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-mile walk from the University to the Freeman's home.

The cash bar opens at 6:30PM.
d vans will leave the motels at 6:30PM,

Transportation

Seating will be at 7:45 and
It is more than a

Frederick Hoffman, 4307 N.W. 5th Avenue.
It is a walk of

- less than two miles from the University to the Hoffman's home.
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@ Continuous Maps on Block Designs
J.H. Dinitz and S.W. Margolis
University of Vermont

Let 0 = (V,B) be a (v,k,n) design. A partial function f: V - V which
enjoys the property that £ '(b) ¢ B U (4) for all blocks b < B, is called
continuous. Clearly if f ¢ Aut(D), then f is continuous. HMowever, there
exist continuous maps on D which are not automornhisms. “e shaw that the
existence of such a map gives restrictions rn the parameters of the desian.
for example, if f is a continuous map on D and f & Aut{l), ‘then r < A2,

We also show that if D is the complement of a Pesar~uesian nrojective space
P(V), then every continuous map is induced tv a (not necessarily one-to-one)
semilinear transformation on V. This aeneralizes t'ie Fundamental Theorem
of Projective Geometry.

@ AN ANOMALY IN KNOCKOUT TOURNAMEMNTS

F. K. Hwang
Bell Laboratories
Murray Hill, New Jersey 07974

A player is said to be stronger than another
player if he has a better chance of beating the other
player than vice versa and his chance of beating any
third player is at least as good as that of the other
player. Recently, Israel gave an example which shows
that a stronger player can have a smaller probability
of winning a knockout tournament than a weaker one when
players are randomly assigned to starting positions.

In this paper we prove that this anomaly cannot happen
if the stronger player is a strongest player.

Circular Dimension, N-dimensional Arc Graphs_ O
Margaret Barry Cozzens, Northeastern University

A graph is a circular-arc graph if it is the inter-
section graph of a family of arcs on a circle. A graph
G is a n-dimensional arc graph if it is the intersection
graph of "patches"” on a sphere, S(n), where a patch is the
cartesian product of n arcs of S{l). Equivalently, it is
the intersection of n circular-arc graphs. The circular
dimension of a graph, denoted D(G), is the least integer
k such that G is the intersection graph of patches on s(k),
We show that determining the circular dimension of a graph
is an NP-complete problem. However, for dimension 1, Tucker
produced a polynomial time algorithm to determine if a graph
is a circular-arc graph. Even though, in general, the cir-
cular dimension of a graph cannot be precisely determined,
we give bounds on the circle dimension, using other parameters
of the graph; eg: D(G) < X'(G) < 4(G) + 1 =n - §(G).

@ Bipartite Subgraphs and Triangle Free Graphs.

William Staton, Glenn Hopkins, and Charles Alexander, of the Uni-
versity of Mississippi.

Upper bounds are investigated for the number of edges which
must be removed from a graph with n wvertices in order that the
subgraph remaining be bipartite. Exact values are determined for
some small values of n.

Title: Weighted Min Cost Flows @
by H. Friesdorf, Bayer Leverkusen,
and . Hamacher, University of Florlda

Abstract: The minimal ratio problem which is, in the context of comhin-
atorial optimization, treated for shortest paths and for spanning trees
is considered in a generalized form for network flow problems. The
resulting problem of finding so-called weighted minimal cost flows has
nice practical applications: Ffor instance, flows with minimal average
cost or flows minimizing cost with respect to possible penalties can be
treated in this way.

We discuss two algorithm- for determining weighted minimal cost
flows: cthe negative circuit algorithm and the shortest augmenting cir-
cuit algorithm. The validity of both algorithms follows from a nega—
tive circuit theorem for weighted minimal cost flows.

A short discussion of the theoretical and computational complexity
of the proposed algorithms is closing the paper.

@ A Simultancous Freight Network Equilibrium Model

Patrick T. Harker ® Terry L. Friesz University of Pennsylvania

This paper describes a single optimization model for the
prediction of flow on the freight transport network. This model
incorporates the actions of both shippers and carriers, as well
as being able to deal with both multiple modes and multiple
commodities without the usual symmetry restrictions. The use
of an augmented Lagrangian algorithm for its solution is described
and numerical results are given.

ENUMERATION OF PHYLOGENETIC TREES WITHOUT
(D] POINTS OF DEGREE Two = .
AL.R. Foulds, University of Canterbury
R.W. Robinson, Newcastle University

Evelutionary trees of biolo

gy are repres
a special class of labelled trees, termedpphy?:;:gez{c
trees. These are characterized by having disjoint

of a tree, 1n such a way that no endpoin i

an empty set of labels. Evulutionar? tr:e:sd:s:;gHEd
usually have points of degree two and so we make that
restriction for the class of trees studied here The
exact and asymptotic numbers of phylogenetic trées
are determined under the Presence or absence of two
additional conditions on the labelling. The optional
constraints studied require nonempty label sets to be
singletons and that only endpoints be Tabelled This
Paper extends previous work by the authors on éther
cases including the restriction to binary trees.



(§> A Note on Subset and Subspace Intersection Problems

James R. Schatz, Dept. of Defense, Ft, Meade, MD 20755

Let M(n,k,r) denote the maximum number of k-subsets of an n-set
such that any two subsets meet in at most r points, Similarly, let
S(n,k,r) denote the maximum number of k-dimensional subspaces of an

n-dimensional vector space over GF(2) such that any two subspaces
meet in a space of dimension at most r. We prove that for m 2 2:

M(ZnZ + 2wk, 2m,1) = 2mb2, -1 <k < %3
M(Zn2 + dmbe, 2b1,1) = 2043, 1<k < B2

M(22071o1,9041,1) = 241, n > 3

S(2n-1,n,1) = 2041, n > 3

Formulas (3) and (4) taken together are rather surprising since omne

involves arbitrary subsets while the other concerns subspaces.

De Bruijn Sequences and Hypergraphs Over Finite Alphabets
@ Joshua H. Rabinowitz
The MITRE Corporation* Bedford, MA 01730

(1)
(2)
3
(4)

This paper introduces a new graph theoretic technique to the

study of nonlinear feedback shift registers (NLFSRs) and an applica-
Let

tion of this technique to the synthesis of de Bruijn sequences.
L = {1,---,k}l. An (n-stage) NLFSR over L is a mapping F: LU+L®
such that F(x,,-*+*,x,.1) = (E(xp,***,%p-1)» XQs***1Xn-2). Let
S be the permutation group of L and By the set of partitions of
A (reduced) truth table is a function T: L“'l+sk(Bk). Reduction
defined via the natural map m: Si*By o
bijection between truth tables and kijective NLFSRs, Next, we
introduce a hypergraph P = P, i and a certain natural class of
"admissible" subhypergraphs and show that there is a natural 1-1

L.
is

We show that there is a natural

correspondence between admissible subhypergraphs of P and reduced

truth tables. Finally: 1f T is a reduced truth table corresponding

to a spanning hypertree of P then any truth table with reduction

T

corresponds to an NLFSR which generates a de Bruijn (maximal length)
sequence. Moreover, any admissible hypertree in P can be expanded
to an admissible spanning hypertree so that such trees are easy to

construct.

*(The work presented was performed as part of the independent research

and development program of The MITRE Corporation).

Small Sides

Staffer-Adder Techniques for Kirkman Squares and Kirkman Cubes of

S.A. Vanstone, St. Jerome's College, University of Waterloo

XA. Rosa, McMaster University, Hamilton, Ontario

A Kirkman square [Kirkman cube] is a square [cubic] array whose
nonempty cells contain the triples of a resolvable Steiner triple
system such that the nonempty cells of each row and column [line]
contain the triples of a parallel class. For a Kirkman cube, more-

over, no projection on any plane is a Kirkman square.

We describe some computational experience in producing Kirkman
squares and Kirkman cubes of low orders that are generated by a single

parallel class of the underlying Steiner triple system.

@ Random Walks on Trees: Probabilistic Connectivity

: Lynn Pearce, University of North Carolina at Charlotte
"' Charlotte, NC 28223; David Sumue: and Steve Durham,
University of South Carolina, Columbia, SC 29208

Random walks are investigated on trees with endpoints as absorbing

states and the additional property that for every vertex v, and vertex
x adjacent to v, the probability that a walk originating from v
includes x is at least ¢ (c-connected trees), It is shown that € must
be no more than %w Results are obtained about the structure of such
trees. In particular, a characterization in terms of the degrees of
vertices in the tree is given for trees where the probability described

above {s exactly ¢. For % = connected trees there is a characterization

in terms of certain induced subgraphs.

Dominating Sets in Strongly Chordal Graphs

Martin Farber

University of Waterloo

A set S of vertices of a graph G 1is dominating if every vertex

in V(G) - S 1is adjacent to some vertex in S.

In this talk we will introduce the class of strongly chordal graphs,

an interesting subclass of chordal graphs which properly includes
interval graphs and powers of trees, and present an efficfent algorithm
to locate minimum cardinality dominating sets In these graphs. We will
also present several characterizations of the.class of strongly chordal
graphs, including a forbidden subgraph characterization,

ALGEBRAIC MEASURES ON TRANSITION GRAPHS

7.R. Edwards"and M. Samadzadeh-Hadidi, CYPS Deot., U, of Sv. Touisiana

Tae input samigroup of a transition graoh or nondsterministic automaton
expresses its ability to distinguish {ts input s*r‘nes, From this semi-
sroup new transifon graphs can be constructed, writh covering relations
to the original graoh.

BIPARTITE SCORE SETS
Keith Wayland, University of Puerto Rico

The question of what sets of integers may be the
score sets of bipartite tournaments was posed recently
by K. B. Reid., The main theorem of this paper estab-
lishes a sufficient condition for pairs of sets to be
bipartite score sets. This simple condition yields an
immediate affirmative answer for a large class of sets.

DISTRIBUTED ALGORITHMS FOR RANKING THE HODES OF A NETWORK

E. Korach(”, D. P.ot:em(”,'ltl. Santoro“’ﬂ :

(+) University of Waterloo
(++) University of Ottawa

ABSTRACT

Ranking refers to the process of determining the rank of n uniquely
numbered processors loosely coupled in an a synchronous network
where no central controller exists and the number of processors

is not known a priori. 1In this paper, we present efficient
algorithms for the ranking process in acyclic networks, networks
of abritrary topology, and circles of processors. These algorithms
are fully distributed and, in order to be executed, require only
local topological knowledge at each processor. The worst case

as well as the average complexity of the proposed algorithms are
analysed and discussed.

Tying Together Two Rigid Frameworks .
@ Neil L. White, University of Florida

A bar-and-joint framework consists of rigid bars
joined together at flexible joints. Let us take two
such frameworks, each of which is rigid, and pick joints
A1¢ A5s4.., ), ON ONe and bl’ bz..... bm on the other.

For which bipartite graphs on {al,....ak: bl,...,me

do we get a rigid structure by adjoining a rigid bar
between the two frameworks for each edge of the graph,
assuming that the joints are in general position? This
combinatorial problem is inswered for frameworks in
Euclidean space of arbitrary dimension.

@ Comblnatorial sequences as sequences of divided powers
Earl J. Taft, Rutgers University

We identify certain types of sequences arising in combinatorics as sequences of

divided powers in appropriate coalgebras. For example, a sequence (FE(x)) is

of binomial type in R[x], R the real numbers, Lf and only if Pal¥) is
nl

a sequence of divided-powers (SDP). This means that there 1s an associative
operation A from R;x] to R[x] ® R[x] such that
A pn(x{j - ] pi{x) @ P§(x) | A 1s the algebra mapping with

‘nl 7 t+j=n LT 3T
Ax = 1@ x+ x ®@1l. The umbral algebra is the full linear dual of the
coalgebra R[x]. We give two other examples which are q-analogues of classical
combinatorial sequences. A sequence {p,(x)} 13 of q-binomial type if and

only 1f palx {8 an SDP in the q-Eulerfan coalgebra R([x], where
(n),!
Ax0 =} (%% l @ xJ. A sequence (pg(x)) 1is of q-Eulerian type if and
i+j=n
only Lf Palx is an SDP in R[x], where Ax™ = x7 ® x%, 1In the latter

Y () - T el @ xlpyo0
example, Ap(x) = 1 @ py(x) + py(x) ®@x, and 4 Pni®) = } PilX) @XPj i
(n)g!  t4j=n (1)q! (34!
a generalization of the classical notion of SUP. Fur%her examples require a
generalization of the notion of SDP to noncommitative coalgebras. In most
cases, our sequences of divided powers can be identified {n coalgebras which
also have the structure of a Hopf algebra.




ALTERNATING SIGN MATRICES AND DESCENDING PLANE PARTITIONS

W. H. Mills," David P. Robbins, Howard Rumsey, Jr.
Institute for Defense Analyses, Princeton, N.J. 08540

An alternating sign matriz is a square matrix such that (i) all entries
are 1, —1, or 0, (ii) every row and column has sum 1, and (iii) in every row
and columa the non-zero entries alternate in sign.

We have discovered striking numerical evidence of a connection be-
tween these matrices and the descending plane partitions introduced by
Andrews, but we have been unable to prove the existence of such a connec-
tion. However this evidence did suggest a method of proving the Andrews
Conjecture on descending plane partitions, which in turn suggested a method
of proving the Macdonald Conjecture on cyclically symmetric plane parti-
t’mm‘h:l this paper we discuss alternating sign matrices and descending plane

partitions, and present several conjectures and a few theorems about them.

A Recursive Construction for 1-Rotational Steiner 2-Designs

Charles J. Colbourn and Marlene J. Colbuurrx'

University of Saskatchewan

Given l-rotational Steiner 2-designs S(2,k,m(k-1)+1) and
5(2,k,v+1), where m is relatively prime to (k-1)!, we construct
a l-rotational S(2,k,mv+l), Applications of this recursive
construction to the existence problem for 1-rotational Steiner
2-designs are discussed,

ON MENDELSOHN (k,t,A*)-SYSTEMS
Renu Laskar*, Greg A. McClanahan (€lemson, S.C.) (::)

A Steiner k-tupnle svstem is a pair (P,B), where P is a finite

set of v points and B is a collection of k-element subsets of P,
called blocks, such that every (k-1)-element subset of P belongs
to exactly one block. The concept of a Mendelsohn (k,t,1*)-svstem

(MS)} is introduced: it is a pair (P,B“), where P is a finite set
cf v points and By 1is a collection of ordered k-element subsets
of P, called blocks, such that everv ordered t-element subset

of P occurs in exactly A* blocks of BM‘ The block (1,2,...,k)
contains the k ordeved t-tuples (1,2,...,t-1,t), (2,3,...,t,t+l),
(k-t+l,...,k-1,k). Necessary conditions for existence of MS arc

siven for the gencral setting and some particular results are

ohtained for the case k=4, t=3, A*=1. Such systems are called
Mendelsohn Quadruple Systems (MQS). Theorem 1. If a MQS of order
v oexists, then v is congruent to 0, 1, or 2, modulo 4, and the
nunber ot blocks b = (v(v-1)(v-2))/4. The nonexistence of a MQS
of order 5 is established. Theorem 2. There exists a MQs of order

i . i g @ 3
v iff there exists a latin cube of order v satisfyving a’=a and
befabe)=a, for every a,b,c. Theorem 3. There exists a MQS of

order v for every even v.

@ REALIZABILITY OF ALMCST ALL DEGREE SETS BY k - TREES

Richard A. Duke, Georgia Institute of Technology and
Peter M. Winkler*, Emory University

A k-tree is a k-uniform hypergraph constructed by the
successive addition of edges conta%ning one new vertex and
k-1 vertices of an existing edge. We show for any k2>2
that with only finitely many exceptions, any finite set of
positive integers containing "1" is the set of degrees of
the vertices of some k-tree.

The proof makes use of a classical theorem of linear
inequalities.

DEGREE DISTRIBUTIONS FOR RANDOM 4-TREES AND SKELETONS OF SYMMETRY
WEIGHTED (1,4)-TREES

Iouls V. Quintas and Joshua Yarmish, Pace University, Hew York, NY

We present some observations based on the explicit computations
that we have obtained of the number of unlabeled 4-trees on up to
25 points having a specified degree distribution. Because of their
applicability in chemistry we also discuss the degree distributions
of the U-trae skeletons of (1,8)-trees that are welghted in accor-
dance with the reciprocal of their symmetry numbers, where the sym-
metry number is the order of the automorphism group of the (1,4)-
tree. In partlcular, we note that using the equiprobable distribu-
tion for the U-trees and the symmetry welghted distribution for the
(1,4)-trees the expected degree distribution of a randon 4-tree and
the expected degree distribution of the skeleton of a symme try
weighted (1,4)-tree are both "nicely” approximated by a llnear
function of the number of polnts of the tree.

The relation of these distributions for small order L-trees,
1.e., 25 or less points, to distritutions for large order 4-trees
obtained by other authors by other methods is commented upon.

On Edge-partitioned Graphs with Degree Restrictions
Jerrold W. Grossman, Oakland Univ., Rochester, MI

Let m>n 22 . It is shown that there is no multi-
graph whose edges can be 2-colored uniquely so that
each vertex is incident with fewer than n edges of

one color and fewer than m edges of the other color.
The proof is based on the existence of highly symmetric
2~e§ge-colored multigraphs which contain no color-alter-
nating cycles.

Describing Simple Blocks @
R. H. Johnson, Sonoma State University

A graph which is determined up to isomorphism by its

degree sequence is called, following Harary, simple., A
description (characterization) of aimple blocks is given,
This description completes the project of describing simple
graphs and settles some conjectures raised at an earlier
Southeastern Conferenca,

@ FACTORIAL POWERS OF PENUMBRAL OPERATORS
John M. Freeman, Florida Atlantic University

The penumbral algebra is the algebra of operators
on polynomials for which deg Ap(x) < deg p(x), For
penumbral A we define upper and loWer factorial
powers as

A(n) n

= AdCA) - 4"MA)  and Acny = A_(A)- .4 " L(a)
where ¢ and $. are the twist and anti-twist homo-
morph%smg. A related operation, the factorial product,
AlB  is introduced. These notions are used to derive
polynomial expansions. The examples of Euler, Laguerre,
Abel, and Hermite polynomials are among those treated.

On Some Classes of Context-free Array Grammars

Kenneth Holladay, University of Miami

An Array is a two-dimensional generalization of a string. Both
sides of each rewriting rule of an isotonic array grammar have the same
shape. Isotonic array grammars can be restricted by 3 progressively
stricter requirements that are all analogs of the context-free restric-
tion for string grammars. We give examples to show that corresponding
classes of array languages are different. All 3 kinds of grammar have
Greibach normal forms. We discuss the extent to which pumping lemmas
hold.

On the genus of a group and its quotients
Thomas W. Tucker, Colgate University, Hamilton, NY 13346

The genus of a finite group A, denoted Y(A), 1s the minimum
genus over all surfaces that contain an imbedded Cayley graph for A,
If B 43 a subgroup of A, then L.Babail has shown that any Cayley
graph for A contracts to a Cayley graph for B and hence that
Y(B) £ v(A). 1t is natural to conjecture the same inequality-for a
quotient group of A. It 1s shown why such a result 1s expected to
be far more difficult to prove, Connections to the symmetric genus
of A, the least genus of any surface upon which A acts, are dis-
cussed. The author's progress on this problem i{s presented, together
with some stronger conjectures about the genus of a quotient group
and their possible role in a general scheme to compute the genus of
a group.

SPACES OF GRAPHS
John L. Pfaitz. Unlv. of Virginia

We will define an infinite discrete space whose elemant, or polnts, are
entire directed graphs. The alements of this space are partially ordered by
morphisms which map one graph onto another. Such spaces, although
“lattice-like", are not true lattices. In particular, there are no sup or inf
operators,

We will show however that the space of trees ordared by convex
homomorphisms Is “"modular’. This permits us to deflne two n-point trees T]‘
and T, to be "adjacent’ In lhe space I there exists an (n-D-point tree T
and lv?o convex homomaorphisms "I and 1, such that 11:1' =T and |2:T =T,
Several Interesting observations concemln& random trees I]ollow. 2



ON DIRECTED (k,t,A*)-SYSTEMS @)
Greg A. McClanahan, Renu Laskar, William R. Hare* (Clemson,S.C.)

A Steiner k-tuple system is a pair (P,B), where P is a finite
set of v points and B is a collection of k-eclement subsets of I,
called blocks, such that every (k-1)-element subset of P helongs

to exactly one block. The concept of a directed (k,t,A*)-svsten

(DS) is introduced; it is a pair {P,8,), wheve P is a finite set
of v points, and BD is a collection of ordered k-element subsets
of P, called blocks, such that every ordercd t-element subset of

P occurs in exactly A* blocks of B,. The ordering of blocks means
that the block (1,2,...,k) contains the(ﬁ)ordcred t-tuples
(l,...,t-1,t), (1,2,...,e-1,¢e+1),...,(k-t*+1,...,k-1,k). Some
necessary conditions for existence of D§ are given for the general
situation and several particular results are obtained for the

case k=4, t=3, A*=1. Such systems are called directed quadruple
svstems (DQS). Theorem 1. I[If a DQS of order v exists, then v

is even and the number of blocks is b = (v(v-1)(v-2))/4.

Theorem 2. [f v is congruent to 2 or 4, modulo 6, then there
exists a DQS of order v. An example of a DQS of order 6 is given.
A Necessary and Sufficient Condition for Decomposing a Collection of

Sets into Systems of Distinct Representatives
David E. Woolbright, Columbus College

It L -ILV L2, - Lniis a collection of finite sets, then a
system of distinct representatives for L is an n-tuple, (Xt' EPYERERY
xn), such that x, € L, for 14 i¢n and x; A X Af 4 £ . If lLil -m
for all Li EI, then a sition of me_of distinct
representatives is a collection of m SDR's for £ ,5(111, Xigr seen
xm), ceny (X 40 Toon ey xmn)g v such that ,of x,, = I‘j for 1&£j&n.
This paper gives a necessary and sufficient condition for the existence

of such decompositions.

Mew results on a subclass of balanced matr1ces.

R.P.Anstee’énd Martin Farber, University of Waterloo.

We discuss some properties of a subclass of balanced
matrices called totally balanced matrices, introduced by Lovasz.
These are (0,1)-matrices which do not contain the edge-vertex
incidence matrix of any cycle of size greater than 2. A number of
characterizations of these matrices are discussed, some of which
yield efficient recognition algorithms. An interesting completion
algorithm is presented which takes an arbitrary totally balanced
matrix and completes it to a maximal one by adding columns.

The Common Neighbor Distribution of s Graph (R4
by Fred Buckley, St. Joln's University, Staten Island, N.Y. 10301

ABSTRACT

We define the common neighbor distribution (cnd) of a graph
G to be (no.u1.n2.....nn_2), vhere n, denotes the number of pairs

of vertices having i common neighbors, The msan number of common

bors 1 =2
neigibors Lo A (6) = ':% 10, /(3). By using cna(c) ana p (@)

for several classes of graphs, one can easily establish various
combinatorisl identities. If all of the (nonzero) terms of cnd(G)
are consecuti{ve terms and are equal, then we have.a wmiform common
neighbor distribution (ucnd), Graphs having ucnd's are sxamined,
Pinally, we consider relationshipa between cnd(G) and the degres
sequence of G, the line graph of G, and bhamiltonioity.

@ SELF-CENTRED MAXIMAL PLANAR GRAPHS
A.F. Alameddine
University of Petroleum & Minerals
and
University of Waterloo

Let G be a maximal planar graph of order p with degree
sequence d] < d2 < .5 dp. The center of a graph is the sub-

graph induced by the set of vertices that have minimum distance
to the most distant vertices. Here we consider graphs whose
centers contain all their vertices. Here a class of such graphs

will be characterized and enumerated when the d,'s are re-
stricted. !

@ VERTEX - DEGREES OF RANDOM GRAFHS
Zbigniew Falka, A. Micklewicz University & University of Florida

We shall be concerned with the discrete probability space
G(n,p) consisting of the graphs with a fixed set of n labeled

vertices in which each of [?] possible edges occurs with the same
probability p independently of all other edges. An element of
G(n,p) will be denoted by G, o

’

There are many papers which are concerned with the asymptotic
properties (i.e, as m=) of degrees in a random graph (’.:1_l (e.g.,

the distribution of the number of vertices of given degrée, degree
sequences, distribution of the maximum and minimum degree). In
some of them the graphs Gn with a fixed p are considered whereas

in others, p Is a finction on n tending to zero as me.
This paper will be a review of some recent (and not so

recent) results in the second area ({.e., when p=p(n)+0),
including a discussion of some open questions.

LEXICOGRAPHICALLY SHELLABLE POSETS
Hichelle Wachs*, University of Miami
Anders Bjorner, University of Stockholm

Shellability is a property of posets and simplicial complexes
which has important consequences both inside and outside of combinatorics.
An edge labeling technique, called lexicographical shellability which
was introduced by A. Bjorner, has proved very useful in establishing
the shellability of many classes of posets. Here we discuss some
variations of this technique. One variation allows us to prove that
Bruhat posets are shellable. Another is used in showing that certain
fundamental poset operations preserve shellability. Results on the
lexicographical shellability of semimodular posets and face lattices of
simplicial complexes are also presented.

@ A NON-SHELLABLE 3-SPHERE
Andrew Vince University of Florida

Shellability of simplicial complexes has been a

useful concept in polyhedral theory, in piecewise
linear topology and more recently in connection

with Cohen Macauley rings. We initiate a study of
shellability in a graph theoretic context. A
correspondence is established between n-colored

graphs and (n-1)-dimensional simplicial complexes.

Via this correspondence, results on shellability of
graphs have implications for problems in combinatorial
topology. For example, it is known that all 2-spheres
and convex d-spheres are shellable. It has been
conjectured that all 3-spheres are shellable. We
provide a counterexample.

INEQUALITY DEFINED COMMA-FREE CODES
L.J. Cummings, University of Waterloo

Cooma-free codes with block length n atr synchronizahle
codes with bounded synchronization delay 2n-1. In 1965
W.L. Eastman gave a recursive construction of isomorphism
classes of maximum comma-free codes for every odd n.
Eastman's construction yields sets of codewords where each
set is defined by inequalities between adjacent symbols in a
codeword. We give necessary and sufficient conditions for a
string of inequalities to define a comma-free code and
discuss which collections of strings determine maximum
comma-free codes.

Planar Cayley Diagrams: Accumulation Points
@ H. Levinson
Rutgers University
Two results are proved. First, if a Cayley diagram T
has an embedding in the sphere, then the minimum numbter of
accumulation points of vertices of T is either 0, 1, 2, or
. Second, every planar Cayley diagram has a quasi point-
symmetric or quasi weakly point-symmetriec planar embedding.
The "quasi" refers to the possibility of undirected edges
representing generators of order two,



D ON UNAVQIDABLE GRAPHS
F.R.K. Chung’ Bell Laboratories
P. Erdbs, Math Inst. of the Hungarian Academy of Sciences

How many edges can be in a graph which is forced to
be contained in every graph on n vertices and e edges?

In this paper, we obtained bounds which are in many
cases asymptotically best possible.

@ TREE RAMSEY MINIMAL GRAPHS
by

. 8
R. J. Faudree, Memphis State University, and
John Sheehan, Aberdeen University

For graphs G and H, RT(G,H) is the set of trees T such that
T+ (G,H) but T' -/ (G,H% for any proper subgraph T' < T. All
pairs (G,H) such that R*(G,H) ¥ ¢ will be determined, in fact

an explicit tree in R (G,H) will be exhibited when RT(G,H) .
For a large class of graphs, |RT&G,H| will be shown to be infinite.
For G a star and H a path, R'(G,H) will be completely determined.

SIZE RAMSEY NUMBERS OF PATHS, TREES AND CYCLES
Jozsef Back, Math Inst. of Hungary and SUNY at Stony Brook

We prove the existence of a graph of c.n edges such
that any 2-coloring of its edges yields a monochromatic
path of length n. We have results in the same spirit for
cycles and trees as well.

@ Discrete Pursuit Game
Alain Quilliot, University of South Carolina

On a finite graph G = (X,E), 2 players A and B move in turn along
the edge of G; A (pursuer) trying to catch B (evader), We give a
characterization of those of the graphs for which pursuer A has a win-
ning strategy in this game.

We extend this problem in the cases where there are several
pursuers, or when the "speeds" of A and B are not the same, and we
connect this problem with some fixed point problems on graph. We also
deal with a discretization of the classical pursuit game on a compact
metric space. €>0 being a positive number, A and B move in turn on
E by leaps with length at most €. This defines a game Jg(E) and we
characterize the spaces where pursuer A can catch evader B in a "short
enough" discrete time.

We give some examples of irregularities which may occur in the
study of these games.

(:PUpper Bound Sequenges and Sets for Partially Ordered Sets
John K. Luedeman Clemson Univ. & F. R. McMorris,Bowling
Green State University

Let (P,<) be a finite partially ordered set (poset). For xeP
define U(xY = (y € Ply > x}. Llet P = (p1,...,pn] and denote |U(p1)|
by 2. The sequence a; < 35 < ... €3, is an upper bound (UB) sequence
if there exists some poset (P,<) with |U(p1)| =a;. In this situation
we say that P realizes the UB-sequence 3y a2 .. S We prove
the following results:

(1) The sequence a; < a5 < ... £ 3, of positive integers satisfy-
ing a, < k for k =1,2,...,n is a UB-sequence iff a; < a5 <...223, 4
js a UB-sequence.

(2) The sequence aj 2 35 < ... £ 8, is a UB-sequence iff a, <k for
k = 1,24.0050.

(3) We characterizelinearly ordered posets and binmary tree semilat-
tices in terms of their UB-sequences.

Given a poset P with UB-sequence a; < .. < 3., the set 5 =
{a],...,an} is called the upper bound (UB) set of P. We prove the
following results:

(4) The set § = {°l"“'ak} with a; < ap < .o < 3y is a UB-set iff
a = 1. Moreover, the minimum number of elements ina poset whose
UB-set is 5 is .

(5) Given S = {a1....,ak} with 1 = ay < e < a there is a poset
P with m elements whose UB-set is S for all m > a,.

3 An Investigation of the ilove-Ahead-k Rules
Aaron M. Tenenbaum and"bavld M., Arnow

Department of Computer and Information Science, Brooklyn College

A set of n-l1 sequential search algorithms which dynamically re-
organize a list of n records is investigated. Each algorithm, A(k),
in the set is characterized by a distinct tnteger k%, between 1 and n-1
{nclusive, which ‘ndficates the number of positions that a requested
record s moved Forward upon retrieval. A(1) is the well-known trans-
position algorithm, while A(n-1) 1is the well-knoun move-to-front
algorithm. If it can be shown that the expected costs of the algorithms
A(k) are linearly ordered, with A(1) having least expected cost, then
the long conjectured superiority of the transposition heuristic (A(1))
would be {ndicated. Some partial results supporting such a linear
ordering for a restricted class of probability distributions of record
requests are presented,

@9 M note on elegant graphs

D.F. Hsu
Fordham University
Bronx, N.Y. 104583

The harmonious graphs introduced and studied by Graham
and Sloane are a modular version of the better known arace-
ful graphs. They are also known to have applica?ions to
error correcting codes and networks of transmitting stations.
Work on these graphs has been further assisted by consider- ,
ing a restricted notion, that of 'strongly harmonious graphs
and this, in turn, suggests another variant ‘'elegant graphs'
which are the exact modular additive analogue of graceful
graphs. We discuss some recent results on elegant graphs
and show how they are obtained.

@ On k-graceful graphs

Peter J. Slater
The University of Alabama in Huntsville

The concept of a k-graceful graph is presented as follows. For

a graph G with vertex set V(G) and edge set E(G) with |E(C)$- e and
any function h : V(G) + Ny (the set of nonnegative integers), the induced

function g, ¢ E(G) +Ng 13 defined by g (u,v) = |h(u) = h{v}|. Function

h: V(G) +N0 is a numbering of G if both h and g, are one-to-one. Graph

¢ is k-graceful if there exigts a numbering h :D(G) +{0,1,++*,kte-1}

with g, (E(G)) = {k,k+k,-".k+e—1} . An introductory study of k-graceful

graphs is made.

(§:>NEH PROOF TECHNIQUES FOR GRACEFULLY LABELLING GRAPHS

Thom Grace, University of I1linais at Chicago Circle

A labelling of a simple graph 6 with e edges is an assign-
ment of distinct labels from {o, 1, ..., e} to the vertices
of G which gives a label to each edge of G by takin? the
positive difference of 1ts endpoints. [f the edge labels
induced are distinct, the labelling is called graceful. Grace-
ful labellings have an extensive literature, yet most proofs
have been of a constructive or enumerative nature. In this
paper, it is shown that the unused vertex label in any graceful
labelling of a polygon with one pendant point for each polygon
vertex must be even. An {nduction-type argument is used to
establish this result (first conjectured by R. Frucht). In
addition, a process fis described which gracefully labels any
tree which contains an infinitely long path. This establishes
an infinite analog of the long-standing Ringel-Kotzig conjec-
ture; other variations are discussed.

thus



NP-COMPLETE AND UNDECIDABLE PROBLEMS IN EUCLIDEAN RAMSEY THEORY
@ Stefan A. Burr, City College, C.U.N.Y.

Consider the following decision praoblem: INSTANCE: A set
of points in the Euclidean plane. PROBLEM1 Can the points be
I-colored so that no two points at unit distance have the same
color? It is shown that this problem is NP-complete for finite
sets, and that it is undecidable for infinite sets. Indead, a
doubly-periodic countable set is constructed such that the above
problem is undecidable for sets formed from it by adding a
finite set of points.

THE SMALLEST RAMSEY NUMBER FOR A TREE
P. Erdds, Hungarian Academy of Sciences
R. J. Faudree, C. C. Rousseau, R. H. Schelp*
Memphis State University
Canonical examples demonstrate that if T, is a
tree on n vertices then the Ramsey number of Tn is
bounded below by (4n/3 -1}. We show this lower bound
is the Ramsey number for a certain family of trees.
Let Bk,i denote the tree (called a broom) obtained,
by identifying the end vertex of a PL with the
central vertex of a Kl,l' these graphs being other-
wise disjoint. We show the Ramsey number
r(Bk,£)=4k +{3(2-2k)/2} -1 when 4 >2k. In particular
this gives, for each n =k +% and appropriate choices
of k and &, trees Tn such that r(Tn) = {4n/3 -1}.

We also show for 1 <t <2k that Kok+o+d +(Bk,1'ﬁk,£,'

ON REGRESSIVE K-CHAINS: A RAMSEY-THEORETIC
EXTREMAL PROBLEM FOR PARTIALLY ORDERED SETS
Douglas B. West, Princeton University
K William T. Trotter, Jr., University of South Carolina

A regression is a function g from a partially ordered set
to itself such that g(x) < x for all x. A regressive k-chain
is a chain of k elements Xy <Xy € ane < X, such that

g(xl) < 9(’2] FTTIRS g(xk). For positive integers w and k,

we define f{w,k) as the smallest number such that every regression
on every partial order with size at teast f{w,k) and largest
antichain at most w has a regressive k-chain. The existence

of f(w,k) is an easy consequence of Ramsey's theorem. In this
paper, we determine the following explicit formula:

fw,k) = ek, :

[ASED POSITIONAL GAMES ,
A. ai ou’y L.S.U. d PP.MMS Cambridge, E and
and SP Bg??gbat an S G

Biased positional games were first studied by Lehman
(1964) and further results are due to Edmonds (1965) and
Chvétal and Erdds (1978). A biased positional game is
played by two ﬁ1ayers on the complete graph with n
vertices., Each move of the first player consists of
claiming one previously unclaimed edge, each move of the
sacond player consists of claiming k previously un-
claimed edges. The first players goal is to claim all
the edges of some graph theoretical structure and the
second players goal is to foil the first.

ErdBs and Chvital solved the Hamiltonian cycle game
in 1978 for k = 1. Moreover they conjectured that there
is a winning strategy for the first player in the general
case. In this paoer,-a proof-of the Erdds-Chyital con-
jecture will be described, ~-.-. .-~

HOW MANY PATHS CROSS AT LEAST s GIVEN LATTICE POINTS? @

H. Niederhausen, Dept. of Statistics, Univ, of Toronto
The roadmap of Chess County shows a perfect grid. Gas rationing allows you to
buy only 10 liters at each gas station, but you don't know where they are.
What are your chances to get at least 50 liters on any shortest way from the
Southwest to the Northeast corner of Chess County (conditional on the position
of the gas stations, of course)? There is a nice answer to this question 1f
the stations all lie on one line. We give a new proof and extensions of
Takdcs' (1971) results. An algorithm is available for the general case. This

problem and its continuous analog come up in a goodness-of-fit test (Matching
Test) .

(E!:) EQUAL JUSTICE FOR UNEQUAL SHARES OF THE CAKE
by
Maria Klawe, IBM Research, 5600 Cottle Rd., San Jose, CA 95193,
and
Andrew Yao, U.C. Berkeley, Berkeley, CA 94720.

Many solutions have been presented for the classical problem of
dividing a cake among n participants (with possibly different measures) in
such a way that each participant is guaranteed to receive at least 1/n-th
of the cake according to his measure. Recent research has focused on the
problem of determining the minimum number of cuts such cake-cutting
protocols must use.

Here we present some results on the following variant of this problem.
Given a real number p between 0 and 1, what is the minimum number of cuts
needed by a cake-cutting protocol which divides the cake between two
participants A and B, such that the fractions of the cake received by A
and B are guaranteed to be at least p and 1-p according to their
raspective measures?

L Automorphisms of Graphs

@ Steve Fisk

Bowdoin College

Brunswick, ME

In this talk we generalize Frucht's theorem on the representa-
tion of a group as the automorphlsm group of a graph., Define
a group-graph to be a graph whose vertices are the elements

of a group, for which left and right multiplication induce
automorpliisms of the graph. For any graph X we construct

a group-graph Aut{X) whose group is the automorphiem group

of X. Our main result is that any group-graph 1s isomorphic
to the group-graph Aut(X) for some graph X. We also show

that any group-graph is a Cayley graph. We conclude by
giving some examples.

@ Lattice Embeddings and the Bandwidth Problem

Z. Miller ¥ J

Dept. of Mathematics and Statistics
Miami University’

. Opatrny
Dept. of Computer Science
Concordia University

A labelling of a graph is an injection £: V(5) = Z* from the point
set of G to the positive integers. The bandwldth of G i5 by definition
min max{|%(v) - 2(w)|}, where the maximum is taken over all pairs v,w

of adjacent points of G. We develop a geomecric method, based on em-
bedding V(G) in the lattice points of B2, for obtaining estimates on
the bandwidth of graphs. This method is applied in finding an exact
formula for the bandwidth of "regular" refinements of caterpillar
graphs.

@ Bandwidth of Directed Graphs
J. Opatrny

Concordia University
Montreal, Canada

We define the bandwidth of a directed graph H, to be the number

min [max[f( ) - f } - ¢ _
f .(u,chg(H) ) ?:T;;éggﬂ) flu)} + 1)

where f s a one-to-one mapping from V(H} to integers.

The relation of the bandwidth of an undirected graph G to the band-

width of orientations of G {s studied. Several b

. ounds en the band

of directed graphs in terms of graph invariants are given. The :Eov;dth
definition of bandwidth is compared to the

definition of the bandwidtl
ﬁﬁﬂﬁﬂic directed graphs given in a paper by Garey, Graham, Johnson ang of

The Bandwidth of the Corona and the Composition of Graphs.
Phyllis Zweig Chinn, Humboldt State University, Arcata, CA 95521

The bandwidth of a graph, B(G) 1is min max (|f(u) - £(v)|} where
the maximum is taken over all adjacent pairs of vertices and the mini-
mum is taken over all 1:1 assignments of integers to the vertices of
G . The composition G(H) is the graph obtained by replacing each
vertex u of G by a copy "u of H , taking the join Hu + Hv when-

ever u 1is adjacent to v in G . Georona H , GeH , is formed by

taking one copy of G and |G| copies of H , joining the ith vertex

of G to each vertex in the 1th copy of H .

Upper bounds for B(G(H)) and B(GeH) are given in terms of B(G)
and B(H) and the exact bandwidth given for several families of coronas.

TURAN'S THEOREM FOR UNCROWDED GRAPHS
Joel Spencer, SUNY at Stony Brook

The classical theorem of Turan may be "improved"
if we make additional assumptions that the graph G
is "uncrowded" in some sense, for example, triangle free,



OPEN IRREDUNDANT SETS IN GRAPHS

Arthur M. Farley University of Oregon; Eugene, OR 97483

In this paper we introduce the notion of open irredundancy.
An open irredundant set in a graph G is a subset of

. vertices OIR such that, for each vertex v in OIR, the

1 intersection of the open neighborhcod of v with the
union of the closed neighborhoods of the other vertices
in OIR is not empty. Consideraticn of open irredundant
sets is motivated by certain problems in broadcast-based
communication networks. We compare the min and maximum
orders of maximal cpen irredundant sets in G with those
of maximal independent, minimal dominating, and maximal
irredundant sets in G.

Optimal Gossiping Schemes with Conference Calls @

rthur Liestman; Simon Fraser University a
Dana Richards; Indiana U. - Purdue U. at Indianapolis

Each of n gossipers has unique information which is to be exchanged
by telephone calls so that all gossipers will know all information.
The graph on n vertices induced by the calls is known to involve 2n-4
calls and contains a C, subgraph. If the gossipers can use k-person
confgrence calls it is also known how many calls are necessary and
sufficient. We have investigated the structure of the hypergraph
induced by an optimal calling scheme. We give a rather involved
conjectured characterization of these hypergraphs for which the C
result, for two-person calls, becomes a corollary. An important
intermediate conjecture is: If the hypergraph of calls is optimal and
there is an m and p such that n = mk + p(k-1) - d, 0 ¢ d ¢ m-2 £ k-2,
then_the hypergraph contains two sets of m edges which are per-
pendicular and further, is isomorphic to a canonical hypergraph up

to d "don't care" vertices.

Traversing Unknown Graphs

'bana Richards, Charles Swart;
Indiana U. - Purdue U. at Indianapolis

Consider an automaton moving between vertices, along directed edges of
an unknown graph. A1l vertices are unlabelled and so all vertices of
degree d are indistinguishable. The outgoing edges are labelled
1,2,...,d; however incoming edges are not visible to the automaton.
The automaton's goal is to traverse every edge of the graph given no
prior information, except that the graph is strongly-connected (a
necessary requirement). We give a Turing Machine which can traverse
any graph but does not know when to stop. The solution is related to
universal traversal sequences. Further, we then allow the automaton
to leave movable pebbles behind, as markers. We show that a Turing
Machine with one pebble can determine the given graph and halt. We
conjecture that our algorithm makes a number of moves (on the graph)
which is polynomial in the size of the graph. We discuss the
relationship of this problem to current models of computation.
Various results for less powerful automata are given.

@Improved Bounds on the Chromatic Number of a Random Graph
David W. Matula, S.M.U., Dallas, Texas

It 1s well known for any € > 0 and sufficiently large n that all puc
a vanishingly small fraction of n-vertex graphs have chromatic number at
least (l-e)n/(2 log,n) and at most (l+e)n/log,n. The lower bound derives
from an upper bound“on the largest clique slzé and the upper bound om the
chromatic number comes from analysis of a nalve sequential coloring al-
gorithm. We show that all but a vanishingly small fraction of n vertex
graphs must have chromatic number at most (1+e)n!6§—log n). This narrows
the bounds from a factor of 2 to a factor of 3/2, and aiso proves that
the naive algorithm is not asymptotically optimal.

ROOM SQUARES HAVE MINIMAL SUPERSQUARLS @

W.D. Wallis, University of Newcastle
de r is a subsquare of a Room

i are of si
It a Kuoww that-1sm AOol 541 We shall show that this

square of side s, then s must be at least 3r+2.
lower bound can always be attained provided r>1.

A. Hobb® A, Kotzig, and J. Zaks, Latin squares with high 77
homogeneity. Presented by Arthur M. Hobbs.

Given a latin square L with cells containing the symbols
a, by +.., d, for each symbol a, we define a graph Ga having

the cells of L containing a as its vertices and having two
vertices joined by an edge iff the symbols in those cells form
a diagonal of an order 2 latin subsquare of L. If Ga is regular

of degree h for every symbol a 1in L, we say that L is
h-homogeneous. We show that there is a unique {(n-3)-homogeneous
latin square of order n for ne {3, 4, 6, 8, 12, 16}, and
that (n-3)-homogeneous latin squares do not exist for any other
orders n. Further, we show that, 1f k is an odd positive
integer, there are (n-k)-homogeneous latin squares of orders k,
2k, and 4k, and, 1f k 1s an even positive integer, thefe are
(n-k+1)-homogeneous latin squares of orders k, 2k, and A4k,

DOUBLY DIAGONAL ORTHOGONAL LATIN s'gums@

Katherine Helnzlch“ind A.J.W.Hilton
Simon Fraser University

A pair of doubly diagonal orthogonal latin squares of order
n, pboLs(n), is a pair of orthogonal latin squares of order n with the
pProperty that each square has a transversal on both the front diagonal
{the cells {(i,4): 1 <1 < n}) and the back diagonal (the cells
{(L,n+1-1)1 1 <1 < nh). We show that for all n except
n=2,36,10,12,14,15,18 and 26, there exists a pair of DDOLS(n).
Obviously these do not exist when n = 2,3 and 6.

Intersection sets in block designs
A.A. Bruen, The University of Western Ontario, London, Canada

Let S be a set of points in a design such that each block meets
S. Various questions and results concerning the possible size of
S are discussed.

A TEN POINT THEOREM FOR 3-CONNECTED CUBIC GRAPHS
@ D.A. Holton, Vanderbilt University and
University of Melhourne

It is a well-known result of Dirac that in a k-connected
graph any k points lie on a cycle. For 3-connected cubic
graphs Holton, McKay, Plummer and Thomassen have proved

that any 9 points 1ie on a cycle. This result has recently
been extended by Ellingham, Holton and Little who have shown
that in a 3-connected cubic graph G any 10 points lie on a
cycle unless the 10 points are on a configuration in G which
is isomorphic to the Petersen graph.

This paper will give a more precise statement of the last
theorem and discuss the proof techniques used in both the 9
and 10 point results. Consideration will also be given to
the case of a k-connected k-regular graph.

Maximum bipartite subgraphs of regular graphs with large girth
Brendan D. McKay @
C. S. Department, Vanderbilt University, Nashville, TN 37235

For a graph G, define b(G) to be the maximum number of edges of a
bipartite subgraph of G. For n, g, r > 3 define B(n,g,r) = min(b(G)/(nr/2)),
where the minimum is over all regular graphs with order n, degree r and girth at
least g. Bondy and Locke have proved that, for example, B(n,g,3) > } forn > 6
and B(n,g,3) > § for g > 4. In this paper we prove that there are constants a, < 1
such that liminfa. B(n, ¢,7) < a, for any fixed g. Furthermore, a, — 4 asr —
00. The technique used is a model for random graphs developed by Bender, Canfield *
and Bollob4s.

SUBGRAPHS IN WHICH EACH PAIR OF EDGES LIE IN
A SHORT COMMON CYCLE @
Richard Duke E
Georgla Institute of Technology

Paul Erdos
Hungarian Academy of Sciences

We show first that for each positive constant ¢ there exists a
positive constant ¢' such that for sufficiently large n ever graph
with n vertices and cn? edges contains a subgraph H with c'ng edges
which is such that each pair of edges of H are contained in a common
cycle of H of length 4 or 6, with each pair of edges which share a
common vertex being in a cycle of length 4.

. A gﬁneralization of this result is obtained for hypergraphs with
cycle" being replaced by "k-cycle", where the latter term denotes
a k-graph having no "separating edge" (a notion introduced by Lovidsz
in his definition of a "k-forest") and minimal with r&spect’to this

property.

LONG CYCLES GENERATE THE CYCLE SPACE OF A GRAPH

Irith Ben-Arroyo Hartman
University of Waterloo @

The cycle space of a graph G 1is the vector space of all edge sets
of Eulerian subgraphs of G over GF(2). A set C of cycles in a
graph G 1is sald to generate the cycle space if every cycle C of G
can be written as a sum of cycles c, 1in (N

Let G be a 2-connected graph in which the degree of every vertex
is at least d. We give an outline of a proof that the cycles of length
at least d + 1 generate the cycle space of G, unless ¢ 3 K and d
1s odd. d¥l

Another result states: {f G 1s 2Z-connected with chromatic number
at least k, then the cycles of length at least k generate the cycle
space of G, unless G = K and k i3 even. We deduce several
corollaries, among them a stronger version of a theorem of Erdds and
Hajnal.



LONGEST PATHS IN LOCALLY HAMILTONTAN GRAPHS @
Boolean Techniques for Matroidal Decomposition of

A TRY FOR THREE ORDER-10 ORTHOGONAL LATIN SQUARES
E. T. Parker®and John Wesley Brown,

Dept. of Math., University of Illinois, Urbana, IL 61801
We start with direct product of groups of orders 5 and 2.
Then we turn the latin 2-subsquares on main diagonals of
the 4 latin 5-subsquares. This yields a latin 1l0-square
with 2816 = 28,11 transversals, compared with some 850
for random squares. This case seemed worthy of computation

nden en 5 * 3 New Mexico
inger and Sharon MacKendrick, University of °
Independence Systems and Applications to Graphs Roger Entring v ’

Claude Benzaken and Peter L. Hammer &

A graph is a locally hamiltonian {ff the subgraph induced

by the neighborhood of any vertex is hamiltonian. We give bounds
I.R.M.A. Department of Combinatorics and Optimization,

Universite Scientifique et Medicale University of Waterloo,

for the length of a longest path In a connected locally hamiltonian
Grenoble, France Waterloo, Ontario, Canada

. The problem of decomposing an independence system
into the set-theoretic union of matroids is considered in the
first part of this paper and a Boolean procedure is proposed
for finding the prime matroidal components of such a decomp-
osition. The second part of the paper deals with the special
case of the independence system of all stable sets of a graph,
characterizes the graphs whose family of stable sets is the
set-theoretic union of two matroids, produces a class of
perfect graphs of matroidal number k and gives for graphs an
accelerated version of the general decomposition technique.

BOX REPRESENTATIONS OF A FAMILY OF ELLIPSOIDS
Egon Balas, Carnegie-Mellon University

The following problem often arises i{n a practical context:
given a family € of n-dimensional ellipsoids, find & point contained
in a maximum number of ellipsoids. The combinatorial aspect of this
problem involves the finding of & maximum clique of the intersection
graph G(€) = (V(E), E(€)) of & We define a valid box-representation
of &€ as a family B of n-dimensional boxes such that the intersection
graph G(8) of £ satisfies V(8) = V(&) and E(B) R E(€). 8 is optimal
if G(B) has a minimum number of edges, While finding a maximum clique
of G(€) is an NP-complete problem, every clique of G(€) is contained
in some clique of G(B); and since G(B) is the intersection of n
interval graphs, the cliques of G(B) can be listed in time poly-
nomial in 1Vi (for fixed n). We give several results that can be
used to approximate an optimal box representation of €.

B °
The Analysis of Network Optimization Alqogfthms:

An Overview

*Edward K. Baker, University of Miami
o Bruce L. Golden, Universitv of Maryland
In this paper we study the analysis of algorithms,
especially with regard to network optimization. We focus
on three key topics -- exact algorithms, approximate algo-
rithms, and computer implementation of algorithms. The
tone is largely tutorial. In the first section, we discuss
the notions of efficiency, polvnomial boundedness, and NP-
completeness and we use linear programming to illustrate
that the difference between "good" and "bad" algorithms is
sometimes illusory. 1In the second section, we address the
importance of heuristics and describe what is meant bv
worst-case behavior, average-case behavior, statistical
analysis, and empirical analysis of heuristics. We also
mention some related future research directions. In the
third section of our paper, we examine several issues in-
volved in computer experiments aimed at testing and demon-
strating the efficiency of an algorithm. Performance indi-
cators such as CPU time, numerical accuracy, storage re-
guirements, number of iterations, portability, etc. are
discussed.

to decide whether it is extendible to an orthogonal triple.
The considerable symmetry wade it possible to reduce the
search to one of 11 transversals required in an orthogonal
mate, The CDC Cyber computer at the University of Illinois
was programmed to place two transversals through cell one,
two through the second, etc. Time averaged 270 seconds for
each of 11 cases. The extension to an orthogonal triple
does not exist.

Slightly Generalized Association Schemes, The Rands One-Factor
Schemes, and a Possible Application to thg Existence Question
for an Oval in a Plane of Order Ten @

Robert Roth, Department of Mathematics and Computer Science,
Emory University, Atlanta, GA 30322

The subsets determined by two partitions of an n-set into parts
of size k intersect in various "patterns" which sometimes (but not
often) determine the classes of an association scheme. This does
occur for k = 2 and I will discuss how here in the case of n = 12
the Delsarte inequalities provide some information about the structure
of an oval in a plane of order 10.

On Projective Planes of Order 12 with Collineation Group of Order 27

Julia M. No'wl'ln Brown, York University @

Abstract Let m be a projective plane of order 12 which has a
collineation group of order 27 , We are able to determine the iso-
morphism class of the collineation group, the number and sizes of the
point orbits, the number and sizes of the line orbits, the number and
sizes of the flag orbits, the action of the group on each orbit, and the
incidence numbers., (An incidence number is the number of points of a
point orbit incident with a line of a line orbit,) Up to classification
by the above properties, there are four possible types of projective
plane of order 12 with collineation group of order 27 ., The exis-
tence of a plane of any one of these types can be shown to be equivalent
to the existence of a 111-tuple of elements from the group which satis-
fies 81 conditions., Each of these B8l conditions asserts that some
set of elements defined in terms of the 11l-tuple and the (known) sta-
bilizers of points includes all elements_of G , Some of the above
results generalize to planes of order p“ + p (where p 13 an odd
prime).

graph.
MINIMUM k-GEODETICALLY CONNECTED GRAPHS @

*
Douglas E. Jackson , Eastern New Mexico University
Roger C. Eatringer, University of New Mexico

A graph G is sald to be k-geodetically connected if and only Lf

G is connected and the removal of at least k vertices is required
to increase the distance between any pair of vertices. Bollob4s
and Eldridge found the minimum possible number of edges in any
k-geodetically connected graph of diameter 2 on n vertices and
characterized those graphs having the minimum number of edges
when n > 2k. We extend these results to the case n < 2k and

discuss possible extensions to graphs of larger diameter.

ULTRAGEODETIC GRAPHS
Michael F. Bridgland - Loulsiana State University

Motivated by the rich structure of geodetic graphs of diameter two,
we consider the class U of two-connected geodetic graphs G with ar-
bitrary diameter d(G) that are "packed” with pyramids [2] in this
sense: for each maximal clique #, the distance-preserving pyramids with
base M and altitude d{(G) exhaust V(G). We obtain two characteriza-
tions; the first indicates the similarity of the graphs in U to the
strongly geodetic graphs of Bosdk, Kotzig, and Znim [l] (which turned
out to be just the Moore graphs), and the second is an analogue of
Singleton's characterization of Moore graphs:

(1) A two—connected graph G 1s in U 4iff there is a unique chordless
z,y-path of length less than or equal to d(G) for each pair of
vertices z,y in V(5.

(2) A graph G with augmented girth g#(3) [2] ts in U 4iff G has
no subgraph iscmorphic to K, - e and g#(G) = 2:4(¢) + 1.

In view of (1), we call the graphs in U wultrageodetic. Some obvious
examples are pyramids, geodetic graphs of diameter two, and Moore
graphs; indeed, an ultrageodetic graph is a Moore graph 1ff every maxi-
mal clique 1s an edge or the entire vertex-set. We restrict a construc-
tion of geodetic graphs due to Plesnik [3] to obtain an infinite family
of ultrageodetic graphs with diameter 3k + 1 for each k 2 1.

1. Bosdk, J., Kotzig, A., and Znim, S., Strongly geodetic graphs, J.
Comb. Theory 5 (1968), 170-176.

2. Bridgland, M., Pyramidal subgraphs of geodetic graphs, Proc. l2th

Southeastern CGTC Conference, 1981 (to appear).

Plesnfk, J., A construction of geodetic blocks, Acta Fac. Rer. Nat.

Univ. Com. Math. 36 (1980), 47-60.
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A Technique for Finding Approximate Inverses of a
Continous Ona-vay Transformation

Marc J. Lipman, Indiana U.-Purdue U. at Fort Wayne

I+ is easy to calculate local variations in the Earth's gravitational
field at the ocean's surface from variations in the topography

of the ocean floor. But even under fairly restrictive assumptions

it is ditficult to invert the proceedure and solve for the topography
given the gravity. However, given the gravity it is possible to use
the easy calculation to find approximate values for the topography,
sccurate to within limits determined by the errors in the
gravitational dafa.

FAST ENUMERATION, RANKTNG, AND Uunmmwu@
OF BEINARY TREES
Ekaputra Laiman and Andrze] Proskurowski®
Department of Computer and Information Science
University of Oregon

A linear representation of binary trees proposed earlier is
analyzed with respect to the complexity of ranking and un-
ranking operations. Simple algorithms are given for perform=
ing these operations in time proportional to the order of the
binary tree, provided a table of values of certain integer
function is precomputed. Also, the complexity of generating
representations of all binary trees of given order is dis-
cussed. An algorithm is given, which updates the represen-
tation of a tree to yield the representation of the next

tree in a time averaping to a constant over all generated

binary trees. The larger the order of the generated trees
the smaller the constant.

3 TWO RESULTS ON PERFECT GRAPHS
(535 y. Chvital, McGill University

The first result characterizes those ordered graphs for which
a minimum coloring of each induced subgraph can be obtained
by a greedy neuristic. The second result shows that a
certain “semi-strong perfect graph conjecture", whose
validity would imply Lovisz's Perfect Graph Theorem, is
implied by Berge's Strong perfect Graph Conjecture.

On h-perfect graphs

@ N. Sbihi, University of Waterloo

A graph 1is said to be h-perfect if its stable set polytope (i.e. the
convex hull of the incidence vectors of its independent set of vertices)
is defined by the constraints corresponding to cliques and odd-holes.
Series-parallel graphs and bipartite graphs are h-perfect. We prove here
that the graph obtained by substituting bipartite graphs for edges of a
series-parallel graph is also h-perfect. We do this by making use of LP
duality and we also define an operation of reduction which preserves h-
perfection which allows us to prove that the graph obtained by
{dentifying two vertices of a bipartite graph is h-perfect.

Channel Graphs
Nicholas Pippenger, IBM Research, San Jose, CA 35193

Channel graphs, which have their origin in the study of
telecommunication networks, are graphs endowed with a palr of
distinguished vertices, the source and target. Each vertex and edge in
the graph is either available or not, these alternatives occuring at
random according to some probability distribution. The principal
questions are whether there exists a path from the source to the target
consisting entirely of available vertices and edges and, if so, how to
find one. Results concerning these questions, which have extensive
connections with combinatorics, graph theory and computing, will be
surveyed in this lecture.

meMﬁmIMemMMmm

7. C. Brown, Simon Ffraser University, and
J. P. Buhlery Reed College

Conjecture: For every finite field F and € > 0 there
is an n = n(F,e) such that if V ie an affine space over F
with dim ¥ > n and A is a subset of V with lal > el7] then
A contains an affine line (i.e. a one-dimensional affine
subspace). We show this when F is the field with three
elements. lMore generally we ghow that if F has odd_charT
acteristic then there is an n' = n'(F,e) such that if Vv is
an affine space over F with dim V> n' and A 15 2 subset of
v with |Al > €|V} then A containg Ehree elements of the form
X, X+¥, X42y, where ¥ £ 0.

When F is the 2o_element field an even stronger state-
ment is true: for all k and € > O there is an n" = n"(k,;)
such that if V is an affine space over the two-element field
with dim V> n" and A is a subset of V with 1a] > !V then
s contains 3 k-dimensicnal affine subspace.

A PROBLEM TN TRAJISVFRSAL TIEDRY @
A ——
Lynn M. Batten, University of Winnipegq

The well-known Rado-tiall theorems in transversal
theory are based on a yank function defined on
independence systems. tle propose a weaker notion
of rank function defined on independence systems,
and indicate how this may lead to more q?ne:al
theorems. Some partial results are obtained.



Halin Graphs and the Travelling Salesman Problem @ )

G. Cornuéjols
Carnegie-Mellon University

D. Naddef
Université Scientifique et Médicale de Grenoble

W.R. Pulleyblank ¥
University of Waterloo

A Halin graph H =T u C 1s obtained by imbedding a tree T
having no degree two nodes in the plane, and then adding a cycle C to
join the leaves of T 1in such a way that the resulting graph is planar.
These graphs are edge minimal 3-connected, hamiltonian, and in general
have large numbers of hamilton cycles. We show that for arbitrary real
edge costs the travelling salesman problem can be polynomially solved
for such a graph, and we give an explicit linear description of the
travelling salesman polytope (the convex hull of the incidence vectors
of the hamilton cycles) for such a graph.

" Wrapped Coverinas and Their Realizat{on.@

J.L. Gross, B. Jackson, T7.D. Parsons and T. Pisanski - Penn State

In two earlier papers, Jackson, Parsons and Pisanski introduced
the notion of a wrapped covering of graphs, showed how it was related
to the topological theory of current graphs and voltage qraphs, and
applied wrapped coverings to obtain many graph embeddings. The
authors now show how to construct wrapped coverings directly from
current graphs with permutation currents, and they discuss the problem,
first raised by Gross, of which wrapped coverings are topologically
realizable.

On the probable behavior of some algorithms for finding the
stability number of a graph.

Boris Pittel , The Ohio State University

A class of f-driven algorithms due to Chvatal for finding the
stability number of a graph are studied. Itois shown that, for almost
all graphs, the computation time 12 exp(c 1ln-n), where n is the number
of vertices, and 0.25/ln2 < ¢ <0.5/1n2. If, however, each edge exists
with probability 6/n, independently on other =dges, than asymptotically
almost certainly the computation time is exponential. Still, for all
large enough &'s, these algorithms perform noticeably better than a
naive algorithm. All the results are extended on random graphs with a
fixed number of edges.

APPLICATION OF DUALITY TO THE SHANNON CAPACITY OF GRAPHS
@ M. Rosenfeld, Simon Fraser University and
8en Gurion University of the Negevy

L. Lovasz has developed a most powerful method for obtaining
upper bounds (the Lovisz bound) for the capacity of graphs.
He proved two most useful formulas for v(G) - the Lov&sz
bound. In this note we show that one can he obtained from
the other by dualizing a suitable convex program.

(&5 REMARKS ON COHESION AND INDUCED EDGE CONNECTIVITY
K.B. Reid, The Johns Hopkins University and Louisiana State University

The cohesion of a vertex x, denoted p{x), in a connected graph G is
the minimum number of edges of G whose deletion results in a subgraph of
G in which x is a cut vertex. The induced edge connectivity of x, denoted
A(x), is the edge connectivity of G-x. Lipman and Ringelsen (Congressus
Numerantium XXIV,Utilitas Mathematica Publ., Inc. (1979), 713-720) reported
some work on when u(x) = A(x), but that work involved the parameter ), the
edge connectivity of G. In this note necessary and sufficient conditions
are obtained for u(x) = A(x) as well as for when u(x) is equal to the
cohesionofx in G + xy, wherey € V(G) and xy € E(G).

@ SMALLEST MAXIMALLY NONHAMILTONIAN GRAPHS

o
‘ L.H. Clark and R.C. Entringer
Loulsiana State University and University of Jew Mexico

A graph G is maximally nonhamiltonian if G 1is not
hsmilionian but G + e 1is hamiltonian for any edge e
in G . Bollobas posed the problem of finding the least
number of edges , £(n) , in a maximally nonhamiltonian
graph of order n . We prove the following.

Theorem. (1) £(n) = 3In/2 , for all even n > 36 ,

(11) £(n) = (3n + 1)/2 or (3n+ 3)/2,
for all odd n 2> 55.

@ On the Reverse of a Hamiltonian Cycle
J.B. Klerle!.n‘and A.G. Starling

Western Carolina University

The reverse of the hamiltonian cycle (vl.vz,....v“) is the
hamiltonian cycle (vl.vn.vn_l....,vz). Given the hamiltonian
cycles of the complete graph Kn in lexicographic order, we attempt

to describe a procedure to select a collection H of hamiltonian
cycles with the property that a cycle is in H {f and only 1if its
reverse is not.

EVERY TOURNAMENT CONTAINS EVERY ORIENTED HAHIL’FON PATH
@ Andrew Thomason, Louisiana State University

It is well known that every tournament contains a
directed hamilton path. We give here a proof of a con-
jecture of Rosenfeld, that, except for a few very small
cases, every tournament contains every orientation of a
hamilton path.

Subquadrangles of Kantor's quadrangles in characteristic 2. @
S. E. Payne, Miami University, and C.C. Maneri, Wright State University.

For q = 2%, e odd, the generalized quadrangle S of order (qz, q)
constructed by Kantor has a family of subquadrangles of order (q, q) all
isomorphic to the self-polar one 8' constructed by Tits from the oval
(1, e ™l c e 6F(2°)) u ({0, 0, 1)} in PG(2, 2°). The embedding of
S' in S has a variety of consequences for §' and also shows that certain
theorems of Thas characterizing the classical examples with these parameters

are essentially the strongest that one could hope for.

Completions of quadrangles in projective planes, revisited II
R Killgrove® St. Lawrence U., M. Cates, cal State U, L. A.

This time we want to give the orbits of the quadrangles which
singly generate the translation plane of order nine and like-
wise for the dual plane as we (Killgrove,Xiel) did for the
self-dual plane (non-Desarquesian) plane of order nine. The
orbits for the quadrangles generating the subplanes are al-
ready established. Also we show how certain quadrangles will
not generate any planes of order nine. Further, a particularly
symmetric configuration already found in the self-dual (Hughes
plane also occrus in the translation plane. We call it a Fano
cluster and it arises as follows: let A, B, C, D be the points
for the quadrangle and E,F,G be the vertices of the diagonal
triangle when these are not collinear, then should A,E,F,G

and B,E,F,G and C,E,F,G and D,E,F,G all generate subplanes of
order two (Fano configurations), then this set of ,points and
lines forms a confined configuration not closed under either
join or intersection which we dub a Fano cluster,

@ Extending Partial Projective Planes
Stephen Dow, University of Florida

A partial projective plane ¢ of order n is an incidence structure
onn 4+ points such that each line contains exactly n + 1 points
and any two liges meet in a unique point. In this paper it is shown
that, if b > n© - n and each point is on at least n -vn # 12 + 4 lines,
then £ can be embedded in a projective plane of order n. This fact
allows us to improve a result of McCarthy and Vanstone.

MINIMAL PACKINGS OF PARTIAL PLANES
H.P. Smith, University of Victoria, Victoria, B.C.

Let (7,£) be a partial plane on v points, each line in £
containing k points, k = 3. Assume that no pair of distinct lines
intersects in more than one point and that if S is any k-subset of
7 then SnlL>1 for some line in J. Alternatively, the plane can
be regarded as a packing of the graph Kv by edge-disjoint copies of
Kk. Let p(k,v) be the minimum cardinality of . over all such
planes. Precise values of p for all v are known only for k = 3.

We exhibit some bounds for k > 3,



POLYA'S THEOREM FOR COSETS

James O. Owings, Jr.
University of Maryland, College Park

Polya's Counting Theorem finds a practical use for the
cycle index of a permutation group; in fact, it more or less
justifies the definition of cycle index. 1In this note, we
show how the cycle index of a coset of a normal subgroup of
a permutation group can be used to solve certain counting
problems. Our theorem is based on a generalization of
Burnside's Lemma,®

T-Colorings of Graphs and the Channel Assignment Problem
@ . Fred S, Roberts )
Rutgers University )

In this paper we study some graph-theoretical problems
which arise from the need to make more efficient use of the
spectrum of radio frequencies in communications. In par-
ticular, suppose T 1is a set of nonneéative integers and
G = (V,E) 1is a graph., A T-coloring of G is a function

f which assigns to each x in V(G) a positive integer
or channel such that

{x,y} € E(G) + |[£(x)-£(¥)| £ T.

T-colorings were introduced by Hale in a 1980 paper in
Proceedings of the IEEE. The order of a T-coloring f is
the smallest number of distinct values f£(x) and the span
is the maximum [f(x)-f(y)| over all vertices x and y.
We present results on the problems of how to compute a
minimum order and minimum span T-coloring.

On a Moderately Exponential Graph Isomorphism Test
Eugene M. Luks, Bucknell University

Recently, Zemlyachenko announced the first "moderately
exponential” graph isomorphism test, that is, its running time

is bounded by exp(nl—s) for some € > o, where n {is the
number of verticeés. His algorithm uses techniques of the
author's which were imstrumental in demonstrating a polynomial
bound for graphs of bounded valence. Together with results

of Babai on the orders of primitive permutation groups, this

® led to an exp(nzfj + 0(1)) bound for general graphs. We now
describe an essential improvement in the bounded valence
algorithm, removing a factor of d(= valence) from the exponent
in the time bound. This, in turn, improves the bound for

general graphs to exp(n”z + G(1)).

TOLERANCE GRﬁPHS@

Martin C, Golumbic Clwde L. Honma
Bell Laboratories Bell Laboratories
Hurraw Hille N.J. West Lonsdbranche N.J.

In this talk we introduce three new classiws uf perfecl
drarhs! tolerance grarhss bounded tolerance srarhsy and
rrorer tolerance drarhs, Several results are given which
describe the structure of these srarhs, In particular,
we rrove the following rrorer inclusions betwwen classes
of srarhs!

prorer interval srarhs € rrorer tolerance drarhs
€ bounded tolersnce srarhs £ tolerance dgrarhs
and
interval grarhs & bounded tolerance drarhs
&= comrlemaents of comparabilituw drephs

A number of oren problems will alsu be discussed.

On 3-skein Isomorphisms of Graphs

@ R. L. Hemminger, Vanderbilt University
H. A, Jungy Technische Universitat Berlin
A. K, Kelmans, Profsouznaya Str., Moscow ,

A graph consisting of n openly diamjoint paths joining two vertices is
called an n-skein. A bijection between the edge sets E(G) and E(G*) of

graphs G and G* is called an n-skein isomorphism if it induces a bijection
between the sets of n-skeins contained in G and G*, respectively.

Whitney proved in [Congruent graphs and the connectivity of graphs, Amer.
J. Math 54 (1932), 150-168] that circult isomorphisms of 3-connected finite

graphs ara induced by isomorphisma.
The main result of this paper is the following.
Theorem, Each 3-skein isomorphism from a 3-connected graph with at

least 5 vertices onto a graph without isolated vertices is induced by an
isomorphism.

The Theorem in the present form was proved by Kelmans and independently

by Hemminger and Jung. Previously, it was proved for 4-connected graphs by

Halin and Jung [Note on isomorphisms of graphs, J, London Math, Soc. 42 (1967),

254-256, MR 34 #7402} and for 3-connected graphs containing at least one
4=gkein by Hemminger and Jung [to appear in J. Combinational Theoryl.

A sufficient condition for a araph to be the union of a fixed
number of complete subgraphs 05)

M.D. Guay, University of Maine

A graph G is defined to be star-complete at a vertex
v of G if the subgraph of G induced by the star dete;mlned
by v is complete., A graph G is star-complete if it is star-
complete at each of its vertices. The main result is stated
as follows: Let G be a graph of order? n 24 which is star-

complete except for some subset Q of n vertices. If <G - Q7

is connected, then G is the union of [% n2]+ 1 or fewer
complete subgraphs.

The Most Covered Reglon of an Arrangement of Lines,

George B. Purdeexas A and M University Roger
Entringer, University of New Mexico.

The authors discuss the following question:
Glven an arrangement of n lines in the real euclidean
plane, 1f we ask of each bounded region:llow often is
it also bounded if only three of its stdes zre used?
We then discuss the maximum of this over all of the
regions in the arrangement. A previous result of ours,
to appear in The Israel Journal implies that the
maximum is at most 3

cn .
We show that the minimum is about cnz.

We also discuss the more general, motivating question

of how to best place points in the plane so as to

minimize the number of convex quadrilaterals formed,

and we clarify the old Erdds-Szekeres construction.
E—?iu Des

igns on the Complete Graph with Symmetric Autemorphism Group

L. Chouinard, E. Kramer and, D. Kreher (Univ. of Nebraska-Lincoln 68588)
A t-wise balanced design (X, ) with parameters t-(v, K,»), 13 a
set X and family of subsets B from X, where if B¢ {B then (Bl€¢ X, and
such that each t-subset of X is in exactly A members of B. Furthermore,
to avoid trivial designs we require t<{k<v for all k€ K, and that @
does not contain all the k-subsets of X for any k. Let p be the number
of vertices in a finite undirected complate graph. Let X be the set of
all v = (g) edges of this graph and, let sp be the symmetric group on

the vertices of this graph, We detarmine all t-((;),l,‘)\)-wisa designa
praserved by sp with A= 1 and A= 2.

@ INEQUALITIES FOR PERFECT SYSTEMS OF DIFFERENCE SETS

dJ. Abr'ham‘,‘ University of Torento, and
A. Kotzig, Université de Montréal.
Let ¢, m, Pys:-«spp be positive integers. Let Si z {xni ARITE
i g xp.,i} be sequences of integers and let D; be their sets of dif-
i

ferences: Dy *({xj;=X;s 0 <k <3 <pjhy i = Lyeewy m Then {D,...,

Dm} is a perfect systems of difference sets (PSDS) starting with e if

m m
i:l[)i = {c, ctl,...,c-1+ & iflpi(piﬂ)}. Each D; is called a component

of the given PSDS and the size of D; is p;+ The following inequality

ca.nmbe proved to hold for every PSDS: e, * c; to, 2 et

g ? k(k-3) (c + ¢, ) where c_, r > 2, denotes the number of -
K= k-1 2k D24 DUERRE Q% compan.

ents of size r. This inequality can be used to obtain bounds for the

number of "small" comonents (of size < 4), and for the maximum size and

the average size of components.



"On Graph Certificates"
Derek Corneil, University of Toronto

@Hark Goldberg™ Clarkson College

A graph certificate or canonical form is a
short unique (up to isomorphism) representation of
the graph. Thus two graphs are isomorphic iff
their certificates are identifal. In this paper
we demonstrate an O(ch) graph isomorphism
algorithm which also produces a certificate of the
graph. It is noted that other approaches using Luks'
results which yeild faster algorithms do not seem
to be capable of producing certificates.

TRANSITION GRAPHS OF COMPUTER AUTOMATA AND SEQUENTIAL PROGRAMS

Karel Culik, Dept. of Comp. Sci,, Wayne State Univ., Detroit, MI 48202 .

An automaton A = {In, St,trans) (without initial and final state)
1is called a concrete computer automaton if its inputs from In are
computer instructions (assignments, input/output instructions, procedure
calls, tests), its states from St are memory states, i.e, St=Var¥olves
where Var is the set of all variables occuring in instructions, and
Values is the set of values concerned, and trans: InxSt+St is its
transition function (by testsand by output instructions-states are
not changed). The transition graph of A is TG f(St.T,t) where
T*{(st,st*ls_StKSt; there exists in ¢ In such that trans(in,st)=st*}
and t:T=+(2*"-(g)).

A sequence of instructions from In, P=(ing,in,,...,in,=STOP) where
k>1 and STOP¢In, is called a (sequential) program for A. P i3 accepted
by A if there exists st,¢St such that the complete computation CCompiA,
P,st, )=(st,,st;,...,8t,) is defined, i.e. trans (ing., ,st;.,)=ste is
defined for 1=2,3,...,k. The domain of P is the set DomPw={steSt;
CComp(A,P,sty) is defined} and the abstract function computed by P on A
is f, p(st,)=st, for each st,eDomP. Let SL,, Fn be the set of all
sequential programs accepted by A, the abstract functions computed by

all Pe¢SL,, respectively, P and P* are function equivalent if f,p =f, pe .

The sets SLp and F, are studied using the following concepts:
PeSL, 1s called total, if DomP=St, and is a mono-program if TﬂcmP|-1;
SteDomP is a fixedpoint of P 1f fap (st)=st; PeSL,1is an identity program
if each steDomP is a fixedpoint of P, etc.

A_Lipear Algorithm for the Grundy (Coloring) Number of a
@l Tree -
S. M. Hedetniemi, S. T. Hedetniemi, and T. Beyer

Univ. of Oregon

The Grundy number of a graph G = (V,E), denoted r(G),
is the largest number of integers which can be assigned to
the vertices of G such that every vertex u is assigned the
smallest integer which is not assigned to any vertex adjacent
to u. The Grundy number T(G) is related to the chromatic
number X(G) and the achromatic number ¥(G) of a graph by
the inequalities: X(B) 2 [(G) = ¥(G). Although the problem
of determining r'(G) (also x(G) and ¢(G)), for an arbitrary
graph G is HP-complete, a linear algorithm is presented
for determining r(T) for any tree T. The problem of deter-
mining ¥(T) for any tree T, however, is suspected to be
HP-complete.

GRAPHS RELATED TO EXTERIOR RECTANGULAR DISSECTIONS

Maciej M. SYSLO, Systems and Computing, W.S.U., Pullman, WA

A rectangular dissection is defined as a partition of
a rectangle into a family of nonempty and mutually non-over-
lapping rectangles. The intersection graph of such a dissec-

tion is called an adjacenc raph, A dissection is non-pro-
per if it consists o% two other rectangular dissections, and
1s called exterior if each rectangle of the partition shares
at least one side with the main rectangle.

In this talk we will restrict our attention only to ex -
terior dissections and present: (i) a charecterization of
adjacency graphs, (ii) a characterization of skeletons, and

(iii) a proof that every exterior rectangular dissection is
non-proper.

A DECOMPOSITION THEOREM FOR BALANCED HYPERGRAPHS

.@ Ram Prakash Gupta

College of the Virgin Islands

Let H = (X ,€) be a balanced hypergraph.
Then, for any integer k 21, there exists a
decomposition of X,

X=X UXp U X, XNX=g, ify,
such that for every edge E&F,

H_j: ENXy /4 1<i<k¥] =min{x, ‘El}.'

This generalizes an earlier theorem for bipartite
graphs (Discrete Mathematics, vol. 23, No. 3, 1978,
pp. 229-233)

"On Finding Legal Paths in _the Presence of Impossible Paths"
H.S. Ihm and S.C. Ntafos™® University of Texas at Dal]as

In this paper we consider the problem of
finding a legal source to sink (s-t) path in an acyclic
digraph G = (V,E), for which a set of impossible paths is
specified. This problem arises in program testing. An
O(L'dma ) algorithm is presented, where L is the length of
the §Rpht siring describing the impossible paths of G, and

d ax 18 the maximum degree in G. Also, some extensions of
112 algorithm are discussed.

q;Fg} ON THREE-DESTGNS OF SMALL ORDER

Haim Hanani, Technion, Israel Inst. of Tech., Haifa, Israel
Alan Hartman, U. of Waterloo, Waterloo, Ontario, Canada

®Earl S. Kramer, U. of Waterloo (visiting from U. of Nebraska)

For positive integers t < k = v and A we define a t-design,
denoted Ht[k.a;v], to be a pair (X,B) where X 1is a set of points
and B is” a family (B;) of (not necessarily distinct) subsets of
X, called blocks, which satisfy the following conditions

(i) |X] = v, the order of the design,

(i) ?R1l =k for every block 8; « 8, and

(i1i) every t-subset of X 1is contained in precisely 1 blocks.

The purpose of this paper is to investigate the existence of 3-designs
with 3 <k <v<32 and > 0.

Wilson has shown that there exists a constant N(t,k,v) such that
designs B,[k,\;v] exist provided » > N(t,k,v) and A satisfies the
trivial nec&ssary conditions. We show that N(3,k,v) = 0 for most of
the cases under consideration and we give a numerical upper bound on

N(3,k,v) for all 3 sk <vz<32, We give explicit constructions for all
the designs needed.

A list of parameters of unknown designs is available for distribution.
Ca Further Constructions of Irreducible Designs

Elizabeth J. Billington (Visiting Department of Computer Science
University of Queensland University of Manitoba)

A balanced incomplete block design with parameters (v, tb, tr, k, tA),

that 1s, a quasi-t-multiple design, is said to be frreducible if 1ic

contains no (v, sb, sr, k, sA)~-design with s<t, 1In [1] constructions

were given for irreducible quasi-2-multiple designs, starting From

any (v, b, r, k, 1)-design with k >2, (except of course from the Fano plane),

and for irreducible quasi-J-multiple designs, starting from any finite
affine or projective plane.

Here we extend this by constructing irreducible (v, 3b, 3r, k, 3)
from any (v, b, r, k, 1)-design with k> 2. The case of 'higher'
irreducible designs is also considered.

-designs

[1] Elizabeth J. Billington, Construction of some irreducible designs,
Proc. IX Australian Conference in Combinatorial Math.

, Lecture
Notes in Mathematics (Springer-Verlag), to appear.

@ Some new S5-designs
Spyros S. Magliveras, University of Nebraska, Lincoln, NE 68588
A t-design, or t-(v,k,A) design, is a pair (X,®) where ® is a
collection of distinct k-subsets (called blocks) from a v-set X, such
that each t-subset of X is in exactly X blocks of W . By using
the group PTL2(25) in its 4-homogeneous representation on the pro-

jective line GF(ZS} u {»} we construct over one hundred new, non-

trivial 5-designs with v=33 and k 2= 6, There are two other known
S-designs with odd v discovered by E.S. Kramer in 1975 and 1981 !

respectively.



ALGORITHMS FOR DETERMINING FUNDAMENTAL CYCLES
=D IN A GRAPH

S. A. Jordan, D, R, Shier? Clemson University

Three algorithms are presented for determining a set
of fundamental cycles in an undirected graph., These algo-
rithms all make use of a compact representation of the
graph and generate fundamental cycles at the same time
d4s a spanning tree is constructed. The three algorithms
differ mainly in the type of spanning tree produced and
in the mechanism for tracing out fundamental cycles rela-
tive to this tree. Computational experience with these
algorithms indicates that two of the algorithms are espe-
cially effective in practice.

Steiner Trees in Outerplanar Graphs ( E°§ )

Joseph A, Wald and Charles J, Colbourn?
University of Saskatchewan

It is known that finding a Steiner tree in a graph is NP-complete,
even if the graph is planar. We show by contrast that Steiner trees
in outerplanar graphs can be found in linear time. Applications
of this result in network design are described.

@®3 Good Algorithms for Gamma-Free Matrices.
Professor Anna Lubiw, University of Waterloo, Waterloo, Ontario

A gamma-free matrix is a 0-1 matrix which has no 2 x 2 sub-matrix
whose only 0 is in the lower right corner. Algorithms are given
to solve certain min-max problems on 0-1 matrices when these
matrices are gamma-free, Some natural constructions and applica-
tions of gamma-free matrices are discussed. An algorithm is given
to rearrange if possible the rows and columns of a 0-1 matrix to
be gamma-free. The class of matrices admitting such rearrangement
is exactly the class of totally balanced matrices. [ am indebted
in this work to related work of Martin Farber on strongly chordal
graphs.

@D POLYGOIAL GRIPIS OF VALEICY FOlR

Manley Perkel, Wright State University, Dayton, Ohio 45435

A polygonal graph is a pair (H,E) consisting of an
undirected, regular, connected graph # of girth m, together
with a set E of m-gons of H distinguished by the fact that
every path of length 2 of H 1ies in a unique element of E.

Let Aut*(ﬂ) denote the strict automorphism group of H,
i.e. those automorphisms which fix the set €. In this
paper we investigate the case where m=5 and the valency of
H is 4, under the assumption that Aut*(H) §s transitive on
paths of length 2 of H. As a result we prove that if H
contains a dodecahedral subgraph (i.e. a subgraph isomorphic
with the vertices and edges of a dudecahedrun? whose penta-
gons are in E, then H is isomorphic to the vertices and
edges of the 4-dimensional polytope known as the 120-cell.

DECOMPOSING COMPLETE SYMMETRIC OIGRAPHS INTO
(1) CIRCUITS OF LENGTH 2.p%

Or. Badri Varma, Baysro Univ., Kano (Nigeria)

Hartnell has shown that the complete symmetric digraph
DKx can be decomposed into circuits of length 2x, where x and

y are both odd and y > 5. Using one of our earlier results,
Hartnell's result can easily be extended to include the case
whan y = 3. This result along with some new and some earlier
known results, is used to show that the necessary conditions

for the decomposition of DK, into circuits of length 2.p0l
whers p is prime and a any positive integer are also sufficient.

V-Critical Dichromatic Tournaments
by V. Neumann-Lara, University of Mexico & J. Urrutia, Metropolitan
University of Mexico.

The dichromatic number of a digraph D 1s the minimum number
of colars to color V(D) in such a way that no directed cycle of
D f1s monochromatic. In this paper we construct for each k > 3
an infinite family of vertex-critical (v-critical) k-dichromatic
regular tournaments.

@D 5-QUASI-SYMMETRIC DESIGNS

Mohan Shrikhande #
Central Michigan University
Navin Singhi
Tata Institute of Fundamental Research

Let D be a balanced incomplete block design
with two-block intersection numbers «x
Stanton and Kalbfleisch call 0
of D 1intersects s other blocks in x points and the remain-
fng b-s-1 blocks in ¥ points each. We show that for any

fixed s, if v > 52 + 1, then D is a strongly resolvable
design with parameters

(v,b,r,k,x)
and y(x <y < k),
s-quasi-symmetric 1f each block

2 2 2 2 2 2
Ll B O 20 W 1 TR WY
tlb —gt (n_l).r (u-l)t'k :

= Oy -t = Dy(t -1 = =
A LTH_)-X —x-(-—l—l(n_)t.y y(an=s+1,1c¢<
s).

t <

<
]

This generalizes results of Stanton and Kalbfleisch and
also of Caromony and Tan.

Healey, Paul, American University, Washington DC, 20016
Necessary Conditions for the Existance of
Ylested Balanced Incomplete Block Designs.
It is possible to construct combinatoric designs in which
t disjoint blocks from a (v;k,A )BIBD are used zs blocks
of a (v;tk, X, )BIBD, and the construction proceedure can
repeat. Peerce called these nested designs. Particular
manifestations of nested designs have been studied as
Resolvable BIBDs, Bridge Tournament Designs, Whist Tournaments,
aﬁg 80 on. "
This paper shows that this species of design has a sim le
description which allows the parameters ofgthe (v,k;,LEBIBDs
to be obtained from the formulae: ki =k, bty ... b0 A =T(k;~1)/an
b, =tv(v-1)/a,k; and r =1(v-1)/a,. where a4, = gedik-l,e,-1
th-1% and T is a new parameter which summarizes the pai;-
incidence requirements. This leads to the very familiar
looking, but rather surprising, necesgary conditions that

P ren

T(v-1)= 0 (mod a, ) and Tv(v-1)= 0 ( mod k.a,)
e A MNEGLECTED THEOREM ON DISSECTION OF TRIANGLES
£ , :’] AND A RELATED COUNTING PROBLEM

Dale M. Mesner, University of Nebraska-Lincoln

The following theorem, which does not seem to be well known, was
used in a historically important paper on polygonal area.
THEOREM 1 (P. Gerwien, 1833). For a positive integer n let
distinct collinear points By,...,8 s.t. ByB;=...=B B be

joined to a point A not on the same Tine, forming triangles
ABy 1Bys 1=1,...,n. Then 1f 1ines are drawn through each of

Bys....B_, parallel to AByy...,AB . triangles AB, 8, will be

simultaneously equidecomposed. That fs, the n triangles are
dissected into the same parts (up to congruence). Gerwien's
proof is inadequate and a new one is given. The number of parts,
say N, i1n each triangle is independent of the shapes of the
triangles, and we enumerate the parts. THEOREM 2. Let #(n) be
the Euler totient function. jThen

n

N=Nn)=%1+ 1 I ¢k ).
j=1 k=1



Asymptotic behavior of the Dickman-de Bruijn fumctiomn @
E. R. Canfield Univerasity of Georgia z
The Dickman-de Bruijn function, which 1s the solution of a
certain Volterra integral equation, arises in the study of the
‘ function ¥(x,y), which counts the integers ¢x having all their
prime divisors €£y. Over 30 years ago de Bruijn gave an
agymptotic formula for this function. We reprove his result,
using discrete methods.

@ CHROMATIC POLYGROUPS
Stephen D. Comer (The Citadel)

Given a set C (of colors) and an involution ¢ of C, a color scheme
is a system V = (V,{Car aeC) such that (i) [ca' acC} partitions
((x,y)ev? ¢ x#y}l, (ii) C:= C;‘a) for each aeC, (iii) each color is_
present on some edge eminating from each vertex, and (iv)for a,b,ctC
with (x,y}ccc, the existeqca of an (a,b)-path from x to y is
independent of the choice of x and y. A multivalued algebra MV
(called a chromatic polygroup) can be associated with a color scheme V
in a natural way. These polygroups play an important role in the
study of algebraic logic and also seem to be useful to classify
combinatorial objects. A sufficient condition is given for a polygroup
to be isomorphic te an MV' As an application, there are chromatic

systems that cannot be derived from double cosets of Einite groups.

Tri-Weaving @

R. Ncwakowskf? D. Skillicorn; Dalhousie University, Halifax, N.S.

Most weaving consists of interlacing two sets of parallel
strands. Throughout the ages, weavers and now mathematicians
have tried to classify and enumerate patterns that have certain
"desirable" properties. Other varieties of weaving do exist.
We consider the analogous problems that arise when three sets
of parallel strands-(at 120° to one another) are used. In one
aspect the "desirable" patterns are related to "greenhouse"
arrays."

On proximity to paths and cycleg in 3~connected graphs

M. D. Plummer, Vanderbilt University and
W. R. Pulleyblank, University of Waterloo

A path P in graph G is a k-path if every point of G is at
distance no more than k Erom some point of P. The k-path problem
is: given a graph G and an integer k, does G contain a k-path.

We show this problem to be NP-complete for (a) the class of all
cubic 3-connected planar graphs and for (b) the class of all
cubie 3-connected bipartite graphs. Similar results hold when the
term "k-path" is replaced by "gk-cycle".

For each of the classes (a) and (b) we also construct, given
a k, examples which have no k-path.

Relationships to Barnette's conjecture are discussed. In
particular, it is shown that asgertions (A) and (B) are equivalent:

(A) (Barnette's conjecture). Every cubic 3-connected bipartite
planar graph has a Hamiltonian cycle.

(B) Given any cubic 3~-connected bipartite planar graph G and
any line e in G, G-e has a Hamiltonian cycle. |

SORTING ALGORITHMS BY STRING REVERSALS

Andrew Harris - Loulsiana State University

The paper concerns another variant of the usual sorting problem, initially
posed by Harry Dwighter in 1975.

Speaking intuitively, given a pile of n pancakes of distimnct sizes stacked
on a plate in arbitrary order, and a spatula which may be inserted into the
pile to flip the pancakes above, what is the minimum number of flips
necessary to guarantee that the pancakes may be arranged in size order?

It is easily seen that in the worst case at least n flips are

needed, and 2n-3 are sufficient. The lower and upper bounds were improved
by Garey and Johnson to o+l and 2n-6.

The present paper will improve considerably both the upper and

lower bounds for this problem. Results are also obtained in the analogous
problem in which the sides of each pancake are distinguishable.

@ More On Minimal Perfect Hash Tables

- Curtis Ccok? Oregon State University
R. R. Oldehoeft, Colorado State University

. Cichelli has presented a simple method for constructing
minimal perfect hash tables of identifiers for small static
word sets. The hash function value for a word is computed
4s the sum of the length of the word and the values assoc-

iated with the first and last letters of the word. Cichelli's

backtracking algorithm considers one word at a time and per-
forms an exhaustive search to find the letter value assign-
ments. In considering heuristics to improve his algorithm,
we were led to develop a letter oriented algorithm that --=+"
handles more than one word per iteration and that frequently
outperforms Cichelli's. We also investigated the impact of
relaxing the minimality requirement and allowing blank
spaces in the constructed hash table. This substantially
reduced the execution time of the algorithm. This relaxa-
tion and partitioning data sets are shown to be two useful
schemes for handling large data sets.

ON A GENERALIZED MATCHING PROBLEM ARISING IN
ESTIMATING THE ETCEMVALUE VARIATION OF TWO MATRICES
L. Elsner, Universitat Bielefeld
Charles R. Johnson, University of Maryland
Jeffrey A. Rgssf University of South Carolina
J. Schonheim, Tel Aviv University
1t is shown that if G is a graph having vertices PI'PZ-"--PH'
Q1+Q4+++sQq and satisfying some conditions, then there is a permuta-
tion o of {1,2,...,n) such thatfor i =1,2,...,n there is a path con-

necting P1 with Qo(i) having length at most [%]. This 1s used to

prove a theorem having applications in eigenvalue variation estimation.

THE SPECTRUM OF A SKEW SYMMETRIC ADJACENCY MATRIX OF AN ORIENTED GRAPHQEEED
Ashraf Zeid; Mechanical Engineering Department, Michigan State University

For an oriented graph G, with weigted edges, and having no loops or
multiple edges, an assoclated skew symmetric adjacency matrix S(G) = [aij]
is defined,

G 13 a gimplified form of a graphical model of a class of dynamic
systems; S(G) is the state matrix.

The following results were obtained:

L. An expression for the characteristic polynomial of S(G) in terms

of the structure of G.

2. A recurrence formula for computing the characteristic polynomial

of S(G) based on the characteristic polynomials of subgraphs of G.
It is shown that if G is a tree, and G 1s the tree obtalned by re~
laxing all the directions on the edges of G, then the spectruﬁ of the ad-
Jacency matrix of T and the imaginary part of the spectrum of G are
identical. This information i{s used to obtain bounds on the eigenvalue
with the largest modulus of the oriented graph G.

@Dn graphs whose eigenvalues do not exceed (2 + v/5)1/2
Dragos Cvetkovic

Michael Doob¥- Ivan Gutman
Univ. of Belgrade Univ, of Manitoba Univ., of Kragujevac

Let A(G) denote the largest eigenvalue of a graph G.
J. Smith has described all graphs with A(G) £ 2, and, in
addition, A. J. Hoffman has given the limit points of those
A(G) that are attained. In this paocer we describe all
graphs G with A(G) < (2 + /5)1/2 = /g & /417 (1 L3 the
golden mean). We also derive all graphs with A{G) > 2 that
are minimal with respect to that property; this allows the
computation of several gaps in the possible values of AG) .



SCHEDULING DESIGNS FOR A LEAGUE TOURNAMENT
Tina H. Straley, Kennesaw College, Marietta, Georgia 30061

Let T be a set of teams of size mn, partitioned into m
n-sets Cy, C2, .y Cpy called conferences. The designs con-
structed for a tournament on T satisfy the following: each pair
of teams which are from the same Cj meet p times; each pair of
teams which are from distinct Ci's meet q times; the games of
the schedule fill a rectangular array which is the union of
subarrays A and B8 of the same number of columns; A is sub-
divided into subrectangles containing maximal collection of
games in which no team appears more than once; B is subdivided
so that the entries of a union of subrectangles forms a maximal
collection of intraconference games in which no team appears
more than once. Two different designs are presented and suf-
ficient canditions given for their existence. In one, each
play period consists either entirely of intraconference games
or entirely of interconference games. In the other, p > q and
each play period consists either entirely of intraconference
games or of both intraconference and interconference games.

ON PACKING SUMS OF VECTORS
Jerrold R. Griggs, University of South Carolina

Suppose aj,...,a, are vectors of length at least one in m-
dimensional space. Suppose S 1s an m-dimensional sphere of dia-
meter d. Let fm(n.d) denote the maximum, over all choices of the
a, and 5, of the number of sums

a
1§1 L

which lie in S, where I ranges over all subsets of {1,...,n}.
For example, the original Littlewood-Offord problem shows that

n
£ = (g -

Here we describe some recent results and open problems about fm(n,d).

Topologies on Finite Sets IV @
H. Levinson and Ruth Silverman*
Rutgers University and W. Va. College of Graduate Studies

Each maximal chain in the lattice of all topologies on
a finite set is shown to be of a certain cannonical form.
Using this form, the total number of maximal chains is
counted, as well as those of each given possible length.
The problem of finding the shortest path between two arbi-
trary points in the lattice of all topologies on a finite
set is also investigated.

ON GRACEFUL DIGRAPHS AND A PROBLEM IN NETWORK ADDRESSING

Gary S, Bloonf'.‘ The City College / C.U.N.Y., New fork, N 10031
D. Frank Hsu, Fordham University, Bronx, N 10458

Recent work on labelling graphs has led to a new class of these graphs,
which give an efficlent designation of communicatlon activities in an
.arbltrary network, This problem has led to a number of interesting

problems in graph theory and additive number theory. We briefly survey
some of these developments.

@ Path Partitions

Kathie Cameron, University of Waterloo

A path partition is a partition of the nodes of a digraph into node-
sets of directed paths. A set of nodes in a digraph 1is called
independent if no two of them are joined by an edge., In 1960, T. Gallai
and A.N. Milgram proved that for every digraph G, there exists an
independent set J of nodes and a path partition P such that
|3] = |P|. A very simple good algorithm for finding such a J and P
will be presented.

We will also present a conjecture generalizing the Gallai-Milgram
theorem, and prove the conjecture for acyclic digraphs.

COMMON SUBSEQUENCES AND SUPERSEQUENCES OF FINITE SETS OF WORDS

M. Kunze and G. Thierrin
The University of Western Ontario, London, Canada

Given a finite language L over an alphabet £, we consider the
set inf(L) of maximal common subsequences of the words in L, and
dually the set sup(L) of minimal common supersequences of L. The
special case lL| = 2 is of practical interest, e.g., in data pro-
cessing for error correction in strings. Some complications of
this special case can be avoided by allowing L to be an arbitrary
finite language. We prove that the operators inf and sup are
compatible with the concatenation of languages and, in a certain
sense, also with the union of languages. If L consists of incom-
parable elements with respect to embedding order, then inf(sup(L))
= L while sup(inf(L)) = L is not true in general. Furthermore,
we characterize the class of languages satisfying both of those
equations, and we investigate the closure operations induced by
the operators inf and sup on finite languages.

GRAPHS OF DIAMETER 2 WITH CYCLIC DEFECT
@ S. Fajtlowicz, University of Houston

Let G be a graph of diameter 2 with the
adjacency matrix A. A graph D is a defect of G
if its adjacency matrix satisfies the equation

A2 + A+ (D-1)}I = J + K
where every entry of J is 1.
Erd#s, Hoffman and myself showed that C, is

the only graph of diameter 2, with K being the
adjacency matrix of a matching.

We shall show that there is a unique graph
of diameter 2 with K being the adjacency matrix
of a cycle.

On Some Quadratic Graph Equations @
M. Capoblanco® M. Karasinski and M, Randazzo

St. John's University 2 =
The three graph equations (1) G“ + G = H, (2) G% = G,

and (3) G2 + G = H are studied. The properties required
of H for (1) and (3) to have solutions are examined,
and theorems are proved which eliminate several classes
of graphs. An interesting interplay between (1) and (2)
is exhibited, and equations (1) and (3) are seen to be
very different. The study of equation (2) leads to the
concept of a diatancetalanced graph. A graph is D(1i,§)-
balanced if the number of pairs of points that are a
distance i or less apart equals the number of pairs of
points which are a distance j or more apart..Solutions
of (2) must be D(1,3)-balanced.

Chromatic numbers for linear lattice paths in el
J. L. Paul, Univ. of Cincinnati

A Tinear lattice path in euclidean n-space is the intersection of a
connected subset of a straight line in n-space with the lattice
points having integer coordinates. For a qgiven positive integer
the problem of determining the minimum number of colors needed to
color the lattice points so as to avoid monochromatic paths of
length k is considered. Some related problems will also be
discussed for lattice paths with diagonal steps which are not
required to lie along a straight line.



THE NUMBER OF ORTHOGOUAL COMJUGATES OF A QUASIGROUP @
Robert A. Chaffer, Debra J. Lieberman, Douglas D. Smith+
Central llichigan University

A finite quasigroup (Q,") has 6 {not necessarily distinct)
conjugates. Lindner and Steedley (Algebra Universalis 5 (1975),
191-196) showed that the number of distinct conjugates of (Q,*)
must be 1,2,3, or 6. They showed further that for each x € (1,2,3,6]
there exist quasigroups of everv order n > 4 with exactly x
distinct conjugates.

There are several recent results involving quasiqroups
orthogonal to certain of their conjugates. Ve investigate
the number of conjugates of (p,*) which are orthogonal to
(0,+) and show that for every x € {1,2,3,6} and every y <x
there exists a quasigroup orthogonal to exactly y of those
conjugates. Conjugate orthogonal latin square graphs are
used to describe such relationships. For the case x=6
and y < x, we show that for all but finitely many n there
is a quasigroup of order n orthogonal to exactly y conjugates.
For x < 6 an infinite class of examples is given in each case.

A CONVEXITY INEQUALITY ON THE PERMANENT
OF DOUBLY STOCHASTIC MATRICES
Ko-Wei Lih, Inst. of Math, Academia Sinica, Taiwan, R.0.C.
¥ Edward T.H. Wang, Wilfrid Laurier University

In this paper we investigate the convexity property of
the permanent function on the set Q of all n x n doubly
stochastic matrices. We propose the conjecture that for all
A in @ and all reals a, %i a <1, perfad, +(1-a)A) <
a per (J‘n) + (1 = a) per (A), where J, fs the matrix in
JT' We prove this conjecture
for n = 3 and discuss the case for n = 4,

ﬂn with all entries equal to

On ordering the Rows and Columns of a Matrix M
so that no Edge of D heads South-West, where D
is a Digraph whose Nodes are Positions in_M
Jack Edmonds, University of Waterloo

On the Towers of Hanoi and the Generalized Towers of lanoi Problems

@ by Paul Cull and E. F., Ecklund, Jr.

In the generalized towers of Hanoi problem on is given t towers (1,...,t)
and n disks (1,...,n) of distinct sizes. (Without loss of generality we assume
that the size of disk i = i.) Initially the disks are stacked on tower 1 in
order of size (disk n on the bottom, disk 1 on the top). The problem is to
move the stack of disks to tower t, where the disks are to be moved one at a
time in such a way that a disk is never placed on top of a smaller disk.

We prove the following:

Theorem 1. The space complexity for the towers of Hanoi problem (t = 3) is
of order n.

Theorem 2. There is a unique solution to, the generalized towers of Hanoi
problem if and only if n = ( _2) for some k > t-2, and that
solution is ach&gled by moviﬁg ( _2] disks to tower 2, movi -
the remaining (, ,) disks to towér't, and then moving the (t-Z)

disks from towet 3 to tower t.

’ @ ON LOGICAL CONNECTIVES T
Paul Hartung and Seymour Schwimmer Bloomsburp State Collepe

By a logical connective, we mean an operator that connects two
statements and yields a truth value. Familiar examples of lopical
connectives are "implies" and "or". The authors have developed an
algorithm to produce all logical connectives for n-valued logics.
In the algorithm the Euclidean Alporithm is employed., Hartung will
discuss the ordinary logic (2-valued, or true and false) case and
the J-valued case, In the algorithm, a primitive connective 1is
defined and a combinatorial procedure is given to get to each of
the other connectives, via the Euclidean Algorithm.

ON LOGICAL CONNECTIVES JL
Saymour Schwimex’an " Paul Hartung Bloomsburg State College

Schwuimmer will illustrate the nlgorithm of the previous talk
for a 5-valued logic. This alporithm also shows that there is a
binary operator for sets of order n which penerates all groups of
order n.

Graph Products and Unique Coloring @
D. Duffus, Emory University, Atlanta, GX, B. Sands and R. Woodrow,

University of Calgary, Calgary, Alberta.

It has been conjectured that for finite, simple graphs G and
H, the chromatic numbers of G x H, X(GxH), is min(X(G), X(H)).
Here G X H denotes the cartesian product of G and H: vertices
of G * H are adjacent if there is adjacency iIn each component.
The conjecture is verified in certain instances with the following
fact: 1f X(H) >n +1 and H {is connected then K, * H Iis
uniquely n-colorable. Also, it is shown that the conjecture would
follow from several statements concerning unique colorability. For
instance, 1if for all uniquely n-colorable graphs X and Y, X x Y
has precisely two n-colorings, then the chromatic number of a product
is the minimum of the chromatic numbers of its components.

(] Vf) The Ordered Chromatic Number of Planar Maps®
Gustavus J, Simmons, Sandia National Laboratories, Albuquerque, NM 87185

Given an ordering @ of the reglons of a planar map h, we define
ordered chromatic number induced by @, % {M), to be th}a-J l(:ﬂ.st nu.mé:r :—)?C
colora that a parsimonious painter -- i.e., one who only opens a new tube
of paint when a region of the map cannot be properly colored in 1ts order
with any of the tubes already opened -- would have to have in his palette
to properly color M. The minimum of ¥ (M), over all possible orderings of
tl;e regions of M, is simply the face chromatic number cof M, denoted by
X*(M). The four color theorem can be interpreted as saying that the maxi-
mum (over all planar maps) of ¥*(W) is four.

We define the maximum of ¥ (M) over all possible orde
regions of M to be the ordered whromat,ic numbsr of M d:no;‘igg‘:yoi*:?le).
The first (surprising 7) result is that the maximum (over all planar maps)
of x*(M) is unbounded, {.e., that while four colors in the palette will
suffice for our parsimonious painter for some ordering of any planar map
that no finite number will suffice for all orderings (and maps). Accord:
ingly, we pose the question of determining the least number of regions, I,
that a planar map can have for which some ordering in a parsimonious ’ ’
proper coloring requires the use of n colors, As a partial answer we
construct m)a;s having asymptotically r* regions, where r is the root
of ¥ -x* =x® -x+1 = 0 between 1 and 1.b, and define orderings of the
reglons that force the use of n colors; fe., N, S,

Determining sharp bounds for N, remains an open question,

* This work performed at Sandia National Laboratories supported by the

U. S. Department of Energy under contract number DE-ACO4-76DP00789.

@ ANOTHER GRAPH POLYNOMIAL WITH REAL ZEROS
C. Godsil (SFU, Burnaby)

Let S be a subset of the edges of the connected graph G, where
G has n vertices. Let fk be the number of spanning trees in G
which have exactly k edges belonging to S. We show that the zeros
of the polynomial I kak are real, thereby answering a question raised

by Richard Stanley and simultaneously providing a second proof of his

result that the sequence {f'k/(:)]a;=rJ is log-concave.



