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TITLES AND ABSTRACTS OF INSTRUCTIONAL LECTURES

DR. C. BERGE, University of Paris
Hypergraph Theory

DR. D. G. CORNEIL, University of Toronto
Computational Complexity

DR. J. DOYEN, University of Brussels
Precise title to be announced

DR. P. ERDGS :
Probability Methods Applied to Combinatorial Problems

DR. D. H. LEHMER, University of California
Computation in Combinatorics

Self-Dual Codes

by Vera Pless - Project MAC, Massachusetts Institute of Technolegy,
Cambridge, Massachusetts 02139.

If F is a finite field with q elements, lat F" denote the direct
product of F with itself n times regarded as a vector space as usual. An
(n,k) linear error-correcting code over GF(q) is a k-dimensional subspace
of F*, For even n, an (n, n/2) code C is self-dual if C is self-orthogonal
with respect to the usual ianer product. Self-dual codes are important'
both practically and mathematically for the foilowing reasons. First, many
of the best algebraic codes (for example, the Golay codes) are self-dual.
Second, it ig often possible to compute the weight distributions of self-
dual codes since they must.satisfy Gleason polynomials. Third, many t-
designs,including rare.S-designs,have been found in abundance in self-
dual codes. The group of a code is the group of monomial transformations
leaving it invariant. Fourth, many self-dual codes have interesting
groups; the only known 5-transitive .groups are groups of seif-dual
codes. Also the Golay codes are known to be intimately related to the

new Conway simple group CQ.. Fifth, it has recently been shown that

1
"good" self-dual codes exist over any GF{g) as n gets large. Even more

recently, all self-dual codes over GF(2) for lengths up till 24 have been

completely classified.

DR. E. LEHMER, University of California
An Outcropping of Combinatorics in Number Theory

DR. N. S. MENDELSOHN, University of Manitoba -
The Golden Ratioc and van der Waerden's Theorem

DR. J.M.S. SIMOCES-PEREIRA, University of Coimbra
Precise title to be announced ?

DR. J. J. SEIDEL, University of Eindhoven
A Survey of Two-Graphs

GOOD k~COLCRINGS
OF THE VERTICES OF A HYPERGRAPH.

Claude BERGE

University of Paris

Let H = (Ei/i € I) be a hypergraph with vartex-set X. A zoo
k-coloring is partition of X into k classes such that, for all Ei'
the number of classes which meet Ei is equal to min {!Eif , k}.

Clearly, for k=2, this is the "bicoloring" of ErdSs and Hajra
for k > max IEi!, this concept reduces to the "strong k-coloring" of
for k < min I EiL this conecept reduces to the k-partition of X into
transversals. The "equitable k-coloring" introduced by the author to
study totally unimodular matrices is also a good k-coloring,

First, we shall show ttat a balanced hypergraph has a good
k-coloring for all k. (In particular, a bipartite multigraph has 2 good
k-coloring of its edges for all k). We study the valueSof %k for which

a product of balanced hypergrapﬁs has a good k-colering. We give scme
sufficient conditiom for a graph G to have a good k-coleoring of its
edges for all k.

In a2 previous paper, we proved that tha complete h-partite
hypergraph has a good Xk-coloring of its edges for all k > the maxiounm
degree or < the minimum degree. J.C. Meyer has extended this resulr
by showing that for all k, there exists z good k-coloring of the

edges.

d
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| A NEW LOWER BOUND FOR RAMSEY NUMBERS

Joel Spencer
MIT

The lower bound for the Ramsey numbers R(k,k) is
of the order 2k/2, due to Paul Erd&s. We use a new
method of Lovdsz to improve the lower bound by a fact-
or of 2,

;3 ON THE ALGEBRAIC STRUCTURE OF MAGIC GRAPHS
Univergiggag% ng?toba

A magic graph has been defined by J. Sedlacek to be a graph with
a real valued edge labeling such that distinct edges have distinct
labels and cthe sum of the labels on the edges incident to one vertex
is the same for all vertices. We shall lgok at a more general
situation; namely, we shall assume that the edges are to be labeled
with elements from an abelian group, and that the sum of the labels
on the edges incident to a vertex v is to be a prescribed value r(v)
that may differ for different vertices., We shall see that we may
construct all possible labelings, and to do this we need only know
the structure of the circuits of the graph and that of the elementary
2-subgroup. Upon application to integral domains, the circuit properties
will lead us to certain matroids which in curn will give a dimensional
structure to the labelings. Upon application to the reals, we shall
characterize certain classes of these graphs including zero magic, semi-
maglic, and trivial magic graphs. We shall see that the constructive
methods employed can lead to a translatisn of some problems concerning .
magic graphs making them more amenable to solucion.

On generating the graphs with a fFiven permutation grouw as their
avtororphism group

Brian Alspach
Simon Frasier University
Abstract

Consider Sn' the syzmetric group of degree n, for s fixed value of n.
Let :h dz-.te a set of rcpres=antativss of the conjugacy classes among all
subgroups of Sn. Je discuss an alzorithm for d=termining the graphs of

order n baving their automorphism group equal to G as w runs through 2&.

2

Honochrcmgtic Configuraticns and 2-Colorings of the Plane
Un%@g%%?tg'o hﬁggﬁing

In "Euclidean Ramsey Theorems” Journal of Combinatorial Theory
(A) Vol 14, pp. 341-363 (1573) Erdds, Graham, Montgomerey, Rotﬁschild,
Spencer and Strauss, consider 2 colorings of thé Euclidean plane and
attempt to determine if certain configurations of points have a
monechromatic copy for every 2-coloring. For such a configuration A
with this property we say R(4,2,z) = R(A) 1is true, otherwise RtA)
is false. Erdds et al, show that R(Td) is false for T;» the
equilateral triangle of side d, while R(B) is true for 3B any
30"—60°~99° triangle, Moreover, for all other triangles C it is
not known, wﬁether R(C) 1is true or false. 1In this paper, it is

shown that for eve}y right triangle D with sides 2d and 3d,

R(D) is true.

57 MAPLE

L. 0. Jamesfénd C. R. Zarnke
University of Manitoba

A language called MAPLE, intended fop developing
combinatorial program rackages is described. APL hancles
problems in matrix marnipulation very effectively. MAPLE provides
a cere language similar to APL; it alse has facilities for
extension by the definition of new operators and data types.

This permits the writing of packages capable of handling other
mathematical objeets in a natural fashion. Examples are taken
from such an extension that permits manipulation of graphs..



Some Algorithms for Solving a Cubic Equation Modulo p

by H. C. Williams, C. R. Zarnke
University of Manitoba

ABSTRACT

Recently two different algorithms for solving

(1) 32 = a (mod p) ,

is a large prime, have been given by D. H..Lehmer and
Daniel Shanks. Both of these methods require approximately

log p operations in order to solve (1). I? this paper it is
shown how these algorithms may be extended in order to solve

where p

(2) 4 F e R BER RS0 (med p) .

i - i tions to
These extended algorithms require 0(log p) _operat S
solve (2). The relative speed of both algorithms is discussed.

ON THE OPTIONAL

:7 HAMILTONIAN CCMPLETION
PROBLEM
P. J. Slater '~ S. E. Goodmgan #
Cleveland 3tate University end S. T. Hedetnlenti

Clevelsnd, Chio University of Virginia

Charlottesville, Virginia

E ' The Cptional Hamiltonian Completion Problem cen be sizted

as follows: let the points V of a greph G be partitioned into a

.set Vo'of optional points and 2 set V of non-optional roints;

determine ‘he minimuz nuzber of new lines which when added to G
result in 2 gr aob which hes s cycle containing every point of Vi.
The (non-optional) Eamiltonisn Cozpletion Prodlem which has been
studled recently by several guthors essumes that the set VU of
optional points 1s enply. In this paper effective algorithos are
presented fof solving the Optionzl Completion Problenm for trees
and unlcycliec sraphs. It 1s then shown how to use these two alge- -
rithzs to solvé the ncn—optional Eaz2iltonian Completion Problex

for cacti.



Consecutive k-th power Kesidues and Non-residues

by E. F. Ecklund, Jr.,

University of Manitcba

A. Brauer has shown that for positiwve integers k and
2, all sufficiently large primes possess a run of m consecutive
k-th power residues modulo p. A prime which fails to have m
consecutive k-th power residues is callad exceptional. For the
non-exceptional primes, p , let r = r(k,m,p) dencte the first
occurence of m k-th power residues modulo p:
r, r+l1, ..., r+m-1 ., Set

Ak,m) = supremum{z(Xx,m,p)|p non-exceptional}
Ak,m) is finite when there is an upper bound for the first
occurence of m consecutive k-th power residues modulo p which
is independent of p . .

In this paper, we investigate two related functions,
A*(k,m) and A'(k,m) , which weaken the consecutive residue
. condition of A(x,m) in the following ways:

A*(k,m) represents an upper bound on the Ffirst
occurence of m consecutive k-th power residues or m consecutive
non-residues all belonging to the same coset with respect to some
k-th power character.

A'(k,m) represents an upper bound on the first occurence
of m consecutive k-th power residues, or of m consecutive k-th
power non-residues.

The computation of A*(k,3) and A'(k,3) is reported.

REMARKS AND RESULTS ON PALINDROMIC NUMBERS

i

R. Alter* and T. B. Curtz
University of Kentucky
A palindrome is a number which has the same sequence of digits

reading from the left as from the right. Let N' be the integer
obtained by writing the digits of the integer N in reverse order,

andletN+N'=S.51+S'=S,...,Sk_l+s‘k_1=s. If
there exists an in%eger k for whlch‘sk is a palindtome %hen the

integer N is said to be palindromic. "It has been conjecturad
that 211 integers are palindromic. Although this conjecturs
has not been settled in the decimal system it is false in the
binary system. (The number 10110 base 2 is nonpalindromic).
With the aid of a computer some new results on this conjecture
have been established.

‘a

/0 THE ASYMPTOTIC COMPUTATICN OF THE
AVERAGE ACTIVITY OF A TREER IN A ROOTED MAP

R. C. ¥ullin and L. B. Richmond#
U. of waterloo U. of Manitoba

Using Tutte's definition of internal activity, an asymptotic

relation for the average value of this quantity for a tree in a
rooted map with n edges Iz obtained. an asymptotic relation for
the n?mber of twin-tree-rocted maps with n edées whose root bond
c?ntalns k+1l edges is also obtained. The method used is to deter-
mine the asymptotic behaviour of the generating functien near its

-singularity and then to apply a Tawberian result of Fardy-Littlewood

Atand plane graph representable.

to determine the asymptotic behaviour of the Taylor coefficients.

We conclude with a nunerical determination of the constants arising

in several of the asymptotic results obtained.

/] " REPRESENTATIONS OF GRAPHS By N-TUPLES
Curtis R. Coock

Oregon State University
.. An n-tuple graph has a set of distinct ordered n-tuples of .
non-negative integers as its point set. Two n-tuples are adjacent
if they agree on one or more positive-valued coordinates. A

_plahe graph is the special case of the n-tuple graph when the roints

. are ordered n-tuples of positive integers. Evexry graph is n-tuple

Intersection graphs are related to

.., n—tuple graphs whose points are binary n-tuples. : .

The dimension and height are two parameters that measure the

" "minimalness" of the n-tuple .and plane graph representations.
= :

Various upper and lower bpunds for the dimension of n-tuple and

plane graph representations of a graph G are related to the chrom—

Jatic number of the line and cligue graphs of G, teo the‘maximﬁm

degrce of a point in G and o the largest induced Xy % ‘in G.

7 .
The height of an n-tuple representation is bounded above by two
and the height of a plane graph Iepresentation is bounded below

by B8,(G).




e UNAVOIDABLE SETS IN TRIANGULATIONS

Michael O. Albertson
Smith College

An unaveoidable set in a triangulation is a list of
subgraphs some one of which must appear in every triang-
ulation. A new unavoidable set is demonstrated. Upon
deletion of one suhgraph from the list, it is shown_that
the list is no longer vnavoidable and a smallest triang-
ulation that has noc member of the revised list is pre-
sented. Various other properties of triangulations are

discussed.

/3 Pseude-hamiltonian eycles in simple graphs.
J. L. Jolivet -
Centre Universitaire Du Mans
Let G be a simple connected graph of vertex-set X and edge-set E, with |X|=n.
A pseudo-hamiltonian cycle of G is a sequence C = (xi Xy seaesX; ) of vertices
S n'
such that
1) Every vertex x of X belongs to C.”

D Forallk=l,...,n-1 ,0x ,x "J€E andlx, ,x 1¢E
‘ K Tkel B U B

We shall denote s(G) + n the minimum cardinality of such a sequence and so :
® If G is hamilionian s (G) = O
*UGisachains(G)en-2

This index "mesure”, in a ceriain way , how a ‘graph is not hamiltonian, Several
results oen s (G) will be given, which generalise the corresponding theorems in
hamilton graph theory ; in particular the well known theorem of Dirac will be

extend as folbw :

Theorem : If G is a simple connected graph with & minimum degree d 2 !—1—5‘—9 5

where p'is aninteger suchthat 0= p = n-2 ; then s(Q)< P.

/4 Synch-sets: A Variant of Difference .Sets

Gustavus J. Simmons
Sandia Laboratcories

This paper Investigates the problem of designed optical encoding

discs such that the difference between the in-synch sigral and the

maximum value over all of the out-of-synch signals is maximized. In

. abstraction of this problem, an S(k,k) synch-set 1s defined to be a

set of k non-negative integers for which not wore than A pairs have a

-comnon difference. Clearly, an (n,k,\) difference set is also en

S(k’,A) synch-set where k = k’, however, for a specified largest element
it is generally possible to achieve k' > k or equivalently the largest
element in a synch-set for a fixed k can be less than for the corresponding

difference set, For example, for k = 10 the least upper bound for a

difference set is 8l for tke (91,10,1) set while (0,1,6,10,23,26,34,Lk1,

53,55) is & 5{(10,1) set which realizes an upper bound of 55.

" Best possible constructions are given for most k < 10,
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DESIGKS ADMITTING A REGUIAR AUTOMORPHISM GROUP

A. H. Baartmans
Southera Illincis University

Let L 24 a deaign with parometers (v,b,r,k,3). ”

t
= \ ;
A design D Z¢ sa:id to be regular of degree ﬂ_i,r therq (“‘)1:151_1" L fiﬂ-)‘iflai: (“1; 1) = 2({n-1),
= . t .
exists ap wicmorphisa group G of D of order n such (av) © au“kj' S
3=

that no norilentity element of G Tixes any point or .
any biock ©f 3. A generalized (n,r,i) difference | Theorem 2: A design D with paraneters (v,b,r,k,2) 1s
get in & £:llection of seta D = isl....,nt] where regular of cegree n with cyclic group G 1f7
each Dy is, L3, ,e.esdy 13 @ set of r, residues (_i) There exists a matrix A = (a-'-d Jsx* such
.o 1 : thet the &,

mod n such txat I r,eT and for each x A0 (moé 1), : satisly the conditions of Theoren 1.
t ) : s ! ) .
i=1 5

3

there ere exactly ) paiTs g , By 124 %s suen | (11) There exist.(n,r,)) generalized differ=

. s ) ence sets Dy,...,D5 with Dy = Dy, ""'12-""°1=}
that ¥ 2, =z{zod n). )
3 satisfying
Theorem 1. Let 3 = {?,3,I) e a deslga with para= {e) 1D, =4
ADEOrER 5, RS 1]

meters (v,5,=,k,3). Let n divice (v,b) and Let D %
be regular of fegree n with group O. Let G have & (v} jE}.(D”— Dk_;] = .:\Zn

228 as 1 bits. Let a e the HRl
point orsits aad & P—““ orbits 13 ® (2)* n is the emalleat positive Integer such

nuzber of points of polnt orbit P, Incldent with a t'ha"'(:"."-'l.l"' Byt Doz rlag® B =

t ;
sven block 1= the J°P bleck ordit, them (1) T a,y=
& 3 i o hen ( l,:*laﬁ LA (n”, D,‘,J.....D”).

iz INDECOMPOSABLE TRIPLE SYSTEMS
Earl S. Kramer

University of Nebraska

A t—design,(l;t,d,n) is a systent&iof sets of size d
from an n-set S, such that each t subset of S is cecntained
in exactly A elements cf® . A t-design is indeccmposable
(written IND(A;t,d,n)) if there does not exist a subset
®'S @ such that ' is a (A';t,d,n) for some A',
1 <2A' < A. A triple system is a (A32,3,n). Recursive
an® constructive methods (several due 1o Hanani) are em-
ployed tc show that: (1) an. IND(2:3;2,3,n) exists for
n =z 0,1(mod 3), n > 4% and n + 7 {(designs of Bhattacharya
are used here); (2 an IND(33;2,3,n) exists for n cdd,
n > S; (3) if an IND(A;2,3,n) exists, n odd, then there
exlst an infinite number of indecomposable triple systems
with that A.

Several problems and conjectures will be discussed.

F. Burkowski

Some New Computational
/77 7 Results Involving Davenport-

Schinzel Sequences

* . _ E. Ecklund
Department of Computer Sclence
University of Manitcba

The paper presents:
a) Some new DS sequences

b) A report on the computation and analysis of DS sequences

% .
subject to a regularity condition.

There will be some discussiecn pertaining to the optimization
of the computer program involved.

’ j? mSIDE‘S BRAID=CONJUGACY SCLUTION IMPLEMENTED

R.S.D. Thomas and B.T. FPaley
University of Manitoba

ABSTRACT. while the cetermination of conjugacy ia the three-strand
braid group is easy by a method wnown for fifty years, in the groups
or more than three strands it is not. The latter problem was solved
in principle by T.A. Garside {"The braid group and other groups",
Quort. J. Math. Oxford (2), 20(1969), 235-254.]. Garside showed
that ﬂm process he defined led in a finite number of steps to a
standard set of representatives Jor a braic's conjugacy class. The
. number of steps is so large, however, that without the use of an
electronic computer even rather imple examples are out of the
‘question. This paper outlines the authors' changes in the process
made in order to render it v;lable in a real computer. The paper

concludes with an example of the resultant algorithm's use.

. A wmotive for considering braid conjugacy is that such com-
Jugacy is a sufficient condition for the equivalence of closed braids
in combinatorial topelogy. The solution discussed here depends on
finding routes through a graph related to Cayley diagrams. The whole
is made possible by taking advantage of LISP, the Tecursive 1ist;

processing computer language. Combinatorial topology done by com-

puting on graphs.



WORST CASE BEHAVIOR OF GRAPH COLORING ALGORITHMS
/9 by

David S. Johnson
Bell Lzboratories
{furray Hill, New Jersey

There are many applications in which it is desirable
to construct zraph colorings using as few colors as possible.
Due to the cemplexity of the task of finding the chromatic
number X(G} of a graph G, many algorithms have been proposed
which, though not guaranteed to use the minimal number of

colors, <o construct their colorings guickly, and, for randomly

generated graphs of moderate size, appear to use close to
the minirmal number of colors. In this report we examine the
prominent zlgorithms of this type, and show that, in fact,

they can behave guite poorly. Let A(G) be the number of colors

used by a given algorithm on graph G. We show that the ratio
A(G)/X{G) i1s undbounded for the algorithms of Welsh and Powell,
Wood, and Matula, including the SLI algorithm which ig
guaranteed to use no more than 5 colors if the graph is )
planar. In the course of our constructions we ootain upper

bounds on the size of the smallest graph for which A(G)/X{G) = n.

For the SLI algorithm we need no more than 0((3n)°R?) nodes,
whereas for the rest of the given algorithms we need no rmore
than 0(125R), and, in one case, no more than O(n).

Q0. ON THE COVERING OF TRIPLES BY QUADRUPLES
W. H. Mills

Institute for Defense Analyses
Princeton, New Jersey 08540

Let S be a finite set of 'n elements. Let C(n,%,3)
denote the minimum number of quadruples such that every

triple of elements of S is contained in at least one of

them. By a result of Schdnheim we have

C(n,4,3) > (PRI - 21y
where [x] denctes the smallest integer that is at least x.
For n# 7 (mod 12) we show that C(n,%,3) is actually egual
to this lower bound. For n = 2,3,4,5 (mod 6) the result is
already known and is due to Harani and Schonheim. For
n =46 it is almost trivial. For n = 13,25, and 30 con-
structions were obtained by computer. For the other valuss
of n, n=0 (mod 6) and n = 1 (mod i2), the result can
be proved by induction. For n = 7 (mod 12), n > 7, the
value of C(n,%,3) is unknown.



ON EXTENDING INCOMPLETE LATIN RECTANGLES

21 : Allan B. Cruse
University of San Francisco

An incomylete latin rectan~le of tyne (rys,%) i3 a rectangular
aray of r rows and s colwms in which a suvset of the rg places
are oceupied by integors from the set 15 2, aee 3 t , and in which no

ndara- Ty 3
integer occurs more than ence in any rowWw or colwm. Such a desim my

bs wnigquely represcnted by a (0;1)-matrix of size rrswt (éisplayed
in three-dimensions). We obtain necessary and sufficient conditions
under wiich such a matrix may be extended (by adjoining additional
"faces™) o an nXnWn permtation cube, thus providing an eribeddine
of the incomplets latin rectangle in a2 corplete latin square of ordsra
2. Our conditions ganeralize a well-lmovm combinatordial criterion on
extendibility of latin rectangles due to ¥, Jeo Ryser (Proc. &.M.S5. 2
{1951), 550-552). Our proof employs a classic theorem of D, Konig on
suzg of parmutation ratrices, and exploits properties of cartzin convex
polytones.

Subsquares Complete Latin séuares of Order 12
22 ' '
R. B, Killgrcvéf San Diego State University
and

Ed Milne, Naval Postgraduate School, Monterey

~If a finite projective plane has some quadrangle from which every
peint and line can be reached by extensions of joining and intersection
then we say the plane is singly generated, (See Killgrove "Comnletion;
of Quaﬁrangles in Projective Planes", Can. J. Math., Vol, is p. B3). If
there is no such quadrangle, we say the plane is nonsingly generated, In
the latter case the Latin squares of the digraph complete representation
are decomposable into subsquares; such Latin squares are called subsquare
complete. (See Hiner, Notices of AMS Vol. 17, D. 758).

A-copputer program has been written to find low order subsquare com-
p%ete Latin squares., The input consists of the possible first three rows
of such a square, The subsquare complete Latin squares containing sub-
“guares of order 2 and subsquares of order 3 are of irrerest for projective
planes of ?rders 9, 12, and higher. The order 9 case was resoived in the
Papexr by Killgrove mentioned ahove. Order 12 has four inputs, two yield-
Mg NO square, one square, new 2t this time, the remaining yielding the
group table for A, and yielding the one due to Hiner., (Same reference.)

- be the maximum number of vertices in a vertex-induced forest of G.

Minimum Forests of Bounded Trees
<3 )
Frank 0. Hadlock
Department of Mathematics
Florida Atlantic University
Boca Raton, Florida

Given a vertex weighted graph and an upper bound
on the weight -of trees, the problem dealt with is that
of finding a minimum spanning forest of bounded trees.
Polynomial bounded algorithms are presented for spe-
cial cases and a branch-and-bound algorithm is given
for the general case. :

.ON VER&EX-INDUCED FORESTS IN CUBIC GRAPHS

¥ . | F. Jaeger
Université Scientifique et M&dicale

All graphs will be finitre, undirected, with no lcops or rultiple

edges.

Let G be a connected cuble graph with n(G) vertices ; let s(G)-

We'show that s(G) 2 E§5€2:g] (1)

We then study some cases’ for which equality holds in (1) :

If the vertices of G can be covefed by two vertex—disjoint vertex-induced

trees of G, then equality holds in (1).

is the dual of an hamiltonien maximal planar grzph G, then

h
2]

Corollary : I

; : . % % - .
equality helds in (1}, 2néd the vertices of G” can be covered by a connécted

L ; P, .
cactus subgraph C of G such that :

a(6™y -1 % c i E .
E—?r~*r] faces of G” have theixr boundary in C.

Ve then present some conjectures related to the previous zesulrs.:



IMPLEMENTATION OF INFORMATION RETRIEVAL SCHEMES

25

mation retrieval systems is described. i1lit
language include the ability to create user-defined data structures

and operations. a 3
the implementation of various combinatorial-based searching schemes.

H. J. Ferch
University of Manitoba

A language for use in implementing experimental infor-
The facilities of the

Emphasis is placed on the use of the language in

An Enumeration of a Class of Multiple-Valued Func;ioﬁé

26 _ = L T

by o et

Edgar DuCasse
Department of Computer and Information Science
Brooklyn College, C.U.N.Y.

This paper presents-an application of combinatorics io compué:

ting. A large part of the apptal of multi-valued deV1ccs in dagl—'

tal systens theory lies in their ability to realize a ralatlvely

large. number of functions compa“cd to binary logic gates. There
are PR m-ary functions of n variables, sn that there is only
the comparitively small number of 22" n-input binary functions.
However, if a logic designer is interested in systems which emit
no temporary false signal values, many of the mmn functions a-
vailable to him are useless when m>2(1, 2]. "hzs is because any
multiple-valued functlon which assumes values f(x) and f(y) such
that |f(x)—f(y)lzz for some pair of argunents x and y satisfying
[x-y]£1 must assume every value intermediate between f(x) and f(y)

during its transition between these two values. This transition

will produce a Temporary false signal value at the output of the_

network, thus rendering the system useless for the designer's
purpose. In 'this paper we enumerate the multi-valued functiens
useful to the logic designer and compare these results to the

number of binary functions.

2 REFCRFNCES S
[1] DuCasse, E. and Metze, G., "Hezard-Tree Realizations of

Boolean Functions Using Post Functions,” Confarence Pe-
cord of the 1973 Svipesium on the Theorv and finniications
of lultiple-Valucd LORLC DESifn, 210ronto, Canaca, liay,
1873 pp. 59-067. 1

[2] DuCasse, L., Wojecik, A. and Metze, G., "Cost Corparisons
of Hazard-Free Realizations of Boolean Cperators Syntha=
sized From Multi-Valued Functions,"” ln preparation.- . g

'STORAGE ORGANISATION FOR A TYPE OF SPARSE MATRIX

297
B. D. Beach
Unlver51ty of Manitoba
One class of mechanical translators for programming
languages, called LR-recognizers, uses a large matrix to store the

This matrix is rather

description of the language being translated.
not all possible

sparse (usually about 5% non-zero entries) because
symbols may occur in any positien in the language. Various storage
mechanisms have been discussed in the literature, varying from
storage of only the ncn-zero entries to decomposition of the matrix.
These organisations are questionable either because access to entries
is expensive (as in the first case) or because the resulting recognizer
is extremely complex. ¢ ‘

A storage organisation which combines ease of access with

storage efficiency is described in this paper.’

ROW SPANS OF PROJECTIVE PLANES
25
Howard Sachar
7 Lafayette College

This paper investigates the wp span of the

rows of an incidence matrix of a finite projective
plane, We obtain results on the dimension end
minimum weight {in the sense of algebraic coding

theory' of both this span and its orthogeonal,



27 ' ADJACENCY GRAPHS

B. Devadas Acharya and V. Mishra
Indian Institute of Technology

Curtis R. Cook o . A Bound For v,(r, 1)
Oregon State University 3i —0

Scott Vanstone

'ABSTRACT: Let A be an arbitrary (0,1) matrix. The points of the matrix University of Waterloo -

graph of A are ldentified with the 1's of A and two points are adjacent : vo(r. A) is the least positive integer such that if
whenever the corresponding 1’'s lie in the same row or column, In this "D is an (r,.l)-design defined on a set of varieties v and
. paper we consider the adjacency graph, the matrix grapﬁ of the adjacency . IVI ; ;D(r’ A)‘,A then D is a trivial design. In the paper,
ratrix of a graph G. Two characterizations of adjacency graphs are _ . ‘ we.establish thaf

given; as a corollary of one of them we show that the adjacency graph ’ ) » N

A § < max{x+2 +n+
is comnected if and only if G is connected and contains an odd cycle. vo(r, A) xiate, Nt}
¥e also obtaln bounds for varlous graph parameters, e.g. chromatic where n=r-2.
nurber, partition number, point ard line independence numbers, point : . 7 : *

and line covering nuﬁbers. of adjacency graphs in terms of the maximum

degree, 11né independence number and number of l;nes of G. We alse

give a homomorphism from the adjacency‘graph of G onto the line graph

of G. | -7 . 32 .
? ' Arc Disjoint Paths in the Transitive Tournament

K. B. Reid, Louisiana State University

" The transitive n-tournament is the tournament with n nodes

30
Forbidden Structures of Some Planar Intersection ~and no cycle. A k-path in a tournament is a path of length
GraE'Eétl%n rﬂggggrgigilg Sexico k. 'Denote by p(n,k) (1< & < n-1) the largest integer so’
A characterization of the type described in that there exist p{n, k) arc d13304nt k-paths in the transitive

the title is given for some intersection graphs
. : n-tournament, each path starting with the transmitter. This
such as total graphs, entire graphs, n-th power

of graphs, interval graphs and proper interval paper determines the value of p(n,k) for certain n and k,

graphs. _ 1 < K;é n=1.



—3;3 On Vords with Prescribed Overlapping Subsesguences
- Joan P, EHutchinson
Dartmouth College
Eanover, NH 03755
A question which arises in the study of polyme; sequences
in biochemistry leads to the following combinatcorial problem.
Given a positive integer 1; gifen fl’ fa, o fq, each a
sequence of letters from an alphabet on n letters, each
sequence of length at least i; how many words w are there
such that
a) 4 1s a subsequence of w(J=1,2,...,Q)
end b) either fj and f, are disjeint
subsequences of w or they ocerlép in preecisely 1 1letters
(§, o =1, 2, ..., @, §  kK)? There are no such words unless
certain consistency conditions are met, and when met, the
nunber of words can be counted precisely. The answer is obtained

by counting Eulerlan paths on appropriate directed multigraphs.

345 ' NEARLY KIRKMAN SYSTEMS

Anton Kotzig, Centre de Recherches Vathematiques, Universitd de Montréal

? Alexander Rosa, Department of Watﬁewatics McMaster University

It appears to be an advantage to use the graph-theoretical terminology. By
a A-factor of the complete graph K we mean a factor of R whose each component is
a triangle. Let Y(v) be the max imum number of edge-dlsgoint A-factors of K . One
has trivially N(v) s [ %(v-l)}, if equality holds then any set of [ %(v-1)] edge-

disjoint A-factors of K is called a nearly Kirkman system (NK-system) of order v.

If v = 3 (mod 6) then an NK-system of order v is the same as a Kirkman system of
order v and is known to exist for all such positive v.

If v = 0 (mod 6) one finds easily N(6) = 1 and also N(12) = 4 so that
NK-systems of orders 6 and 12 do not exist. On the other hand, N(18) = 8 so that

v = 18 is the smallest order for which an NK-system {which is not a Xirkman system)

"exists. An infipnite class of NK-systems is given by the following theorem:

T&eorem 1. An NK-system of order v = 6n exists whenever n ¢an be writtea as

a product of two integers r and s such that ¥ = 1 (mod 3), ¢ : 4 and s = 1 (med 2).
One can also prove
Theorem 2. If there exists an NK-system of order v then there exist an NK-system

of order t.v where t = 3 (mod 6).

L 5 ‘ INDEPENDENCE GRAPHS

E. J. Cockayne S. 7. Hedetnlemi¥"
University of Victoria and University of Virginia
Victorlz, 3ritish Columbia Charlottesville, Virginla 22201

; The independence graoh I(G) of a graph G is defined to be
the intersection graph on the indevendent sets. of points in G.
Indevendence grarvhs tossess a number of interesting properties,
among which are the followving: o

., 1) I(G) contains subgrephs isomorvhic to the line graph L(G)
end clloue graph X{G) of the comrlement G of G; )

2) two graphs G 2nd H are isozornhic if and cnly if their

independence graohs I(C) end I{H) are isomorvhic;
3; the sutomorphisz groups of G and I(G) ere isomorchic: and
4) a rather surprising result concerning the chromatic number
of a grzph. A dominating set of a graph is a set of points S having
the property that eny coint of G not is S is adjacentqto at least
one point in 5. The indevendent doxminating number i(G) of a graph G
1s the minizum number of points in a dominating set which is also
en independent set of points. For any greph G, %X{(G) = 1(I(G)).

A number of other results sre also presented, including a
generalization of 4) above and several necessary or sufficient
conditions for I{(G) to be Hamiltonian.

>
We conjecture that an NK-system exists for all orders v = 6n, n = 3,

34 A Few More Sguares

Richard M. Wilson
The Ohio State University

Difference methods and finite fields can be used
to increase the known lower bounds on the number cof
mutually orthegonal latin squares of order n for
several values of n.



Irreducible Point Independence Numbers

57 and Independence Graphs
. Peter J. Slater ? 27 Orthogonal Designs
: Cleveland State University ‘
. . Jennifer Seberry Wallis
- SUNY at Buffalo
An Independence graph H 1s a graph which can be obtained as :
An orthogonal design of type [sy,...,sp] on

the variables x1,...,%Xp 1s a square ortnogonal
matrix with each varizble xj occurring si times
in each row." We will discuss some necessary con-
ditions for existence of such designs and show their
relationship with recent work on Hadamard matrices.

the Intersection graph on the collection of independent subsets of the
point sec of some graph G. After developing sevafal concepts associated
with a new parameter for a graph, the irreducible point independence
nucber of G, denotedl:if(c),‘a characterization of.independence graphs

is given. Several results zbout independence graphs are given, including
A(G) '-4_'(../‘, (H) and ' (G) = _"_‘:‘f(H), where ,! and '} denote the chron;atic
and achromatic numbers, respectively. B

40 permutations with Fixed Index and Number of Inversions

R. Alter, T. B. Curtz, and C. C. Wang *
KentuQKV, Lexznrton, Kentucny 40506

" 3% coloring Planar Graphs with Five or More Colors - Un;verszty of

Roy E. Levow
Florida Atlantic University : )
Boca Raton, Florida 33432 Let a,a, A
The index of the permutation alaz...an

...a_ be a permutation of the set {1,2,...,n}.

Let G be a plane graph bounded by a k~cycle with 1s~de:1ned o . St

vertices l,---,vk Let n > 5 be a given integer. Let of all subscripts j such that aj > a 1,l < j < n. The number
G, be the section subgraph induced by l" "V, and let of inversions of the permutation alaz...an is the number of
G, be the section subgraph induced by Vysttt.V, together pairs (ai, a ) such that 1 £ i < j £ n and a; e aj. Let Aq{j),
with any vertices aajacent to at least ' n of the vertices {3
Viet sV : - . 023zx (2), be the set of permutations on {1,2,...,n} with
(i) If k. < 2n - 4 then every n-coloration of G both_indaxhand nurber of invers}ons being j. We show tth
. . 2 la_(3)] = K, for n > N,, where K. and N, are coastaats. For
can be extended to an n~coloration of G. In particular, ’ 2
every n - 1 .coloration of G, can be extended to an small values of j, the constants ‘j and Vj ara computed and
n-coloration of G. givea in the papex. e

(ii) If Xk < 3n -9 then every n-2 coloration of
G can be extended to an n-celoration of G.

1

(iii) Every n-3 coloratlon of Gl can be extended to
an n-coloration of G.

Tne bounds given in (i), (ii)}, and (iii) are best

possible



%+ On (Unique}2 Coloring
Paul Kainen

Case Western Reserve Univers ty

In this paper we investigate which surfaces S contain
a unigue graph G such that the chromatic number, k of G
is maximal for all such graphs and such that G is uniquely
k-colorable. For example, XK, is the only uniguely 7=

colorablérgraph on the torus.

L

The Number of Graphs of Edge Connectivity Exactly One
ABSTRACT

Kenneth B, Bogart
Dartmouth College
In this paper the technique used by Doubilet,
Stanley and Rota to compute a formula for the number of
connected graphs 1s extended to a partial solution of the

problem of finding a formula for the number of graphs with
edge connectivity n or more. Tor n=2 the problem is
solved completely by applying 2 computation due essentially
to Cayley of the enumerator by degree seguence for labelled
trees on a fixed vertex set, and subtraction gives the num-
ber named in the title of the paper. This computation
provides a parallel to Riddell's computation of the number

of 51ccks, or graphs of vertex connectivity 2 or more.

0y

43
A Regularity Problem for Incidence Structures,

Jane W. DiPaocla

Florida Atlantic University

Let E be the set 1{1,2,3,°+-,e}. Let T*(e)
‘represent the cardinality of the largest family '}m of

equicardinal subsets of E such that.for Xio Xy € T%V is§

Ixil o xS
—J_ =
AN

Evaluate T%(e) for fixed e. Partial results are known.

$ ¥ THE MINIMUM DIAMETER STEINER TREE
"IN A GRAPH

L e T Sukheamay Kundu
’ Computer Sciences Department
University of Texas at Austin
i T Austin, Texas 78712, UsA
ABSTRACT. Let G be a finite coanected graph with n'vertices znd S,

a spgcified subset of -nodes in'G. A minimum diameter Stelner tree is a

tree subgraph-of G which coatains sll-specified nudes and has minimum

_diamefer. An aigorithm requiring O(n3)_elemedtaf} operations-is given

for findipg a minimum diameter Steiner tree,

) The corres?onding pféblem where the_number of edges'ih’the;tree is
minimized instead, {s known as Steiﬁar'mipimum weight tree éroblem. At
present, it ié-sfrongly-believed ﬁhbugh that finding a minimum‘weight‘

»

Steiner trce connecting an arbitrary node set § requires an exponentiail]

(in n) large amount of computation.



4= Some combinatorial propeities of trees.
J. L. LASSEZ
Purdue University and Universite de Paris VII

In a series of papers the author has investigated the re-
lationship between prefix codes, automata and free submoncids,
many results have a nice interpretation in terms of treces and
their patterns. We present. here several results concerning
pseudo periodic trees, overlapping patterns of a tree, self
overlapping trees, conjugate trces and combinatorial propertles
such as trees which are patterns of every of their subtrees.
The proofs which use automata Or monofd theory will appear
elsewhere.

4 ‘A Ranking Problem in Graphs

R.N. Burns
C.E. Baff ¥
University of Waterloo, Waterloo, Ontario

An algorithm is presented for ranking the
maximal forests of an edge-weighted graph G. The rank-
ing is relative to any non-decreasing real function of
the edge-weights of G. The algorithm has linear con-
vergence rate in contrast with those for solving re-
lated combinatorial ranking problems, such as finding
nth-best paths in a graph, which have exponential
convergence rates. The theorems and algorithm apply
as well to ranking the bases of a matroid.

Y7 OM UNICYCLIC GRAPHS WITH EXACTLY T«O ISCHORPHISM
CLASSES OF SPANNING TREE

) B. L. Harinell
University of Manitoba

In this paper we characlerize thosc unicyclic graphs (where
the unique circuit is of odd length) whose spanning trees can be
partitioned into iwo isomorphism classes. In order to estabilish
this result, we first obtain certain necessary conditions for
spanning trees of a unicyclic graph to be isomorphic. The
application of this informztion to those graphs which have exactly
one circuii (which is of odd length) and precisely two isomorphism
classes of spanning trees yields the desired result.

It is noted thet the results in this vaper can be extended,
by similar {echniques, to give a complete chzracterization of finite
grephs whose spanning trees can be parlitioned inte two isomorphism
classes. 4

~of affine groups and holomorphism groups.
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Y5 Maximal Orbits under Affine
and Holomorphism Groups

Frederick Hoffman
Florida Atlantic University

In earlier work (part of it jointly with Welch) the
author has investigated orbits under actions of groups
of linear transformations and isomorphism groups on power
sets of vector spaces and finite groups, respectively,
and under affine groups on vector spaces cver GF(2). Re-
cent increased interest in vector spaces over fields of
odd characteristic and on Kolomorphism groups has led to
further investigation into orbit structure under acticns
Partial answers
to the general guestions of existence of maximal orbits
are given. The procfs are both combinatorial and group
theoretic in nature.

+9 Extending Storters From Sudbirouns
Pruce 4. LAnderson

_Arizona Stuate University

sl AL s &
1€ &L oaDellsi

rcup of oféd order, H ig a non-trivizl
ané 5 is a starter on . Several ways ol extendin
starter T on G are exanined. It isg shown that the (lullin-Feteth
of wroducing strong starters can e used to find stron
Fodies of -cyclic grouges ©f Srice power orier, gy loo

the primes are o8d and none is & Feraat prime. This siunle

uction is shown to be a special case of the multir-lication

‘theprem. of Gross.

50
On Self-Complementary Graphs and Diagraphs

) . Philbert Morris
University of Waterloo and University of the West Indies

Read found, in 1963, the number of self-complementary
g;aphs on 4n nodes equals the number cf self—c&mplementary
diagraphs on 2n nodes. This paper seeks a simple corres-
pondence between these two sets.



Y SOME RESULTS ON CONNECTIVITY CLASSES IN DIGRAPHS

M. cHEIN *
# Instituc de Programmation, Paris, FRANCE.

(Notations not defined here may be found in [B] .).

i.‘e consider digraphs wichout multiple.arcs and loops, and the
following five kinds of connectivicy, B

A digraph G = (X, V) is strongly connected (sc) if : Vx, YEX
3 path from x to y and frem y to x ; e is sem:.-scrongl)r connected (ssc),
or unilateral, if Vx, yEX Hpath from x to y or from ¥y to x ; it is
lower quasi-strongly conmnected (lase) if v X, yEX 3: € X and paths
from z to x.and y ; upper quasi-strongly comnectedness {ugsc) is dually defzned
and a graph is quasi-strongly connected (gsc) if it is lgsc.and ugsc.
Finally, a graph is connccted if v x,y €EX 3 chain between x and y.

S0 each digraph is in exactly one of the six connectivity classes s
.i=0,1, ..., 5, naturally defined. (cs consists of all sc digraphs, céof all
s8sc and not sc, and so on). . i

In this paper we complete some results concerning the most generally
o0 €4 and Y C T
The most important result, obtained with the aid of J. BERSTEL [J.3.],

studied classes : ¢

iz the determination of the minimum and maximum numbers of ares im a digraph

of order n in g ‘We also ch_aracteri:c these digraphs (For Cpe 4 g see [mve],
Chap. 3). ) .
We deterzine the possible classes of G knowing the class of G; and
the Ci-mxi&al graphs (those which are in ;s but change of class by adjonction
of ano.arc) are characterized. Finally using a well~known result of —_—

B. E. ROBBINS [R], we ¢haracterize the graphs with an aa:.symetr:.c gsc or ssc

orientation, .

[_B} €. BERGE : Graphes et hypergraphes, Dunod, Paris, 1970.

[JB] J. BERSTEL : Communication personnelle.
[®¥C] F. HARARY, R. Z. NORMAN, D. CARTWRICHT :
Structural models, Wiley, New-York, 1945.

fR]l ®. E. ROBBINS : A theorem on graphs with an application to 2 problem

of traffic contrel, A. M. M., 46, 1939, pp. 281-283.

52 Construction of 2-Balanced (n, k, A) Arrays

by
" P. K. Hwang and S. Lin™

Bell Laboratories
furray Hill, New Jersey 07574

Let P denote the set of posit ive iIntegers {l 2,...,n}
A
and P the union of A copies of P. Following [1], we ecall

a set with k elements & k-set. If S c Pk. let {|S]| denote '

the sum of all elements in S. A 2-balanced (n, k, ) arrey

is a collection of k-sets Sy (1=1,...,mn) such that

1) usi 2 : e =™ g .
1
"~ © 2)  Each k-set S; can te partiticned into two

parts, S:.L = Pil + P12 such that.

el = 1Rl = ds,0 .

In this paper, we show that necessary conditiens
for the existence of 2-balanced (ﬁ, K, N\) arrays are aiso
sufficlent by & direct method of construction. Furthermore,
we show how 2-balanced (5 ﬁ, A) arrays can be used to
construct a class of neighbor designs used in serology, or

to give coverings of conplete graphs by k- -cycles.

e

[1] H. J. Ryser, "Combinatorial Mathematics", The
Mathematical Carus Mathematical "’ovmgranhs F14,
John Wiley and Sows, Inc., 1l963.
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FUMBER OF STEPS IN ACIRCUIT DIGRAPHS

x 3 i kae tES LN
G.Chaty ,M.Chein ,P.Martin ,G.Pétolla

We consider a firite digraph G=(X,U) without multiple are
and without circuit: X is the vertex-set, U the arc-set. Let p(G)
be the minimal nuzber of paths in G which meke a partition of X.
We give Ihe following definition of the k-nucber of steps in. G:
8, (G) is the minimal number of arcs that it is necessary to add
iﬁ order to obiain snacircuit digraph G' with p(G')=k, 1¢k¢<n(C).
5,{G) was defined in [Ci] and studied in [c™].ana [ccl,
complete the resulis about si(G) and generalize
some of them to s, (G), 1¢k¢p(G)
(1) Let fﬁG) be the length of the longest elementary paths of G.
p(C) - k{5, (8)¢n - P(6) - k.

(2) Let G, be the connected components of G, lgige .

sk(G) Z:(sk(G ) + k: ) - x, with k.= min(k,p(G;)).
(3) If G has no cycle, then: s, (G) = p(G)

fecl cuaTY 6. & CHEIN M..Invarients 11és aux chemins dans les
graphes sans circuit. Colloguio Internazionale sulle Teorie
Combinatorie, Accademia Nazionale dei Lincei,Roma,Set.1973
(2 pa: aitre) :

[cX] CHEIN M. & ¥ARTIN P..Sur le nombre de sauts d'une forst.
C.R.Acad.Sc.Paris,2?5 4 (1972),159-161.

x Université de Paris-Kord (I.U.T)

¥x Université de Paris VI (Institut de programmation)
Txx I.R.M.A.-U Scientifique et Médicale de Grenoble
evax Universitd de Taris IX - Davphine .

:;;L A NOTE ON SELF-COMPLEMENTARY DESIGNS

R.C. Mullin
University of Waterloo
let V be a finite v-set of objects called varieties and F
a family of nonnull proper subsets {called blocks) of B. For each subset
A of S, let A(A) denote the number of blocks containinq A.  Then
the above system is a'regular t-wise balanced design D if for any two
x-subsets A and B of S, for given x < t, aA(A) = a(B) = Age We
point out that not all blocks have the same cardinality. We say that
D is (strongly) self-complementary if the blocks of D can be parti- ¥
tioned inte pairs {(B. B!}} such that 8_i and B% are complementary,
that is B n B‘ =4, B i v B' - V. Schellenberg has shown that every
self-compiementary BIBD 45 a 3-design. We generalize this result and
show that every self-complementary regular Zm-wise balanced design is
also a self-complementary regular 2m+l-wise balanced design. Applications
of this result are used i¢ copstru;t several 3-wise balanced designs,

and to show the non-existence of certain regular self-complementary designs.



55 Equivalence Classes in Direcied Grzphs
and Katrijﬂﬂciuction
Nova Scolia tefhAieal College
Let M be an nxn matrix of zeros and oncs which has at least cne 'solution’
(one set of n inizpendent ones), 'Reduction' of M is the process of eliminsting
211 those ones which cannot be part of any solution. This is a step in Gotlieb's
method for time table generation. The presented algorithm avoids the direet use
of J. Lions' '"tight seis'. Instead it achieves reduciion more efficiently by
niroducing an assoclated directed graoh G of n nodes. The iask thei becomes
essentlally the deternination of equivalence classes of mutuzlly connected nodes
in G, Using appropriate data siructiures this is shown to be possible in at most
al + tn steps (1 is the number of links in G which is equal to the number of ones
in ¥). The algoriihm is finally worked into an efficient metihod for the
deterzination of iransiiive closures in direscied graphs.
experience 1s reporied in respect %o 211 the meithods in this article.

COVERINGS BY PATES OF THE ARCS OF A TRANSITIVE DIGRAPH

L4 :
WITHOUT CIRCUIT.:.
A. Bouchet -~ Le Mans, France .
A digraph is a couple G = (X,U) with a finite set X oef vertises
and a set U XxX of arcs . For every arc u = {x,y) put s(u) = x and 58
b{u) = ¥y s mnath of G is a seéucnce of its arcs U -us...u such that
b(ni) = s(ui+1) for every i = 1,2,...,0-1 . This path is called a
. gircuit if b(un) = s(u1) . The digraph G is said to be transitivelif
the following tondition is verified:
’ _ of these

¥xuvoz 6 X: (qyy) € Uand (y,2) € U (x,2) g U ..

Extensive computational -

tion number.

W
A

Near Block Designé and BIBDs

R.J. Collens
! University of Manitoba

A near block design (NBD) 1is-a pairwise balanced

design wjth two block sizes, k and k + 1. Techniques for

N

constructing such configurations are discussed and used to

create balanced incomplete block designs which were previously

unknown.

Invarianis of Symmetric Balanced
Incomplete Block Designs

R. A. Kingsley’%zd R. G. Stanten
University of Manitoba

Two new sets of invariants for BIBD's are described.
and the second a generalized

The invariants are computred for several designs with para-

. ' ‘ meters (36, 15, 6) and (45, 12, 3), enabling us to obtain new non-isomor-

Let P be a set of paths of G . YWe shall say that P is a v-coverins

{resp. a disjocint p-covering) of G if every arc of G belongs at least to

one path in P (resp. belongs to cnc and only onme path in P) . Denote
¢{G) the minimal number of paths in a p-covering of G and d(G) the

minizal number of paths in a disjoint p-coyeringlof G . It is ¢bvious
that ¢(G) £ a{G) . G. Chaty and M. Chein have conjectured that c(G) =

a{G) if.G is tracsitive.and-without circuit . We prove tuat conjecture .

phism results among these designs.

These results are an extension of work

presented by the authors at the Third Southeastern Conference.



