Freie Universitat Berlin, Fachbereich Mathematik, Institut fir Informatik, Takustrafie 9, 14195 Berlin, Germany
E-mail address: folsner@math.tu-berlin.de

WILLIAM T. TROTTER

Bell Communications Research, 445 South Street 2L-367, Morristown, NJ 07962, U.S.A., and
Department of Mathematics, Arizona State University, Tempe AZ 85287, U.S.A.

E-mail address: wtt @ bellcore.com

Abstract

Let P = (X, P) be a poset and let F = {Mj,..., M;} be a multiset of linear extensions of P. Brightwell
and Scheinerman call F a k—fold realizer of P if for each incomparable pair (z, y), there are at least k linear
extensions in F which reverse the pair (z,y),i.e., [{i: 1< i <t,z> yin M;}| > k. The fractional dimension
of P, denoted by fdim(P), is then defined as the least real number ¢ > 1 for which there exists a k-fold
realizer F = {Ml, ., M} of P so that k/t > 1/q (it is easily verified that the least upper bound of such
real numbers q is mdeed attamed) Using this terminology, the dimension of P, denoted by dim(P), is just
the least ¢ for which there exists a 1-fold realizer of P. It follows immediately that fdim(P) < dim(P), for
every poset P.

We use a variety of combinatorial techniques to prove several theorems concerning fractional dimension
of partially ordered sets. In particular, we settle a conjecture of Brightwell and Scheinerman by showing that
the fractional dimension of a poset is never more than the maximum degree plus one. Furthermore, when
the maximum degree k is at least two, we show that equality holds if and only if one of the components of
the poset is isomorphic to Sk, the “standard example” of a k + 1-dimensional poset. When w > 3, the
fractional dimension of a poset P of width w is less than w unless P contains S,,. If P is a poset cont.ammg
an antichain A and at most n other points, where n > 3, we show that the fractional dimension of P is less
than n unless P contains S,. If P contains an antichain A such that all antichains disjoint from A have size
at most w > 4, then the fractional dimension of P is at most 2w, and this bound is best possible.



Polya-Abzahlung fiir die Netze
des 4-dimensionalen Wurfels

J. FLACHSMEYER (GREIFSWALD)



Potenzen von m—Trapezgraphen

Carsten FLOTOW, Math. Seminar, Universitat Hamburg, Bundesstr. 55
Abstract. Zunichst wird eine neue Graphenklasse eingefiihrt: m~Trapezgraphen

sind die Durchschnittsgraphen von m-Trapezen, wobei ein m—Trapez durch
m + 1 Intervalle auf m + 1 parallelen, vorgegebenen Geraden bestimmt ist:

b =22

=

Y/

Yrmsa

Offenbar sind 0-Trapezgraphen genau die Intervallgraphen, wihrend 1-Trapez-
graphen gerade die in [1] eingefiihrten Trapezgraphen sind.

Ist G = (V, E) ein Graph, so sei mit dg(u, v) der Abstand zweier Ecken v,v € V
bezeichnet. Der Graph G¥ := (V, E') mit E' == {(u,v)|dc(u,v) < k} heift ke
Potenz von G.

Es gilt der folgende

Satz Ist G¥—! m-Trapezgraph, so ist auch G* m — Trapezgraph.

Korollar 1 G*—1 Intervallgraph => G* Iatervallgraph

Korollar 2 G¥—1 Trapezgraph = G* Trapezgraph

Ubrigens ist jeder m-Trapezgraph ein Unvergleichbarkeitsgraph (bzgl. einer
partiellen Ordnung mit Intervalldimension < m <+ 1) und jeder Unvergleichbar-

keitsgraph ein m-Trapezgraph (fiir ein m € N)). Daher folgt noch

Korollar 3 G¥-1 Unvergleichbarkeitsgraph = G* Unvergleichbarkeitsgraph

_ Korollar 1 wird auch in [4] bewiesen, aber auf véllig andere Weise.

Literatur
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Anzahlbestimmung und Konstruktion von k-Motiven in
einem Modell der Mathematischen Musiktheorie
HARALD FRIPERTINGER

Dr. HABIL. G. MAzzOLA stellt in seinem Buch ”Geometrie der Tone” folgendes Modell
der Mathematischen Musiktheorie auf, das zur Beschreibung von Motiven Verwendung fin-
det. Dabei werden in diesem Modell sowohl tonale als auch rhythmische Aspekte der Musik
beriicksichtigt.

Als mathematisches Modell einer temperierten n-Skala (der Tonraum einer Oktave wird in
n gleiche Teile aufgeteilt) wird die zyklische Gruppe (Z,,+) gewahlt, wobel Z,: = Z/nZL ist.
Als thythmischer Grundbaustein einer Komposition wird ein Takt angesehen. Wird ein Takt
_durch rhythmische Unterteilung in m gleiche Zeitrdume aufgeteilt, so spncht man von einem
m-Takt und dieser wird mathematisch als Z,, interpretiert.

Ein k-Motiv sei dann eine k-elementige Teilmenge von Z,, X Z,. Ist G eine Permutations-
gruppe auf Z,, X Z,, dann operiert G auch auf der Menge aller k-Motive. Die Anzahl der
Orbiten von k-Motiven kann man mit dem Hauptsaiz von POLYA berechnen. Dazu muf man
den Zyklenzeiger bzw. Zykelindex der opericrenden Gruppe G bestimmen. Musiker sind jedoch
mit der bloSen Bestimmung dieser Anzahlen nicht zufrieden; sie méchten aus jeder Klasse auch
einen Repridsentanten kennen.

Diese Fragestellungen werden im Fall n = m = 12 genauer untersucht. Als operierende
Gruppe tritt die Gruppe Aff (2, Z;) aller affinen Abbildungen von Z$, nach Z$, vor. Es werden
einige Uberlegungen zur Bestimmung der Zyklenzeiger der Gruppen Gl (7, Zi) und Aff (n, Z)
angestellt.

Fiir die Konstruktion &'on Reprisentanten von k-Motiven ist es sinnvoll, eine SiMs-Kette der
operierenden Gruppe Aff (2, Z;2) anzugeben und das READsche Verfahren anzuwenden. Damit
ist es moglich Reprisentantenlisten fiir & = 1,2,...,8 anzugeben. Fiir £ > 8 ist die Anzahl
der verschiedenen Orbiten von k-Motiven zu groB, um noch vollstindige Listen anzugeben. In
dieser Situation kann der DixoN-WILF-Algorithmus in gewichteter Form, wie er in Bayreuth
am Institut von lerrn Prof. DR. A. KERBER entwickelt wurde, angewendet werden, um
Orbit-Reprdsentanten zufillig gleichverteilt zu erzeugen.

In Zukunft sollte man sich in diesem Modell von der Voraussetzung m = = ldsen. Als
operierende Gruppe kommt dann

Gi={z A@)+b|b€E Zm X Zn, A€ AUt (Zm X Zn)}

in betracht. Die Automorphismengruppe Aut (Zm X Zy) ist Teilmenge von End (Z,, X Zn) =
End (Zm) X Hom (Zn,, Z,) X Hom(Zy,, Z,,) x End (Z,). Jeden Endomorphlsmus A kann man

mit einer Matrix
A= ( !)
=

identifizieren mit ¢ € Z,, b € m/ggT(n,m) - Zpy, ¢ € n/ggT(n,m)- Z, und d € Z,. Die
Berechnung der SiMs-Kette dieser Gruppen erfolgt gleich wie im Fall n = m. Herr DR. HABIL.
G. MAzzoLA versucht das Phinomen, dal Musiker gréfiere Schwierigkeiten haben in einem

Ser oder 7er Takt zu musizieren, durch die gréfiere Anzahl von verschiedenen Motiv-Orbiten
zu erkldren.



Dieter GERNERT

HOW TO MANAGE A MATHEMATICAL ZOO

The term "mathematical zoo" goes back to E. HECKE (1937). It
can be understood as comprehensive bulk of mathematical knowledge
with the following properties: 1. It belongs to a certain, rather
narrow partial discipline of mathematics. 2. The knowledge is
rather homogeneous, and each element belongs to one of a very
small number of patterns. 3. The knowledge elements are generally
independent. Examples are given by many wellknown collections
of formulas or chapters thereof. Within the scbpe of combinat-
orics we find collections of special number series, sets of
formulas related to hypergeometric functions, knowledge about
special kinds of numbers and functions, lists of relations
between graph invariants etc.
o

This lecture wil} focus examples from combinatorics (examples
from other fields of mathematics will only be listed). Based
on some practical experience it will be discussed what has to
be done in the selection, storing, and updating of such
knowledge, and how in principle an efficient process of computer-
assisted inference can be organized. (In the case of sufficient
interest the lecture can be supplemented by the demonstratiocn
of a computer program.)

Address: Dieter GERNERT
Hardenbergstr. 24, D-80992 Miinchen



Combinatorial Characterization of Polymatroids

\

E.Girlich, G.Schneidereit
Otto-von-Guericke-Universitit Magdeburg

Polymatroids P(r) are a special class of polytopes, which are generated by a
rankfunction r(I):

P(r)y={z€R}:z(I)=) =z;=r(I), IS N:={1,2,...,n}},
jel
where r(I) is submodular, monoton increasing and normalized.

Polymatroids are determined by an exponential number of linear restrictions.
The number of facets is bounded by 2" + n — 1. The diameter of polymatroids is

bounded by 2n, the number of vertices by Zn: (7).
=1

The family of facets can be described i)y the facet-poset R(r), which contains
all sets I with the property, that {z € P(r) : 2(I) = r(I)} is a facet of P(r). By
using the concept of combinatorial equivalence we investigate polymatroid types,
which are representatives of a class of combinatorial equivalent polymatroids. One
approach for enumeration of polymatroid types is based on the structure of the
facet-poset R(r).

The set of all rankfunctions of n-dimensional polymatroids build the cone A(n),
which is finitely generated. For special classes of rankfunctions we investigate follo-
wing subcones:

o H(n) - generated by Boolean rankfunction,

o S(n) - generated by symmetric rankfunctions,

® Mo(n) - generated by modular rankfunctions,

© M(n) - generated by rankfunctions of matroids.

In the cone H(n) we can formulate the problem of enumeration of polymatroid
types as a problem of enumeration of different bipartite graphs. We can show, that
in each face of this cone exists only one polymatroid type.

1}

\



Planar regular graphs with prescribed diameter.

Frits Gobel '
tTwente U h.fUé'rSL'[:J

For given non-negative integers k and D we investigate
the existence of a k-regular planar graph with diameter D.
We also investigate the smallest and the largest order

that such a graph can have.

(Joint work with Walter Kern.)



Uber orthogonale Doppeliiberdeckungen des K,
HaNs-DieTRrICH O.F. GRONAU
Universitdt Rostock, FB Mathematik, 18051 Rostock

Eine orthogonale Doppeliiberdeckung des K, ist eine Menge von n span-
nenden Untergraphen G1, Gz, G des Kn, so dafd
- jede (gerichtete) Kante des K, zu genau einem der Gi's gehért und
- fiir je zwei dieser gerichteten Graphen G; und G; (i # j) gibt es eine ein-
dcutig bestimmte zwei-elementige Menge {a, b} von Knotenpunkten, so daf§
G; die (gerichtete) Kante (a, b) und G; die (gerlchtete) Kante (b, a) enthalt.

Eine Doppeluberdecl\ung heiBt idempotent, falls 7 in G; ein isolierter Punkt
ist; fiir alle z.

Das allgemeine Problem ist folgendes:

Man fiziere eine Familie von (gertchteten) Graphen. Fir welche n gibt
eine orthogonale Doppeliberdeckung des [\n ?

Hier sind Beispiele fiir n = 4 und 5.

N7 A

2 352
i
i+4 i+1
143 1+2

Gii i=1,2,3,4,5

Unser Hauptresultat, das wir gemeinsam mit R.C.. Mullin (Waterloo. Ca-
nada) erzielten, ist folgender

Satz Eine idempotente orthoqonale Doppeliberdeckung {G1, Go, ..., (?n}
des 1\,,, wobetr die Graphen G (z = 1,2,...,n) neben demn isolierten Punkt
¢ nur aus Knotenpunkt disjunkien gerichteten Zyklen der Léingen 3 und 4
beslehen, existiert, fallsn > 4, n # 6, 8, 10, 11, 12, 14, 18, 26, 27, 30, 38,
42, 50, 51, 54, 62, 66, 74, 78, 86, 90.



Blocking set free configurations, digraphsv and hypergraphs
HARALD GROPP,Miihlingstr. 19,69121 Heidelberg

A configuration v, is a finite incidence structure of v points and v lines such that
there are k points on each line and k lines through each point and 2 different pointis are
connected by a line at most once. Configurations were already defined in 1876 and belong
to the oldest structures in combinatorial theory. Some 30 years ago hypergraphs were
defined as-generalizations of graphs where a (hyper)edge can have cardinality greater than
two. Configurations are linear regular uniform hypergraphs. '

Each digraph can be written as a hypergraph where to every vertex a hyperedge is
assigned which contains this vertex and all the endvertices of arcs starting in the vertex.
Vice versa by using an early result of Steinitz [8] or Kénig (1914) ( matching in regular
bipartite graphs ) each regular uniform hypergraph can be transformed into a digraph.

A blocking set in a configuration v, is a subset which intersects each line in at least one
point and in at most k& — 1 points. In the terminology of graph theory a blocking sct corre-
sponds to-a 2-colouring of the vertices such that there is no monochromatic (hyper)edge. -

In [2] the search for configurations v; which do not have a blocking ‘'set was started.
Most of these configurations have a blocking set. However, the interesting question is for
which values of v there is a blocking set free configuration vs. By combining results of [2]
and [3] the problem is answered for nearly all values congruent to 1 ( moed 3 ).

In this talk the progress in settling this question is reported leaving open only a few
undecided values of v. A decisive contribution was made in the theory of digraphs by
Thomassen [9] who proved the existence of certain digraphs without even dicycles which
are equivalent to certain blocking set free configurations via the method mentioned in the
beginning.. _

Moreover, a,report is given on earlier papers [1,4,6] on this subject and on new results
of Kornerup [7]. Furthermore, the problem is extended to nonsymmetric configurations
(vr,b3). A detailed report is given in [5].
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On Some Decision Models With Random Walks

Torsten Grotendiek *
Fakultat fiir Mathematik
Universitat Bielefeld
Postfach 100131
33501 Bielefeld

We consider the set {0,1,2,...,n} of non-negative integers, and there
are given s particles on it. By knocking against a particle standing on
position 7, it will jump to (¢ — 1) and to (i+1) with probability %
each. The numbers 0 and n are absorbing barriers. The random
walk takes place in discrete time. In every elementary unit of time we
are allowed to knock exactly one particle.

Questions of the following type are considered:

“How long does it take, till either at least a given number
of particles, say r, will be absorbed at the left barrier, or
at least s—r+1 particles will be absorbed ai the right
barrier ?“

We are interested in the total number of knocks which are necessary
in the average to answer this question. Our goal is to reach one of the
two finishing states (r particles at 0 or s—r+1 particles at n) as
early as possible or as late as possible, respectively.

In our talk we will present the solutions for the cases (s =2, r =1)
and (s=3, r=2).

Reference:

T. Grotendiek, Random Walk - Entscheidungsmodelle, Diplomarbseit,
Universitat Bielefeld, Fakultidt fiir Mathematik, 1992.

*e-mail: groten@math10.mathematik.uni-biclefeld.de



- WEAKLY HAMILTONIAN-CONNECTED
LOCALLY SEMICOMPLETE DIGRAPHS

Yubao Guo and Lutz Volkmann

Lehrstuhl II fir Mathematik, RWTH Aachen,
Templergraben 55, 52056 Aachen, Germany

A digraph D is weakly Hamiltonian-connected if for any two vertices z
and y of D, there exists a Hamiltonian path from z to y or from y to z.
We shall characterize the weakly Hamiltonian-connected locally semicom-
plete digraphs. This characterization generalizes the corresponding results
on tournaments due to Thomassen [4].

References
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Polynomial algorithms for finding Hamiltonian
paths and cycles in quasi-transitive digraphs

G. Gutin *
September 24, 1993

1 Abstract

A digraph D is called quasi-transitive if for any triple z,y, z of distinct vertices of D such
that (z,y) and (y, z) are arcs of D there is at least one arc from z to z or from z to z. A
minimum path factor of a digraph D is a collection of the minimum number of pairwise
vertex disjoint paths covering the vertices of D. J. Bang-Jensen and J. Huang conjectured
that there exist polynomial algorithms for the Hamiltonian path and cycle problems for
quasi-transitive digraphs. We solve this conjecture by describing polynomial algorithms
for finding a minimum path factor and a Hamiltonian cycle (if it exists) in a quasi-
transitive digraph. To construct the algorithms we use a decomposition theorem that
characterizes quasi-transitive digraphs in recursive sense obtained by J. Bang-Jensen and
J. Huang, Dilworth’s Theorem, characterizations of complete multipartite digraphs having
Hamiltonian path and ordinary complete multipartite digraphs containing Hamiltonian
cycles, and results on flows in networks.
Keywords: algorithms; digraphs; paths; cycles.

*School of Mathematical Sciences, Tel Aviv University, Ramat-Aviv 69978, Israel, and Députhent of
Mathematics and Computer Science, Odense University DK-5230 Denmark
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A Turan E‘tj*;pe problem for partially ordered
sets

Sven Hartmann
Fachbereich Mathematik der Universitat Rostock

Two clements z and y in a poset P form a covering pair (z,y) iff z < y
and there is no element z in P between z and y. We ask for the maximum
number ez(F,n) of covering pairs of an n-element poset in a given class F of
posets. This extremal problem is studied for certain classes of N-free posets,
among them N-free lattices and covering lattices. |

A poset is called N-free iff its diagram contains no induced subdigraph iso-
morphic to the diagram of the four-element Rival poset N. For the class
N 0 L of N-free lattices we obtain ex(N'NL,n) =2n —4ifn > 3.

Let P be an arbitrary poset. On its set of covering pairs we define a partial
order by (z,z') < (y,y’) iff these pairs are identical or 2’ <y in P. The new
poset is called the covering poset of P. Tor the class CNL of covering lattices
it holds 2n — ez(C N L) ~ 2n?/3.
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HARZHEIM (Diisseldorf)

{BER RAMSEY~-ZAHLEN BEI SCHWACH ARITHMETISCHEN PROGRESSIONEN

Eine schwach arithmetische Progression der Ldnge L € N, kurz

WAPL , ist eine Menge nichtnegativer ganzer Zahlen ay < oo < ar
zu der es redle Zahlen x < ... <X/ gibt, so daB alle Xi41” ¥y

i =1,s..,L=1, gleich sind ( - die XgyreessXp also eine arithmeti-
sche Progression bilden - ) und fiir die gilt

a, € [xi_l,xi) fir i = 1,...,L.

Hierzu gelten folgende Sédtze:

Satz 1. Sei n = L¥ , wo n,L,k natirliche Zahlen mit L > 2 sind.
1

1- L*log L

sei A < [0,n)adN, und [A] >n . Dann umfaBt A eine WAP,.

In der andéren Richtung gilt:

Satz 2. Seien n,L natiirliche Zahlen mit 5 < L < n. Dann gibt es

eine Menge M < [:O,n)ano mit

’

2

1 - =9y-10g 2

M| > n

£(L),

welche keine WAP, umfaft. Hierbei gilt 1lim f(L) - = .
L L= oo 2

Satz 3. Ist in Satz 2 noch L > 6, k:= 6/log 2 = 8,656.., dann
gibt es zu jedem n € N eine Menge M C EO,n) o N mit

L, -
M| > 55 n , die keine WAP; umfaBt.

«
Definition. Fir|L€ N sei w(L) die kleinste natirliche Zahl n,
fiir die gilt: Ist {1,...,n} mit zwei Farben gef&rbt, so existiert
eine monochromatische WAP, < {1,...,n}.

Hierzu folgt fast unmittelbar w(L) < Le¢(L-1) + 1. In der anderen
Richtung ergibt sich

2

Satz 4. w(3°[-14—l + 1) > L2,
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'Stirlingi'fé.ctor:s and evolutionary trees

M. HENDY (PALMERSTON NORTH, NEW ZEALAND) .
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Radons Satz und symmetrische Verteilungen
von Franz Hering =
Fachbereich Statistik der Universitaet Dortmund

Eine d-dimensionale Wahrscheinlichkeitsverteilung heifle symmetrisch,
wenn sie invariant unter der Gruppe der Rotationen ist. Sei eine Stich-
probe vom Umfang n aus einer symmetrischen d-dimensionalen Verteilung
gegeben. Wir bestimmen mit Hilfe von Radon-Partitionen die Wahrschein-
lichkeit, daB die konvexe Hiille der Stichprobenpunkte den Nullpunkt enthalt.
Diese Wahrscheinlichkeit wurde schon von Wendel [1] mit einer anderen Be-
weismethode gefunden. Der hier vorgestellte Beweis zeigt den Zusammen-
hang zu einem Miinzwurfproblem auf, welcher ebenfalls schon von Wendel
beobachtet wurde. Wendel weist jedoch darauf hin, dafl er diesen Zusam-
menhang nicht erkliren kann. Auflerdem lafit sich unsere Beweismeth-
ode benutzen, um im Prinzip die Wahrscheinlichkeit zu bestimmen, daf}
eine Stichprobe vom Umfang n aus einer Verteilung F mit dF = —dF

“den Nullpunkt enthilt.Dadurch wird sie insbesondere auch fir diskrete

Verteilungen anwendbar.

Reference

[1] Wendel,J.G : A Problem in geometric probabslity, Math. Scand. 11
(1962), 109-111. |



Hamiltonsche und Pathtough Eigenschaften
in 2-tough Graphen

Vﬁ-D‘INH-HbA
Waundtstr.7/4L1
01217 Dresden

—<Wir-betrachten-nur-schlichte und -ungerichtete-Gra.pheri;i;ﬁih .Gtaph -G heifit 2 —. .-

tough Graph, wenn |S| > 2w(G — S) fiir jede Teilmenge S C V(G) mit w(G — S) > 2
gilt. G heiit pathtough, wenn G-S in héchstens |S| Wege (S # @) zerlegen 1d8t.
Chvétal’s Vermutung /2/ : Jeder 2-tough Graph ist Hamiltonsch. ’
Jackson’s Problem A10 /1/: Ist jeder 2-tough Graph ist pathtough ?
Jackson’s Problem A1l /1/: Ist jeder 2-tough pathtough Graph Hamiltonsch ?
Wir beweise‘r;‘ fogendes Ergebnis :
Theorem : Folgende Eingenschaften sind dquivalent.
1) Jeder 2-tough Graph ist Hamiltonsch.
2) Jeder 2-tough Graph ist pathtough.
3) Jeder 2-tough Graph G mit t totalen Knotenpunkten (d. h. Knotenpunkte, die

mit allen anderen Knotenpunkten adjazent sind) ist Hamiltonsch, wobei t eine beliebige
gegebene Zahl > 0 ist.

4) Jeder genau 2-tough Graph (d. h. die Ungleichung in der obigen Definition wird
Glexchung bei einer passenden Teilmenge S sein) ist Hamlltonsch

Bemerkung Jeder 2-tough pa.thtough Grn.ph ist entweder He.mﬂtonsch oder

REFRENCES
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Updated coniributions to the Twente Workshop on Hamiltonian graph theory (April
6-10, 1992). Memorandum No. 1078, University of Twente (The Netherlands), 1962.
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Hinreichende Bedmgungen fiir die Existenz von Hamﬂtonkrelsen
in pathtough Graphen

VU-DiNu-HOA
TU Bergakademie HeiBerg
Fachbereich Mathematik
Beruh.-v.-Cottastr.2
00596 Freiberg

Wir betrachten nur schlichte und ungerichtete Graphen. G heifit pathtough, wenn
G-S in héchstens |S| Wege (S # 0) zerlegen 1a8t.

Theorem 1 : Jeder pathtough Graph mit § > n/3 ist hamiltonsch.

Corollary 2 : Jeder hypohamiltonsche Graph G besitzt einen Knotenpunkt von
Valenz < L"—;y-

Diese Ergebnisse verbessern die Werte 8n/17 von Hagkvist und 2n/5 von Schier-
meyer. Bei dem Petersengraphen konnen wir sehen, daf8 sie schaxf sind. Die Beweis-
methode 188t sich auf o, iibertragen. Bei Uberstrengung der Beweismethcde kénnen wir
den Wert n/3 durch den Wert (n-2)/3 (mit Ausnahmegraphen) ersetzen und antworten
damit eine Frage gestellt durch Schiermeyer in der ”British Combinatorial Conference”
(1991) (s. h. /1/, S. 67-76 und 97-99).

REFRENCES
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NEW RESULTS ON SET GAMES

Cornelis Hoede

University of Twente
P.0.Box 217, 7500 AE Enschede
The Netherlands

Set games were presented for the first time al the Braunschweig‘Ko]]oquiﬁm in 1992. They
gencralize cooperative games in which coalitions, subsets of the player set. are mapped
on the reals by considering mappings on sels, subsets of some abstract universum.

In this talk some new re]"qtionships lo graph'theory will be mentioned. The main part is
an account of the characterization of values for sel games, analogous to the Shapley
value for ordinary cooperative games.
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Independent trees

Let G be a finite graph (directed or undirected) and let ¢4, ..., t; be distinct
vertices of G. A system (T1,...,T}) of trees in G is called a (%1, ...,%) —
treesystem if the following conditions are satisfied:

— For each i < k, V(T3) = V(G) - {t;;j # i}
~ If G is directed, then each T; is directed to t;.

~ Let 2 € V(G) —{t1, ..., tx} and let P, be the z,t; — path in T} for each
i+ < k.-Then for any-distinct ¢, j, the paths P; and P; have only z in
common.

We introduce sufficient conditions for the existence of a (21, ..., ) — treesys-
tem and consider related problems.



NEW CORRELATION INEQUALITIES IN
COMBINATORIAL NUMBER THEORY

RUDOLF AHLSWEDE AND LEVON H. KHACHATRIAN

ABSTRACT

For sets A,B C N, the set of positive integers, consider the set of least common
multiples [4, B] = {[a,}] : a € A,b € B} , the set of largest common divisors (4, B) =
{(a,b): a € A,b € B}, the set of products AxB={a-b:a€ A be B}, and the
sets of their multiples M(A) = Ax N, M(B),M[A,B], and M(A x B), resp. Our
first discoveries are the inequalities

dM(A, B)dMI[4, B] > dM(A)dM(B), (1)
dM(A)dM(B) > dM(A x B) (2)

where d denotes the asymptotic density and A, B are finite.

The first inequality is by the factor-dM(A, B) sharper than Behrend’s well-known
inequality. This in turn in a generalisation of an earlier inequality of Rohrbach and
Heilbronn, which settled a conjecture of Hasse concerning an identity due to Dirichlet.

The second inequality does not seem to have number theoretic predccessors. Here we
show that (1) can easily be derived from the Ahlswede/Daykin inequality via Dirichlet
series. Actually we discovered this way the much more general inequality

D(4,B)D[4, B] 2 DA - D(B), (3)

where D denotes the lower Dirichlet density and A, B are arbitrary subsets of N .

The same approach gives inequality (2) as a number theoretic twin of the correlation

inequality of Kesten/van der Berg. Here it is essential that we work with multiples.
1

(1] R. Ahlswede and Ly Khachatrian, Density inequalities for sets of multiples, sub-
mitted to Journal of Number Theory.

[2] R. Ahlswede and L. Khachatrian, Number theoretic correlation inequalities for
Dirichlet densities, submitted to Crelle’s Journal.



Ramsey-Zahlen fiir Mengen von Graphen

Kathrin Klamroth,
Technische Universitdt Braunschweig

Betrachtet werden die verallgemeinerten Ramsey-Zahlen r{¢}1,62) fiir Mengen von
Graphen &1 und 2. - ‘

Ist speziell G1={Kn} und &2=<{p,q> die Menge aller Graphen mit p Knoten und q
Kanten, so wird ein interessanter Zusammenhang zwischen diesen Ramsey-Zahlen
r(Kn,<p,q>)=n+s und den Turan-Graphen Tk, (n+s-1) deutlich.

Dieser Zusammenha.ng ist auf andere Fille iibertraghar.



Single exponential upper bound on Erd6s-Rado pair
' numbers

Martin Klazar*

The pair version of Erdés-Rado canonizing theorem says that there is an integral function
ER(m) with the following property: if there exists a coloring

F:[n)?—>w
of all pairs of the set [n] = {0, 1,...,n— 1} by colorsw = {0, 1,...} such that no restriction
F[X* X € [n™

is canonical (i.e., either constant or 1-1 or minimal or maximal) then n < FR(m).
The primar upper bound of Erd6s and Rado is triple exponential in m, the recent result of
Lefmann and R6dl is that ER(m) < 2™ 8™ We prove that ER(m) <232m > m.

"

»*Dept. of Applicd Mathematics, Malostranské ndm&sti 25 » 118 00 Praha 1, Czech Republic



Even Designs und symmetrische Blockpléne

Th. Kélmel

Die Konstruktion symmetrischer Blockplane, die einen semireguldren

Automorphismus zulassen, fihrt zu Bahnenmatrizen, welche die erch den
Automorphismué definierte taktische Zerlegung beschreiben..FGr gewisse
Nichtexistenzaussagen Uber solche Bahnenmatrizen oder zur Vereinfachung
dér Konstruktion einer solchen erweist sich als ginstig, nur noch zwiéchen

geraden und ungeraden Eintrégen in der Bahnenmatrix zu unterscheiden und

die Nichtexistenz oder Konstruktion der so entstehenden Inzidenzmatrix eines

even designs zu untersuchen. Hierzu werden einige S&tze und Beispiele

angegeben. Indem von den Inzidénzmatrizen der entsprechenden even designs
ausgegangen wird, konnen jetzt die jeweiligen Bahnenmatrizen und daraus
die ursprunglich interéssierenden symmetrischen Blockpldne rekonstruiert

oder Bahnenmatrix bzw. Blockplan als nichtexistent nachgewiesen werden.



Permuted difference cycles and triangulated sphere bundles

Wolfgang Kiihnel
(Univ. Duisburg)

The collection of all permutations of certain difference
cycles in %Zn generates a simplicial complex with n vertices
which turns out to be a combinatorial manifold. This yields
a family of such complexes depending on several parameters.
As an example, (12) generates a torus, (124) generates a
3-dimensional torus. For a proof one has to show that the
link of each vertex is a combinatorial sphere. Inductively
we show that this link is a kind of a “cubical suspension"
of the vertex link of a lower dimensional manifold.

In order to determine the topology of these manifolds we
use the method of "collapsing". It turns out that these
manifolds are homeomorphic to the total spaces of certain
sphere bundles over higher dimensional tori.



A Dirac-type criterion for hamiltonicity

S. Kyaw (BERLIN)



KERNELS OF MINIMUM S1zE GosSIP SCHEMES

Roger Labahn

"

\Universitat Rostock, FB Mathematik
18051 Rostock, Germany
labahn@mathematik.uni-rostock.d400.de

We consider gossiping on the undirected complete graph on n > 4 vertices,
i.e. the dissemination of n items of information each generated in one vertex
to all the vertices by bidirectional calls. Calls may be done in parallel if
they use independent edges and the collection of pairwise time-parallel calls
is a round. The call ¢ is related to the call d if they share a vertex and 4 is
later than c. Finally, the reflexive and transitive closure of this relation is
defined to be the minimal ordering.

We consider the case where the number L of calls equals L = 2n — 4 which
is minimum among all gossiping procedures on K,,. Here we give a complete
characterization of all possible minimal orderings, in particular, of their
kernels which turned out to be the essential part of gossiping. From this,
several results concerning minimum size gossip schemes can be derived, e.g.
we proved that the minimum number of rounds for minimum size gossiping is
2[log, n] — 3. Moreover, we present results on the arising posets themselves:
enumeration, jump number, dimension, and number of linear extensions.



-

construction of combinatorial d-pseudomanifolds
with permuted difference cycles

st
1

\

G. LafBmann
Forschungszentrum der Telekom

FTZ Berlin

A combinatorial d-manifold is a simplicial complex such that the link of each of
the n vertices is a combinatorial (d-1l)-sphere. This topological condition is
difficult to prove in higher dimensions, a weaker combinatorial condition is:

A combinatorial d-pseudomanifold is a simplicial complex such that each
(codimension 1) face occurs exactly in two simplices. We consider complexes
invariant under action of the cyclic group Zn on n vertices. Up to Zp-action a
d-dimensional simplex <xg Xj ... Xg> with xg<xj<...<xq can be encoded by the
differences (yj ... Yq) where y; = xj-xj.j. A difference k-cycle is an ordered
tuple (yj --- Yq) of non-zero elements of Z,,. By a permuted difference d-cycle we
mean the difference d-cycle (ygy --- Yoq) for a given permutation ¢ of {1, ..., k}.
A d-permcycle is defined as a set of permuted d-cycles, where (yy .- Yq) is
fixed and where o ranges over all possible permutations. A simplicial complex is
called 2-neighborly if—any pair of veftices ig joined by an edge belonging to

the complex.

Theorem:
Let 1<y; sSys S e S Y4 bé fixed integers. Then the following conditions are
equivaleht: _
(i)\ In the permcycle [yj, ..., Yg] every (codimension 1) face occurs
exactly twice und every edge exists.
{ii) The permcycle has the special form (yi, ..., Ygl =

(L e 1, 2, k3, 2(k+3), 4(k+3), .., (297K"2 x(k+3)))
k

for a certain k =0, ..., d-1.

Further we can show that every d-permcycle with parameter k defines a
]
neighborly d-manifold with 2d-k *(k+3)-1 vertices und interesting

\
geometric properties (not scope of this talk).

- W. Kiihnel and G. Lassmann, Combinatorial d-tori with a large symmetry group,
Discrete Comp. Geom. 3, 169-176 (1988)

- W. Kihnel and G. Lassmann, Permuted difference cycles and triangulated
sphere bundles, 1993, Preprint Uni Duisburg, to appear.
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Die Anzahl der charakteristischen Tupel der Menge
aller Funktionen der k-wertigen Logik, die héchstens
zwel verschiedene Werte annehmen

Dietlinde Lau (Universitit Rostock)

Seien E; = {0,1,....k — 1} (k > 2), P die Menge aller n-stelligen Funktionen der
k-wertigen Logik, die das n-fache kartesischc Produkt E} in E; abbilden, und Fy :=
Uns1 P,S"). P, mit den Superpositionsoperationen (ausdriickbar durch die sogenannten
Mal‘cev-Operationen (,7,4A,V, ) bildet eine Algebra Py := (Py;(,7,4,V,%).
Trigermengen von Unteralgebren dieser Algebra bezeichnet man als Teilklassen oder kurz,
als Klassen von Py. Besitzt eine gewisse Teilklasse A von Py ein endliches Erzeugenden-
system, so hat A nur endlich viele maximale Teilklassen A;, Ag, ..., A;. Einer beliebigen
Funktion f aus A lifit sich mittels dieser maximalen Klassen ein sogenanntes charakieri-
stisches Tupel x(f) := (xa(f), x2(f), -, xe(f)) auf folgende Weise zuordnen:

._ OfurféA,

(=1, 2, ..., t). Mit Hilfe solcher Tupel lassen sich Basisklassifikationen fiir A vornehmen
sowie gewisse Teilklassen von A charakterisieren (siche [1}). -

Anhand der in [2] bestimmten maximalen Klassen von P;(2), der Menge aller Funktionen
aus Py, die hochstens zwei verschiedene Werte annehmen, soll im Vortrag (nach einer
kurzen Ubersicht iiber bereits ermittelte charakteristische Tupel gewisser Klassen der 2-
bzw. 3-wertigen Logik) die Idee zum Beweis des folgenden Satzes erliutert werden:
SATZ: P.(2) (k > 3) besitzt genau

k-1

k R
k+<k) 3 ok— 2+3—3+2 Uk + Up—1 — Uk- 2+§(2 Uk 7""%""2,5"‘1’:;)-1’!)

charakteristische Tupel, wobei u, die Anzahl aller Aquwalenzrclatmneu cuf Ky sei, vy ; die
Anzahl aller Aquwalenzrelatzonen auf E, mit genau 1 Aquivalenzklassen, v, ; die Anzahl
aller 4quwalenzrelatzonen p auf E, mit {0,1} ¢ B/, (0,1) ¢ p und |Eq/,,| = 1 bezeichnet
sowie vy die Anzahl aller Aquivalenzrelationen p auf E, mit den folyenden Eigenschaften
set: {0,1} € Byyp, (0,1) € p und |Ey,| = i.

(Eq)p bezeichnet die Menge aller Aquivalenzklassen der Aquivalenzrelation p anf E,.)

Literatur

[1] D. Lau, M. Miyakawa, 1. G. Rosenberg and I. Stojmenovic: Classifications and basis
enumerations in many-valued logics - a survey -. Proc. 17th. Intern. Symposium on
Multiple-valued Logic, Boston, May 1987, 152 - 160

[2] D. Lau: A completeness criterion for P,(!). J. Inf. Process. Cybern. EIK 27 (1991)
3,167 - 178



STERBLICHKEIT ITERIERTER GALLAI-GRAPHEN

Van Bang Le, TU-Berlin

Der Gallai-Graph I'(G) des Graphen G ist wie folgt definiert: Die Ecken von
I'(G) sind die Kanten von G; zwei Kanten von G sind in I['(G) adjacent, wenn sie in
G inzident sind, aber kein Dreieck aufspannen. '

Wir werden im Vortrag die (endlichen und unendlichen) Graphen G, deren
iterierte Gallai-Graphen I'*(G) = ['(I*~!(G)) schliefllich leer sind, beschreiben.

Die algorithmische Seite von Gallai-Graphen wird auch am Rande diskutiert; es
stellt sich heraus, dass die Berechnungen der Cliquenzahl, der Unabhéngigkeitszahl,
und der chromatischen Zahl von Gallai-Graphen NP-vollstindige Probleme sind.

]

\



Die Dichte uniformer Mengensystemne

Uwe Leck
GK " Alg. Diskr.Math.”
Freie Universitat
FB Mathematik
Arnimallee 2-6
14195 Berlin

Abstract

Es sei A eine k-uniforme m-elementige Teilmenge des n-Wiirfels
und A;(A) der i-Schatten von A. Dann wird 8:(A) := minl&iB 1
i-Dichte von A bezeichnet, wobei das Minimum tber alle Teilmengen
B von A lguft. Fiir vorgegebene 1 < j < J < k, m und 6s(A) soll
4;(A) minimiert werden.



A Fast Approximation Algorithm for Computing the Frequencies of
Subgraphs in a Given Graph

\ Hanno Lefmann *

Abstract

In this talk we give an algorithm which, given a labelled graph on n vertices and a list of all
labelled graphs on k vertices, provides for each graph H of this list an approximation to the number
of induced copies of H in G with total error small. This algorithm has running time O(n?M(n)),
where M(n) is the time needed to square a n by n matrix with 0, 1-entries over the integers. The
main tool in designing this algorithm is a variant of the Regularity Lemma of Szemerédi.

*Universitit Dortmund, FB Informatik, LS II, D-44221 Dortmund, Germany.
I}

\



Die Turan-Funktion fiir Hypergraphen
\

Ulrich MATTHIAS

Im Jahre 1941 bewies Turan den folgenden Satz:

Unter den Graphen G der Ordnung n, die keinen vollstindigen Graphen K_
als Teilgraphen enthalten, gibt es genau einen mit maximaler GréBe, und
zwar den T__,(n), den vollstdndigen (r-1)-partiten Graphen der Ordnung n,
dessen Eckenklassen so gleich wie méglich sind.

Wir betrachten nun das entsprechende Problem fiir uniforme Hypergraphen
vom Grad k und fragen: Wie grof8 ist ex(n.K(rk)), die maximale GréBe eines
k-Graphen der Ordnung n, der keinen K‘rk) enthilt?

{iber diese Funktion ist fiir k23 und allgemeines n nur sehr wenig bekannt.

Katona, Nemetz und Simonovits haben gezeigt, daB fiir jeden "verbotenen” k-

Graphen H die Funktion _ex(n, H)

n
k

in n monoton fillt; folglich existiert

ex(n,K(rk))
auch der Grenzwert y(r)k) := nlim

n
== (x)
Konstruktionen von Turdn und de Caen liefern fiir ganzzahliges (r-1)/(k-1)
bzw. fiir k=3 die untere Schranke y(rk) =1 - %k——"n , die als scharf
k-1

vermutet wird. Die beste allgemeine obere Schranke stammt ebenfalls von

de Caen (1983): «y(rk) < 1- —1

(k1)
Diese Schranke ist nach dem Satz von Turdn fiir n=2 scharf; fiir k23 wurden
bislang nur fiir den Fall r = k+1 schirfere Schranken vertffentlicht (Giraud

1987, de Caen 1988). Wir liefern eine Reihe von Verbesserungen dieser
Abschitzung im Fall r # k+1.




Wieviel Struktur koennen zwei verschiedene projektive
Ebenen derselben Ordnung gemeinsam haben.

KLAus METSCH

UNIVERSITAT GIESSEN

Abstract: Die desarguesche Ebene der Ordnung ¢? und die Hallebene der Ord-
nung ¢2, ¢ eine Primzahlpotenz, koennen so auf derselben Punktmenge definiert wer-
den, dass sie alle bis auf ¢?(¢+ 1) Geraden gemeinsam haben. In diesem Sinne haben
die beiden Ebenen sehr viel Struktur gemeinsam. In dem Vortrag wird untersucht,
ob dieses Beispiel optimal ist.



Subpath acyclic digraphs

Henry Martyn Mulder
Econometrisch Instituut
Erasmus Universiteit
Postbus 1738
NL-3000 DR Rotterdam

Niederlinde

i
Let 5 be a fa\mily of subsets of a set X. The intersection graph of B

has B as its vertex—set, and two vertices A and B are adjacent whencver
they have a nonempty intersection. Prime examples are the interval
graphs, being the interscction graphs of families of intervals on the
real line, and the chordal graphs, being the intersection graphs of
families of subtrees of some tree. Recently directed intersection graphs
were introduced as well, Instead of one subset for a vertex, one can take
an ordered pair (A;,A;) of subsets, where there is an arc from (A;,4;) to
(By,B,) if A; and B, intersect.

Here we consider a model proposed by F.R.McMorris: let S§,,5,...,5,
be subscts in some partially ordered set (X,<) such that ecach set S; has
a distinct infimum inf(S;); there is an arc from S; to S if these sets
intersect and  inf(S;) < inf(S;). The digraphs  thus arising are, of
course, acyclic. llarary, Kabell —and  McMorris  characterized the
intersection digraphs of rooted subtrces in a rooted tree as well as
those of intervals with distinct left end points in (R,<) by forbidden
induced subdigraphs. Unfortunately, the list for the latter digraphs
turned out to be incomplete. In this paper we characterize the
intersection digraphs of rooted Apa.ths in a rooted tree and obtain, as a
corollary, the complete list for the interval case.

This paper is joint work with F.R. McMorris (Louisville, Kentucky).



Elementary proofs of
Grunbaum’s and McBeath’s Theorem

R. NEDELA (BANSKA BYSTRICA, SLOVAKIA)



Lutz Neumann

TU Dresden

Abt. Mathematik / Inst. f. Algebra
Mommsenstrasse 13

01062 Dresden

. Einzig-3-firbbare Graphen
\

Bei der Betrachtung kantengefirbter Graphen ist unter anderem auch die Charakterisierung
aller einzig-k-farbbarer Graphen von Interesse. Fiir k # 3 ist diese Aufgabe bereits gelost, fir
k = 3 ist man jedoch von einer Losung noch weit entfernt.

Ein schlichter ungerichteter Graph heiBt kubisch, wenn er Regularititsgrad dy(G) = 3 besitzt.
Ein kubischer Graph, der durch das Loschen von weniger als vier Kanten nicht in zwei je einen
Kreis enthaltende Komponenten zerfillt, heifit zyklisch-4-zusammenhéngend. Bosak [1] hat
gezeigt, daB man sich bei der Charakterisierung aller einzig-3-firbbaren Graphen auf die
zyklisch-4-zusammenhingenden kubischen Graphen beschrinken kann, da jeder einzig-3-
farbbare Graph einen solchen Graphen als Untergraphen enthilt. Bisher sind zwei zyklisch-4-
zusammenhingende einzig-3-firbbare Graphen bekannt, nédmlich der K, als planarer Graph und
der verallgemeinerte Petersensche Graph P(9,2), der nichtplanar ist.

Da sich die Vermutung von Greenwell/Kronk [2], daB jeder kubische Graph mit genau drei
Hamiltonkreisen einzig-3-firbbar ist, nicht bestitigt hat, kann dies keine charakterisierende
Struktureigenschaft fr die Einzig-3-fiirbbarkeit eines Graphen sein. Bei der Suche nach einer
solchen Eigenschaft wird fiir einige spezielle Graphenklassen die Charakterisierung der in ihr
enthaltenen einzig-3-firbbaren Graphen vorgenommen. Aus diesen Ergebnissen werden dann
einige Verallgemeinerungen fiir die Struktur einzig-3-firbbarer Graphen gezogen und eventuell
mogliche neue Losungsansitze vorgestellt.

Literatur
[1]  Bosik, J., Uniquely Edge Colourable Graphs, Math. Slovaca 34, 1984, No.2, 205-216
[2]  Greenwell D. L., Kronk H. V., Uniquely Line Colorable Graphs,

Canad. Math. Bull. 16 (4), 1973



TRANSLATIONEN LOKALFINITER GRAPHEN

Peter Niemeyer, TU-Berlin

Ein Automorphismus o eines unendlichen zusammenhingenden Graphen X heifit
Translation, falls o(H) # H fiir jede nichtleere endliche Eckenmenge H gilt. Ist
o eine Translation und D ein 2-Weg (zweiseitig unendlicher Weg), so heifit D o-
wesentlich, falls o®(D) = D fiir ein n # 0 gilt. R. Halin zeigte, daB es zu jeder
Translation eines lokalfiniten Graphen wesentliche 2-Wege gibt.

Ein 2-Weg D aus X heiit metrisch, falls es eine natiirliche Zahl K gibt, so da§
fiir beliebige Ecken v und w von D gilt: dp(v,w) < K dx(v,w). Ist diese Gleichung
schon fiir K =1 erfiillt, so nennt man D geoddtisch.

Im Vortrag werden die Translationen lokalfiniter Graphen charakterisiert, deren
wesentlichen 2-Wege metrisch sind. Als Verallgemeinerung eines Resultates von N.
Polat und M.E. Watkins werden schlieBlich die lokalfiniten Graphen beschrieben, zu
denen es geoditische'wesentliche 2-Wege gibt.

\



Exponential generating functions — a solution con-
cept for linear Difference- and Differential-equations

Walter Oberschelp (RWTH Aachen)

Given a sequence {f,} of numbers with a combinatorial interpretation, the general pro-
blem of counting-combinatorics is to give an analytic formula fir {f,} or to find an
appropriate generating function for this sequence. In similar contexts, we have e. g. the
interpolation problem of numerical analysis, the solution concept of the theory of finite
differences, the reconstruction problem of signal theory and the characterization problem
for probability distributions by their generating functions. In a certain contrast to Rota’s
well known characterization of generating functions by their underlying incidence struc-
ture, we use exponential generating functions (EGF) as a distinguished type of GF using
their shift-reproduction-property in derivation. We assume that { f,.} is defined by a linear
difference equation (DCEQ)

amfn + am-lfn-l +--+ alfn-m-l—l + aofn—m = b,

where the ay are polynomials in n. We establish a formal bijection between those DCEQ
and similar looking linear differential equations (DTEQ).

Our first theorem states that both types of equations are solved by the same EGF
f2) =% fuls . This theorem can be extended to sequences going backwards also to —oco
and to meromorphlc functions f(z), which are convergent in a ring around z = 0. The
extension uses the Roman-generalization for factorials of negative numbers and a careful
analysis of the initial conditions near n = 0.

Thus, for solving equations in this context, only knowledge of one of the theories,
DCEQ or DTEQ, is required. As example, we can easily characterize those (second
order) DTEQ, which have polynomial solutions. Special cases are the classical orthogonal
polynomials (Jacobi, Legendre, Laguerre, Hemite, etc.).

In the special case of constant coefficients a; we get numerical simplifications compared
to the solution techniques using ordinary power series. Thus we find an explicit solution
formula for DTEQ with a polynomial inhomogeneous part by inverting an upper triangula:
Toeplitz matrix; here the well known (partial ordinary) Bell polynomials are involved.

A second theorem establishes the connection to ordinary generating fuctions (OGF).
We prove that (in case of convergence) the OGF F(z) = ¥ f,2" is essentially given by
the Laplace transform of the EGF. More exactly, this connection relates to the so called
z-transform of the sequence {f.} , which is used (instead of the OGF).in signal thcory:

1../1
£(f@) =5F(3)-
(£2)) = -F (=
Thus, after a simple substitution, we can determine the EGF from the OGF by the inverse
Laplace transform; and vice versa!
There are nice examples: The EGF of the Catalan sequence or of Eulers central
binomial numbers point into the direction of hypergeometric series and Bessel functions.

This connection between EGF and OGF also sheds light on the methods to solve a DTEQ
by using the Laplace transform.



Finally, we want to point out that our connection between linear DCEQ and DTEQ
is an important link between discrete and continous mathematics. Here the réle of the
Stirling numbers is fundamental: Starting with Newton series, we comment on the gene-
ral interpolation and reconstruction problem, the solution of which is restricted by the
sampling theorem of signal theory. The convergence problems with Dirac’s delta function,
which are neglected by the signal theorists and more or less ignored (or pushed to the
theory of distribution) in the mathematical theory of Laplace transform can be circum-
vented. At this point we see some connections to the theory of wavelet interpolation,
which also sets out to solve interpolation problems in a more general way, as it is usually
done by the classical Fourier transform techniques.



Die Multiplicities
einiger kleiner Hypergraphen

Dieter Olpp

Braunschweig

Sei H ein k-uniformer Hypergraph und n eine natiirliche Zahl. Dann wird
die minimale Anzahl von einfarbigen Teilhypergraphen H in einer beliebigen
Zweifarbung der Hyperkanten des vollstindigen k-uniformen Hypergraphen
K¥ als die Multiplicity M (H;n) bezeichnet.

Die Ramsey-Zahl r(H) ist dann die kleinste natiirliche Zahl n, fir die
M(H;n) positiv ist.

Selbst im Fall k¥ = 2 ist nur fiir wenige nicht-triviale Graphen G die
Multiplicity M(G;n) fiir alle » bekannt: Es sind dies der vollstindige Graph
K, die Sterne Kj,, und der Weg Fu.

In diesen drei Fillen ist es moglich, fiir bestimmte 3-uniforme Hypergra-
phen H die Multiplicity M (H;n) auf die Multiplicity M (G;n) des jeweiligen
Graphen G zuriickzufiihren. Dabei besitzt H jeweils einen bzw. zwei Kno-
ten, die mit allen Hyperkanten inzidieren. Im Fall G = K3 etwa ist H der
3-uniforme Hypergraph mit vier Knoten und drei Hyperkanten.



v

Triangle-free Planar Graphs Are Planar Hasse Diagrams

Jiri Otta
Dept. of Aplied Mathematics,
KAM MFF, Charles University,
Malostranské ndm. 25, 118 00 Praha 1, Czech Republic

October 25, 1993

A graph G = (V, E) is a covering graph if there is a poset P = (V, <) for which {z,y} €
I’ilfz < yand 2 < z < y for no z. The Hasse diagram (or simply diagram) H = (V, A)
is the orientation of covering graph G, and this orientation is given by any ordering of poset,
which produce covering relation of G.

For the planar graphs the following wellknown theorem holds.

Theorem 1 Every triangle-free planar graph G is a covering graph.

Embedding of any diagram H = (V, A), which is produced by partially ordering of P in the
plane, is an embedding of the underlying covering graph in such a way that, whenever z > y
in P, the y-coordinate of z is larger then the y-coordinate of y, and all edges are monotonic
with respect to the y-coordinate. Embedding of the diagram H is planar if it is without edge
crossing. A diagram is planar, if it has a planar embedding.

The following is main theorem.

Theorem 2 Let G = (V, E) be atriangle-free planar graph and b its planar embedding. Then
there exists a Hasse orientation of G which produces diagram H = (V, A) such that H has
planar embedding topologically equivalent to b.

Proof: This is sketch of the proof: At first we show that to every triangle-free planar graph we
can add new edges to obtain triangle-free planar graph, in which the boundary of every face is
four-cycle or five-cycle. Then we can prove the theorem only for such graphs.

The proof proceeds by induction on the number of interior vertices. If there is no interior
vertex, then the theorem is trivial.

For n interior vertices there are two cases.

I. There is an interior face of size four. Then we can contract one nonedge in this face and
we get triangle-free planar graph. This graph has planar orientation. We do uncontraction
and draw the new vertex close to the old one. We obtain planar Hasse orientation.

2. There is no interior face of size four. Then we can contract one interior edge and we get
triangle-free planar graph. This graph has planar orientation. We do uncontraction and

draw the new vertex close to the old one and orient the new edge up. We obtain planar
) Hasse orientation. ‘



Characterising Graph Drawing with Eigenvectors

Tomaz Pisanski
Dept of Theoretical Comp Sci, IMFM, University of Ljubljana, Slovenia
email: tomaz.pisanski@uni-lj.si

John Shawe-Taylor
Dept of Comp Sci, Royal Holloway, University of London, England
email: john@dcs.rhbnc.ac.uk

Introduction

We consider the problem of embedding a graph on n vertices in Euclidean space
RE, for k < n. Typically k would be 3 or 2. By posing the problem as minimis-
ing the squared norm of the appropriately weighted distance between adjacent
points subject to natural normalising conditions we arrive at a formulation of
the problem for which the optimal solution can be simply computed in terms
of the eigenvectors of the Laplacian matrix of the (weighted) graph. For the
case where the weights are chosen to be unity the solution is independent of
the uniform penalty given to non-adjacent vertices. In this case and for regular
graphs the technique has been applied by Pisanski [4], who demonstrated that
the generated drawings are particularly pleasing in the case of Fullerene graphs
arising in chemistry. The idea of using eigenvectors for drawing graphs was
used first in chemical setting for molecular orbitals; see [3].

For distance-regular graphs with a second eigenvalue of multiplicity at least
k the embedding has particularly pleasing properties; see Godsil [2].

The Laplacian matrix has been used in graph embedding before in Tutte’s
straight line embedding of planar graphs (5, 6]. The approach presented here is
related but corresponds to solving the equation without boundary conditions.
The characterisation in terms of minimising the sum of distances between ver-
tices is also appropriate in Tutte’s case but subject to the chosen cycle being
fixed at the boundary.

Summary of Results

Let A(G) = (ayy) be the adjacency matrix of a simple (positively weighted)
graph G with no loops. Let the diagonal matrix D be given by

Dy, = d(v) = Z Qyy,
(u,v)€E(G)

the degree of vertex v. The Laplacian matrix is defined to be Q(G) = D— A(G).
We summarise a few known results involving the Laplacian matrix. We will
number the eigenvalues of Q(G) given in ascending order: 0 = A; £ A2 <... <

1

e



An, with corresponding eigenvalues j = el,e?,...,e"™, where j is the all one
vector, while 0 < X, if the graph is connected.
We pose the problem of embedding the graph G as finding a mapping

x:V(G) — Rk,

We will denote by x; the n-dimensional vector formed by taking the i-th coordi-
nate of x(u) for all u € VG. We require these vectors to have average entry 0 in
order that the centre of gravity of the graph is at the origin. Further we require
the vectors to be normalised and orthogonal. This requirement implies that the
embedding retains maximum information about the graph. This is illustrated
by considering taking two of the vectors to be equal, i.e. maximally correlated.
In this case we have effectively reduced the dimension of the representation by
one. Subject to the above constraints the following sum is minimised

> twlx(@)-xIF-8 Y lIx(u) - x()|3

(uv)EEG (uv,v)gEG .

The justification for this sum is simple. We require adjacent vertices to be close
together possibly with different weightings (e.g. for different chemical bond
types), and require non-adjacent vertices to be far apart.

Proposition 1 The above e;ﬁbedding problem is solved by taking the weighted
graph with adjacency matriz

A = (auw + B) if (u,v) € EG
w7l o0 otherwise

and computing the eigenvectors €?,...,e*+! of the corresponding Laplacian ma-
triz. An optimal embedding x is given by x; = e't1. If Ay < Apq2 then the
optimal embedding is unique up to orthogonal transformations in RE.

Corollary 2 In the case where the graph is not weighted (i.e. ay, € {0,1}),
the optimal embedding does not depend on the parameter S.

3 Conclusions

In our requirements on the embedding we are forcing the graph to “look spher-
ical”. For graphs with natural excentrical shape our method does not give
natural pictures. This problem may also explain why occasionally a better im-
age is created by taking the 2nd, 4th and 5th eigenvectors, [3], [4], rather than
the three eigenvectors corresponding to the three smallest non-zero eigenvalues.

We have not considered the case where edges are allowed to have negative
weights. We have seen, however, that adding multiples of the matrix J — I
does not affect the eigenvectors of the Laplacian matrix, though corresponding
eigenvalues are increased. Hence we can add a multiple of J — I to a graph
with negative weights in order to create one with only positive ones. This will
shift the energy function by a fixed amount and so the optimal embeddings of
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the two graphs will coincide, though the minimal value of the energy function
will of course change. Hence the procedure can also be used to find optimal
embeddings of graphs with negative weights as might occur in chemical bonds
with different repelling strengths.

It is not clear how the results might be generalised if the norms used are
altered, either in the energy function of the accompanying constraints on the
vectors 7;. It may well be that in this case the approach taken in this paper
is not applicable and a more standard method of energy minimisation must be
applied.
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Optimale Graphen fiir Kommunikationsnetze

Wemner Poguntke, FernUniversitit,
Fachgebiet Kommunikationssysteme, D-58084 Hagen

Ein Kommunikationsnetz mit mehreren Stationen und Verbindungsleitungen kann
durch einen ungerichteten Graphen modelliert werden. Welche Graphen sind hierfiir
am besten geeignet?

Die Antwort hiingt selbstverstindlich ab von den verwendeten Netzprotokollen, also
Fragen der Art "Wie wird festgelegt, welche Wege zwischen jeweils zwei Stationen
benutzt werden?" oder "Wie wird auf Kantenausfille reagiert?". Ferner muB aus
verschiedenen moéglichen Giitekriterien (wie etwa hohe Zuverlissigkeit, kurze
Weglingen etc.) ein Optimalititskriterium gebildet werden.

Fiir Netze mit festen Routing-Tabellen werden einige neuere Ergebnisse zum
Zusammenspiel verschiedener Kriterien prasentiert und offene Probleme aufgezeigt.



A new class of symmetric designs
Alexander Pott

(joint with D. Jungnickel)

We construct new symmetric (v, k, A)-designs with parameters

2m
— s, -1
v=p =1
k= ps—l . q2m-—1
A= ps—l . q2m-—2 Lptoi-

p—1

where p is a prime and ¢ a prime power which satisfy

_pr-l
q - p _ 1 *
The orders n of these designs are
n = p23-2 . q2m-2.

af
This result gene\ralizes constructions due to Spence, Tonchev and vanTrung,.



Radius versus Diameter in
Cocomparability and Intersection Graphs

ERrRICcH PRISNER

Mathematisches Seminar
Universitat Hamburg

The distance dg(z,y) between two vertices 2 and y of a finite, connected
graph G is the length of a shortest z-y path. The eccentricity eccg(v) of
a vertex v is the maximum of all the numbers dg(u,v). The minimum ec-
centricity appearing in such a graph G is called the radius r(G), and the
maximum of the eccentricities the diameter diam(G).

Whereas in general graphs the only connection between radius and di-
ameter can be e‘cpressed by the inequality 7(G) < diam(G) < 2r(G), in
this paper it is shown that much sharper-inequalities of type 2r(G)—a <
diam(G) are valid inside the classes of cocomparability graphs!, trapezoid
- graphs?, and interval graphs®, with constants a = 3,2,1. For circular-arc
“graphs* and proper circular-arc graphs® that are no interval graphs, we ob-

tain diam(G) — b < r(G) with constants b = 2, 1.

YThe cocomparability graph of some poset P = (V,<) has V as vertex set, and two
distinct vertices are adjacent whenever they are not comparable in P.
cocomparabxhty graphs of posets of interval dimension at most 2.
3intersection graphs of families of intervals of the real line, or equivalently, cocompara-
bility graphs of interval orders
‘intersection graphs of families of connected subsets of the unit circle
A circular-arc graph is proper if there is such a representation where none of these



Linear Extensions of Ordered Sets and Convexity

| ~ Klaus Reuter

Mathematisches Seminar, Universitit Hamburg,
BundesstraBe S5, 20146 Hamburg

Abstract: Linear extensions of ordered sets play a prominent role in
the theory of ordered sets and its applications (topological sorting
in computer science, machine scheduling in operations research, etc.).
The linear extensions of ordered sets with n elements are coatoms in
the lattice (added a top element) of all extensions of an n-element
set. Our aim is to consider this lattice as a geometrical closure
system on these coatoms. In fact, it turns out that ordered sets can
be considered as convex subsets of the well known permutahedron
(graph). We are going to describe this relationship, to discuss sepera-
tion properties of this abstract convexity, and to introduce new order
theoretical parameters like helly and carathéodory numbers.



Spezielle Numerierungen in Hypergraphen
Giinter Schaar, Freiberg/Sa.

Ein Hypergraph H = (V, E, I) mit Knotenmenge V, Kantenmenge E und

Inzidenzrelation I C V' x E soll die Eigenschaft (Ey) besitzen gdw. H endlich

(dh. V, E sind endlich), ohne freie Kanten (d.h. e(H) :={z € V :

(z,e) € I} # 0 fiir alle e € E) und ohne Mehrfachkanten (d.h. zu verschie-

denen Kanten e € E gehéren verschiedene Knotenteilmengen e(H)) ist. Der

duale Hypergraph H? := (E, V,I7?) besitzt dann die duale Eigenschaft.
Fir eine Teilmenge Z von (reellen) Zahlen werde eine Abbildung

f:V 3z f(z) € Z eine Z-Knotenbewertung von H genannt; Dualisie-

ren liefert den Begriff Z-Kantenbewertung von H. Sei e(H) endlich fiir alle

e € E; dann soll eine injektive Z-Knotenbewertung f von H, fiir die

ffiE>err f*e) = z f(z)

zce(H)

eine injektive Z-Kantenbewertung von H ist, im Falle Z = {% in=23,..}
eine dgyptische, im Felle Z = {1,2,...} und f(V) = {1, ..., |V} eine antima-
gische Knotennumerierung von H heifien. Es wird gezcigt:

s
1. Jeder Hypergr.;aph H mit (Ey) besitzt eine dgyptische Knotennumerierung.
Durch Dualisieren folgt hieraus im Spezialfall von Graphen das Ergebnis von
Bodendiek iiber égyptische Kantennumerierungen.

2. Zu jedem r > 3 und jedem n > r + 1 existiert ein zusammenhingender,
r-reguldrer (d.h. |{e € E : (z,e) € I}| = r fiir alle z € V') Hypergraph H
mit n Knoten und Eigenschaft (Ey), der keine antimagische Knotennumerie-
rung besitzt. Der Fall » = 2 und damit das entsprechende duale Problem
der antimagischen Kantennumerierung von zusammenhéngenden endlichen
schlichten Graphen bleibt offen.



On path-tough graphs

Peter Dankelmann Thomas Niessen
University of Natal Lehrstuhl II fiir Mathematik

Durban, South Africa RWTH Aachen

* Ingo Schiermeyer
Lehrstuhl C fiir Mathematik
RWTH Aachen

Abstract

A graph G is called path-tough, if for each nonempty set § of ver-
tices the graph G — § can be covered by at most |S| vertex disjoint
paths. We prove that every graph of order » and minimum degree
at least 6—+37§n is hamiltonian if and only if it is path-tough. Si-

milar results involving the degree sum of two ( (n — 1) ) or three
( 3—1-1%71 ) independent vertices are given, respectively.

References
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Simpliziale 3—Sphéren mit isomorphen Eckenfiguren
Peter Schuchert, Technische Hochschule Darmstadt

Die Klassifikation aller kombinatorischen Typen von konvexen Polytopen hat eine lange
Tradition : Welche (d — 1)—Sphéren sind d—Polytope ?

Eine Betrachtung von Teilaspekten fithrt auf folgendes

‘Problem : Existiert eine unendliche Klasse von nicht-polytopalen Matroid-Polytopen im
Rang d > 4 mit der Eigenschaft, da8l alle Deletionen an einer Ecke polytopal sind ?

Um neue Matroid-Polytope zu finden, betrachten wir simpliziale 3-Sphéren mit isomorphen
Eckenfiguren (polare : tilings der 3-Sphére).

Neben den zwei bekannten simplizialen minorminimalen Matroid-Polytopen im Rang 5

mit 9 bzw. 10 Ecken, gibt es genau ein weiteres simpliziales, nicht-polytopales (minorminimales)
Matroid-Polytop mit 10 Ecken.

Es gibt einfache kombinatorische Beschreibungen fiir die Seitenverbande von unendlichen
Klassen von 4-Polytopen. Eine symmetrische Koordinatisierung dieser Polytope ist von
Smilansky angegeben w\orden.

Wir erwihnen noch ein anderes Ergebnis zur Struktur von Matroid-Polytopen : Zu einem
Matroid-Polytop im Rang 5 existiert nicht notwendigerweise ein polares Matroid-Polytop.

Literatur :
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Priifzeichen aus Paaren orthogonaler Lateinischer Quadrate

Ralph-Hardo Schulz, FU Berlin

Wir behandeln Priifzeichenverfahren, die Doppellehler erkennen konnen. Dazu definieren
wir auf einer endlichen abelschen Gruppe (G, +) mittels eincs Elementes a € Autl ¢
cine Operation * durch g* h = a(g) + h und ordnen g; ...g, € G™ Priifzeichen gn41, gni2
derart zu, daB gilt

(1) ntt =G1+...+3gn und (2) gut2=1(---(91*92) *g3...) * gn.

Das so erhaltene Priifzeichensystem ist 2-fehler-erkennend g.d.w. a,a?,...,a™! fix-

punktfrei auf G operieren (und damit zu paarweise orthogonalen Lateinischen Quadraten
gehoren).

. n41
In Verallgemeinerung betrachtet man Systeme mit Priifgleichungen 3 Birgx = ¢ und

k=1
n+42

Lz: Yegk =C2 mit Bi,..oy BrtlyMyee s Tns Yotz € Aut G und 4,41 € Aut GU {0}.

-=l

Dicsc sind doppelfehler-erkennend (bzw. einzclfehler-korrigicrend), falls 87 18471y, fix-
punktfrei auf G operiert fir alle 7,5 mit ¢ < j < n und im Falle y,41 # 0 auch fir
i<j=n+l. :

Die Verfahren von SELMER (1964), LARSEN (1983) und STEVENS (1991) kénnen dann
chenfalls als Spezialfille aufgefat werden.



REGULAR EMBEDDINGS OF THE n-CUBE GRAPHS
IN ORIENTABLE SURFACES

Martin Skoviera, Comenius University, Bratislava, Slovakia

A 2-cell embedding of a connected graph G in an orientable surface S is
said to be regular or symmetrical if for any two edges uv and zy there exists
an automorphism ¢ of the embedding such that ¢(u) = z and ¢(v) = y.
A regular embedding of G in S thus gives rise to a regular map on S and
intuitively corresponds to the most symmetrical representation of G on a
surface.

We shall show how for every solution ¢ of the congruence

" z2=1 (mod n)
\
one can construct a regular embedding M(t) of the n-cube graph @, into
some orientable surface, the embeddings M () and M(t') being isomorphic if
and only if t = ¢ (mnod n).
It seems plausible that every regular embedding of Q,, is one of M(t).

The results have been obtained in a joint work with Roman Nedela.



Cubic Graphs with Nowhere-Zero 5-Flow

Eckhard Steffen
Fakultat fir Mathematik, SFB 343
Postfach 100131
Universitat Bielefeld
D-33501 Bielefeld, Germany

Abstract

A nowhere-zero 5-flow on a graph G = (VG, EG) is a pair (D, ¢)
consisting of an orientation D on G and a function ¢ : EG — {0,1,2, 3,4}
such that

1. ¢(e) # 0 for each edge e in EG, and
2. fo'r'veach vertex v € VG holds 3, 3e p $(uv)=Y(yuyep $(vu) =0

In 19._534 Tutte conjectured that every bridgeless graph has a nowhere
5-flow. )

It is known that a minimal counterexample to Tutte’s 5-flow conjec-
ture is a simple, cubic, 3-edge connccted graph of order > 28 and with
girth > 7. Furthermore it is not 3-edge colorable (i.e. it is a snark).

We specify two constructions for nowhere-zero 5-flows on cubic
bridgeless graphs satisfying certain structural properties. This implies
that a minimal counterexample to Tutte’s 5-flow conjecture is of order
> 42,



(Pseudo)Geradenarrangements mit maximaler
Anzahl von Dreiecken

Torsten-Karl Strempel Technische Hochschule Darmstadt

Inhalt :

Pseudogeradenarrangements sind ein Modell fiir orientierte Matroide. Die hier eingesetzten
Methoden und die Ergebnisse sind daher im gréfieren Zusammenhang von Interesse.

Wir préisentieren eine Analyse von (Pseudo)geradenarrangments mit maximaler Anzahl
von Dreiecken (p3-maximal). Zum einen liefern wir eine Methode, die geeignet ist, die
Existenz/Nichtexistenz eines pz-maximalen Arrangements fiir eine gegebene Zahl n zu
kliren und bei Existepz auch die Eindeutigkeit nachzuweisen und zum andern wird
die von Harborth gestellte Frage nach der Streckbarkeit des von ihm gefundenen ps-
maximalen Arrangements mit 28 Elementen beantwortet. Eine Analyse des ebenfalls von
Harborth beschriebenen Algorithmus’ zur rekursiven Konstruktion weiterer p;-maximaler
Arrangements zeigt, dal damit eine ganze Klasse ps-maximaler Arrangements nicht streckbar
ist. Ein Vergleich mit der von Roudneff beschriebenen Konstruktion zeigt, daB durch die
Auszeichnung einzelner Pseudogeraden nichtisomorphe Nachkommen entstehen kénnen
und die Vererbung nichtrealisierbarer Minoren nicht gesichert ist.

Literatur :

o (1) H.Harborth, Some simple arrangements of pseudolines with a mazimum number
of triangles , Disc.Geom.Conv., N.Y.Acad.Sc., Vol.440, (1985), 30-31

o [2] J.Bokowski, T.-K.Strempel, On simple pseudoline arrangements of Harborth
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RANK OF SET INTERSECTION MATRICES AND COMMUNICATION COMPLEXITY
ULRICH TAMM
Fakultdt Mathematik
SFB 343
Universitat Bielefeld
Postfach 100131
33501 Bielefeld

The set-intersection function s, : {0,1}" x {0,1}" — {0,---,n} gives the cardinality of the intersection
of two sets represented by the Boolean vectors z" = (z3,---,2z,) and ¥y = (y1,--,¥n). Hence

sa(z" ) =iz =y =1}

The communication complezity C(s, )of the set-intersection function is the number of bits that two persons
have to exchange such that finally both persons know the result s, (z",y"), when initially each person
knows one of the sets z" and y”, respectively. )

We shall determine C(s,) up to one bit. An upper bound is obtained via the following so-called trivial
protocol : The first processor transmits all the n bits of its input z™, the second processor then is able to
compute the function value and returns the result s,(z",y") which requires [log(n + 1)] bits. Hence

C(sn) < n+ [loga(n + 1)].

It will be shown that
C(sn) 2 n+[loga(n+1)] -1

using the following lower bound due to Mehlhorn and Schmidt.

D = C(sn) 2 [loga(Y S rank (M) ~ Bt
k=0

where the sel-inlersection matirices

Mi(sn) = (“:'.v")z“.y“E{O.l)“

are defined by

° _f 1,ifsp(z",y?) =k
FITTL0, i s (2 ) 2k

The rank will be determined for the bigger class of matrices

’ Mig(sn) = ) (=1) - () - Mi—j(s).

j=0

These matrices have a recursive block structure, which allows to calculate the rank inductively. Central

in the proof is the factorization of the matrix My ((s,) into a product of a lower and an upper triangular
matrix.



Punktemengen mit verschiedenen Abstanden

Hanno Lefmann, Torsten Thiele

Gegeben sei eine Menge £ von n Punkten in der Ebene, die die Abstinde
dy,dy, ..., d, definiert, wobei der Abstand d; mit der Vielfachheit an; aunftrivt.
Wir definieren ¢(P) = T, m;? uud ¢(n) = Il})lla..‘( q(P).

=n

Satz. nllogn < q(n) < n%25,

Dic Situation dndert sich, wenn wir Punktemeungen in allgeneciner Lage
betrachten. Sei gqo(n) = Imlax q(P), wobei wir nur Punktemengen in allge-
IJ

=n

meiner Lage betrachten.
Satz. g,(n) = O(n3).

Der Spezialfall, wenn sich die Punkte in konvexer Lage befinden, heweist
cine Vermutung von Erdds und Fishburn.

Diese Ergebnisse wenden wir anf folgendes Auswahlproblem an. Fiir
cine Punktemenge P sei f(F) die wmaximale Machtigkeit ciner Teilmenge
T C P, die nur verschiedene Abstinde definiert, f(n) := !51'1.31: JPY, fa(n)

W=

entsprechend fiir Punkte in allgemeiner Lage und 00} e e 0 g

Vv x /n-Gitters.

Satz. f(u) > ¢ nl/4.
Satz. fu(n) > cyn!/s,
Satz. g(n) > cznl/3,

Der letzte Satz verbessert die Schranke g(n) > #'/3~ von Frads und
Guy.



Drawings of graphs in the plane

C. THOMASSEN, LYNGBY (COPENHAGEN), DENMARK

\
A fundamental result on graphs, found by K. WAGNER in 1936 and rediscovered by
I. FARY in 1948, says that every planar graph can be redrawn such that all edges
are straight line segments. We shall survey some extensions, applications, and re-
lated results such as convex representations, rectangular representations, simultane-
ous straight line representations of a planar graph and its dual, RINGEL’S equiareal
conjecture, and straight line intersection graphs. We also discuss problems and recent

progress on graph drawings with as few edge crossings as possible.



THE BRIDGE BETWEEN COMBINATORICS AND LOGIC I/I1

WALTER A. DEUBER
WOLFGANG THUMSER

Abstract

Mathematicians understand to a certain extent how to find unprovable theorems
and how to prove their unprovability within a formal system. In that sense we are
relying on the classical work by Gentzen [Ge 36}, Kreisel (Kr 52] and Wainer [Wa
72). Moreover we shall apply their beautiful ideas to something which seems to be
well understood, viz. to well quasi orderings. Leeb was one of the first dealing with
structural problems of wgo's, which are related to these talks [Le 73]. Beautiful
ideas of P. Erdds are valuable for the-analysis of such phenomena occuring in all”
well quasi orders. , ’

We are interested in first order statements Yz3yA(z,y) in the language of Peano
arithmetic where A is primitive recursive. Let g(z) be the smallest y satisfying
A(z,y). We would like to answer the question of whether g is defined for every z.
Let us anticipate the answer, which has been known for a long time: If g grows fast
enough then the statement “g is defined everywhere” is not provable within Peano
arithmetic.

In order to specify growth rates in complexity theory, we define a hierarchy of refer-
ence functions. There are various hierarchies available and depending on the com-
binatorial problems and personal taste one can make a choice. Here we concentrate
on the Wainer-Grzegorczyk hierarchy, cf. [Wa 72], [Gr53] and show how to estimate
certain combinatorial functions within that framework. .
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SOME EXISTENCE THEOREMS FOR t-DESIGNS

Tran van Trung
Institute for Experimental Mathematics, University of Essen,

Ellernstrasse 29, 45326 Essen, Germany

Abstract

We investigate conditions on the parameters of a simple t-design that guarantee the exis-
tence of another t-design whose block intersection numbers meet certain criteria. Applying
the results, we have discovered new infinite families of 5 — (v, k, ) designs in which any
two distinct blocks intersect in less than k — 1 points, e.g., for n > 6 thereis a

5—(2"+4,2"71 +2,(2" - 1)(2" - 2)(2" ! - 2))

design in which any two blocks have less than 2"~! +1 points in common. The constructed
designs in this paper are first examples of infinite families of 5-designs having this property.



A Ramsey-type theorem in the plane
and related questions

Jaroslav Nesetfil and Pavel Valtr

We shall discuss the following result: For any finite set P of points in the
plane and for any integer k > 2, there is a finite set R = R(P,k) with the
following property: For any k-colouring of R there is a monochromatic set
P,P C R, such that P is combinatorially equivalent to the set P and the
convex hull of P contains no point of R\ P.

We also consider related questions for colourings of p-element subsets of
R (p > 1) and show that these analogues have negative solutions. This
follows from the following result: For any integer ¥ > 0 and for any k + 1

posxtxve real numbers.€,r1,72,...,7 > 0, there exists a finite planar point
" ‘set P’in general position such that anyset: combinatorially-equivalent to P

Ai l&-(\/

determines k + 1 distances d; (¢ =0, 1,...,k) such that |r; — di/do| < € for
any : =1,2,...,k.

cm VJ/LL



ON THE CYCLE STRUCTURE OF STRONG
MULTIPARTITE TOURNAMENTS

Yubao Guo and Lutz Volkmann

Lehrstuhl II fiir Mathematik, RWTH Aachen
Templergraben 55, 52056 Aachen, Germany

An n-partite tournament is an orientation of a complete n-partite graph. A tourna-
ment is an n-partite tournament, which has exactly n vertices. The vertex set and
the arc set of a digraph D are denoted by V(D) and E(D), respectively. By a cycle
(path) we mean a directed cycle (directed path). In this lecture we dicuss the cycle
structure of strong n-partite tournaments.
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2 - conneoted oubic bipartite graphs

of given oiroumference with maximum order
\
Heinz ~ Jlirgen Voss

Dresden; Garmeny

In /1/ I determined all 2-oomneoted oubio graphs of
given even oiroumference with meximum numbex of vertioes.
Definition. Iet T be a tree. with root W such that for asch
end vartex E of T the distance a(WyE) = 8 and eash inmew
vertex has degree 3 . Take two vortex disjoint oopies 7/,
T of T and le E{y B3y o0 and 'BY, Biiieso b8 the onde
vertioes of 1 and I , respectively, where Ef, Ef
Gorrespond to the same end.vertex By, of T, Take vertex
disjoint ooples 01, 02, svbe 0F B K,+ wlth one edge
missing and identify one vertex of ci of valensy 2 with
E; and the other vertex o£ Ci; of valenoy 2 with Eg o
The graph D(48 + 6) obtained 18 2-o0omneoted, oubic, and
has eirqumference 43 + 6 | '

Theorom. Each 2~oonnqoted§oub1d graph of oircumfersnce

48 + 6 , 831, with maximum order is lsomorphio with D(4646),0
The graph D7(4s +10) 1in obtatned by using for G, Chy. 000
ooples of szg with one edge mlssing. The graph D’ (4e4i0)
18 bipertite, 2-oonneoted, oublo, and has eiroumference ka4lo,
ConJeoturg, Esoh Sipantitef anoobneoted oubic graph of
olroumferense A4s 4 1Q, 884, with maxinum number of

vertices is isomorphio with D°(4s + 10) . o

This conjeoture for oi:oumferenog s 4+ 10 4, the ,
corresponding conjeoturs for eiroumference 48 + 12 and
relsted problems are to be oonsidered,

i 0

Raferanoce,

/1] Hewdo Vossy; Cyoles anderidges in Graphs, Deutaoher
Verlag Ger Wissenschaften, Berlin, and Kiuwer Acad.

Publ. Dordreoht, Boston, London (1991)
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Partial Inflation of Closed Polygons in the Plane
Bernd Wegner

Abstract. Inflation for sunply closed regular curves in the plane has been investigated
first by S. A. Robertson [2] and studied in some more detail in [3]. It consists of an
infinite iteration of reflections of parts of the curve at supporting double tangents, hopefully
leading to a convex limit curve which has the same arc length as the original curve. The
same procedure easily can be defined for simply closed polygons. It provides a special
construction of chord-stretched versions of the given curve. The aim of the lecture is to
indicate that the behaviour of inflation is more comfortable in the piecewise linear case.
It will end after a finite number ‘of steps. This gives a positive answer to a question posed
by T. Kaluza [1}. Furthermore inflation may lead to some measure for the nonconvexity
of a simply closed polygon.

[1] Kaluza, T.: Problem 2: Konvezieren von Polygonen. Math. Semesterber., Neue Folge
28 (1981), 153 - 154.

[2] Robertson, S. A.: Inflation of plane curves. Geometry and Topology of Submamfolds,
II1, 264 - 275 (Singapore et al.: World Scientific, 1991).

[3] Robertson, S. A.; Wegner, B.: Partial inflation of plane curves. (to appear in Proc.
Conf. Intuitive Geometry, Coll. of the Janos Bolyai Soc.).

ity v

i MR

2 K tr—



Dr. VOLKMAR WELKER .
INSTITUT PUR EXPERIMENTELLE <
MATHEMATIK -
ELLERNSTR. 29

45326 EsSEN

TEL.: 0201/32064-37

E-MAIL : WELKER@EXP-MATH.UNI-ESSEN.DE

Das Permutaeder, Kompositionen und Konfigurationsriume

Wir untersuchen fir feste natiirliche Zahlen k < n die Operation der symmetrischen Gruppe S, auf
der Menge D2 , der n-Tupel von Vektoren aus dem RY, so daB mindestens & gleichen Vektoren in dem
n-Tupel enthalten sind. Diese Menge wurde zuerst von Bjdrner, Loviz und Yao im 'Zusammenhang
mit komplexititstheoretischen Untersuchungen betrachtet. Spater bestimmen Bjorner und Welker
deren homologischen und topologischen Eigenschaften. Wir interessieren uns fiir den Bahnenraum
Dg,/Sn. Wir zeigen, daB fir d = 1 diese Riume stets homotop zu Spiren oder zusammenziehbar
sind, indem wir die Kombinatorik von Teilposets des Verbands der Kompositionen untersuchen und
D}, auf dem Rand cines Simplex realisicren. Fiir d = 2 und k = 2 zeigt ein Satz von Milgram..w
Zusammenhénge mit Quotienten des Permutaeder auf, den wir auf allgemeine realisierbare orientierie
Matroide und k& > 2 erweitern. -



Das Volumen von Simplexen mit Kanten gleicher Liange
in Banachr&dumen

B. Wernicke, Erfurt
(gemeinsam mit B. WeifBbach, Magdeburg)

Die Abschd@tzung des Volumens V (S) eines Simplex S mit Kanten
der gleichen L&nge 1 in einem d-dimensionalen Banachraum ist
motiviert durch Untersuchungen in einer Banach-Minkowskischen
Ebene (vgl. Wernicke: Uber Reuleaux-Dreiecke in einer Banach-
Minkowskischen Ebene, dieses Kolloquium 1992).

Im Vortrag werden fiir einen d-dimensionalen Banachraum mit einem
zentralsymmetrischen, konvexen und kompakten Korper E als
Eichkérper die Ungleichungen

1 v(E) < Vy(S) s —2— - Vy(B)

di-29 (2d)
d

fiir ein Simplex S mit Kanten der gleichen L&nge 1 angegeben und
diskutiert.

Die untere Schrgnke ist fiir d=3 noch eine Vermutung
(einschlieBlich der Beschreibung der Gleichheitsf&lle); der
Beweis fiir die obere Schranke nutzt wesentlich ein Ergebnis von
Rogers/Shephard und enthdlt auch die Kennzeichnung der
Gleichheit.



Finite and Infinite Packings
J.M. Wills (joint paper with U.Betke and M. Henk)

We give an outline of a theory of finite and infinite packings and

coverings. Let Kg denote the set of O-symmetric convex bodies KCEd

with volume V(K)>0. For KEKg let Ki=K+ci, i=l,...,n and Cn={c1,...,cn}

If int(KinKj)=¢ for i#j, then C_+K is a (finite) packing.

If CnClJKi, then Cn+K is a (finite) covering (of Cn)'
i

Definition For KEKg, n€éN, C +K packing and p>0 let

- nV (K)
V(convcn+pK)

§ (K,C, . p)

be the density function for packings with boundary parameter op.

Definition For KéKg, n€w, Cn+K coveriﬁg’and pER let

_ nV (K)
V(conan+pK)

S (chnlp)
be the density function for coverings with boundary parameter p.

(Note that for coverings p<0 is possible. In this case convcn+pK means
the Minkowski difference or general inner parallel body.) Clearly we
are interested in optimal packings and coverings, so let

§(K,n,p) sup{G(K,Cn,p)ICn+K packing} and

8 (K,n,p) inf{S(K,Cn,p)lcn+K covering}.

It turns out that these general definitions link

1]
a) classical infinite packing and covering (via n»« and suitable p),
b) classical finitE packing and covering in E2 by Rogers, Bambah,
7zassenhaus, Groemer, Oler, Woods, Graham, et al.,

c) sausage problems and sausage catastrophes by L. Fejes Tbth et al.

The method also works for general convex bodies and for lattice pack-
ings and coverings. The new idea is the parameter p and the tool is
convexity (mixed volumes).

We give a short survey on packings.
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