N i Ebel 63230061|
= PID YOU KNOW THIS |g
OQUR TIN ANNIVERSARY?

PROGRAM _." | The TENTH Southeastern

and Conference on

COMBINATORICS
SOHBBLILE - GRAPH THEORY
% +COMPUTIN G
il e | Florida Atlantic /-\Pr‘” :2"6_, W
University |

G e L



GERI and GCRS ave the luo halves of the Gold Coast Room of the University Center,

Room

Coffee avallable in Gold Coast Room South,
CONFERENCE COCKTAIL PARTY at the Patio and Oceanview Bars of floward Johnson's Ocean Resort Monday, April 2, 1979 at 6:000M,

CONPERENCE BANQUET 4n Windsor Ballroom of the Howard Johnson's Ocean Resort Tuesday, April 3, 1979. Scaling at 7:00PM, service at 7:15PM.
Cash bar opens at 6:00rM

207 1s entered from the second floor lounge of the University Center,

NOTE: Conference bus will leave University Center at 5:30PH l‘lnndfiy and Thursday, APM Wednesday (van at 5:20), 5:10PM Tuesday, and 1:00PM Friday.
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and at Freeman's, 741 Azalea St., 6-0PM, Thursday. : o
L TESTRY MIRESIAY MRSIAY FRIRAY
HEI G
.. SN il G GRS 201 GCRN GRS 207 GERN GCRS 207 GORN GCRS 207
8:15 Reglstration (from 0AM) Registration Reglistration Registration Registration
_i_"ﬂ - Gupla 28 Ealy 314 Abrham 40] Bramwel) 55 Ko 61 DeWitt 67 [-J.M. Freeman 73 Slater 79 Tannenbaum 05 | J0.W. Treeman 102 Kimball 107 Cot 12
9:00 Opening remarks; welcome by Pres. Creech L 1pman 29 Payne 35 HNavlakha 41| Bastida 56 Baker 62 Thomas 68 | lhrig 14 Quintas 80 Calvillo 86 ] Davis 103 MNutchinson lﬁh_ﬁ(‘!;l-niéi?'_-_—-iﬁ
9:30 SELFRIDGE GRAIAM NASH-WILLTAMS | STMAONS ERODUS - i
“V0:I0 COPTEE FrEE _—_ —' - -
IR . | COrHEE COFFEE €0 HULLIN
10:45 Dymacek V' Lamprey 5  Jones 9 | Mitchell 30 Rothschild 36 Cameron 42| Alter 51 Hare 63 ladlock 69 | Nlederhausen 75 Berman 0, 81 Dewdney 87 o
:05 ““}‘i 2 Jenkyns 6 Jamison-Waldner 10 | Nedctniemi 31 Ebert 37 Rabinovitch 43| Hatula 58 Reld 64 Simmons 70 | Anderson 76 Kielman ~— 87 lee BA | COrTEE it - -
11:25 Yarma 3 Opatrny 1 Kahn H | NHartnell 32 Laskar 38 Trotter H' Igerly 59 Rogers 65 Alspach T Hesner 1 ?irye 83  Edmonds B9 | Rosa 104 Chung 09 Snider n
11:45 Ditlon 4 puckley 8 Killgrove 12| Chinn 33 Ffunkenbusch 39 Zaslavsky 45| Martung 60 Sllverman 66 Starling 72 | Williams 70 Schwenk B4 Garey 90 | oinitz 105  Tupltsyn 110 Deo . 115
_‘_ziii]_.___ o LUNCH CURTH ) - LRt mn)ﬁwr LUNCH o " | caccetta 106 Rao ni ﬁldils.enk'l'mlgkiﬁﬁ
1:300 MHILS S T ﬁ‘Ai[ e 51]\310}" SEaa - STAHTON N S N
e e o e R 12:20 Seymour 117
2:40  SELFRIDGE T R VR s - —_— S, . 0%
St e Feellng o W Toasi| SPENCER HASH-WILL 1AHS MULLIN
Conference
140 potes 1) Cockayne 18 Hemeth 2) | COFFEE COTFEE Informal COFFEE _ - -
4:00 Levinson 14 Parsons 19 Sumner 24 | Grossman 46 Kramer 49  Iimmer 52 sicHA Problem Hetnrich 91 Rosenberg 94 Edwards 98| SErten s ————
4:20 kou 15 Duob 20 hsu 25 | Fajtlawlcz 47 Magliveras 50 Babai 1] BT Session eza 92 Ringelsen 95 Foldes g9 T T T
A:00 Tiu 36 Greenweld) 20 Cadnga-r_l 26 | Pollmeni 48 friedlander 51 C. Colbourn 54 TALK l —iiA-MEUv“"(;‘-'_F“_”éT?K__BC—fEG“ 9% leiss™ Moo T .
e S | ki V] e A e R e S — . 3
5:00 Geldnacher g -
S Y e B Wi W] . Schellenbecy 3.5 Mourer 97 Wachs 101 .

MONDAY, Apri) 2, Dr. John L. Selfridge will speak on "Design Aspects of Prime Factors of Consecutive Integers."

HONDAY, April 2, Or. MiViiam N, MI11s wil) speak on "The Construction of Balanced Incomplete Blnck Designs.”

TUESDAY, April 3, Dr. Ronald L. Graham will speak on “Ulowa Detumpostbions of G
TULSDAY, April 3, Dr. Marshall Hall, Jr. will speak on "Applications of Cndlng Theory

TULSDAY. Aprdl 3, Dr. Joel Spencer will speak on "Ramsey‘s Theorem for Spaces.

hs.”
ro Block Desfgns."

HEOHESDAY, Aprdd 4, Dr. Grispin St. J. A, Nash-Willlams will speak on “Marriage in Infinite Socletles.”
WEDNESDAY, Aprd 1 4, and THURSDAY,April 5, Dr. Ralph G. Stanton will speak on “Covering Problems."

THURSDAY, Apr11 5,0r. Gustavus J. Sinmons will speak on “On a Theory for the General Emcryption/Decryption Chamnel."
THURSDAY, Apri) 5, Dr. Ronald €. Mullin will speak on "A Generalization of the Sinaular Direct Product.”

TRIDAY, Apv i) 6, Dr. Paul Erdos will speak on "Problems and Solutions--a Ten Year Review"
FRIDAY, April 6, Dr. Ronald C. Mullin will speak on "What Cayley Did."

On Hednesday, April 4, Dr. Gustavus J. Stamons will give a public lecture, sponsored by the Flovida Atlantic Club

of Sigma X¥, on "The Current Revolution in Cryplography, or ‘I wonder what he meant by that, '"

there will be a meeting at 3:15 P.H. Monday In Room 207 of people Interested in planning an annual Hest Coast Combinatorics conference.
s Invited to attend as Yong as they don't stop coming to this ane.,

Mayone interestod

If you cannot attend the meeting, you may contact Phyllis Chinn for information,
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ABSTRACTS OF SOME OF THE HOUR AND HALF-HOUR TALKS

*
On a Theory for the General Encryption/l)ecryption Channel

Gustovus J, Simmons
Sandia Laboratories, Albuquerque, New Mexico 87]85f

A revolution of truly enormous significance is occurring in the sclence of
secure communications. That such a revolution is occurring and some apprecia-
tion of 1ts effects have been generally recognized - even by the popular press -
but the nature of the changes have been generally misunderstood, even by the
discoverers of some of the new systems, For example, there 1s a widesprend mis-
conception that the new cryptosystems are unbreakable, i.e., cryptosecure, while
exlsting systems are not, when in fact both depend on the same mathematical prin-
ciples for security.

What 18 true ias that all cryptosystems currently in use are symmetric in the
aense that either the seme pilece of information (key) is held in secret by both
communicants or else that each holds one from a pair of related keys, where either
xey 18 easlly derivable from the other. These secret keys are used in the en-
cryption proceas to introduce uncertainty (to the unauthorized receiver) which
can be remaved in the process of decryption by an authorized recelver using his
copy of the key or the "inverse key.," This means, of course, that if the infor-
mation held by either is compromised, that furlher secure comminications are im-

possible., In the new cryptosystems the information held by the transmitter and

receiver 18 not only different but in addition a "computationally-complex" problem

relates the two keys so that it is computationally infeasible to derive one from
the other. A novel feature of an asymmelric encryption system 1a that 1t, unlike
a symmetrlic one, permits secure commmunication even though the transmitter's
encryption information has been compromised. Equally important for many appli-
cations the asymmetrle system permits the communicant whose encryption informa-
tion has been protected to authenticate himself, 1.e., to prevent anyone from
impersonaling the authorized transmitter, to recelvers in high risk or exposed
positions where it muat be assumed that the decryption information has been com-
promised.

If encryption 18 viewed as a function from messages to ciphers, then for
asymnetric encryption to be practical it must be "easy" to find pairs of such
inverse functions which are Individually "hard" to invert. The whole concept
of asymmetric encryption 18 a "belling-the-cat” proposal until such time as

someone exhibits a famlly of palrs of such trap-door or one-way functions.

¥ This article sponsored by the U. 8. Department of Energy under Contract
AT(29-1)-709.
t A. U. 8. Department of Encrgy Facllity.

The approach thus far to constructing such functions has been to take some

problem of known or generally accepted computational complexity such as factor-
ing a prodiuct of very large prime factors, the general knap-sack or sub-get sum
problem, finding the logarithm of an element in a large fleld with respeet to a
primitive element, etc,, and then devise an encryption scheme dependent on this

problem, This means of course that solving the "hard" problem impliea breaking

the encryption scheme, What 1s hoped is that for some such acheme that the con-
verse will also be true, namely, that decryption will be equivalent to doling
the hard problem,

This paper attempts to formulate a theory for the general encryption/decryp-
tion channel to make clear the exact nature of the current revolution in the

sclence and to provide a sharp malhematical model for further analysis,

APPLICATION OF CODING THEORY TO DESIGNS
Marshall Hall, Jr., California Institute of Technology

The highly developed theory of error-correcting codes :
and, in particular, the MacWilliams identities enable us
to get information on designs not previously available.
For example, a plane of order ten cannot have a collineation
of order five.

RAMSEY'S THEOREM FOR SPACES |
Joel Spencer, SUNY Stony Brook

G.-C. Rota conjectured that Ramsey's Thearem holds when the |
notions of cardinality and subset are replaced by dimension and
subspace over a fixed finite field. To be precise: If F is a
finite fleld and n,r,k > 0 there exists m' so that for m> m'
1f dim{(v) = m (Vv a vector space over F) and the k-spaces W<V
are r-colored there exists an n-space U<V all of whose k-spaces 1
are the same color. This conjecture was proven by Ron Graham,
Klaus Leeb and Bruce Rothschild in 1972,

A short proof of the above result is given.

A GENERALIZATION OF THE SINGULAR DIRECT PRODUCT
R.C. Mulltin

This one hour talk dlscusses a generallzation of the singular direct
product. The new product can be used to create several types of objects
such ag quasigroups, balanced incomplete block designs, Room squares and
palrwise balanced deslpgus.

HHAT CAYLEY DID!

) R.C. Mullin H

This half hour talk deals with the construction of A. Cayley which

uses Room squares to construct Steiner triple aystems. Generalizations
of the construction are glven.




(D Stetnhans Graphs

Hayne M. Dymacek, bDepavtment of Defense

The Stetnhaua graph

G, with n vertices generated by the sequence of
zerns and ones, a t

@ Primitivity of Producta of Grapha
Roger Lamprey,” Georgla State Unlverstty
Bruce Barnes, National Sclence Foundatlon

@ GRACELESSNESS
Rhys Price Jones, Indlana Univ.-Purdue Univ. at Fort Wayne

1,200 008 e 18 the graph whose adjacency matelx lu A digraph G=(V,E) Is primitive if there exiata a posltive .
AG)=(a. ), where &, =0 ::)Irl 1=1(1) - ! tuteger k auch thar for all v,v'cV there exists a walk from v Lo ru“rA:r:Hzmp:fla mEqEDﬁgel‘l;nk twg {;‘HEE ‘Jl‘nﬁlems. e donaged
LNY 1 Mo Ry 1 NRL and for l<i<f, a1 g4t v' of length exactly k. The minlmm such k is called the index of ) S Y, an ¢ Golomb ruler problem.

ai_l'1llsllh| ).
He [lrat establish that Steinhaus gra
disconnected.

Also, for nz5, there are onI)'v three Steinhaus trees with n
vertices. 3

A Stelnhaus graph whose ad)acency matrix is symmetric with respect to
diagonals is called doubly symmetric.

phe are elther connected or totally

______ Thia paper glvea necessary and sufficient
conditions for the conjunction of two digraphs to be primitive,
determining the fndex of primitivity of this product. Conditions
for the cartesfan product of two digraphs to be primitive are also
egtablished and a bound on the index of primitivity is set. A
formula 1s developed for calculating the index of primitivity of

both the cartesian product of two directed cycles.

We show that each eulerian Stelnhaus

ty

the most common occurrence of “convex sets" is in partially ordered

We present a conjecture and invite the mathematical communi-
to tackle some difficult problems.

A CONYEXITY CHARACTERIZATION OF ORDERED SETS
(55) Robert Jamison-Waldner, LSU-Baton Rouge

After the ordinary hotion of convexity in real linear spaces,

graph Is doubly symmetrfc. The number of sequences that generate doubly @ GREEDY BUT NOT-S0-STUPID ALGORITIMS (PO} sets. A subset K of a PO-set X {is order convex provided
: [n/2) T. A. Jenkyns, Brock University that whenever K contalns a pair of comparabTé points, Kk con-

B{Tmct;;; and eulerian Steinhaus graphs with n vertices is 2 and tains all points between them. This defines an aligpmént on X--

g '. reapect lvely. Combinatorial Optimization problems frequently take that 1s, a family of abstract "convex" sets which 15 clTosed under

the following form: Given a finite set X, a non-negative

ar

bitrary intersections and nested unfons. It is possible to

The complewent of a Stelnhaus graph haa at most two components. Lf welght-function on X,
the complenent has two componenta, the smaller, 8§, {8 complete with
IS'fl(nﬁ.’)lll and the larger has diameter at mnat two. Furthermore, 1if

S[=3, then Lhe verticen of § are in arithmetic progreasfon wiih common
difference 2°-1 for wome m>l.

GD  COMPLETE BIPARTITE GRAPHS AND THE HADAMARD CONJECTURE
Charles H.C. Little"and David J. Thuente, Indiana University-Purdue University

and a family A of subsets of X;
find a member of A whose total weight Is as large as
possible. The greedy algorithm for finding an approximate
solution examines the elements of X one at a time in order
of decreasing welghts and takes those Tt can. The effective-
ness of several heuristics combining partial enumeration of
the subsets of X with this algorithm is examined and a
lower bound on the effectiveness 1s given.

characterize those alignments on a set X which arise from order-
fngs of X in terms of natural convexity properties. It 1s also
possible to provide a characterization in terms of "forbidden" sub-
spaces as iIn the Xuratowski planar graph theorem. For the case of
total orders, there are only a finite number of forbidden subspaces
since an alignment is determined by a total order 1f this is the
case for every 4 point subspace.

An nxndl,~1)-matrix H 1s ladamard |f I!l] = nl, The lladamard
conjecture stalrs that thero exlsts an nxn Hadamard matrix for all ON BANDWIDTH OF GRAPHS
nz0 mod 4. We show {hat this conjechire can be resialed as a problen J. Chvatalova, Universfity of Waterloo and Vanier College
aboul the circulls of length 4 In a complete bipartlie graph, and J. Opatrnyy Concordia University
also as a problem aboul the I-factors of a complote bipartite graph,

Characterization of some Classical Circle Geometries
(EI) by Jeff Kahn, Ohio State Unlversity

1f a Mbblus, Laguerre or Minkowskl plane satisflies the
"bundle theorem", then it can be embedded In some three-
dimensional projective space. This answers a question
ralged by van der Waerden and Smid Ii'.1 1935.

In this paper some results on bandwidth of finite and
infinite graphs are presented. The bandwidth of a graph G is
defined to be

SYSTEMS

(3) ON ﬁLHUaT STEINKER TRIPtE
pach and Badri N. mon Fraser University

Brian Als arma*, S

He show that the ed?e set of the complete
can be partitioned into one Ky and KJ's

(D) THE WATERLOO PROBLEM
John F. Di1lon, Department of Defense

graph K, n = 5(mod 6), $(6) = min(max(]E{u)~£(v)])
where the minimum is taken over all one-to-one mappings f

from V(G) to integers, and the maximum is taken over all edges
{u,v) in E(G).

koA - £ ! i i First, several results concerning characterisation of
group”‘E {:ekeql’,,“ﬂ: spafce aet B satlsfyina "o bhe infinite graphs with finite bandwidth are presented. Arcs, Conics, and Ovals
pU1p « kv agt We then show thatithe differencebbetween $(G), ¢(G-e) N.B. Killgrove, SUNY, Geneseoj D.I. Klel, C.L.Koch, Cal. State L.A.
have a Waterloo dac osition where e is an edge of G i8 not bounded by any constant.
VE BT & Wiy Naterloo decomposition We define generallized parabola for ANY affine plane and show ln
b=A+8B Houlton Plane one such bounds a region NOT convex But star-shaped
if the subsets A and B constitute a difference family SELF-CENTERED GRAPHS WITH A GIVEN RADIUS with respect to its vertex. In projective setting we call this set

satisfying by Fred Duckley, Math and Sclence Division, S5t. John's University,

an algebraic conic and note no oval in the translation plane of
Staten Ialand, N.Y. 10301

order nine 1s an algebralec conlc, while the ovals in Desarguesian

flann are always algebralc conles and conversely, but the ovals in
he Hughes plane of order nine are algebraic conles with some but

not all of 1ts points as vertex of generalized parabola. Moreover,
every multiplicative loop whose parabola 1s an oval {s commutative
in the known planes of order nine. If time permits, other results

in finite planes will be mentioned.

PLRLE VRN Gl B PR ) et

Such a decomposition ylelds balanced welghing designs and :
relative difference sets among other interesting combinatorial
configurations.

In this paper we survey the problem of determining the
difference sets having such a decomposition and present a
solution to the problem for Singer difference sets.

A graph G is called self-centered if all of its vertices are
in the center of G. The center of a connected graph lies in a
block, We show that a graph with n vertices, diomgter r>1, and
only one block must have at least [lnr-2r-1)/(r-1)1 edges. We
show that if n2 2r> 2 then there exlists a connected self-centered
graph having n verticeg, radius r, and k edges if and only If
f(nr-2r-1)/{r-1)1 £ k £ (n2-hrm+sn+hr2-6r)/2.



THE BINDING NUMBER OF TWO STRONG CARTESIAN PRODUCTS OF GRAPHS
' R. Stanten Hales, Pomona College

®
In this papar we calculate the binding numbers of Lm v Ky

the strong cartesian product of the m-path and the 2-clique, and
of Cm * Kz.

2-clique.
with this work.

Planarity of Cayley Diapgrams: Weak Point-symmetry

Q’,D Il. Levinson

Rutgers University
A Cayley graph is called weakly point-symmetric plana
if it has a planar embedding iﬁmﬁﬁTgﬁlfﬁEAETgEFﬁT?%ﬁﬁgm%ﬁEL
counterclockwise succession of directed cdges is the same
(mod cyclic permutations) at each polnt, and hoth clockwise
nnq caunterclockwise cases occur. All presentations of gruups
which have weakly point-symmetric planar Cayley graphs are
found. An alpgorithm is given to determine if a given presen-
tation with solvable word prablem has a weakly point-symmet-
ric planar Cayley graph, and the set of all groups with such
Cayley graphs is characterized.
5 A FAST ALGORITHM FOR STEINER TREES
) L. Kou®G. Markowsky and L. Berman
IBM Thomas J. Watson Research Center, Yorktown Helights, H.Y.
Given an unditected distance praph Gi=(V.E.J) and a set S, where V is the set of vertices In
G i the set of edpes in G, d Is a distance function which maps I into the set of nonnepa-
tive numbers and 5SV is o subset of the vertlees of V, the Steiner tiee problem Is to find a
tree ol Goahat spans § with minimal total distance on its edges. ln this paper, we analyze a
heuristic algorithm for the Steiner tree problen The heuristic alporithin has a worst case time
complexity of GOISTIV ) on a random access compuler and it guarantees to oulpul & tree
that spans S with wotal distance on its edges no more than 201 - -5-) times that of the optimal
tree, where £ is the numbed of leaves in the optinal trec. t
ON THE DELETION OF NONPLANAR EDGES OF A GRAPH
ae,’D
P.C. LIU, ENVIRONPILAN, TNC,
R.C. GELDMACUHER, STEVENS INSTITUTE OF TECHNOLOGY

ABSTRACT  The practical uscfulness, to applied mathematicians, computer
scientists, and engincers, of the concept of NP -completeness has become more
and more widely docuraented [1][(2). To paraphrase Garey and Johnsaon [2),

"' - i your boss has anked you to [lnd an efficient algorithm for a part of a new
systein, and you can show Lhe problem to be NP-complete, you can tell him
that you can't find an algorithin but neither can this long list of famous people. "
The work described in this paper is a case In point. Tt was motivated by the
engineering problem of eificiently laylng out LSI digltal networks and is the
culmination of many, many, many, hours spent In trylng to invent a polynomial -
time algorithm for identifying a set of nunplanar edges of a graph. The paper
outlines the original proof of NP-completeness of the nonplanar edge deletion

problem [3] and then gives the details of a reorganization of the proof following

a suggestion by N.S. Johnson [4). The proof consists of a reduction of the

vertex cover problemn to the Hamilton path problem for graphs with no triangles,
and a reduction of the later problem to the nonplanar cdge problem.

(1} n. % TARFIAN, "Complexily of Combinatarial Algorithins", Siam Review
20, 3 (1978), 457-149. (2] M. R, GAREY, and D.S. JOIINSON, Coinputers and
Intractability: A Guide to the Theory of NI’ .completenesan, 1. Freeman and
Sens, San ¥Francisceo, 1979. (3] Peter G. Liu, "Analysis of Nonplanar Graphs",
Ph. . Thesis, Depacrtiment of Electrical Englneering, Stevens Inatitute of Tech-
nelogy, April, 1976 [1] 1S, Jolmson, Private Communication, Oclober, 1976,

the strong cartesian product of the m-cycle and the

This answers two open problems posed by Kane and Mohanty
in a paper, "Product Graphs and Binding Number," to appear jointly

PLSJOENT CLIQULS TR COSE] l;IU\l'II:v‘ .
(@ :.J. Cockayne, University of Victoria, B.C. Canada

sufflcient conditions for the exlstence of disjoint cliques
are glven for two types of graphs formed from a flnite group X,
the cosets of a subgroup W and a subset L c X.

ermutation Action Grapha
@ T.D. Parsons, The Pennsylvania State Univernity

Let X be a nonempty set and F a multiset of permutatlons chosen from
_the symmetric group §
(X,F)
and [ € F. It 18 a directed pseudograph (loops and multiple arcs may occur).

X

has vertex set V() = X and arce the ordered paire (x,f) for x € X

When F is a set, we nay G 18 proper. Every Cayley graph is a proper p.a.g.,
~1
1f F=F

ns a pseudograph with undirected edges (x,xf). It ip easy to see which F

and every Schreler coset graph is a p.a.g. » we may regard G
reault in no loops or multiple edgea. Graph-theoretic properties correspond
to group-theoretic ones much ag in the case of Cayley graphs (of which the
p.a.g.'s are obvious generalizations). Of course, p.a.g.'s need not be point
symmetric, but it is easy to construct many which are (in addition to the
Cayley graphs). The elements t of the automorphism group Aut G may be char-
f ' e for £ e P To each
graph Il we may associate the p.a.g. (V(U), Aut H). Therefore the problem of

acterized by a aimple condition on the nets

characterizing those permutation groupa which are the automorphism groups
of graphs can be regarded as the problem of characterizing a certain family

of p.a.p."s. It is felt that, llke Cayley graphs, p.a.g.'s deserve a.tudy.
(20) GENERALIZED LINE GRAPHS
Michael Doob University of Manitoba
The concept of a generalized line graph Is due to

A. J. Hoffman, who appended cocktail party graphs to line
graphs in order to construct and characterize Praphs with
bounded least elgenvalue. In thls presentation several
new characterizations of generalized line graphs are
given: (1) a Krausz type cllique characterization, (2) a
Beineke type forbidden subgraph characterization, and (3)
a spectral characterization. A "root graph" is construc-
ted which ylelds information on the structure of the suto-
morphism group of the gencrallzed line graph as well as
several new spectral theorems.

Subgraphs of Critical Graphs of Diameter k

GiD D. L. Greenwell, Auburn University

The purpose of this note ls to glve a construc-
tion to show that any graph is an induced subgraph

of gome critical graph of diameter k for any k> 1.
4 @ GRAPH FOLDING
Curtls R. Cook,  Oregon State University, Corvallis, Oregon 97331
Anthony B. Evans, Washington State Untversity, Pullman, NA. 99164

A graph fold is the speclal case of a graph homomorphism where the two
ldentified vertices are both adjacent to a common vertex. Like homomorphisms,
folds are related to the chromatic number and we obtain an Interpolation
Theorem for folds. If x(G) = n, then G is absolutely n-chromatic if every
€o1d preserves the chromatic number. Every nontrivial blpartite graph ls

absolutely 2-chromatic. Given we glve a construction of a three

chromatic graph that folds onto Ky and conjecture that this is the smallest

m>4,

such graph.

e

ON THE DISTRIBUTION OF THE PERMANENT OF CYCLIC (0,1) MATRICES
SFE) Evi Nemeth,®SUNY College of Technology, Utica, NY
ennifer Seberry, Univ. of Sydney, New South Wales, Australia
Michael Shu, University of Manitoba

Some results are obtained on the permanent of cyclic (0,1)
matrices which support the conjecture that for such matrices of
prime order p, the number of distinct values the permanent
attains 4s p + 1 + € where € 1{s small compared with . Me
obtain formulas for the permanent of cyclic (0,1) matrices in
several cases.

" A Determinant Method for a Speclal 1-Circulant Matrix
John Sumner,

Consider a v x v matglx ? wlt r]
guppose the first row has the form ]
wh[;ﬁ v 1a even and has the form([s,n5,.. % e, oot r,n] when
v 1s odd. Suppose that M is a i-clrculdnt matrix. This paper
18 concerned with the extraction of the detarm&nant of M,

The determinant is obtailned (up to an "unknown square). 5
Under sultable conditions it is shown that the term G- ZR+2r =
R ) s 18 the Bquare of an inte?er when v 18

even, A sigilar condition 1s obtained when v ls odd.

-Eil perbiau F. lsu, University of Michigan

A Bpecial family of permutation matrices, called I-matrices
is defined. It is proved that J;n(Jii=0, Jij =1, yi' # can

2n -1 I-matrices {f 2n +1

"

Unlversity of Miaml
integral entrles and
To \F 4P pees l"_,.ﬂg.,rﬁ-g,....

A Special Family of Permutation Matrices

be decomposed into a sum of is an odd

rime. This decomposition is called a 3-dimenslon Kinilg decompo-
gition of J% This result is then used to study directed graphs

n°
and factorization of complete directed graphs. Numbers of I-matrices
of even orders less than or equal to 12 are given and Lhe general
enumeration problem is discussed. We introduce a structure on the set
of 1I-matrices of given order via a set of transformations (DC, DR,

t and t*). Examples are given.

SUBSETS OF POSITIVE INTEGERS; THEIR CARDINALITY
AND MAXIMALLTY PROPERTIES
0.5. Bellamy and C.C. Cadogan *University of West Indles

Related subsets of positive integers are generated
from the inteqer 8 by successive {terations. At cach
stage the cardinality of the subsets and the maximum
integer of each subset are determined.

™ 3-Trreducltble Anleals
@ Fenneth lolladay, University of 1'"lanml
e aninnd, [ shodl moam a face-comected simply conneeted
et af cells of Lhe cquilaleral teianple Leasellnlion of

Lhe plane. Only onbenls with aeen nomaltiple of 7 o
allowcd. A J-drveducibde {o an animal Llinl can nol be splift
Inlo tyo animals bobh with nrea a rolbiple of 7.0 A1 3.
Lrredneibdes ave contalned o raxbeal 3-Jeveduciblos sl all
meimnd 3-{rreduciliiog are degeribed,. Shey pre ™ nlinlly”

Tinear,
Lhe e,

They bnve Luo ends ond a bockbone running betueen

This Lnckbone may have turng nnd tuiata, AN
V-lrreduetblens nee penerntod® g uwords inon cerbain Langeuage.
Thee tongmngzee 45 nol conleyb--free beeauge Lhe nudmnl wust
slA1E be checked for self-inberseclions afler HL hns bheen
renerated,



THE COVER INDEX AND CRITICAL GRAPHS:
AN ANALOGUE OF VIZING'S ADJACENCY LEMMA

(EZB Ram Prakash Gupta, Ohfo State Unfversity

Let G = (V,E)}) be a simple graph. A set of edges F, F < E,
i1s called a cover of G if for every vertex x e V¥V, F contains
at least one edge incident with x. “The cover index K(G) of &
fs the maxfmum number % such that 6 ossesses k mutually
disjoint covers. For x¢ V, let dﬁ(xg denote the degree of
x in G and let &(G) = m;n de(x) be the minimum degree of G.
It 1s known that for any simple graph @, KH(6) = 6(G) or
KA(G) = 6(6) - 1. A graph 6 {5 called X -critical ;f X (6)
= 8(6) - 1 and for any nonadjacent x, y e V, NG + xy) = §(G),
where G + xy denote the graph obtained from G by jJoining «x

and 'y by a new edge xy.

Our main result may be stated as
follows:

The Elation Groups of the Classical Generalized Quadrangles
(:E)ﬁﬁ“' Clifton E. Ealy Jr.: Mlaml Unlversity

3 Abstract: Let Q=(P,L,TI) be a generalized guadrangle.
polnt u of @, let

st lu)={xcP1 x {8 collinear with u) )
(a pofnt of Q0 is collinear with itself and, hence, uestplu)).
for each polnt u of Q, deflne

E{u)={a | a is a collineatlon of Q and a is the identity on Btp(u) )
we call E(u) the elation group of Q at u. In this paper, we cal-
culate the elation groups of the classical generalized quadrangles.

~For each

Hence,

GENERALIZED QUADRANGLES AS AMALGAMATIONS OF DESARGUESTAN
PLANES: THE MULTIPLICATIVE CASE
S. E. Payne ¥Miami University (Ohio); R. B. Killgrove, SUNY

CONSTRUCTION OF PLANAR FULERIAN MULTIGRAFHS
@)

J. Abrhaﬂ‘(Universitﬂ of Toronto and CRMA Université de Montréal)
and A. Kotzlg (CRMA Université de Montréal).

It is shown that every planar eulerian multigraph contains

an Euler tour which has the property that fts transitions
through the vertices of the multigraph never intersect. Using
this a simple characteristic property is obtatned which can
be used for the construction of planar eulerian multigraphs.
An Indication is given as to the generalization of these re-
sults to the case of eulerfan multigraphs realized on more

Theorem: Let general surfaces.

; ¢ S 1 '
G be any X -critical graph. e tor an (fiﬁi) at Geneseo; D. I. Kiel, California State at Los Angeles

vertex x e ¥, at least one of the following two conditions ho%ds:
1) x is adjacent to at least 2{dg(x) - &(6) + 1)
vertices of degree precisely §(6);
2) every vertex vy, nnnad*acent‘to X,
at least z(dG{yl - 8(G) + 1)

y: Every ’(-crltlcal graph G contains at least
s of degree &(G).

Any generalized quadrangle of order s that is an amalgamation of
desarguesian planes can be coordinatized by a pair (a,R) of pernuta-
tions of the elements of GF(s), where s must be a power of 2 and
the pair (a,B) must satisfy a condition referred to as admissibility.
The determination of all admissible pairs seems hopelessly difficult,
and in this note the case where o and B are both multiplicative maps
Is investigated. A combination of theoretical results and computer
searches leads to the following: All generalized quadrangles of order

s = 2% <128 coordinatized by admissible pairs (a,8) 1n which both
a and "B are multiplicative must be among the previously known examples.

"On Alternating Eulerlan Circuits and Complete Grapha"

Jainendra K. Navlakha

(ﬁ]) Department of Mathematical Sciences

- Florida International University
Miami, FL 33199

is adjacent to
vertices of degree 4(G).

c

orolla
three vertic

k
e

€LY,
- Marc J. Lipman* and Richard D. Ringelsen

Indtana Unlversity-Purdue Unlverslty at Fort Wayne

COHESTON IN ALLIAHCE GRAPNHS
A characterization of complete graphs with respect to thelir

properties regarding alternating and balanced alternating eulerian
circuits is presented in this paper. After giving some bLaslc prop-
erties of alternating eulerlan circuits, we show that the conly complete

{ graphs whose edges may be orilented such that they possess an alter-
nating eulerian circult are the ones on n vertices, where n=4m+l
and m i8 a natural number. An algorithm which orlents the edges

'of such a graph such that the directed graph possesses a balanced
alternating eulerian clrcuit is glven, and ite correctness is proved.

For a set ol countrles with specifled alllances, It Is teasonable 1o
ask, "How close can a partlcular country come 1o severing tha alllance
connoct fons belween 2 groups of countrles?™ One possible anzwer can be
quahtifled as follows: Represont the countries as vortlces of a graph,

G, with the alllances as the edges, For a verlex, x, of G, the desired
number Is  plx) = the minlmum number of edges which can ba doleted from G
so that  x s a culpolnt for the remaining graph. The coheslon of G,
denoled p, Is tha minlmum value of uix) among all verfices of G. Lol
A{x)  donote the edgo connectivity of the subgraph Induced from G by
deleting x,

Thoorem: u = {he minlmum value of A(x)
u belongs 1o the connectivity palr  (1,x)
Harary. .

among all vartices of G, Thus
as dafined by Belneke and



(Eﬁi) THE ALGORITHMIC COMPLEXITY OF UNICYCLIC GRAPHS
5. Hedetnieni and S. Mitchell*, University of Oregon

In this paper we prescnt an algorithmlc complexity comparison of

algorithma on unileyclic grapha with algorithms on treea. We show that

the addition of one edge which creates a single cycle does not Increase
the complexity of algorithms to solve varlous problems on unicyclic

grapha by more than a constant (for the problem) multiplicative factor.
We present alpgorithms for solving: independence, matching, domination,
recognition, shortest paths, isomorphism, centre and expected distance

prablems.

EY) TOWARDS A THEORY OM CENTRES OF RLCURSIVE GRAPHS
S. Hedetniemi* and S. Mitchell, University of Oregon

We review the results for centres of the recuralve graphs -- trees,

maximal ouserplanar grapha and unicyclic graphs. We present new results

which detesmine all possible subgraphs which can be centres of cactl and

G, -trees. We peneralize some of these subgraphs from Cq-treea to

4
general € ~trees. A C -tree la a graph which 1s eagentially a tree of
- n n

eyclea of length n, where two cycles ave either disjoint or joined

together by an edge.

The Optimum Defense against Random Subversions in a Network
B.L. Martnell, Memorial Unlv. of Newfoundland, Corner Brook Campus

(éé) A classic problem encountered by any underground resistance
movement is the questfon of establishing a communications network
among the members of the resistance which minimizes the effects of
treachery or subversfon of a particular member or members, followed
by the consequent betrayal of other members. One of the aspects

of this problem we shall examine 1s defending against k  random

subversions.

—~, MULTIPLE-MESSAGE BROADCASTING IN COMPLETE GRAPIS
(2521:) Phyllis Chinn¥ llumboldt State University
Stephen Medetniemt and Sandra Mitchell, University of Oregon

Broadcastin? is the information dissemination process whereby a
set of messages Is relayed from one member to all other members of a
communication network. Define P{m,t) to be the maximum number of
people to whom m messages can be broadcast in t time units. He
determine all values of P(m,t) for 1 <t <8, and all values for
m = 1,2. He present a conjecture for the exact expression for P(m,t)
for arbitrary m and t.

Characterizing Gubspaces by Inereaectinn Cardinalitien

A.A. Bruen, U. West. Ontario and B.[L. Rotlmchlldfu.{‘..t..n- 7

39
We consider generalizations of the following queation:
Is a subspace of & projective or affine space characterized
by the cardinalities of intersections with all hyperplanea?
Earlier work on the problem is extended in the affirmative
direction, and some counterexamples are found for ceriain
cages.

Bounds for map Spreads
Gary L. Ebert, University of Delaware

A maximal strictly partial (nsp) spread of PG(3,q) 13 a
collection of patruige skew 1ines which {a not a spread and fs not L
properly contained in any other collection of palrwise skew 1
Bruen has shown that 1f W
w
| | > qa+ /7 q+1, the smallest known examples of msp
8predds are of size %(qz +q+2),
does not divide q+ 1,

8preada are detarmined.

Renu Laskar, Clemson Univeraity

ines.
is a map spread of PG(3,q), then
However,

and these occur whenever 3

In this paper new lower bounds for map

"Partjal d-space"

This paper introducesg the c
) 3 oncept of a
geggggs; ?:ﬁfnglng tge concepts of as (r.k,tfa;:::}al
Ch may be called partial la c
and of a part{al geometry of dlmenslonpthESL éggsel

to Laskar and p F
alicon vy 1 Dunbar (which may be called partial

Counting of Hormal-Faclal Pofint Collingations in a Oubic
) al Latt
¥W. Wm, gunkenbnﬂch,“nlchlgan Technological Univereity a4

A tabulation of the frequenoy of oocurrence of Normnl-
Golllqeatlona afld"pets of Hormal Paclal Collineations of é 522#::
in a Cublcal Lattice of side H. .The table numbers were obtained
by elementary combinatorics, The count tenda to get quite tedioun
and tricky, Although never carrled through to completion some
preliminary thousht was flwen to two other counting methods;
one a computer counting {dea, the other making use of Polya's
Counting Theorem. The tabulated results might find some applica-
tion in escape and capture problems in atom?o piles and In corystal
structure studies -- {n particular {n regard to probabilistio

oonslderations concerning the f{nitial formation and the f

i Q ut
rowth of nggregnten of particles Yy random processes, Uuugr%
Eh]a Teads to the oreation of a playable, very "wild®, and hopa-
fully enjoyable zame of Three Diinens ona{ Poker,

- of nonforced patrs.

Algorithma for Opttmum Antichalus
Knthleen Cameron, Unfversity of Waterlou

We will present algorithms for finding a largest aut lchain
(independent set) and a largest welght antichaln in a parttally
ordered get.

A Characterization of Poscts with Rank Equal ta Dimcnslon
S. B. Maurer, Princton U., I. Rabinovitch¥and W. T. Trotter, Jr., \I, of §. Caralina

A realizer R of a poset (X,P) 18 a set of linear orders whose intersectlion is
P. A realizer Ils minimal 1f no proper subset of it Is also a realizer. The di-
mension of (X,P) fa the cardinality of a smallest (minimal) reallzer of P. The
rank of (X,P) 1s the cardinality of a largent minimal realizer.
For every (X,P) with lllah we have

2
ng < Dim (X,P) < Rank (X,P) < pbgfq

In this paper we provide a characterization of posets for which every minimal
realizer has the same slze, i.e., dimenslon equals rank.

A Characterization of Rank-Degenerate Poseta
S. B. Maurer, Princton V., 1. Rabinovitch and W. T. Trotter!'Jr., U. of §, Carolina

In this paper we Introduce a graph theoretic concepl for the computatfon of
the rank of a poset. The digraph of nonforced pairs HP of a poset (X,P) has as
directed edges the ordered palrs (x,y) where xly In P, z > x in P Implies z 3 y
in P, and z > y in P Implies z <x in P. A subgraph HelN, 18 anid to be weakly
unipathic when the exlstence of edge disjoint directed pgths in H from a vertex
x to a vertex y implies that x >y in P.

For most posets, the exceptlonnl ones being rank-degenerate, the rank of the
poset ia the maximum number of edges 1a a weakly unipathic subgraph of the graph
In this paper we show that a poset fa rank-degenerate if and
only {f it 18 a subposet mfH 3 @ n frr some m21, n>1 and that the vank uf a
rank-degenerate poset s equal to its width.

Hyperplanes, Graphs and Matroids

(EES) Thomas Zaslavsky, The Ohlo State University

Beveral properties of an arrangement of hyperplan=s in Euclidean
space depend only on lts associated matroid. Among Lhem are the number
of reglons and the number of bounded regiona. Thus minimal arrangements,
and the bounded part of an arrangement, can be investigated matroidally,
In addition the numbers found for arrangements can be interpreted for
graphs in terms of acyclic orientations.

or fun,



A conjecture on the ramscy muber-of unfcyclic graphs of odd girth

(]ﬁ-?m'ﬁf rossman, Oakland Unlveralty, Rochester, Hichigan

' The ramsey number r(6) of a graph € s the least wumber p
auch that 1{ every llne of the complete graph K Is colored either
red or hlue, then either Lhe red subgraph or the'blue subgraph of K
contains a copy of G . let G be a connected uwnlcyclic graph with?
n > 4 points, whese cycle has odd length. We present evidence for the
following CONJECTURE: The ramsey number of G Is 2n-1 . It is easy
to show that r(G) > 2Zn-1 . If the cycle of G 1a a triaugle and G
has dlameter at most 3 , then t(G) = 2n-1 . IF G conslsts of a
pentagon wlth a star emanating from one vertex, then r(G) = 2n-1 .
Other special casea ate also consldered,

THE HAJO'S RATIO, RAMSEY NUMBERS AND BUTTERFLIES
S. Fajtlowicz, University of Houston

Let o = ol{G) denote the largest integer n such that &
contains a subdivision of the complete graph with n vertices.
Hajo's conjectured that every graph with chromatic number X

;?tE::;?:: X < 0. This conjecture was recently disproved by

We shall show that the ratio é may be arbitrarily large.
Using £rdos constructions of Ramsey-type graphs one can show

that x may be almost as large as o°.

We shall also discuss some connections between the above
concepts and Butterflies, f.e. graphs with maximum degree p
containing no complete graphs Kq and having Independence ratio

2

Y q

SOME RAMSEY TYPE RESULTS ON TRFES YERSUS COMPLETE GRAPHS
Gary Chartrand, Michigan State Unlv. and Western Michigan Univ.
Ronald J. Gould, San Jose State Unlv. and Western Michigan Univ.
¥Albert D. Polimeni, Florida Atlantic Univ. and SUNY at Fredonfa

@ For an arbitrary tree T of order m and an arbitrary
positive Integer n, Chvatal proved that the ramsey number
r(T,K,) = 1 (m-1)(n-1), f{.e., for any coloring of the edges

of KH[m-l)(n-l} with two colors, there exists a monochromatic
tree T or a monochromatlc K . Chvatal's theorem is extended

by showing that, in certaln cases, the result stil1l follows 1f
Khlm-l)(n‘l) Is replaced by an appropriate proper spanning

subgraph of K1+(n1~l){n-l)'

@)

(59

be arranged in a sequence a5 "1' aey an-l such that the quotients o_la

cally,

elementary abelian p-groups, p prime.
efther trivial or non-cyclic Sylow 2-subgroup possesses much a mapping,

t=Designs Prom the Larpge Hathicu Group. 1: The 1-Designs
Larl 5. Kramevy Spyros S. Hagl iveras, and Dale M. Hesner
Univeruity of Nebraska, Lincoln, NE 68588

A t-design (X,®) is a v-set X together with a family & of
k-subsets from ¥, called blocks, such that each subset of X of
size t is contained in exactly A members of @ A t-design with
the above parameters is also called a t-(v,k,}) design. Illere, we
allow repeiated k-sets in , 1.e. ® is a miltiset. We describe
the aclion of the Mathieu groups ”n’ n o= 24,23,22, on the power

sets of the respective X (Chang Chol and John H. Conway have done
this for Hz“J, and then deltermine all of the quadruples of para-

meters t,n,k,\ with 2 s t < k < n/2 for which there is a t-(n,k,})
design with ”n as automorphism group. Among the many new t-designs

found there is, for example, an 11-(24,12,6) design which is the
union of three orbits of 12-sats under Hzll’ two of which are re-

peated six times.

t-Nesigns From the Large Mathieu Grot#vs.ll: The Group Action
Larl S. Kramer, ls_pz['os S. Magliveras)” and Dale M. Mesner
University of Nebraska, Lincoln, NL 68588

A t-design (X,8) is a v-sot X together with a family ® of
k-subsets from X, called blocks, such that each subset of X of
size t is contained in exactly A members ofa . A t-design with
the above parameters is alse called a t-(v,k,A) design. Here, we
allow repeated k-sets in® , i.e. @ is a multiset. We describe
the action of the Mathieu groups Hn' n = 24,23,22, on the power

sets of the respective X (Chang Choi and John H. Conway have done
this for qu), and then determine all of the quadruples of para-

meters tyn,k,A with 2 s t < k £ n/2? for which there is a t-(n,k,}1)
design with M, as automorphism group. Among the many new t-designs

found there is, for example, an 11-(24,12,6) design which is the
union of three orbits of 12-sets under qu, two of which are re-

peated six times.
REGULAR PARTITIONS OF GROUPS

GO -

Richard J. Friedlander,‘Uuiveuity of Missouri - St. Louls
Basil Gordon, University of California, Los Angeles

A group G of order n 1s said to be R-sequenceable {f ites non-identity elments can

-1
180 8y 8 ey

-1
A-1%) °re all distinct. This condition 1s equivalent to the existence of a complete

mapping of G which fixes the identity element and permutes the remaining elements cycli-
As a natural generalization ve seek to determine which finite groups of order n
have the property that, given any regular partition of n-1, there exists a complete
mapping that fixes the identity and has that partition as its cycle structure.
settled this problem for all abelian groups of order 15 or lesa, me well as for all

We conjecture that any finfte abelian group havinp

We have

CHE SOOI R orb e nd
by

(bolj J.A. Zimmer

Unlv., of Calgary.

ARSTRACT: A function 4 on the vertex set of a finite graph without lﬁupu or
multiple edgea ig defined. Determination of @(x)
for auy graph G of n verticea and any x € V(C) The determlnatlon uses
information from the entive graph structure., 1t fa conjectured that o{x) = ¢(y)
10 and only {f there exists an antomorphism a of G such that a(x) = y .

The conjecture is made plousible with a computer test of 500 graphs of 15-30 ver-
tices each. Based on this conjecture a polynomial time alporithm for deciding
whether two graphs are lsomorphic is presented. Elements of the codomain of @
have a structure somewhat more complex than G itself,

@ Isomorphism testing and symmetry of grapha

148z 18 NABAT,

can be made in o(n”) steps

Vanderbilt University, Nashville, Tenn.

The algorithmic problem of graph isomorphism testing is closely
telated to the effective solution of problems on the automorphlsm
- group of grapha. The determination of the order of the group Aut X
(X a graph) 18 polynomial time equivalent to isomorphiem testing.
Asymmetry makesa lsomorphism testing easler. There exlista a canonical
labelling algorithm with linear aveérage running time (L.B.S&L.Ku¥era).
The high asaymmetry of random graphs plays a role here. On the other
end, strongly regular graphs admit canonical labeling in

exp(2vn lngzn) worst casé time. This followa from an effective elimi-

nation of all sutomorphiams by fixing a subset of slze 2/n log n .
Coincidence of eigenvalues can ba regarded as one kind of symmetry.

Therefore, the following reasult is no surprise.

(L.B.&D.Grigoriev) Isomorphism testing of graphs with at most m-tuple

éifenvalues can be pérformed in anlc
the number of vertices.)
We define, in terms of permutation groups, a clase of graphs which
seens to be hard to test for isomorphism.
T REFINGMENT TECIINIQUES FOR GRAFH [SOMORPHISM
(harles J. Colbourn, University of Toronto

time. (c la a constant, n ia

@ Many efficiently computable necessary conditions for two
grophs to te isomorphic are known. The graph isomorphiism problem
s to find an efficiently computable necessary comdition which is
also sufficlent. One approach to this prohlem is to consider
invariants (necessary conditions for isomorphism) hoth alone and
together, with the goal of determining the power of the invariant -
Its ability to distinguish among graphs.

A different approach is to consider an invariant and to
attempt to show that the invariant is sufficient, or goﬂmﬁzgg,
for a particular class of graphs. As an exarple, one Invariant
of a graph is its degree sequence; this is quite a weak Invariant
for gruphs, but it is complete for threshold graphs.

e conslder a method known as refinement for enhancing the
pover of an invarlant; a surprising result 15 that degree sequence
with refinement is complete for trvees, whercas degree sequence
alone is not. This was Eirst shown by Comell in 1968. Since
that time, the search for further classes characterized by
refinement has been fruitless.

1n this paper we introduce refinement techniques and describe
their application to trees. We then demonstrate that dlslnl:uglve
lattices are characterized by refinement; this answers a question
of Dabai on isomorphism of distributive lattices. Finally, we
describe a generalization of the reflinement technique and show
that k-trees are characterized by generalized refinement.



ON THE NUMBER OF POLYNOMIAL EQUATIONS OF GIVEN HEIGHT
D.L. Bramwell, University of the HWest Indies, Jamaica

@D
In a well known proof that the set of algebraic numbers {s
countable, the positive integer

homa, & fag o ¢ .oee + lagl + n,
called the "helght" of the polynomial equation of order n > 1
unxn R + u‘x + ag = 0

where u'{l =0, ... n) are integers and ag > 1 plays a

significant role. (See, for example, Courant B Robbins "What
is Mathematics" p. 103). If ay denotes the number of

polynomial equations of height h and
F(t) =hglahth
is the geunerating function of the sequence
very quickly that
F(t) = 2t (1 t)/7(0-t) (1-2¢-2)
and deduce the surprising result that ap satisfies the linear

recurrence relation
8, - 23y - a2 3 =0, a, =l

Finally, noting the form of the results, we Indicate an even
simpler solution to the problem of finding the number of
polynomial equations of gliven height.

lah]. then we show

Quadratic Properties of a Linearly Recurrent Sequence

Julio R. Bastida, Florida Atlantic University

Given nonnegative integers wu,v,w such that wuw > 1,
(xn)nso be the sequence of integers satisfying the linear

recurrence K ., - 2ux =0 n>0 and the
initial conditions Xg = ¥ Xy = uw o+ v, It 1s shown
that (xn]n>0 is an increasing sequence of nonnegative integers
such that, For every n > 0, the quadratic equalities ,

2 22 2 .
(xn,] - uxn)2 = (u€- l)(x" -w°) + v® and (uxn+| - xn)

(?- 103, - W)+ 2 obtain.

let

+
n+l Xn

and

for every

Group MMvislble Difference Sets and Familiea From s-Flats of Finite
Geometriey

Hal-Ping Kn#(hklnud Univeraity, Rocheater, Michigan 48063 and
Dijen K. Ray-Chaudhucl, The Ohlo State University, Columbus, Ohlo 43210

Let d,s,q be positive integers and ¢ be a power of a prime. For

8 < d-1, let As(d,q) be the set of all s-flats of AFF(déq) and Ps(d’q)
be the set of all s-dim subspaces of PG(d,q). Let v= q -1 and

vA = 0{t'l-l)l(q—l). Constder A (d,q) as a set of q%-element subsets
of £ and Ps(d,q) As a set of (§a+1—1)f(ﬂ‘l]gelement subscts of Z .
Then As(d,q) always contalns a group divislble difference Family (GDDF)
af Zv' Furthermore, 4f d = 6 and 2 = 8 < d-3, then Aﬂ(d.q) containe
at least 2+(qdﬁq)12 1inearly independent irreducible GDDF's of Zv.
As(d,q) contains a group divisible difference set of Zv with

llnﬂ 1€F (d-8)| d.
family of Zv* 1f (s+l,d+1)=1.

In projective case, Ps(d.q) contalns a difference
1f in addition, d 2 7 and 2 = 8 < d-3
then for any subgroup H of Zv* of index m, Ps(d'q] contafns at least
I+6(m,vk)+v4/2 linearly Independent GDDF's relative to H in Zv*. where

6(m,n)=-1 {f m=1 or n and =0 otherwise. Ps(d,q) contains a difference

get of Z . 1ff s=d-~1,
v
Symmetric Designs with Bruck Subdesigns
) R. D. Baker, University of Delaware
If P s a fintte projective plane of order n with a

proper subplane Q of order m
then a theorem of Bruck [Trans. AMS 78(1955), 464-481] asserts

that n > m? b om. 1f the equality n = m’ + m were to occur
then P “would be of composite order and Q should be called
8 Bruck subplane. It can be shown that {f a projective plane
P contains a Bruck subplane @, then in fact P contains a
three dimensional projective geometry Q' of order m. A4
well known scheme of Bruck suggests using such a Q' to con-
struct P. Bruck's theorem readily extends to symmetric de-
sfgns [Kantor, Trans. AMS 146(1969{, 1-28), hence the concept
of a Bruck subdesign. This paper develops the analogue of Q'
and shows (by example) that the analogous construction scheme
can be used to find synmetric designs.

which 1s not a Baer subplane,

EXPECTED LENGTH OF SHDRTEST PATHS AND ALGORITHM BEHAVIOR
Henry K. DeWitt™and Michael M. Krieger
University of California at Los Angeles

Two kinds of results are presented in this paper. Firat, we extend the theory
of random graphs (a la Erdos and Renyi) to the expected length of shortest
paths in random graphs. Second, we consider the algorithmic implicationa of
these results, in particular analyzing Nicholson's shortest path algorithm,
This method attempts to reduce the computation time to find the shortest path
between vertices u and v tn a graph by simultaneously working outward from
both v and v. In the worat case, howevrr, this algorithm may require twice

a8 much computation as Dtjkstra's algorithm. For this reason Nlcholson's
algorithm {8 not generally used.

He show that in fact the expected behavior of Nicholagon's algorithm 18 superior
in certain applications,

MULTIPLE-ORIGIN SINGLE-DESTINATION TRANSIT ROUTING
CR.S.D. Thnmas*and J.M. Hells, University of Manitoba
The paper describes the use of a computer to test the

desirability of potential routes in the Unlversity of Manitoba's
staff-student bus system.



COMPUTATIONS AND GENERALIZATIONS ON A REMARK OF RAMANUJAN
@ Ronald Alter, University of Kentucky

In a conversation with Ramanu)an, G. H. Hardy mentlmlaed
that 1729 seemed to be a dull number. Ramanujan answered, “Ho,
it is a very Interesting number; it is the smallest hUﬂ‘!;lBr
expressible as a sum of two cubes in two different ways". He
also stated that the answer to the corresponding problem for
fourth powers ".,..must be very large". In this paper, this

problem and other generalizatlons to higher powers and larger
sums 1s examined.

A GRAPIl TUFORETIC INTERU'RETATION OF FRACTIONS,
3 CONTINUED FRACTIONS AND THE GCD ALGORITHM
(58)

A Fraction Guiph has fractions as vertlces where 1/§ and k/2
are adjacent {f ll!. - kj' = 1. We interpret properties of fractiona
in terms of properties of these graphs ylelding an intercating peda-
goglc treatment of these elementary mathematical structures. The GCD
algorithm and continued fractfon convergents are shown to be intimately
related to shortest paths in these fractlon graphs.

The Farey Fractlon Graph Fn, n21, has as vertices all irreducible
fractions 1/] with 0<14/)<1, J<n. For every n>2, wa show that F, 18t
(1) untquely and minimally 3-colorable, (11) uniquely Wamtltonian and
(141) perfect.

David ¥. Matule,*Southern Metliodiat University
Peter Kornerup, Aarhus Unlversity

M SAAFES OF CONSBOUTIVE INIEGERS

CS_D Lavid H, Fberly Bloanmalurg State College

Certain integers can be expressed as the sum of two squares, whereas
others canmmot be, Such exaples for the former are 65 = 42 4+ 77 and
90 = 9% + 3?, Examples for the latter are 19 , 21 , and 91, I discovered
that none of 75 , 76 , 77 , 78 ;, and 79 can be expressed as the sun of two
squares,  Similarly, none of 91, 92, 93 , 94 , 95 , and 96 are a sun of
two squares, This paper deals with proving that one may construct a sequence
of consecutive Integers which is of arbitrary length and where ench and
every integer is not the sum of to squares,

1 TME LINEAR IHDEPINIEICE OF CERIAN
HUMIERS OVER THE FIEID (F DATICHALS

@)

1t {s famillar that right-angled triangles with Integer sides exiat,
for example, (3,4,5) , (5,12,13) , and (8,15,17). Let us take such triangles
(a;,b,p} where p is a prime, let 6 = Tan™! (L/a), It is sham that the set
(o, pisa prime} is linearly thiependont over the rationalm,

by Taul lartang
Blomsburg State College

Some Covering Numbers for Graphs

@ William R. }Iarétand Renu Laskar
Clemson liniversity

The cyclicity, linear arboriclity, and other related
concepts are studied for some special classes of finite,
loopless, undirected graphs with no multiple cdges.

DCMINANCE 1N TOURNAMENTS : KINGS AND SERFS

Avertex x 1in'an n-tonament T 1s called a king if for every
vertex y, y o x, either x dondnates y or there'Is a vertex z such
that x dominates z and z donlnates A vertex x 1s called a
serf 1f x 15 a king In the dual of T. These definitions are due to S.
Haurer. It is well 1 that 1f T has no transmitter ( respectively,
mo recefver) then T las at least three kings (respectively, serfs).

We will characterize those 4-tuples of integer;_é ,k,8,¢) for vhich there
exists an n-tourmament with exactly k kings 8 serfs, c of which
are both kings and serfs. One can show that every n-tournmment s a sub-
tournament: of an m-tournament in which every vertex is a king (and hence
every vertex is a serf); we will detenmine the smallest such m. Also,
it 13 easy to show that every n-tourmament T without a transmitter is

a subtowtument of an m-tannhanent, m £ 2n, in which the kings are
exactly the vertices of T ; the smallest such m 1p uknen in general ,
but we will uiscuss an vpper bound due to K. Wayland,

K. B. Reid, LSU
Baton Rouge, 1A 70803

- SIMILARITY RELATIONS AND SEMIORDERS
K.H. Kim and F.W. Roush, Alabama State University
D.G. Rogers*; University of Western Australia

Two types of relation have recently been intvoduced in
abstract statistical theory: one, similarity relations, in
discussing the proximity of data; the other, semforders for
nnn-trans?tive preferences. We show here that they are logf-
cally converse when defined on finfte totally ordered sets.

He also establish a one-to-one correspondence between them and
restricted lattice paths which enables us to enumerate easily
varfous sets of these relations. The well known Catalan num-
bers occur prominently in this ehumerative work. :

Topologies on Finite Sets, 11
Hl. Levinson and R. Silvermant
Rutgers University and Southern Connecticut State Collepe

The length of the shortest maximal chain in the lattice
of all topologies on a finite set S, with n elements is shown
to be 2n-1, The number of self-dual topologies on S, is the
number By, of partitions of S,, and the number of isomorphism
classes of self-dual topologles on Sp is the number p(n) of
partitions of n. An asymptotic formula for the number t, of
topologies on S, is also exhibited.

ON GENERATING A SYSTEM OF CURCUITOUS ROUTES
@ F. Hadlock¥and 1. Yuan, Transportation Systems Center

Given a transit network with a station-station trip demand
matrix, a problem is formulated of generating a minimal
collection of routes providing a level of service which ls
based on demand. The level of service is taken to be the
excess intermediate stations and a heuristic methnd is pre-
sented for generating a minimal system.

THE GENERALIZED PETERSEN GRAPHS G(n,4) ARE HAMILTONIAN FOR ALL n ¢ B*
G.J. Simmons*and P.J. Slater, Sandia Laboratories, Albuguerquo HM |

D The generalized Patarsen graph G(n,k) 1s defined to be the

graph with vertex set {uu.ul.-~-.un_l.vo.vl.--'.vn_]] and edge
set {[u'.ui*l].[u‘.v,].[v|.v!*k]] where 1 1s an integer modulo
n. Obviously G(n,1) {1s Hamiltontan for all n > 2. In 1968

Robertson proved that G(n,2) 1s Hamiltonian if and enly If

n/ 5 mod 6. In 1972 Bondy proved that G(n.3l 1s Hamiltonian
for a1l n ¢ 5. In 1978 Bannal showed that ¢ n,k) is Hamiltonfan
for {n.l = 1 except fn the case where G(n,k) is fsomorphic

to G(n,2) and n = 5 mod 6. More recently Alspach, Robinson

and Rosen k > 2, therc exists.an

eld have proyen that for ever
n(k) such that G(n.k! is H5m|ltanlanyf0r all n > n(k). For
k = 4 this latter result leaves open the question of whether many
of the cases n < 2556 are Hamiltonlan or not, In this paper we

resolve this question and show that G(n,4) 14s Hamiitonfan for
all n ¢ 8,

“Thls article sponsored by the U.S. Department of Energy under
Contract DE-ACD4-76bP00789.
tA U.S. Department of Energy Facility.

Hamiltonian cycles in vertex-transitive graphs of order 2p

@d

The following result is proved: If G 1s a connected vertex-transitive
graph with 2p vertices, p a prime, then G has a Hamiitonlan cycle unless
G 1s the Petersen graph,

Brian Alspach
Simon Fraser University and Unlversity of Arizona

Hamiltonian Cycles fin Cayle{ Color Graphs of Some Speclal Groups
J.B. Klerlein & A.G. Starling*, Hestern Carolina University

(:::) Let “A(lnx¢lm) denote the Cayley color graph of the semi-

direct product of two cyclic ?roups. using the standard presenta-
tion. These graphs are not always hamiltonian and ?enernlly,
when they are, tEere seems to be a sparsity of hamiltonian cycles.
In this paper we present a special class of these graphs which
have numerous hamiltonfan cycles.



Pincherle's Formula as a Taylor Theorem
(13) .M. Freeman, Florida Atlantic University

Let D and X be operators on polynomials such that D |s

shift-1ike (1.e., DI = 0 and degbx" = n - 1 for n 2 1) and
X Ts an assoclated Sheffer-variable (1.e., §(X) = DX - XD =
1). Let G(D) be the centralizer of D, and @(D) the algebra
of operators generated infinitely by D,_and finitely by X.
It follows that @{D) = G(D) @ XG(D) @ X*@(D) ® ... . The
connection constant problem of Rota-Mullin then becomes that

uf projecting operators of the form (A X B)" on the summands
ka(D) above, where A and B are fnG(D). A key tool in solv-
ing this problem is the "Taylor theorem"

T = sk g
holding for operators T on (A(D) which are G(D)-11near.
(Here ? ]X=0 {s symbolic notatfon for projection onto

G(D)). 1t 1s, in turn, not hard to recognize this formula as
a generalization of Pincherle's formula.

(iED A q-Umbral Calculus
Edwin C. Ihrig*hnd Mourad E.-N. Ismail, McMaster University

We develop a g-analogue of the Roman-Rota umbral calculus
using blalgebras. The product of functionals is

AM x> = <L |x"><H|x"s, n =0, 1, N

and the model polynomials are 0.(x) = (x—l)(x‘q)...(x—q"'l}‘

Earlier results of George Andrews immedfately follow from the
fact that the diagonal map s an algebra map. This thcludes
characterizations of polynomials of q-binomial type in terms

of generating functions and functional relatiunsﬁips. Expansion
theorems will also be indicated.

SIMPLY SEQUENTIAL AND GRACEFUL GRAPHS*
D.H. Bange and A.E. Barkauskas, University of Wisconsin
(jji) Peter J. Slater ¥ Sandfa Laboratoriest

The concept of a simply sequential graph is introduced as
follows. A graph G with |v{6) U E(s 1 =k s called ;LMH
sequential 1f there 15 a bijection h:v(G)U E(6) + (1,2,--7,
Eﬁ%ﬁ that for each edge e = xy in E(G) one has h(e) =
|hix) - h{y)|. Several problems concerning graceful and simply

sequential graphs are discussed. In particular, It 1s conjectured

that all trees are simply sequential.

*This article sponsored by the U.S. Department of Energy under
Contract DE-ACO4-760DP00789,

tA U.5. Department of Energy Faclility.

DEGREE PARTITION CIASSES FOR 4-TREES HAVING SPRCIFIED PROPERTIES

louls V. Q.lintrls.*ﬂark Stehlik, and Joshua Yarmish
Pace Unlversity, New York, NY 10038

In this paper we obtalin for certain l-trees the number of
h-trees 1n the degree partition class (9.t,8,p), whore q, t, s, and
p are the number of polnts of degree 4, 3, 2, and 1 respectively,
and simple formulas for the numbers ¢{n) of nonempty such classea
for trees with n points.

Tho B-trees considered are rooted identity 4-trees with root
degree J (J =1, 2, 3). Theoe trees are related to structural for-
mulas for a variety of chemical compounds and the numbers obtatned
correspond to the numbers of constitutional valence isomers of these
compounds. For these special cases, a simple observation enables us
to make some statements pertaining to the ntereolsomers of these
compounds.

Suggeations for potentially interesting and applicable graph
theoretical problems are dlacussed.

— NEOFIELDS AND ORTHOGONAL LATIN SQUARES

(j&ii) Peter Tannenbaum, University of Arizona

Let N = {xu =0, X = 1, Xgr -aun xn_'l be a finite neofleld. For
a0 in N let I.a be the latin square having (La)i.
IT the neofield has the inverse property (IP), then the latin squares
la and Ly {a # -b) are orthogonal 1f and only if the map ap (%)
(1 +ax) + bx fs a bijection on N. For special types of 1P neoficlds
(not necessarily fields) maps Pyh which are bijections can be obtained.

= L3
axi Xy,

OPTIMUM BRANCHING SYSTEMS
Gilberto CalvilloKand Jack Edmonds
Unidad de Investigacion Yy Desarrollo

A brgnchlng Is a forest such that each one of {ts
edges {s directed towards a different node. The set of nodes of
the branching towards which no edge 1s directed is cdlled the
root of the branching. A branching system of $126 k 1s a col-
Tection of edge-disjoint branchings 1reees By TF Ry 45 the
root of By, then the system s sald to be rou{ed at (Ry,..., R).
An ir;lcient algorithm to solve the following problem 1s pre-
sented:

Given a directed graph G, a posttive Integer k a
weight function ¢ for the edges of G and a collection 3 veeen Ry
of subsets of nodes, find in G a branching system (Bgs..., By)
rooted at (Ry,..., Ry) such that & < s maximum,

JEUBi



denlpne of slde 8 1s described.
be useful In finding deslgns of type H%(6p,6p42), p prime and
p = 1(nod 4),
shown thut 1f E> 2 1n sn even luteger, E £ 24,48,54 and E £
prime, then there 18 a Howell Deslgn of btype lI%(E,Es42).

LAITICE PATHS WIFN THREE STEP DERECTIONS
. Nilederhausen, Massachusetts Institule of Technology

We conslider paths in a plane lattice, which take with
equal probability one of the following three step vectors:
(0,1),(1,0),(c,y), vy and ¢ integer, ¢ > 0. In the
enumeration theory a "closed form" for the number of paths
which reach a point (l.{) staying above a line usually
means a polynomial p'(J . For plecewise affine lower bound-

aries, Py can be expanded by well-known polynomials using

the "Finite Operator Calculus" of G.-C. Rota (1973). For
more general lower boundaries, together with a “roof", p

has to be replaced by a plecewise polynomial function. The
expansion of these functions {s done by a simple generaliza-

tion of Sheffer polynomials and results in a determinantal
expression.

A DOUBLING CONSTRUCTION FOR CERTAIN HOMELL DESIGNS
. B.A. Anderson, Arizona Stale University
A method ror bulldlng Howell beslgne of s)lde 28 trom certailn
It appears that this method will
hecent results of the author and F. A. Leonerd have
6p, p

ROOM RECTANGLFES

E.S. Kramer, 8§.S. Magliveras, and D.M., Mesnerh
i University of Nebraska - Lincoln
A t-design t-(v,k,A)-is defined In the usual way as a
set of blocks (k-subgets, here taken as distinect) from a
v-get X, where each t-subset of X appears in X blocks. 1In
2 Room square the blocks of a 2-(v,2,1) design are placed in
(some of the)-distinct cells of an n x n square so that each

row (or column) contailns the v/2 blocks of a 1-(v,2,1) design.

A more general structure which we call a Room Rectangle is an

assignment of the blocks of a t-(v,k,}x) design on a set X into

distinct cella of anm x n array eo that each row (column)
contains the Llocks of. a t,-design (t?—design). We allow the

i-th row to coritaln a tl—(vl,k,ll) on a subset X ]Xi| vy <
in which case xl,...,xm are themselves the blocks of a

t,-design. A Room rectangle shares the property with a Room
n&uare that interesting subdesigns are selected in a natural
way from a big design, where cach block of the big design is
in at least two of the subdesigns. Further generalizations
in the same spirit are suggested, admissible parameters are
surveyed, and assorted Room-type designs are constructed.
= SOME RUMARKS CONCERNING THE MIT PUBLIC-KEY CRYPTOSYSTEM
GD "1, Witiams, University of Hanitoba

Let a message M be encrypted by ralsing M to a power e modulo R,
where R and e are Integers which are made public. The reciplent of thia
encrypted form of M can declipher it by ralalng the cipher text to a power
d modulo R. Only the reclplent knowa the valuens of the two large primes
PLePy such thnt R = PPy consequently, only he knows d, as e {is

preaelected such that (e,(plfl)(pzﬂl))f 1 and ed 71 (mod (pl—l)(nz—l)).

Recently several attacks haye been made on the proposed security of
thls cryptosystem. These attacks focus on a possible lack of security of the
ayatem under {teratfon of the encryption procedure. In this paper we dincu:n
methods of selecting the primes PpiPy and the encryption exponent e suc

that the possibility of breaking this cryptosystem by using an lteration
procedure Ia minimlzed. Several numerical results are also presented.

THE CHROMATIC DIFFERENGE SEQUENCE OF A GRAPH
Michael 0. Albertson, Smith College
David M. Berman*, University of Hew Orleans

Let uk(ﬁ) denote the maximum number of vertices in a
k-colorable subgraph of G. Set ak(G) = “k(G) - “(k-l}‘61'
The sequence a‘(ﬁ). azts). is called the chromatic

difference sequence of the graph G. We present necessary
and suffictent conditions for a sequence to be the chromatic
difference sequence of some four-colorable graph. We also
discuss possible structures for three-colorable graphs having
particular chromatic difference sequences.

@J_) ON HANILTON DICIRCUITS
Howard Kleiman, Queensborough Community Collége (CUNY)

We define the concepts of H-oyole, d-sst of H-oyole and admisnible
permutation. These conospts are ussd to prove theorsns on the number
of hamilton dieircuits in a digraph, Purthermore, they lead naturally
to & computer program in MACSYMA for obtajning all of ths hamilton
olrouits of a graph. This algoritha will bs presented in & #separats
paper.

"Some results on path numbers of some digraphs"
Renu Laskar and William G. Fryef Clemson University

Let D = (V,U) denote a digraph with no loops and multiple
edges. A path-factorization of D is an edge-disjoint collection
of paths which cover the edges of D. The path number of D,
denoted N(D), is the minimum cardinality of a path-factorization
of D.

digraphs and complete cyclic r-partite digraphs are studied.

REMOYAL-COSPECTRAL SETS OF VERTICES IN A GRAPH
Allen J. Schwenk, U.S. Haval Academy, Annapolis, MD 21402

.@’ The concept of cospectrally rooted graphs (also called
graphs with cogpectral pofnts) was introduced by the author
in an earlier work. We now extend this concept to allow
subsets of vertices containing more than one vertex. In
this new view, cospectrally rooted graphs are graphs con-
taining removal-cospectral sets of vertices which happen
to be singletons - namely, the roots of the respective

ra S.

’ phThis extension ylelds numerous examples of cospectral
graphs, including a construction discovered by Godsil and
Mckay. It also provides an explanation of the phenomenon
of unrestricted substitution vertices developed by Herndon
and Ellzey. Finally, there are some interesting examples
using graphs first studied in connection with the recon-
struction conjecture.

In this paper path numbers of complete symmetric r-partite

CONSECUTIVE ONES MATRICES AND THE GAP MINIMIZATION PROBLEM
(32) A. K. Dewdney, University of Western Ontario

Given an nxm binary matrix M, it is desired to find an nxn
permutation matrix P such that MM has the minimun number of raps over
all nxn permutation matrix, A gap" In a matrix refers to a set
of consecutive zeros lying in the same colimm and bounded by 1's,

IF It Is required that M has no £aps, the resultlng problen

Is called "the consccutive ones problem: scveral efficient
algorithms for finding such a Py b 0t exists, ave known. The

more general problem which we here call "tlie pap minimization
problem" is known to be NP-complete.

There 1s an cfficient algorithm, based on Gray codes, which
solves the general problem approximately; it is evaluated in the

light of many large-scale computer experiments on random nxm
binary matrices.

COMBINATORIAL PROPERTIES OF A FUZZY MATRIX SEMIGROUP

Jin Bal Klm.lyest Virginia University
Yong M. Lee,Trenton State College

Let K = iri e [0,1): 1=0,1,2,...,m} be a finlte subset of the unit interval
[0) =1 with g =0y ¢ Pg < ceesrp =l H“(K) denotrs the set of all
nxn fuzzy matrices over K. M"(K) forms a multiplicative semigroup (see [1]
or [2] for the sum and the product of fuzzy matrices) and we call 1t a fuzzy
matrix semigroup. (Hn(K) is called a Boolean matrix semigroup when K has Just

two elements). Let a ¢ Hn(K). Da = (be Mn(K): ax = c,cy=a,uc =b, vb = ¢
for some elements x, y, u, v, ¢ In M"(K}} Is called the D-class contalning a.
We count the number |D(H2(K))| of all D-classes of Hz(Ki by the combinatorial
method and show that ID(HZ(K))I = (m*])(mt?](m24]}/6. (We announced this result
1. J. B. Kim, A certain Matrix semigroup, Math. Japonica 22-5 (1978), 519-522.
2. M. G. Thomason, Convergence of powers of a fuzzy matrix, J. Math, Analysis
Seymour's Theorem and Good Algorithms
(8q) for Totally Unimodular Matrices
Good algorithms for recognlzing a totally unimodular matr(x
and for solving a linear program having a totally unimodaular
connection recent work of P. Seymour, J.F, Maurras, W. Cunningham,
R. Bland, K. Truemper, M. Akgul, and myself.
L. Garey®and C. Pottle, University of New Brumswick
The binary search technique is a common method
Asymptotically, the method requires logzn probes for a
1ist of length n. In this article, two methods for con-
probes asymptotically for 1 < k < 2,
The continuous methods considered are those known
techniques are straight 1ine methods requiring one probe
per iterate.

The numﬁer of all D-classes of Hntk) is unknown for a positive integer n > 2,
in NOTICES of Amer. Math. Soc., August 1978, A-520).
and Applications 57(1977), 476-480.
Jack Edmonds, University of Waterloo
cofficlent matrix will be presented. 1 will discuns fn thie
COMPARISON OF SEARCH TECHNIQUES FOR ORDERED LISTS
used for locating particular entries in an ordered list.
inuous functions will be shown to require Klogalngzn
as the Pegasus and I114nois methods. Both of these
Some numerical results are presented.



Some sets of pafrwise orthogonal row complete Latin squares

m STRUCTURAL RLGIDITY OF BAR & JOINT AND CADLED FRAMEWORKS B e Ly avnx as Mngels of Pelstionsl Eluned s
@D her{ine lel i i (t]"J Ivo G. Rosenberg, Universite de Montreal P iEn G PUMTASTNA] TAVAR Pri) Kb
4 Katherine Heinrich, University of Arizona 1 fomputer Scirnce Prot.s I, of Southuwestern toudsiana
A Latin square of order n based on an n-set $ Is called row Constructions 1{ke bridges or :
complete {f for any ordered pair of distinct elements (a, p) In S relatively rigid bars jolnedgto o Indus::rlal trusses are formed by Tt Is uell known that alancithms may be snecifisd in  terms of
th \ tly one f th in which th one another at their ends by Joints relations or assertinns describing the goal state of the system
ere 1s exactly row of the square fn which they occur as that are at least locally free to change {n angles. TYhe desire for in qusstio el as tha mor ' antial Jurat
adjacent elements, 1.e. as of. It 15 well known that there exist nondeformability leads to the following model Af k A e - A R I e
row complete Latin squares of orders n=2m, 21, 27, 39, 55 and 57. of points P P in space togsth 9 ?tﬁ g ramework Is a set statements of conventional programmina lanquaaes. There s also
We shall show that there exist pairs of orthognna' vou conplete Lattn ' 'y p gether w a graph on (1,...,n}. considerakle recent  dinterest In data-driven, araph-theorstic
squares of orders 21, 27, 39, 55 and 57, Also, in each of these patrs It is rigld {f there 1s no continuous deformation PI(H""'FN(” models of camputation, in which the execution of » moduls or node
one of the squares 1¢ also column complete; thus answering the question is determined by the availability of data (for examnle, data flow
"Do there Ex?st row comp?ete Latin :';f;aresiuithsc;lu:\nrc::ple:eq 5 keeping invarfant the euclidean distance of Pi(t) and P.(t) for graohs and Petri nrets). A qgraph model of a relatinnal alaorithm
orthogonal mates?"(Keedwell, 1973) {n the affirmative. g:chi&tzgggt Llt of t?e‘fra,;h. ;‘or th§ more general cable or ten- l: ieveloped, in which '.::h node reprts'-nit » relation, and
) ) ¥ : 22 SR e T s sagy w gr ructures (allowing also cables between pofnts) the distance directinon as well as tinmina of value production is determined by
IMaximal permutation anticodes. conditions are equatfions or fnequalities. This pr'oblem)ar‘ea, well dats availahility, This 1s therefore a model of paraliels )
‘Deza M., C.N.R.S and Université de Paris VII, FRANCE (')ver 150 years old, flourished in the last century but became neg- reconfigueable comnutation hy an undicected or pactlally directed
For any two pérmutations a, bes — define distance ; ected unti1l a recent rebirth of fInterest. The first part of the arash,

i} ) [ present paper studies rigidity in the general case using speclal
dfa,b) = n-f(a 'b) where flc ) 1s permitation tharacter of c €5, . equation systems while tge remainder of the paper 1s devotgd to the THE HORD PRODLEM FOR INCIDENCE STRUCTURES

Ll
i 8 9 Lantlcadaft Alabi £ for i a,bEA . more traditfonal Infinftesimal rigidity of bar & joint frameworks. .‘El Stephane Foldes, CNPS, Grenoble, France
Aeel AES, i f-antlce (a.b) £ any A determinant 1ike characteristic function Is der‘;ved. This func- .

A f—mnlcode A Is maximal 1€ AWU(c) 1s not a e-ant.icode for any tion, vanishing exactly if the framework Is not infinftesimally Fvans proved that Lhe word problem is recuralvi-ly nolvable
c€S N\ A . Maximal E—-antlcodes are studled using speclal Sperner rigid, 1s the sum of products of volumes of tetrahydra in which each for some variety V of univerial algebras if and only If the
7 term corresponds to a specfal orfentation of the underlying graph. embeddability problem is solwable for V (i.e. Lhere in an
Familles of subsots and coveringa. This combinatorial part brings forth several interesting graph- algorilthm Lo decide for any finite parlial alpebra A i€ it
AN NALYSTS TRCHNIQUE FOR STEINFR TRIPLE SYSTRMS Hlecretlca; E"I'Eble"'s- . can be embedded in some alpebra B oof the varlety V), We take
d EIGHTED DIGRAPH MODEL FOR PREDICTING THE EFFECTS OF i sintlar approach Lo the probl M decidi
) 3 ¥ t ; 1 0 ar approach L e problem of deciding the valldity
@D ¥erlene J. Colbourn, University of Toronto @ RCUSB[HED S}RES?&RS gﬂ HUMAN PERFORMANCE 2 of certain peneralized configneatlon theovems in o glven
: . D. Ringelsen!* and C. A. Shingledecker class ¢ of Incidence structure I laan ¢, ti
One major difficulty In generating a catalogue of Steiner triple ] 1 ncidence structuren, For any cluan ¢, this
systems (Slmjis the rem’)vgl ofgc;snmqmc systems. Invariants of the Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base valldity problem io equivalent to the problem of deciding
design are typically used to assist in this process. One particular An mportant problem for psychologists concerned with the optimization of romo b famite dneldenco atructurae & 17 A 15 cmheddable in
invariant, which we temm cycle structure, has enjoyed great success in human performance has been predicting the effects of varfous environmental aome incidence structure B belonging to C.
determining designs. Oole and Cumnings examined this invariant under the situational, and personal stressors on behavlor. .Because. such i
nane of graph of interlacing, and used it to characterize smll SIS, rarely occur fn {solation, a useful model for predicting human performance A NOTE ON INFINITE GRAPHS WITH ACTIONS
W—'CG“li'-lY Petrenyuk and :‘Etl‘ﬂi‘r\ﬂiﬂ w“:lge:’ﬂi '{":ﬂhlfﬂa alt{feq':}\!ah‘aﬂt - T;Jst ;‘;:ketin{to au‘:t‘)unt both the individual effects of various stressors and Ernst Lelss, University of Kentucky
invariant. They pose the question of determining how effective (sensitive ¢ eftects (usually nonadditive) they may have when I i
the invarlant is for larger v. In thls paper, we consider the efficacy with one another. o en present in combination :e ?Ef;miva E;a[t’h with actions ¢ = (v, E, a) to be
of cycle strnucture, in distinguishing cyclic STS. Using cycle structure 8.37;251 i i-l r'Ogethm‘ wftll an action function
as a primary tcol in isomrph rejection, we have catalogued all cyclic S18 In this paper we employ a weighted digraph model with pulse anslyats aia) Uv:‘ fl‘ a.-:.l,o.‘::ates with each edge e a languaqe i
for v at most 45. The use of cycle structure in this generation is two- similar to those used for a variety of problems by F. Roberts ﬂﬂd‘others ) (,]r e ‘u?loe alphahe!: A. Glven a vertex
fold. Many designs had unique cycle structure and hence were not dupli- Using data obtained from a five cholce serlal reaction task where the :Et( “ aesubbel SV we define the global action
cated elsevliere in the list. The remainder are canonized using a sub- palrwise combinations of stressors have been experimentally measured G ‘l’.i- ”l itn be the language Uy (p) where p ranges
exponential algoritlm based on cycle structure. t::e ngel predicts the possible effects on varlous performance "‘e’““':es i’:‘-"{’ :nd u{;) t:(ga;{m froT v; i :o some ve;'tex
; should three or ¢ = 11 .vale p=le;,...,e ).
We sumerize our findings on the sensitivity of cycle structure methods are BPI)\T:::’;EI:t't‘gs:()::r?etcug?|?Edk'nia 5:"?]9 experiment. The We are interested in operat'i’ons on G »:l'licl1,13aue the
as an invariant.. We further present the dTSaiés of a more general algorithm strasEnrs. ety asks Involving larger numbers of global action unchanged. We show how under certain
which :::armnizon t=(v,ttl,1) deslgns in O(v ) time. ‘This extends conditions a particular operation, namely removing
Millers algoritlm for STS. } ON THE NUMBER OF BALANCED ORIENTATIONS OF EVEN GRAPHS an edge, can be applied in order to replace an
IGIXS) ON THE EXISTENCE OF HOWELL DESIGNS H(2n+1,4n) Kenneth A. Berman, University of Waterloo infinite graphbyafinite graph with the. same global
2 Paul J. Schellenberg, University of Waterloo ‘A balanced orlentation of an even graph G 1is an ) action. - This problem arose in the study of formal
A Howell dealgn li(s,2n) based on the elements of a Zn-set X conhists i orlentation of the edges such that the Indegree equals the out- languages which are solutions of certain equations,
of a aquare array of side 8 such that (1) each cell either s empty or degree at each vertex. 1In this paper, a formula for the mmber of g
containa an unordered pair of elements from X, (2) each element of X appears balauced orfentations of G 1a given in terms of the circuft Minimum Cost Pariltions of a Rectangle
exactly once in each row and each column of the array and (3) each unordered partitions of G. This leads to a similar formula for the number m Michelle Wachs, University of Miami
pair of X s centalned In at most one cell of the array. It is easily seen of face 3-colourings of a planar &-valent map. - y ; a
that for a Howell design to exist, n < a8 < 2n-1, . Nearly Cycle G 5 o 5 . @ problem of partitioning a rectangle Into n reglons of equal area so lhat
§.01.%. Wong and N5, Nendelookn Have shour that there 14 ai N(AbL.20) 7 y Ly omplete and Noarly Cocycle Complete liraphs :13?1:01-” lfength ?I'ﬂm hnundar!e-; Is a minlmum aroso In tho work of S. Fuller on
for all odd positive intepers n. For n even, they have shown there ia r_’““.l“rﬂ'- Cozzena, Math. Dapt., Autgers Univ., New Orunswick NJ 08903, and |em D'Tﬁ:r“:;o:oﬁ: :rlons O:TEF'S'L’ 1. Ci Hu posed a modifled varslon of the prob-
no W(3,4) nor H(5,8) but there dues exist an H(7,12) and an H(9,16). fitephen B Maurer,#Math. Dept., Princeton Univ., Princeton NJ 0854 dlvidlnq nxlgﬂng (re:"i;::gtljc:snln}g I:or::c?:g(“:i:“dwihe pnrf:iionf vell r')bialnnd HE
‘ qge ztang ) "0s, 2 o
This paper containa descrlptions of a direct product type of construction Graph G 1s cycle complate If no two cycles are edye disjoint. G 1s tion of 1ha mod!fled problem. By using a Vaﬂ!aflona? I"Ld"t:l'llq”: bcmo?elwrlﬁo'r_:di:;u“m
and a direct singular product type of construction for M(ntl,20)'s. Using these . noarly cycle complele If no thres cycles are edge disjuint. Analonous problem to that of finding a partition of minfmum cos wIthin a much smaller class
conatructions it Is shown there is an H(2ntl,4n) for nil = 1,7,9,13,17, or 19 definitinng apply to cocycles. Cycle complate and cocycle completa of partltions. A minlmm cost partltion within this extremal class can b Hy
(mod 24) with the ponsible exceptions of 2ntl € (13,17,19,37). graphs hove bren characterized previously. Hero wo choracterize plonar described. *5°can be neakly

nearly cycle complete grapha and planar naarly cocycle complete grapha.
The charncterlzations are explicit in that we lint all graphs of these
types which ars minimal in certeln natural senses. Ue also Find all
yrapha which are both nearly cycle and nearly cocycle complete; all
araphs with thia property are planar.



fa) On Maximal Pavtial 2-spreads of PG(S5,q)

J.W, Freunmle Virginia Commonwealth Umiversity
A.A. Bruen, University of Western Ontario

The purpose of this note is to exhibit in the five—di?rnj
sional projective space over GF(q), PG(5,q), a set,W, of q7-q°+1
projective rlancs no two of which share a point, called a partial
2-spread, that is not properly contained in a partial 2-spread.
Such a set W is termed a maximal partial 2-spread. If W is a
maximal partial 2-spread of PG(S5,2), then /W / = 5, which sharpens
the known bound. This information is then used to discuss the
nonexistence of cevtain switching scts of PG(5,q) as well as

nets of order 8 and degree 6.

Tranalation Planes of Order 25 with Non-trivial X-0Y Perapectivities
@ Etwyn N. Davla, Plttgbinig State Unfversity

As 1a8 well-known any translation plane can be coordinatized by
a quasifield. Quasificlds can be constructed from speclal sets of
matrlces called t-spread sets. A computer gencrated st of l-spread
asets sufflclent to yleld all translation planes of arder 25 with
non-trivial X-0Y perspectivitics ia given. The left nucleus of each
assoclated quasifleld {g glven, and this fuformation is used to
determine laomorphiams of gome of the resulting planes with
previounly known planes. The st ylelds 15 non-isomorphic planes.
Two have left nucleus of order 2, three of order 3, two of order 4.
The othera are fsomorphlc to known planes. -

GRAPH VERTEX COLORING ALGORI1THMS
Richard L. Kimball, university of Maine at Preaque Isle

A naive branch and bound algorithm for optimal vertex
coloring is presented as a atandard of comparison. ‘I'wo approxi-
mating algorithms are presented: one a sequential vertex al-
gorithm and the other a sequential color algorithm. These two
algorithms are shown to produce the same coloring for any glven
ordering of vertlces thus showing that two apparently different
classes of coloring algorithms are the same. Several other
types of coloring algorithms are surveyed.

@8

lladwiger's Conjecture for grapha on the Klein bottle

M.0.Albertson and J.P.“utchlnnnnf Smith College, Northampton, HA 0106}

Hadwiger's Conjecture atates that an r-chromattie graph contracts to K ,

the complete graph on r vertices. We prove that every six-chromatlr graph
which embeds on the Klein bottle contracta to K. . Together with previously
known teaults this shows that Hadwiger's Cunjecgure ia true for all graphs
on the Klein bottle and, more generally, for all graphs which embed on a
surface with nonnegative Euler characteristic.

SOME CHARACTERISTIC PATTERNS ON PASCAL'S TRIAMGLE
(::E} Horbert Cot, Institut de Programmation
intversite Plerre et Marie Curie - Paris VI

Consider the binomial coefficlents along the slopes of
Pascal's trlangle. We are iInterested in finding the location
and the value of the greatest binomial coefficlient along a
given slope.

The solution of this problem involves relations between
the entropy function, binomial coefficients and generallzed
Fibonacci numbers.

In this paper, we exhibit the patterns of such binomial
coeflficients for different families of slopes, and we present
some of their properties.

@ Conjugnte Orthogonal Latin Square Graphs
F.E. Benuet:‘nnd N.S. Mcndelaohn, Univeralty of Manitoba

An orthogonal latin square graph (OLSG) Ls oue in which the vertlicea
are latin squares based on the same set of symbols and two vertices are jolned
if and only Lf the latin squares ore orthogonal. From any given latin square
L, we may construct six (not necessarily diatinct) conjugate latin squares based
on the same set as L. If C(L) denotes the set of conjupales of a latin square
L, then {t {s known that 'C(L)I =1,2,3 or 6. If G 1in an athltrary finlite
graph, we say that G 1is reallzable {f there 48 an OLSG {somorphic to G. It
is known that every finite graph is realizable as an OLSG. 1Tn thias paper 1t @
shown that, with the possible exception of a few values of n < A2 , there exiats
an idempotent latin square of order n such that the graph of {ts conjugates
realizes a 6-cycle.



- n some propert jes of I-factorizat fons of complete graphs

Alexander Rosa, McMaster Undversity

Given a Ll-factordzation F of the complete graph K. and a class of guadratic
graphs Q, we dofine CIE), the Q-fndey of F, to be the f"

argest integer n such that
there existg a partition of the 1-factors of ¢ into classes each having at Jeast

n 1-factors, with Lhe broperty that the union of any two l-factors from the same
class s isomorphic to g member of . we Investigate the Q-index in the tuo "ex-
tremal™ cases, namely when the graphs {in @ are connected or when they have ag
many components ag possible; in thege two cases the Q-Index is called the Dundas
index, and the tightness index, Tespectively, we consider the Indices of geveral
old and new familiea of 1-factorizations of complete graphs, and indicate an ap-
plication to a problem concerning tight families of Stelner trlple systems.

Orthogonal ]-l':icl.unrj;;:l[]or|:: of K.

1
Jefr pl nitz, The onjo State UniversiLy

Tvo 1-factorizatjong F1, Fs of Lhe complete graph Ky are orthogonal {r

for any l-ractors Iy of Fy, and ) or r-".?, Iy and f5 have at mogt one edye

Mallin and
of three pairwise orthogona L

in conmon, ey q=2kt 4} be a prime Pover with ¢ >] a4,

Hemeth have shown that there exjste a set,

1-factorizations or K, where p =q+l., If k=1 (1.e, 4¥3 mod h), wallgg

q-1) palrwise orthogonal 1-factori zations
of K,. we Btheralize hoth Lhese previous results to o

gives a construction ror t=4(

btain a set or
t=(q-1) / 2k pPaitrvise orthogona) I-tactorizations of

K(] 1] for nny
k21,

A
MAXIMAL SETS OF DEFICTENCY THREE

L. Caccetta*, Queen's Unfversity ang W.D. Wallis, Unfversity of Newcastle

A set 5 of m!gc-(“n,lnlnt one-factors in a graph
G I8 called maximal 1f there is no one-factor of ¢ which
Is edge disjoint Crom all memborsg of 5, and If the wnion
of S is not G« A set of one-factors jg called

two one-factors whoge union g a
Hamiltonjan eycles The object uf thig Paper is to proyve that
the complete graph g has a maximal set of Zn - 3
one-factors which is ﬁ.’l‘mi]l.nni.‘m whenever 2 o 16 .

OR UNIMODAL SUBSEQUENCES
Q::i) F.R.K, Chung, Bell Laboratorlns. Murray Hivl, No

Let s = (a',az..
A subsequenca of S,

«va ) denote a sequence
denoted by

of real numbers,
LG~ THE— where

Il '2 i
<.« Tvo s sald to be mohotone {f efther ay <Ay
A subsequence

i
for all § op Ny By for al1 3.

(a1 vy .. If there exists an
1 2

integer §

23, ) 1s sald to be unimodal
t

such that (a' oo
1
monotone subsequences, Let p(n) denote the largest integer n
with the property that any Sequence of pn rea) numbers contains

a4 unimadal subsequence of m real numbers. [p this paper we

prove that p(n) = [/3n=377 - 1/72]. We also mention many related
problems

sa, ) and (a, ,...,a ) are
ik ] '-1t

UPPER BOUND FOR THE NUMBER OF TERMS OF ARTTHMETIC
PROGRESS 1ONS IN VAN DER WAERDEN THEOREM
Victor G. Tupitsyn, Southern IMinois University

In this paper we present the following result:

H-1)(Ne24[10g, (N-1
Theorem 1. For any N> 2, for qznm-uz' N2 liog,(m-11) +2

and for any partition .2, ...,01- Gu CZ there 15 a Cj (J=1 or 2)
contatning arithmet{c Progression of length N,

He also estimate Q(N,L)
N are contafned In CJ.

LT

such that L arithmetic Pragressions of length
-

SOME APPLICATIONS OF FINITE FOURIER SERIES
IN THE CONSTRUCTION OF CERTAIN GEOMETRIC DESIGNS
K. Nageswara Rao, North Dakota State University

For any odd prime p and an arbitrary integer n > 0,

let GF(pn) denote a fixed Galois field of order p" For
any a and o/ p e GF(q), where q = p", et
n-1
Ha)=atal + | 4 P
alal= exp(glgllﬂl)
and
e“(ul = e(pa).
Also, let R(u,a) stand for the set of those elements y of
GF(qf which are such that
Te (a_‘ﬂy) =0
g "
where 0 4 5 ¢ GF(p), and the summation runs over

ue GF(q)
all elements g of GF(q).

The atm of the Paper is to construct certain affine geo-
metric designs with the sets  R{u,a) and study their related
Properties using finite Fourfer series and character sums,

e

A GRAPI THLORETIC AL GORITIIM F_QR EVALUATING ARRAYS OF EXTENDED SURTACE

@‘ A.D. Snideand A.D, Kraus, USF

In the consideration of single lTongitudinal fins of rectangular,

trapezoidal, and triangular profile and in arrays of extended surface
composed of these fins,
lemperature excess at the fin or array tip induce conditions of heat flow
and temperature excess at the fin or array base.
a Hnear transformation between the aforementigned data at the fin tip and
the fin base.
fins or arrays of extended surface are Instead characterized by a single
important parameter, the heat flow to tenperature excess ratio, which 1s
a function only of fin geometry and heat transfer paramelers,
are provided for conbining the effects of individual fins in arrays of
extended surface, £

it 1s shown that conditions of heat flow and
In particular, there is

The conventional fin efficiency 1s abandoned and single

Algorithms

REALIZABILITY OF AN ECCENTRICITY SEQUENCE

@s

Narsingh Deo, Washington State University, Pullman, wA

This paper is concerned with the realizability of , seugence §
of n positive integers as the eccentricities of a graph.
Necessary and sufficient conditions for S to be realizable as
eccentricities of an n-order tree are obtained. A recursive
algorithm based on these realizability conditions is presented,
Attempts are made at generalizing the results to include uni-
cyclic graphs and other connected undirected graphs. Other
related ‘problems, such a5, enumeration of nonisomorphic treps
realizling a given eccenlricity sequence, are also discussed,
Applications to computer networks and other resource sharing
netwonrks are demonstrated,

Cenevuling perwuloliong of A mulLiset jn luxigghgubhiggL_ord
(féull‘(,‘mb e enkiin g, Frehhochse e ey
fleet Gepmany )

r

Saarlan len, ospbr chen,

Abstracl, Based on a sinple algorithe for coreraling peveutaliong

of disTTuel ol Jecte in Lesleograpinieal STAer, o procodupe ji devel -
opad for the wore coneral cose that Lhge ohject cprey Lo wul Licel
andy, hence, Lhe repested goneration or Lenlica 1l petwulalion: ust
be prevented, The objucts vhijen Wy be of cny netape g nol exom-
ined, -nd hey w1 ot he moyal iy inctead or phe vinjeel reay,
an Lides, arrey s fransmitled g Lhe: piocedure, T1 L. opbion ig
ured, the objects are accensible by the indey Hrvay,
The procedure npari tes on Lpn addiLional Integer DUy sy
(1) An arrey vliose eleueats cnn be intervpreted ;o) Alygibe of o wiyed
bosed Intepep represenling Texicopraphioal oo, uf the
currenl Pevmnlation, The chiimeng of obiject: (ur clenenls of the
indey rray) ara (l_i_l'f\cl_]:,' cunlrol ladg by Lhig ray,
(2) An arvay rvepresenting the structure o (. cnerent peprmutation

dibhoeonpect Lo
clewents, Tt g

e wnd bl ple oceypronen ol

indistingulshante
voed for chipiing flenlic- 1

peemnlaltong,

DECOMPOSITION OF TOTALLY UNIMODULAR MATRICES
P.D. Seymour: Oxford and Waterlog

A matrix is totally unimodular (t.m.} if every square sub-
matrix has determinant 1 or 0. The vertax-edge incidence
matrix of a directed network {sg t.m., and so {5 fts transpose.
Conversely, every t.m. matrix

{Both these operations preserve being t.m.) The Proof 1s lengthy
and matrald-theoretic. but some aspects are described,



