


Invited Instructional Lecturers

Monday, February 12, 1990
Professor Eugene Lawler, University of California at Berkeley, will speak on

Ultrametrics and Evolutionary Trees, at 9:30 AM, and on
Sequence Analysis in the Human Genome Project, at 2:00 PM.

Tuesday, February 13, 1990

Jeffrey Lagarias, AT&T Bell Laboratories, will speak on

Interior Point Methods in Linear Programming, at 9:30 AM, and on

Tiling Regions with Polyominoes, at 2:00 PM.

Wednesday, February 14, 1990

Professor John H. Conway, Princeton University, will speak on
Lezicodes——Strange Codes from Game Theory, at 9:30 AM and at 2:00 PM.
Thursday, February 15, 1990

Professor Peter Winkler, Emory University and Bellcore, will speak on
Bonbs, Stars and Lollipops: What We Know and Don’t Know about
Random Walks on Graphs, Part 1, at 9:30 AM.

Professor A. K. Dewdney, University of Western Ontario, will speak on

A Mathematician Looks at the Stock Market, at 4:30 PM. Professor Dewdney’s
talk is a Florida Atlantic University Twenty—Fifth Anniversary Event.
Friday, February 16, 1990

Professor Peter Winkler, Emory University and Bellcore, will speak on
Bombs, Stars and Lollipops, Part 2, at 9:30 AM.

Professor Paul Erdds, Hungarian Academy of Sciences, will speak on
Some Coloring Problems on Graphs, at 10:45 AM.



MONDAY, FEBRUARY 12, 1990

REGISTRATIONIbegins at 8:00 A.M. in the downstairs lobby of the

University Center.
-halves of the Gold Coast Room.

GCN (left or front) and GCS are the two
FAU Rooms A and C are reached

through the second floor Lounge, where COFFEE will be served.

GCN GCS FAU A FAU C
t
9:00 AM OPENING and WELCOME
Vice President BERRY
Dean CARRAHER
9:30 . LAWLER
10:30 COFFEE
10:50 1 EALY 2 SLATER 3 CABANISS 4 ELLINGHAM
11:10 5 ATKINSON 6 KIRCHHERR .7 ABRHAM 8 KUBICKI
11:30 9 MENDELSOHN 10 MCKEE 11 SEAH 12 DE JACKSON
11:50 13 PELIN 14 MAJOR 1% LEE 16 BEASLEY
12:10 PM 17 SEGUEL 18 CAT 19 BAGGA . 20 SHIER
12:30 LUNCH (On your own -- Cafeteria and Rathskellar open; there
are many hearby restaurants) '
2:00 LAWLER
3:00 .COFFEE
3:20 21 PEDERSEN 22 NIEDERHAUSEN 23 DOMKE 24 KOOSHESH
3:40 - 25 SPRAGUE 26 HU 27 SUN 28 GEWALI
4:00 29 EL-REWINI 30 ROSENFELD 31 GRAULICH 32 BRIGHAM
4:20 33 TU 34 GRIGGS 35 CHINN 36 ULLMAN
4:40 37 CHAUNDY 38 TROTTER 39 KENDRICK 40 KLERLEIN :
5:00 41 NOBERT 42 SIMION 43 LASKAR 44 CHANDRASEKHARAN
5:20 45 SHERWANT 46 GRIMALDI 47 MCKAY 48 KLINGSBERG
6:15 CONFERENCE RECEPTION in the BOARD of REGENTS ROOM on the

THIRD floor of the ADMINISTRATION BUILDING.

There will be Conference transportation back to the motels at 5:50 PM,
returning to the reception about 6:30.
from the reception back to the motels.

There will be transportation




TUESDAY, FEBRUARY 13, 1990

REGISTRATION HOURS (second floor LOUNGE) 8:15-11:00 A.M. and 1:30-3:30
P.M. GCN (left or front) and GCS are the two halves of the Gold Coast

Room. FAU Rooms A and C are reached through the second floor Lounge,

where COFFEE will be served. There will be book exhibits in Room 232

from 9:00 to 5:00.

GCN GCS FAU-A . FAU-C

8:40 AM 49 CRINSTEAD 50 GEORGES 51 GUPTA 52 CELIS

9:00 53 ZITO 54 HEDETNIEMI 55 GUAN 56 SOUMYANATH
9:30 LAGARIAS

10:30 COFFEE
10:50 58 MAJUMDAR = 59 LATIFI 60 ELMALLAH
11:10 62 LIVINGSTON 63 MILLER 64 MCINTYRE
11:30 66 MYNHARDT 67 PIPPERT 68 DEOGUN
11:50 69 ASHLOCK . 70 SCHELP 71 STOUT 72 DEWDNEY
12:10 PM 73 EXOO 74 WOJCICKA 75 G PURDY 76 BIENSTOCK
12:30  LUNCH BREAK -

2:00 LAGARIAS .

3:00  COFFEE

3:20° 77 SRIVASTAVA 78 E HARE 79 SCHMIDT 80 CACERES
3:40 81 CHATTERJEE 82 RAYCHAUDHURI(EI RUSREY: 84 SIMMONS
4:00 85 LONGSTAFF 86 LAWSON SCEMEICHEL, 88 CHEROWITZO
4:20 89 JACOBS 90 ISAAK 91 HORAK 92 MAGLIVERAS
4:40 (83 FAJTLOWICZD 94 MAULDIN 95 ROYLE 96 TAPIA R,
5:00 97 CRUZ 98 WANG 99 PRITIKIN 100 MORENO
5:20 101 BASTIDA 102 BETTAYEB 103 FRICKE 104 ORAL

6:00 CONFERENCE PARTY at the home of JACK FREEMAN : 741 AZALEA ST,
(but park on AURELIA ST) 395 - 7921.

CONFERENCE TRANSPORTATION will leave for the motels at 5:45. ‘There will
be transportation from the UNIVERSITY CENTER to the party at about 5:50,
and from the motels at about 6:15. There will be transportation from the
parties back to the motels. As always, we urge car-pooling. It is a
pleasant walk to the Freeman home, should you be adventurous.




WEDNESDAY, FEBRUARY 14, 1990

REGISTRATION HOURS (second floor LOUNGE) 8:15-11:00 A.M. and 1:30~-3:30
P.M. GCN (left or front) and GCS are the two halves of the Gold Coast
Room. FAU Rooms A and C are reached through the second floor Lounge,
where COFFEE will be served. There will be book exhibits in Room 232

from 9:00 to 5:00.

GCN GCS FAU-A FAU-C

8:40 AM 105 MAKKI 106 CANFIELD- 107 BENNETT 108 ALI

9:00 109 GOWRISANKARAN 110 GUBSER 111 SCHONHEIM 112 LEISS
9:30 CONWAY
10:30 COFFEE

10:50 113 BAUER 114 CATLIN 115 JW BROWN 116 SCHWEIZER
11:10 117 MEYEROWITZ 118 DJIDJEV 119 MILLS 120 EMANY-K
11:30 121 POWELL 122 BELL . 123 LAYWINE 124 BERMAN
11:50 125 SAXTON 126 KEIL 127 GREIG 128 BOALS

-12:15 PM CONFERENCE PHOTOGRAPH at the OUTDOOR STAGE. We Will-lead you from
the lobby, if you can't find it on your own, but PLEASE PARTICIPATE!

12:30 LUNCH BREAK

2:00 CONWAY

3:00 COFFEE

3:20 129 SEN 130 C PURDY 131 HOBBS 132 SARVATE
3:40 133 STEWART 134 HARTSFIELD 135 HOELZEMAN 136 CLARK
4:00 137 LIN 138 RICHTER 139 TONG 140 VAN REES
4:20 141 HANSEN 142 HARBORTH 143 MYRVOLD 144

4:40 145 JAMISON . 146 CHEN 147 FULLER 148 GOLDBERG
5:00 149 OPATRNY 150 BABAI 151 ALAVI

5:20 153 EGGEN 155 FARHAT

The CONFERENCE BANQUET will be held in the new Cafeteria Building at 7:30 PM
(seating at 7:15). There will be a cash bar (beer and wine only) from 6:30
to 7:30. Conference transportation will be available to the motels at 5:45.
There will be transportation from the motels to the University at
approximately 6:25. There will be transportation back to the motels after

the banquet.



8:40
9:00

9:30
10:30

'10:50
11:10
11:30
11:50
12:10

12:30

2:00
2:20
2:40
3:00
3:20
4:00

4:30

THURSDAY, FEBRUARY 15,

1990

REGISTRATION HOURS (second floor LOUNGE} 8:15-11:00 A.M. and 1:30-3:30
P.M., GCN (left or front) and GCS are the two halves of the Gold Coast

Room.

where COFFEE will be served.

from 9:00 to 4:30.
GCN

AM 157 BRAND
161 GOLDWASSER

WINKLER
COFFEE

165 BOHUS
169 VERDE-STAR
173 SHAPIRO
177 HILGERS
PM 181 ANDERSON
LUNCH BREAK

185
189
193
197
201

BATTEN
FUGLISTER

PAYNE
C GORDON

DEWDNEY

. 1568

GCS

LIMAdeSA

162 TESMAN

KUBICKA
HIND
PENRICE
XKUPLINSKY
GUNDERSON

166
170
174
178
182

186 ARASMITH
190 GASARCH

ROGERS 194 FIGUEROA-CENTENO

198 BROERE
202 DEAN

159
163

167
171
175
179

183

187
191
195

199

203
207

FAU-A

ADHAR
GREGORY

FABRTKANT
OLARIU
NEMHAUSER
DAS
FREDRICKSEN

LATI
LINDQUESTER
SZEKELY
GOULD

GIBI

TRENK

FAU Rooms A and C are reached through the second floor Lounge,
There will be book exhibits in Room 232

FAU-C

160
164

168
172
176
180
184

188
192
196
200
204
208

LENGYEL
JOHNSON

LUNDGREN
TIAN
RALL
HEVIA
JARRETT

FAUDREE
FISHER
J RYAN
HATTINGH
J Z0U

Q YU

|

There will be an informal CONFERENCE PARTY 6:30-7:30 in the Cafeteria Patio

area——to be moved indoors if weather dictates.

There will be Conference

transportation back to the motels at 5:45 PM and back to the party at 6:15.
There will be transportation back to the motels after the party.



FRIDAY, FEBRUARY 16, 1990

REGISTRATION HOURS (second floor LOUNGE) 8:15-11:00 A.M.

GCN (left or front) and GCS are the two halves of the Gold Coast
Room. FAU Rooms A and C are reached through the second floor Lounge,
where COFFEE will be served. There will be bocok exhibits in Room 232
from 9:00 to 11:30. ' '

|GCN : GCS FAU-A FAU-C
8:40 AM 209 YUCAS 210 M-L YU : 211 FOLDES _
9:00 213 J WU , 214 MCCANNA 215 KEMNITZ 216 ZHENG
9:30 WINKLER
10:30 COFFEE
10:45 ERDOS
11:50 217 WALLER 218 VANDERJAGT 219 WALLIS 220 BOLAND
12:10 PM 221 BOWSER 222 KONG 223 WISEMAN 224 SNYDER
12:30 ' LUNCH -
2:00 225 226 NEWMAN-WOLF 227 CT RYAN 228 THOMA&&S@vauJV”’
2:20 229 230 QUACKENBUSH 231 BW JACKSON 232 HELL
2:40 233 PROPP 234 HURLBERT 235 SARKAR 236 HAMBURGER

3:00 237 HEMMETER 238 NEL

There will be transportation back to the motels following the last talks.

THANKS FOR COMING!!

s

WE'LL SEE YOU AT LSU FOR THE TWENTY-SECOND SOUTHEASTERN INTERNATIONAL
CONFERENCE ON COMBINATORICS, GRAPH THEORY AND COMPUTING, )

_ %%+ FEBRUARY 11-15, 1991 #*#*
(MARDI GRAS 'WEEK, OF COURSE).
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Computabls Groups and Computabls Permutation Structuras
Clifton E. Ealy Jr.
Department of Mathematics and Statistics, Western Michigan Univ
Kalamazoo, Michigan 49008-5152

In this paper we will study groups and permutation structures
with the additional assumptien that a "Turing Machine® resides
in the background on which we do our computing.

Path covers of E{G) and {sland covers of V(G) \
Pecer J. Slatar, The University of Alabama in Huntsville )

Let tha path number pn{G) aof a graph G be the afnimum aumber
of edge-dis)oint pachs required to cover the edges in E(G), and
let the Lsland nunber 1s{G) of a graph G be the minimum number of
vertex-disjoint pachs required to cover V(G). A discussion of
theoretical and computacional questions will ba followed by
"{nterpolation” theovems and conjecturss.

.

1990

10:50 A.M.

On Edge-gracafyl Reqular Graphs and Treaes
Sharon Caoantss®, Ricnard Low. and Jonn Mitchem, San Jose Stata

Univarsity

Lat G ba a simple graph with vertax sat V(G) and edge set E(G). wLet p
= IYIG} and q = lE(G)!. In 1985, Lo defined the sdge-gracaful

lahelting of . G wherae NE(G)--+{1,2,..,.3} is one-to-one ana 7. induces a

Tlabel on the verticas definea by Miv) = I HNuv)(modulo p).
uvEE{O}

The Tapeling 15 edge-qraceryl if all vertex lavels are distinct modulo

p. in which case G Is caliled an edga-graceful graph. For positive
integers n and t, Cn denotes the cycle graeh on o vartices, and ch
denotes tha kth powar of Cn. That is, V(Ca) = V{Cn) and uveE(Ch) if

and only 1f d(u,v)sk whare diu,v) denotes the distance from vertax u to
vartex v in Cn. Cn.x denotes the graph such that ¥(Cn,x) = V(Ca) and

UEE(Cn,x) 1f and only if dlu,v) = 1 or k.

Thegrem: Let n ba odd and 1tk<3n, than ch is eage-gracaful.

Corollary: Ka, Cn and Cn.x are edge-gracetul foar odd n and. k positive.

Theorem: Let T be an odd tree with a root of svan dagree. If T has no

adjacent deqree 2 vartices,. no twa degree 2 vartices with tha sama
parent, and an even number of non-root degree 2 vartices, then T is
mdge~graceful.

Corgifary {: If T i3 an odd trea with at most one vertex of degree 2,

then T {3 adge~gracaeful. ‘
Corallary 2: Far n > 2, any odd ful) n-ary tree is adge-graceful.

Corollary 3: If T is an add tree with a root of aven degree at least 4

such that no two degree 2 vertices ara adjacent and no two degrae 2
varticaes have a common parent, then T is edge-gracaful.

Basic subgraphs and adjacency matrix rank -
M. N. Ell:ngln.m, Vanderbilt University '

Let the rank of 3 graph ba the rank of its adjacency matrix over the real
numbers, We show that a graph G of rank r always has a basic subgraph, an
induced subgraph of order r and rank r. Using basic subgraphs, we investigate
when vertices can be added to a graph without increasing the rank. Many prop-
erties of graphs with rank r can be studied by examining a finite set of graphs
known as the maximal reduced graphs of rank r. Our results on adding vertices
without increasing the rank are used to determine all maximal reduced graphs
of small rank, and to construct two infinite familiea of maximal reduced graphs.
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Computing Sylow subgroups of permutation groups
M.D. Atkinson®, School of Comnuter Science, Carleton University,
Ottawa, Canada K18 5B6 -
Peter M. Neumann, The Queen's College, Oxford 0X1 4AW, UK

An algorithm for computing a Sylow p-subgroup of 2 permutation group is described and

justified. The new algorithm analyses the permutation action in terms of point stabilisers,
orbits and block systems. It differs from previous algorithms by relying more on

normaliser computations than centraliser computations. The algorithm, PERSYL, has been

implemented in the group theory programming system Cayley. Sample timings are given

to provide a comparison with the Sylow subgroup algorithm available in Cayley. The

results indicate that the algorithm perfonus well for soluble groups and for oiher groups
“ with large sotuble sections.

Keywords: Permutation group, Sylow subgroup, algorithm.

6 . On certain cordial graphs

W. W, Kirchherr, San Jose State University

. A labeling of a graph § = (V, E) is a mapping f : ¥V — {0,1}. The mapping f
induces an edge-labeling f* on 8, f* : E — {0,1}, defined by f*((u,v)) = i_f(u] - f(v}l
forall (u,v) € E. Let vy (0) = {v € V | f{v) =0} , 0;{(1) = {v € V | f(v) = 1}
er-(0) = {c € B | f*(e) =0}, and ef-(1) = {e € B | f*(¢) = 1}. ’

A labeling f of a graph § is eordial if |v(0) — v(1)] <1 and fe(0) — e(1)| < 1.

A graph § is cordial if it admits a cordial labeling. -

In this paper three types of graphs are investigated with respect to cordiality
namely, graphs which are the complete product of two cordial graphs, graphs whicl':
ate t.h_e- subdivision graphs of cordial graphs, and cactus graphs. We give sufficient
condltl?ns for the cordiality of graphs of the first two types and show that a cactus
?ra.pél;)s cordial if and only if the cardinality of its edge set iz not congruent to 2
mo . '

11:10 A.M.

ESTIMATES OF THE NUMBER OF GRACEFUL
VALUATIONS OF CYCLES

Jaromir Abrham*, Dept. of Industrial Engineering,
University of Toronte and

Anton chtzig, départment de mathématiques et de statistique, -
- - N
Université de Montréal

The foilowing two results are obtained: for n=0(mod 4}, the number

of a-valuations of Cp (the cycle on n vertices) grows exponentiatly

with n. For n=3(mod 4), the number of graceful valwations of Cp
grows exponentially with n, These results also permit to improve the
lower bounds on the number of Skolem sequences of order n,
obtained earlier by one of the authors. : :

Koy words: Graceful valuation; cycles

Greatest Common Subgraph Index of Graphs
Grzegorz Kubicki, Emory University

A greatest common subgraph ‘(ges) of a family of graphs, all of the
same size, is a graph of maximum size that is a common subgraph of
every graph-in this family. A gcs index of a graph G is the largest
integer g such that there exists a Family of graphs (all of size gq)
with the property that G is its unique gcs. The lower bounds for gcs
ihdex are given. The sufficient condition for a graph to-have infinite
gcs index is presented. The modification of gcs index for connected
graphs is discussed.
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c7 Theorem proving with the Knuth-Bendix algorithm
N. 5. Mendelsohn*, B. Wolk, R. Padmanabhan, Univ. of Manitcba.
. The Knuth-Bendix Algorithm has been modified in such a
‘way as to. produce proofs of theorems involving as many as
600 identities. Examples are given involving graph theory
or group theory. Some of these are a challenge to professional

mathematicians.
Keywords: Universal algebra, directed graphs, groups.

i O Intersection Graphs and Cographs
Terry McKee, Wright State University

Complement-reducible graphs {a.k.a. cographs) form a widely
studied and used class of perfect graphs. Intersaction
graphs (and multigraphs) provide a common framework for many
concepts in graph theory.

We link intersection graphs with cegraphs by ihtroducing
"eligue-reducible multigraphs” {multigraph analegs of o
cographs} and what we call "Jomination-reducible graphs”

{fa.k.a. diagenal graphs}.

KEY WORDS: intersection graphs
cographs
complement-raduceible graphs
chordal graphs
intersection multigraphs

11:30 A.M.

0On gracaful complete tripartite gra

Yong-Song Ho, National Ugiversitg ogh;ingapore

Sll:l-Mln Lee, San Jose StatE'University and

Erl; Seah*, University of Manitcba. y
v_){oqiaph G:_E(IV'E) is graceful J:.f there exists a vetex labeling F:
ooy Sate .}bﬁl.}ch that the induced edge labeling F*((u,v)})= !
wla) =F (v ,th:.sta : :.]ectlon'betweer_l E and (1,2,..., ,'E} }. In th’is notela
e s a hor any lncreasing sequence a,b,c the complet
K iaparts  graph K(a,b,c) is graceful for all a < 3, and ®
i 5 é) .1‘.;;.E ;:t' gt::'aceful for (a,b,c) = (3,3,3),' {2,3,4)
{ : 5 njecture that K(a,b,c) is not graceful for all

and

2
Totally Integrated Graphs
Roger C. Entringer, University of New Mexico, Albugquerque, NM 87131
Douglas E. Jackson*, Eastern New Mexico University, Portales, NM 88130
We determine the minimum possible number of edges in a graph in which
every two vertices of the same degree are adjacent.
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’3 Exact Computation Bequences
. Alex Pelin and Bill Kraynek
School of Computer Science; Florida International University

_Knuth and Bendix developed a method for solving word problems in
free algebras with equations by transforming equations into rewrite
rules. This is done by defining an ordering on the set of terms of
the algebra and orienting the equations according to that ordering.
This way the equations beceme simplification rules that can be used
to reduce the terms of the algebra by replacing each instance of
the left-hand side of a rule by the coresponding instance of the
right-hand side. The system of rules generated by the Knuth-
Bendix procedure is terminating and confluent, i.e., every sequence
of simplifications is finite and the order in which the
simplifications are applied is irrelevant to the final outcome. In
such a system each term has a unique normal form, which is a term
that cannot be simplified. The Knuth-Bendix procedure produces a
system which is complete for the given set of equations, i.e., two
terms are egual if and only if they simplify to the same normal
form. Their preocedure keeps adding simplification rules to the
set of simplifications obtained from the original set of equations
until the set is complete. Pelin and Gallier give a completion
method that is done in stages. This way the ordering on terms may
be changed at each stage. They also handle conditional eguations
and they eliminate some other restrictions of the Knuth-Bendix
procedure. We will also present computation and algebraic
properties of the multistage completion procedures, also called
exact computation sequences.

l 4 p-edge cligue coverings of graphs

Glenna E. Major*
F.R. McMorris
Department of Mathematics
University of Louisville
Louisville, KY 40292

An edge clique covering (ECC) of a graph is a collection of cliques which cover all
the edges of the graph. For many classes of intersection graphs (e.g., competition
graphs, neighborhood graphs, npper bound graphs), ECC's are used to give
characterization theorems. In this note, we survey some recent resultson several
types of p-intersection graphs (two sets mast have at least p elements in common
before an edge is introduced) where the characterizations use a  natural
generalization of ECC. :

Key words: intersection graph, edge clique covering
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On edge-magic graphs

Sin-Min Lee*, San Jose State University,

Eric Seah, University of Manitoba, and

S. K. Tan, National University of Singapore. )
Sedlacek, Stewart, Doob and other had considersd the magic

graph G in the sense that there exists a bijection f: E ->

{1,2,...,1E}) such that the induced mapping f*: V -> 2+ defined by

f*(u) = sum {f(u,$}: (u,#) in E) has the property that fx(u) =

f*(v) for all u,v in V. We define a graph G is edge-magic if there

exists a bijection f£: E -> (1,2,...,}E]} such that the induced

?applng £ A3 V->Z+ defined by £~(u) = sum {(f(u,#)}: (u,#) in E} (mod

{vi ) has the property that f~(u) = f£»(v) for all u,v in V. We

develop some general theory on edge-magic graphs.

LINEAR OPERATORS STRONGLY PRESERVING DIGRAPHS WHOSE MAXIMUM CYCLE
LENGTH IS5 SMALL

LeRoy B. Beasley*, Utah State University and Norman J. Pullman,
Queen's University, ontario, Canada . N

W'::: characterize those linear operators L such that for all
digraphs, D, L{D) has maximal cycle length k if an only if D has
maximum cycle length k. : .

We de this for k = 0 and k = 1, the cases k > 1 having been done
previously.
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7 S5YMMETRIC FFT:s THROUGH CYCLiC CONVOLUTIONS

by
Jaime Seguel

Dept. of Mathematies, University of Puerto Rico at Mayaguez; Mayaguaz. PR, 00708

Abstract. A symmetric FFT is a fast algorithm that takes advantage of certain
redundancies in the input data to speed up the computation of the discrete Fourier trans-
_form of an N-periodic sequence, We consider here even, odd, quarter-even and quarter-
odd sequences whose.period js N = 2% The best known symmetric F?Ts are due to
Cooley-Lewis-Welch and to Swarztrauber. These 'algorithmé are based on the regular FFT
algorithm for non-symmetric sequences and can only be used with real data. The sym-
me.tric FFTs based on c'__vclic-convolutions mainly use Rader’s Fourier transform algorithm

and can be equally applied to real and complex sequences.

18 On i-perfect Graphs

Lei-Zhen Cai” and Derek Corneil
Dept. of Computer Science, Univ. of Toronto -

A K;-free colouring of a graph G is a partition {Vy, V2,..., V,_} of the vertices
of G such that each V; induces a X;-free graph. The K;-free chromatic numl?er of G,
denoted (G : —K}), is the least number k for which G has a Kj-free k-colouring. Let

WG —K;) =|‘-“—?‘—‘-fi’!. We generalize the notion of perfect graph by defining a graph
G to be i-perfect iff for each induced subgraph H of G, o(H: —Kj.1) = 1(H: —K;y).
(A 1-perfect graph is the standard notion of perfect graph.)

We study various aspects of i-perfection including minimal i-imperfect graphs,
operaticns which preserve i-perfection, and families of i-perfect graphs. We also
consider the possibility of using the notion of i-perfection to attack the strong perfect
graph conjecture. :

Key words: i-perfect graphs, K;-free colouring, perfect graphs.
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Chromatic Numbers in Tournaments
Kunwarjit 5. Bagga* and Frank W. Owens, Ball State University

In the discussion of chromatic problems, the usual aim is to avoid a given monochro-
matic configuration in a graph. For example, the chromatic number is the minimum
number of colors needed to color the nodes of a graph so that there is no monochro-
matic Ky, or that the nodes of every K have distinct colors, Thus one can consider
the following generalization of this probiem. Given graphs @@ and H, color the nodes
of G so that the nodes of every subgraph of G isomorphic to H are colored with
distinct colors. In this paper we consider this problem for tournaments. For a tour-
nament T, on n nodes, we define x,(T,) to be the stnallest number of colors needed
to color the nodes of T, such that the nodes of every transitive triple in T, have three
distinct colors. x.(T,) is similarly defired with the nodes of every 3-cycle getting
three distict colors. We give several results on these measures.

2.0 Cones of Cenain Nonnegative Matrices

R. Loewy, Technion-Israei Institite of Technology
.. D. R. Shier*, College of William and Mary

We consider the cona of all n x n nonnegative matrices having fixed vectors
x and yT as their right and left (Perron) eigenvectors. A cross section S2(x,y) of
this cone is obtained by suitable normalization. For example the set of doubly
stochastic matrices is oblained as a special casewhenx=y = (1,1, ..., 0T 1t
is of interest to characterize the extrems points of £2{x.y), which is done by
transforming the given problem into a special type of “transponation problem.”
We also study ragions in which the number of extrame paints is maximized.

Key words: extreme points, matrices, polytopes, trees
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. Cellular Automata as Algebraic Systems

John Pedersen, University of Souih Florida, Tampa, FL 3362-5700

The behavior of one-dimensional cellular automata (CA) with even a small numbe_:r
of atates can be exceedingly complex. It is known that a two-cell neighborhood is
sufficient to simulate all other neighborhoods. In the two-cell case, the transition
function is a binary operation {groupoid) on the state set. Fundamental algc‘zbraic
operations on the groupoid have direct visual interpretation for the evolution ?f
the CA, so algebraic structure theorems carry over meaningfully to CA. Periodic
evolutionary behaviors of CA correspond to chains of groupoid varieties. In the three
and four state cases it can be determined where these chains become stationary.

Colorful partitions, permutations,'a.nd trigonometric functions
Heinrich Niederhausen, Florida Atlantic University

What kind of enumeration scheme generates (arcsin £)™ ? What is the “inverse”
- problem, g'eneraﬁng '(sin ™7 We give two classes of counting problems involving
colored partitions and permutations, which can be tuned to answer those que-tions
{in terms of central factorial numbers) by choosing the right palette. Stirling
numbers result from another extreme color choice, and there are many interesting

other selections, giving rise to products of sine and cosine functions.
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3:20 P.M.

TL . Cosubchromatic Number of a Graph
Gayla S. Domke¥, Georgia State University, and
Benu G. Laskar, Glemson Universicy

The caosubchromatic nupber of a graph G, denoted z5(G),
iz the smallest order n of a partition (V), ¥3,..., V)

of the vercices of G such that the subgraph induced by
the vertices .in V; forms a.-disjeint union of completa
subgraphs in either G or the complement of G.  This
definition combines the ideas of the cochromatic number
{Lesniak-Foster and Straight, 1977) and the subchromatic
number (Albertson, Jamison, Hedetniemi, and Locke).

This talk studies the properties of z (G) and relates

it to other graph parameters.

Improved bounds for tha prison yard problem
A.A. Kooshesh*, B.M.E. Moret, and L.A, Szekely+
Pepartment of Computer Science +Department of Mathematics
University of New Mexico, Albuquerque. 87131

’ The prison 'yard problem is one of a family of guard problens,

where one places guards at various points in or on a simple po-
lygon (representing the walls of an enclosure) with the ain of
covering every point of the interior or exterior regions with at
least one guard. In the prison yard version, only vertex guards
are used (i.e., guards placed on vertices of the simple polygon)
and they are required te cover both the interior and the exterior
of the polygon. . ,

Joseph O'Rourke in his monograph, Art Gallery Problems and
Theorems, conjectures that ceil({ n/2 ) vertex guards are suffi-
cient to cover the interior and exterior of a simple polygon of n
vertices (the prison yard problem). The best bounds to date
{floor(2n/3) vertex guards) were derived by O'Rourke in 1983 anpd
have not been improved until now. We develop two improved upper
bounds for the number of vertex guards needed to cover the inte-
rior and exterior of a simple polygon. The two bounds give rise
to an overall upper bound of ceil( 7n/12 ). (We have just learnt

‘that D. Kleitman and 2. Furedi have proved the conjecture.)
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Paralle! Algorithm 1e Construct a Dominance Gragh on Nonoverlapping Rectangles
Alan P Sprague, University of Alabama at Birmingham.

Given a set of isc~oriented nonoverlapping rectangles, the dominance graph is a directed
graph having the rectangles as vertex set. It expresses the notion of “aboveness” on 'the
rectangles: it contains an edge from a rectangle b to rectangle ¢ iff ¢ is immediately above
b. (That is, ¢ is above b and no other rectangle is between them.) The dominance graphis
motivated by the constraint graph commoniy used in compaction algarithms for VLSI
circuits. We give a paraliel algorithm to generate the dominance graph. The algorithm has
time complexity O(n/p log n + log p log n), where p is the number of processors. When
p<nilogn, itis optimal in any model for which the complexity of sorting is fl{n logn). The
algorithin takes the form of a tree of merges. An arc is drawn at a merge, based on
locally-available information; if giobally incorrect, the arc must be replaced orerased ata
later merge or in a final cleanup stage.

On generalized partitions of an n-set . ]
Zhu-Xin Hu,Dept Of Math,University Of Illinois At Champaign-Urbaba

In this paper we introduce the definition of a ageneralized partition
of an n—set associated with a finite partial ordered set, and the
definition of a generalized partition poset. A classic(non-generalized)
partition of an n-set and a simple graph with n vertices are just two
special cases of the generalized partitions; and some types of
generalized partitions are special metric spaces. Using partitions as
tools, we study the properties of finite posets. A series of
interesting results are obtained in the following directions: (i)
embedding one poset into another poset, subsets of posets; (ii)the
representing diagrams of generalized partitions; (iii) relationships
among generalized partitions, partition posets, and associating posets.

12,
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3:40 P.M.

on chromatic c¢oefficients of unlabellad graphs

Hugo Sun, California State University at Fresno.

Explicit expressions in terms of symmetries of vertex subsets of
unlabelled graphs are given for the first 4 coefficients of the
chreomatic polynomials.

We request our talk can be arranged on 12, 13, 14 February for we
have to fly back to California by 15th Februmary. Thank you for all
your helpful arrangements.
My EMAIL address: leefmathcs.sjsu.edu
Your truly
Sin-Min Lee.

Covering an Orthogonal Polygon by Horizontal Guards
Laxmi P. Gewali, University of Nevada, Las Vegas

Simeon Ntafos, University of Texas, Dallas

Covering a simple polygon by the minimum number of point guards
under standard visibility is known to be NP-hard. This problem
is still open when the polygon is restricted te be orthogonal.
In this paper we first present an 9(n) time algorithm to cover a
simple monotone orthogonal polygon by the minimum number of
horizontal guards under orthogonal visibility. We then extend
the method to include simple orthogonal polygon (not necessarily
monotone) and present an O(n**2) time algorithm.
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Q’q Scheduling Loops onto Arbitrary Target Machines Using
Simulated Annealing

Hesham Ei-Rewini * : T. G. Lewis

Depanment of Math & Computer Science Department of Computer Science
University of Nebraska Oregon State University

Corvallis, OR 97331-3902
(503) 737-3273
lewis@mist.cs.orst.edu

Omahaz, NE 68182-0243
(402) 554-2852
rewini@unocss.unl.edu

Scheduling is a computaticially intensive problem but static scheduling of task graphs that
contain loops is even harder, especially when the loop upper bound is not known before
execution time. In this paper we introduce a loop unrolling technique that allows several
iterations of 2 set of loops as well as tasks within the same iteration to overlap in execution
in such a way that minimizes the loop execution time. We use simulated annealing
technique to achieve near-optimal mapping of the tasks surrounded by a set of nested loops
on an arbitrary target machine. Our goal is to find: 1) the best unrolling vector 2) the Ganu
chart that indicates the allocation and the order of the tasks in the post-unrolled loop on the

available processors.

30

Almost orthogonal lines in g¢

Moshe Rosenfeld
Depariment of Mathematics and Ce-eputer Science

Pacific Lutheran University
Tacoma, WA. 98447

A set Lof lines through the origin in the Euclidean space £ is called a/most
orrhogonal if among any three members of L there is at least one orthogonal
pair. Answering 2 question of Paui Erdos, we show that L cannot contain
more than 2d lines.

4:00 P.M.
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On Some D{i, j)-Balanced Graphs
Michael F. Capobianco and Patricia A. Graulich#
St. John's University

A D(i,j)=balanced graph is ane having the property that
the number of paire of its points distant i or less from
earh octher is egqual te the number of pairs distant j or more.
This concept arose in _connection with the solution of the
graph equatiam, G= = G. In this paper,; we study
Dtiy jl-balanced cvycles, wheels and some ather special
graphs. Among other results, we find that me even cvcle is
Diisjr-balanced,; and that Wm is the only Diisji-balanced
wheel. :

3L
Distances and Diameters in Steinhaus Graphs
by Robert C. Brighaniand Ronaid D. Dutton
Departments of Mathematics and Compuler Science
University of Central Florida, Orlando, Florida 32816

Bounds are given on the distance between any two nodes of a Steinhaus
graph. This leads to an estimation of the diameter of such graphs, and it is
proven that almost all Steinhaus graphs have diameter at most four.
However, it is conjectured that aimost all of these graphs have diameter 2,
and evidence which supports this conjecture is presented.
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Computing the Greatest Common Divisor
in a "VLSI" Model of Computation
¢. Purdy, G. Purdy, and N. Tu', University of Cincinnati

Abstract. We consider the problem of computing the reatest
common divisor (ged) of two positive n-bit integers in a
computational model chasen to represent a VISI chip. We are
interested in upper and lower bounds on area and/or time, in
terms of n, for computing the ged. Previously it has been
shown that for this computational model a so-called "binary"
algorithm is preferable to the standard Euclidean algorithm.
We examine several binary algorithms, including a )
probabilistic version, and determine ranges of n for which
each is optimal.

34

Cutsets of the Hoolean Lattice
Jerrold R. Griggs, University of South Carolina

A family C of subsets of the n-set [n] = {1,...,n} is a cutset in the Boolean lattice 2% if i
meets every maximal chain. Ko-Wei Lib asked for the maximum size-c(n) of a cutset C € 2I°] that is
minimal, which msaa that for every C € C, some maximal chain avoids C\C. Although e(n}/f2" = :
for n < 5, Lih noted that c¢(6) > 33 > %2‘ In joint work with Z. Fiiredi and D.J, Kleitman, we
construct minimal cutsets with almost all elements, i.e., we prove c{n) ~ 2" as n ~ co. Another
project considers a related notion. A family K € 2™ ia a cutset for A, where A is some given element
of 217}, if no el tof K is able to A and if KU {A} is a cutset. Nowakowski determined the
minimum size of a eutaet for A. The key to his proof is an elaborate inductive construction for even
n > 8 of certain disjoint saturated chaina of subsets unrelated to 4 = {1,. .., 5‘.;} In joint work with
D.J. Kleitman, we derive an inequality for cutsets for 4 similar to Lubell’s inequality for antichains
that provides a simpler proof of Nowakowski's result.

1990
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Decomposition ¢f Graphs into Non-iscmorphic Matchings
P. Z. Chinn, Humboldt State University, Arcata, CA.
R. B. Richter, Carleton University, Ottawa, Ontaric

A decomposition into non-isemorphic matchings, or DINIM for short,
is a partition of the edges of a graph G into matchings of
different sizes. An alternate way to view this is a proper
coloring of the edges of G in such a way that each color-class
has a different size. We prove that every sufficiently large

2-gonnected 3-regular graph has a DINIM.

Key . words: edge-decomposition, factorization, matching,

edge-coloring

Matching Finite Subsets of Lattices in the Plane
Daniel Ullman, George Washington University :
Suppose you own an orchard consisting of a tree planted

at each of the integer lattice points in the plane that

are within 100 units of the origin. Now suppose you

learn that your orchard must be transplanted to a new
configuration that is like the current one but rotated
about the origin by 45 degrees. The difficulty is that

no tree can be moved more than 2 units. Can you acceomplish
your task? The question amounts to finding a matching in
a certain bipartite graph. The infinite analogue of this
gquestion has an affirmative answer, and this fact serves

as a key lemma both here and in M. Laczkovich's recent
much-noted work on squaring the circle.

Keywords: matching, bipartite Euclidean graph.
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Rural School Bus Routing and Scheduling
Frank Fiala and Duncan Chaundy*, Carleton University

The rural school bus routing and scheduling problem is an
example of the vehicle routing problem. We are given a
number of stops where students are waiting to be picked up
along with a network of roads where topographical features
mean that not all neighbouring nodes are connected. There
is a flieet of fixed capacity scheol buses to deliver the
students to the school. There are also school board imposed
time restrictions on travelling. We prasent a heuristic
appreach to this problem based on a shortest path tree
rooted at the school. The algorithm generates feasible
routes to deliver the students to the scheol using the
smallest number of buses possible. We have implemented this
algorithm along with a graphically interactive .
user—-interface which allows the user to see the nodes and
the network. The resulting routes are then displayed as
buses moving on the network along with a clock to show the
current time. :

KEYWORDS: Vehicle Routing, Heuristic Algorithms, User Interface

AN APPLICATION OF RANDOM PARTIAL ORDERS
P. Exdos, H. A. Kierstead, and W. T. Trotter

For a poset (X, P) and a point x € X, let deg(x) count the number of points
comparable to x. Then fet A(X, P) = max{deg(x) : x € X1. Alernately &AXX, ) is the
maximum degree in the comparability graph. V. Rédl and W. T. Trouer proved that
the dimension of (X, P) is bounded in terms of A(X, P) by showing that if A(X, P) <k,
then dim(X, P) < 2k! + 2. Using the Lovdsz Local Lemma, Z. Fiiredi and J. Kaho
lowered the upper bound to dim(X, P} < 50k(log E)°. We show that there exists an
absolute constant € > 0 so that for cvery & 2 1, there exists a poset (X, P)with
A(X, P) S k and dim(X, P) > k(log k). Of course this leaves open the question as o

. the correct exponent on the log k term, )

4:40 P.M.
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un Edge-tiracerul Labeling of Uomplete Bipartite Graphs

Eleanor {ang Kendrick, 5an Jose Uity Colle

ae

y tp,gl-graph 4 = {V.El. of p vertices and q Eiges,
15 said o ne TEDGE-GRACEFUL™ if there exists a bilection
t: E -» 4t 1. 4, ..q } such that the induced '+ Vv o=
§ 0, 1y 2e..o, p-l Yy, defined by £HIV) =3 [ Flu,viitu,ve
¢ EtG) | tmod pl), is a bijection.

kim,n) is a somplete bipartite graph with ( m + n 3
vertives.

Theorem: For anv given m, there are a finite number
of values of n For wiich it is possible Ffor Kim,n) te be
Fdge-Gracaral.

Boin the number of values for n, and the values
themseives are computable.

Exampies ol Edee-Gracetiil labeling faor certain
catesories yr Kimynt graphs will be presented.

40 Hamiltonian Cycles in CpXaCin

Joseph B. Klertein*, Western Carolina University
Edward C. Carr, High Paint College
In 1978 Trotter and Erdos gave necessary and sufficient conditions
for the direct product, CoXCp,, of two directed cycles to be
hiamiltonian. In this paper we give some sufficient and some
necessary conditions for hamiltonian cycles in G XoCm, the directed

graph obtained from CpXCpy, by squaring a single m-cycle.
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Solving Exactly the mixed Bostmen Problem
Tves Nobert*, Jean-Clande Picard, University of Quebec at Montreal

InFehcuuzleSSwepmsaxtedattheSoutheastemInfmtimCmfma
m_awnndelmﬂaaaociatai.vdthitast:mgmlmtimoftheposmnmblm
with both directed (arcs) and undirected (edges) Links, We also explained
then how this relaxation can lead to an i algerithm for this prohlem.
This year we present the algorithm in full details. The tests

satiafying & set of constraints associated with the "svemcss condition® and
the "balanced sets* condition. If other comstraints are find violated, they
a:eaddedtothemdalandwamtimizaushgthadmlshple:mﬂnd.
Vetyfewintemtimaofthispmcas'amneedadmobtamﬂnglnbal

Combinatorial statistics on non—crossing partitions
Rodica Simion. George Washington University, Washington, DC 20052

" Several statistics on set partitions were introduced and studied previously, giving rise
to g-analogues of the Stirling numbers of the second kind. For example, interesting
such results appear in work by Gould, Garsia and Remmel, and Wachs and White.
Here we investigate partition statistics restricted to the class of non-crossing partitions,
developing g-analogues of the Runyon numbers W{n, k) = L{3}(,*,). )

QOur tesults include the following refinement of the rank symmetry of the lattice of non-
crossing partitions (i.e., W{n. k)= W(n.n + 1 — E)): . .

The g-analogue Wy(n, k) of W(a, k) derived from the Is statistic satisfies the {external)
symmetry property

q_(;)l'Vq.(n,k]' = q‘("';-.)ﬂ’q(n,n +1- k)

The proof is combinatorial. based on an involution whose fixed points are characterized
and enumerated,

5:00 P.M.

4_5 ) Grundy Colorings of Graphs

S.T. Hedetniemi, R. Laskar *, Clemson University
G. Domke, Georgia State Unive.sity

For a graph G = (V, E) a coloring « is a partition of V(G) into sets Vi Va... V. such that,
each induced subgraph <V;> of V; is independent. A coloring o is a Grundy-Coloring if for
every v € V;, 1 > 1 there exist vertices Wi eV,j=1,2,...1-1suchthatv wj € BE(G). We
study variations of Grundy Colorings and their relations with other coloring concepts.

Key words: partition, coloring,

44- Enumeration Techniques for Certain

Classes of k-Terminal Graphs

N. Chandrasekharan * " §.T. Hedetniemi - T.V. Wimer _
University of Central Florida- Clemson University Clarion University

Orlandeo, FL Clemson, SC Clarion, PA

Using principles from Wimer's methodology £or designing linear-time
algorithms on partial k-trees, we present techniques to obtain difference
aequations for the number of vertex/edge subsets on certain k-terminal
classes of grapha. We do this by developing necessary and sufficient
conditions for counting the
(83} ‘ vertex subsets for graphs composed by adding edges only, and
{ii) vertex/edge subsets for graphs composed by identifying terminals
only. We illustrate our techniques by deriving difference equations Eur.
the number of dominating sets in paths, full binary trees, star graphs,
and linear 2-trees and the number of matchings in a Full binary tree.

We note that, to the best of ¢ur knowledge, the methods presented here
are the first for obtaining difference equations for the number of

asolutions to various subset properties for certain clagses of graphs.
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For any integer n» = 1, the nu
only 1's and 2's as summands,
where Fy = 0, Fy = 1, and F,, =
examine the numbers F(n, k), where n, T
F(n, k) counts of number of compositions for n thet use the i
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Mis-aligned Single Row Routing Problems:
A Graph Theoretic Approach

Naveed A. Sherwani®, Ajay Gupta, Alfred Boals
Department of Computer Science
Western Michigan University
Kalamazoo, MI 49008

Single Row Routing problem (SRRP) is oune of the important sub-
problems in the layout design.of multi-layer printed circuit boards. This
routing style has also been applied to routing of micro-wave circuits and
other routing problems. It has been extensively studied and several algo-
rithms have been proposed. We concentrate on a special single row routing
problem in which certain terminals are allowed to be mis-aligned (MSRRP).

In this paper we develop a graph theoretic approach to investigate the
properties and algorithms for the MSRRP. We investigate the problem of
routing an MSRRP with K tracks and restricted number of doglegs per net.
We prove a necessary and sufficient condition for routing with K tracks if
no doglegs are allowed. We also present an algorithm for optimal routing
if only one dogleg iz allowed per net.

COMPOSITIONS OF INTEGERS

Ralph P. Grimaldi .
Rose-Hulman Institute of Technology

mber of compositions, or order partitions, of n using
is counted by Foyy (the (n+1)-st Fibonacci number,
F. i + F._3, for all n 2> 2). In this paper we
keZtwithn>1land k22 and where
ntegers 1,2,3,....k,

as summands. The results obtained will deal primarily with
(1) F(n,k) for k fixed and n variable; as well as,

(2) how the F(n,k}'s are related for different values of n and &.

4-7 On G, Graphs

Mark McKay *, Mount Vernon Nazarene College
Renu Laskar, Clemson University

For any graphs G it§ G, Graph is defined to be a graph having the same set of vertices as G

with an edge between twa vertices u, v if and only if the distance in G, d(u, v) = 2.
A characterization of G graphs along with ather results relating G, graphs are given.

Key words: Squared graph, neighborhood graph.
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A Family of Constructive Bijecticns Invelving Stirling Permutations
#Paul Klingsberg, Saint Joseph’'s University, Philadelphia, Pa 19131
Cyvnthia Schmalzried, Swarthmore College, Swarthmore, Pa. 19081

A permutation of the multiset {1“.2”....,k“} is a Stirling Permutation iff
between any two copies of i, 1 < i € k, no integers smaller than i appear; the
set of all such permutations will be dencted Stir{n,k). Since any element of
Stir{n.k) can be constructed uniquely bv choosing an element of Stir{n,k-1) and

inserting a block of n k’s somewhere in it, k
Stir(n,k} | = (n(k-1)+1){8tir{n,k=1}[ = T (n(i-1)+1).
i=l
A similar construction can build ordinary permutations of (1“,...1:“}. the

set of which we call Ord{n,k). Each can be constructed uniquely by choosing an
element of Ord(n,k-1) and inserting n k's in arbitrary positions. i.e. in any n-
multiset of the n(k-1)+1 postions. This gives
nk kR (n-i
lord(n,k) | =( n )I ordtn,k-1)f = T ( n ) . (The obvious formula
’ i=1
lOrdf_n.k) I= (rl-]-c)!/(n!)k is equivalent to this one.)}

We present here a construction that associates to each element o of
Ordin,k) an elementT= f(e) of Stir{n.k) in such a way that the preimage sets
f"({ft:}) are all equal in size. The theorem that permits this correspondence can
be interpreted as an assertion about the number of partitions of 0 inte t parts
modulo v whenever (t,u)=1. : :
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Maximum Independent Sets with Minimum Intersection
Dana L. Grinstead} John M. Cockerham and Assoc.

In the continuing theory of multiset/ single
property problems, we consider the problem of
finding two maximum independent sets of a graph G
which have minimum intersection.

Define M{G) to be the minimum possible
cardinality of the intersection of two maximum
independent sets of G. It is shown that
determinimg if M(G) = 0 (that is, determining if
G has two disjoint maximum independent sets) is
NP-Hard for an arbitrary graph G. Then linear
algorithms for determining M(T) for a tree T and
for finding two maximum independent sets of T whose
intersection has cardinality M(T) are given.

EDGE DOMINATION AMD GRAPH STRUCTURE
Georges*, Halsey, Sanaulla and Whittlesey, Trinity College

_ At edge dominating set D of a graph G is a subset of the edge
set of G such that every adge not in D ls adjacent to at least one
edge in D. The edge domination number of G, denoted d (G}, is the
cardinality of a minimum edge dominating set of G. Forbldden
subgraph characterizations of graphs with one dominating adge have
been establlshed for arbitrary graphs and bipartite graphas
specifically. Formulas for the edge domination number of various
classes of graphs have been established. Among these are: the
products of complete graphs; the t-point suspensiona of paths and
cycles; the complete n-partite graphs; full m-ary trees; the
prisms P{n, 1); helms; crowns; and gears.

A set of edges P i3 said to be perfect if for every pair of
distinct edges e and £ ia P, N(e} and N(f) are disjoint.

Neceasary and sufficient conditiona are gilven for the existence of
a perfect edge domipating set in k-regular graphs of ordar n. We
characterize all those generalizad Petersen graphs P(n,k) which
have perfect adge dominating sets.

1990
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51 Finding Maximum Subgraphs in Hypercubes

54

Ajay Gupta *, Alfred Boals, Naveed A Sherwani,
- Department of Computer Science
Western Michigan University, Kalamazoo, MI 49008

Hyperecube networks have emerged as popular networks. Several practical al-
gorithms have been implemented on hypercubes demonstrating its efficiency and
flexibility. Usually, the size of the hypercube is fixed whereas the size of the ptob-
lem may vary. This leads to an important problem of simulating an algorithm
designed for a large size hypercube M, on a small hypercube H,,. This can be
accomplished by embedding H,, into H,, while optimizing cost measures such as
dilation and congestion. . .

We consider the following related problem: Given V' a set of k vertices, pack V'
into a hypercube H so that the induced subgraph has maximum size. In this paper,
we show efficient ways of packing V into H. Qur efficient packing schemes also lead
to efficient embeddings of H, into H,..

An officient parallel slgorithm for bli-reversal
- . 1. Bequal, D. Bollman and V. Cells. .
Dupartmant of Mathematics, Unlvarsity of Paerto Rico at Mayagiies, PR 00709

A simple recurrance is used to derive ac O(n]) algorithm for the bit reversal permutation. -

This algorithm can be performed in Oflag log n} parsilel stopa using [v/n] processcrs. An

- implementation on the Alliant FX/8 parforme up 4 twice aa fast s the previously bast
known algorithm,
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EXTENDING INDEPENDENT SETS TO MAXIMUM INDEPENDENT SETS

Nathaniel Dean znd Jennifer Zito®
Bellcore

We consider graphs in which every independent set of size k is contained
in a maximum independent set. For &k less than the size of a maximum
independent set, call a graph k MIS-extendible if every independent set
of k vertices is contained in a maximum independent set. Graphs which are
1 MIS-extendible {called B-graphs} have been studied for a number of years,
but have only been characterized for some special cases. In general, k& MIS-
extendible does not imply (k — 1) MIS-extendible or vice-versa (e.g. for
k = 2, stars or even cycles). We prove that 2 MIS-extendible graphs which
are not 1 MIS-extendible are the join of a complete graph and a-1 MIS-
extendible graph. We characterize trees which are k MIS-extendible and
1 MIS-extendible. We give some results for bipartite graphs and describe a
number of open problems.

private Domination: Theory and Algorithms

Sandra M. Hedetniemi, Stephen T, Hcdetnicn_'li, David P. Jacobs
Clemson University

3t S pe 3 set af verfices g grapn 5=Y Bl Avertavuiny na'$. an
(6pen) private S—neighbor if uts ad)acent 1o 3 vertex w in ¥=35, w=y,
ang po vartex in Sou 1 adracent T3 w.o in 1979 Cockavne and Eotiobas
SUERrved tnat every ';.raon'wwhour isoiated vernices nas at iezst one

A IRIPUM O IRETING S 0 SUCh that every verrex in D has 3 private
S-ngigngor  Ne -:a!iﬁsur_n 3 3¢t a private dominating set. In this paper
we Introduce the {upper) private domination number, | ¢ the
maxirum carainaliny of 3 orivate dommating set inaqgraph we gerive
come o 1t5 qrann thecretical and 21gorithMic properties, including an
ND-samplatensss pranf for arpitrary Jraons and 2 linear 2lgoriinm for
corpouting the orivate gerination numpes 3f an aroirrary tree.
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A Chass of Critical Squareless Subgraphé aof Hypercubes
Puhua Guan, Dept.of HMath. University of Puerto Rico

A recur-ive method of constructing a class of crii:ical sqllareiess
subgraphs Sint of hypercubes Hin) is presented. The number of
edges

'E(Sin))} = (tLf2) + (3/2n) - £} E{H(n)}.

where t = 1/{2(expiIn/31in} for 34n and t = 3/{2{explin/3]+1in},
for 3in.

Hierarchical expansions of partial k-trees and applications.
K.Soumyanath Department of Electrical Engineering

Tufts University Mediord MA-02155

and Jitender S. Deogun Department of Computer Science

University of Nebraska Lincoln. Nebraska 68588-0115.

Abstract : )

The computational complexity of many physical design problems in VLSI systems can
be reduced by recourse to hierarchical methods. In this paper we develop the theoretical
framework for a hierarchical process that r in computatienally tractable graph models.
Qur approach is based on the successive expansion of partial k-trees. We identify the
conditions under which the vertices of partial k-trees can be expanded while limiting the
growth in & by a small constant factor. It is shown that for an important special case of
planar partial k-trees, it is possible under fairly general conditions to imit the growth of k
to 2k at every expansion step. Based on the above, a bounded decomposition scheme with
applications in building block style VLSI design, is identified and described.

Keywords:- Algorithins, Decomposable graphs, Complexity and VLSL
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A Theorem on Matroid Homomorphism
Jon Henry Sanders

o We call : MM a matroid homomorphism,. or more brietiy a
omomorphism if f: E(M}—E(M) is an onto map of the ground set E{M) of

r a
matroid M onto the ground set E(M") of a matroid M' which preserves ci(rcdits of
M. Le., f(C} e ®@(M’) whenever C e w(M). i ! preserves circuits as well, we call

f a homeomaorphism . If M has no caloops and f: M—M'.is a h i i
f as | ) : omaeomorphism it
is not hard to show that M is isomorphic to a subdivision of M' and ﬁmt the

alements of £ (x} ara in series for each x e E(M"). We call a 1-1 homomorphism
f: M_>M' a cirguit injection: In this case M'is isornorphic to a refinement of M. In.
this fwote we prove that when M is connected and M' is binary and does not
consist of a single circuit then any hoemomorphism f: M—M can be wiitten as a
composite, { = h o g, of iwo homomorphisms h and g where g: M=M" is a

homeomortphism, h: M"-M is a circuit injection and M is a ivisi

meomg \ subdivision of M".
This will imply that M must be binary. This theorem generalizes a result of a
previous paper {J. Sanders, J. Combin. Theory Ser. B 42 {1987), 148-155],

On integer and fractional total domination o
G.H.Fricke, Wright State University, D.P.Jacobs and A Majumdar,Clernson Universily

A tolal dominating set of a graph G=(V;E) is a set S.of verficas such that every

vertex v in V is adjacent 1o some vertex in S. The fotal domination number w and the
upper tolal domination number Ty are, respectively, the mirimum and the maximum size
of a minimal total dominating set. A totai dominating function for G is the continuous -
analogue of the characteristic function of a total dominating set. The fractional tofal
domination w° and the upper fractional total dominatien T'® are, respectively, the
minimum and the maximum sum of a minimal total dominating function. This paper
addresses complexity issues and discusses algorithmic aspects of determining these

paramaters.
Keywords: lotal domination, fractional domination

10:50 A.M.
Some New Generalized Measures of Connectivity
with Application to Hypercube Networks
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59

 Shahram Latif

Electrical and Computer Engineering Department
University of Nevada, Las Vegas
latifi@unlv.edu

January 25, 1990

Abstract

In the paper !, a generalized measure of connectivity has been introduced using
the concept of forbidden faulty set, which was defined as the set of neighbors of any
vertex. An extention to the notion of connectivity, where only p neighbors of any node’
‘are allowed to fail, is.given. Defining the class-p n—cube as an n—cube in which any
vertex can at most have p faulty vertices (6 < p < n), we establish the following:
Theorem 1: In a class-p rn—cube, xP(Q,)=P x 2"~P, where x(P{(Q,) denotes the
vertex connectivity of a class-p n—cube.
Theorem 2: Let V{Q,] be the set of vertices of a class-p nn—cube. Assume F is a
subset of V(Q,), with | F ]= p x 2"~7. Then the following statements are equivalent:

1. | F{is the minimum number of nodes which disconnect Q.

2. @ — I consists of exactly two components, one of which is an (» — p)-cube.

Index Terms- Diameter, Forbidden sets, Hypercube, Node-disjoint paths, Vertex-connectivity.

‘A, H. Esfahanian, *Generalized Measures of Fault Tolerance with Application to ¥ —cube Networks.”
[EEE Transdctions on Compulers, Vol. 38, No. 11, pp. 1586-1591, November 1989,

6O

Polynomial Algerithms on k-Polygon Graphs

Ehab S. Elmallah*, Lorna K, Stewart and Joseph Cu[bersoﬁ

Department of Computing Science
University of Albera,
Edmonton, Canada.

Given an integer k, k>3, we define the class of £-polygon graphs to be the intersection
graphs of straight line chords inside a convex k-polygon. Thué. permutation graphs form
a proper subset of any such class. Moreover, circle graphs = Uiz k-polygon graphs. In
this talk, we present a polynomial time exact algorithm for solving the minimum dom-
inating set problem on k-polygon graphs, for any fixed k. In addition, we discuss the

recognition problem of such graphs.

Key Wordéz circle graphs, permutation graphs, dominating sets.
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The Tutte Polynomial for Trees and Fosats
Gary Gordon, Lafayette College

The Tutte polynomial f(t,z) is an 1n§ariant for graphs and matroids
which has been studied extensively. Recently, the definition of
this invariant has been extended to greedoids. We will explore the

polynomial for three well-studied classes of greedoids: trees,
rooted trees and posets.
computing the polynomial.

some other results for posets. .

Key words: Tutte polynomial, greedoid
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. Perfect Dominating Sets
Matilynn Livingston®, Southern Hlinois University, and Quentin F. Stout, University of Michigan

A dominating set § of a graph G is perfeet if each vertex of G is dominated by exactly one vertex in
5. We were motivated to study perfect dominating sets {PDS) by problems involving efficient resource
allacation and placement in paraliel computers. We study the existence and construction of PDSa in families
of graphs arising from the interconnection networks of paratlel computers. These include meshes, tori, trees,
dags, hypercubes, cube-connected ¢ycles, and cube-connected linea. For meshes, tori, hypercubes, and cube-
connected lines we completely characterize which graphs have a PDS, and the steucture of all PDSs. For trees
and dags we give linear time algorithms that determine if a PDS exists, and generate a PDS when one does.
Motivated by problems involving placement of miore than one zes , we also ider the construction of
multiple disjoint PDSs. Qur results include distance d domination for any given d.

Keywords: perfect codea, resource allocation, dominating sets, mesh, torus, hypercube, tree, dag, cube-
connected cycles, cube-connected lines.

For trees and rooted trees, the
polynomial can be viewed as giving the size and the number of
leaves of each subtree or rooted subtree. For posets, there is a
corresponding interpretation in terms of antichains. For all three
classes, there is an easily understeod recursive procedure for
For rooted trees, the polynonial
completely determines the rooted tree. This is false for posets
and open for unrcoted trees. We give some exanples and describe

11:10 A.M.

63 Steiner Trees In Hyercubes

Zevi Mitler*
Miami University

and HManley Perkel )
wright State University

we consider the analogus for the hypercube of the classical Steiner
problem in the plane. Given a set V of points in the n-dimensfonal cube aln),
we ask for the smallest number points in any subtree T of Q(n) such that
YET. We obtain solutions when [Vl < 5, upper bounds when all points in V
have constant welght, and we show NP-completeness even when all polnts
of V have weight at most 2. !

‘?_ COMPUTER CONSTRUCTION OF THB DUAL QF A PLANE GRAPH

David R. HZIntyra
Department of Computer Science
Cleveland State University

We present an efficient implementation of - i

. an al

gg;gg gigtﬂ thghplane dgai_graph corresponding to : ggﬁéﬁhm
* e as OClC iti

pla algorgthm The prgggd' time and space complexltlgs af
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WEAK ULTRAMETRIC PARTITION SETS
John C. Higgins* and Jack Lamoreaux, Brigham Young University
Key Words: complete graph, ultrametric, ultrametric partition , weight function

Denote by Ky the complete undirected graph without self edges on n-vertices with
vertices x,y,z, etc. and edges (x,v' An ultramettic on Ky is any positive real valued

weight functicn, denoted by p(x,y), which satisfies: p(x,y) < maximum of pu(x,z) and
ji(y,z) for all x,y,z in Kp. An ultrametric partition set for Kp is a finite set of pairs
{Pj.1), where P; is a partition of the vertices of Ky, 1j is a non-negative reat number and
both Pj is 2 proper refinement of P; and ri<rj hold when i<j. A weak ulorametric
partition set on Kp allows equality for Pi,Pj and rj,j. Each a(x.y), a weight function
on Ky, may be used to create a set of weak ultrametric parstition sets which describe ina
natural way the supremum of all ultrametrics less than @ and the set of infimum of
ultrametrics greater than d. The structure of the partition sets also permits an
elementary analysis of the computational complexity of an algorithm to construct the
unique supremum aed set of infirmom,

. 6 REINFORCEMENT I GRAPHS

Christine Mynhardt, University of South Africa

The reinforcement number r(G) of a graph G = (V,E) is the minimum number
of edges which have to be added to G such that the resniting fraph G’ satisfies
:V(G’ﬁ < 1{G), where 7(G) denotes the domination number of G. I +«{G) =1,
then define r(G)=0. Further, G is said to be reinforcement-—<critical if
G+uv) = 71{G) — 1 for every edge uv ¢ E. Results on the reinforcement numbers
of graphs and reinforcement—critical graphs are discussed. A characterisation of
reinforcement-critical graphs with domination number two ig presented.

&7

&8

ON A LEVERAGE PROBLEM IN THE HYPERCUBE
Peter Hamburger and Raymond E. Pippert,
Iindiana University - Purdue University at Fort Wayne

The levérage of a set 5 of elements (vertices and edges) of.

a graph G, with respect to a graphical parameter P, is the
change induced in P by the removal of 5. We consider the case
in which G is a hypercube and F is the sum of the distances
between vertices. The determination of the minimum leverage
of any set of k edges leads to the question of the existence
of a perfect matching in which no two edges lie on a 4-cycle,
We give a constructive proof of the existence. of such a

matching, and note possible applications to other problems.

Edge Banking of Trees ‘
Jitender S. Deogur and Yiping Peng, University of Nebraska-Linenlr

A k-edge ranking of an undirected graph is defined to be a labeling of the edges of
the graph with integers 1,2,...,k, with the property that all paths between two
edges with the same label 7 contain an edge with Iabel j > i. Finding the smallest
k for which s graph has & k-edge ranking is known as the edge ranking problem. An
O(nlogn) time approximation algorithm for edge ranking of tré-qs was developed
by Iyer, Ratliff and Vijayan. In their paper, Iver et al. mentioned that whether
the problem of finding edge ranking of a tree is N P-hard is still an open question.
In this paper, we resolve this question by developing a polynomial nlgorithh: for
Ending edge ranking of a tree. The problem of edge ranking of a tree is solved by
transfoming the problem into an equivalent node ranking problem. The main resuit
in the paper is an O(maz{n?,nr’}) time algorithm for edge ranking of trecs, where
7 is the nummber of vertices of the tree and r (< n) is the edge rank number of the
given tree. :
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(00‘ A Construction for a Delta S stem i
Dan Ashlock, Caltech Mabh Depggi-g!ﬂ:lg Set-

A construction is given for an [v5s]

. i enti.
grgwmg Familly of sets that faie.?l.‘p to con:ig
2 delta system. The familly is selr similar
and includes the kmown masimm cardinality
examples of sats that avoid a delta system.

7o

The Domination Number for the Product of Graphs
R.J. Faudree, R.H. Schelp®, W.E. Shreve
Memphis State University and North Dakota State University

In 1965 V.G. Vizing conjectured that 4(G x H) > 4{G)+{H) for arbi-
trary graphs G and H, where v denotes the domination number. We show
this inequality holds when at least one of G or H belongs to a large family
of graphs which includes (a3 a proper subset) all trees. The conjecture was
also proved when G or H is a tree by Jacobson and Kinch in 1986.

MEMPHIS ATE UNIVERSITY
MEMFHIS, 38152
Dear Dick

(901) 678 - Q482

mathl ib@memstixl

January 25, 19 .
"rhe Domination Wuwmber for the Product of Graphs"

R.J. Faudree, R.HY% Schelp*, W.E. Shreve

We will not schedul our presentation for Friday.
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~Packings into Hypercubes
Quentin F. Stout, University of Michigan

This work is cfancerned with the number of disjoint copies of a cubical graph which can
be embed@d‘m a hypercube. Such packings are of use in various communication and
n:,sourc.c'd.lsmbuuon problems in hypercube computers. For any cuabical graph & and
d:mcnsfon d,_lc: Pe(G,d} [ p,(G,d) | denote the maximum fraction of edges [vertices] of
. the d—dxm,ansnona.[ hypercube @, coversd by edge-disjoint [vertex-disjoint] copies of G
For a cubical graph G, if p.(G, @) < 1 for some dimension d, then litn,—.. (G, d) =
2e(C, €), while if p.(G, &) = 1 then limy . p.(G,d) = 1. For any tee T of ¢ edges
ec.:lg_ejdls_]mn.t copies of T' completely cover . and if ¢ = i2%, where i is odd, then cclgc-.
disjoint copies of T cover Qg for all integral ¢ sufficiently large. Notice that counting
arguments show that the only dimensions T could cover are of the form . Tt is also
shown that p,(G, d) weakly smonotonically approaches 1 for any cubical graph G.
Keywords: hypercubes, packings, coverings, embeddings, trees, )
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S8INGLE NEURON STUDIES
A.K.Dewdney, Computer Science, University of Western Ontarioc

The recent resurgence of interest in neural nets has tended to
obscure the fact that, far from being able to design effective
computational networks, we don't even know what single neutrons do!
After briefly describing experiments that illustrate the dismal
failure of Hopfield networks to solve various combinatorial
problems, I explore several problems connected with the logical
operation of a single formal neuron.

Let a neuron be a set of integers (T, wl, w2,..., wn}. The neuron
defines a logical function £(x1, x2,...,%xn} to have the value 1 iff
the weighted sum of inputs xi equals or exceeds the threshold T.
The definition is not very helpful when it comes to describing the
function £ in logical terms. Define a logical function to be
neural if there is a neuron that will compute it. In the belief
that any worthwhile investigation of the computational properties
of neural nets depends on the logical properties of single neurons,
I explore various conditions that might aid in the characterizatien
of neural functions. Another problem of potential importance in
such an ingquiry is that of determining the smallest threshold that
will serve to realize a given n-place neural function. What is
the largest such threshold over all n~place neural functions?
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“73 . '
Learning Algorithms for Constructing Set

Systems

Geoffrey Exco
Department of Mathematics and Computer Science
’ Indiana State University
Terre Haute, IN 47809

January 24, 1990

Abstract

A very vimple algorithm that can be used to comtruct set systems in
described. The algorithm has been uted sucresafully to construct set ays-
tems that do not have Property B, to construct set systems not containing
delta systems, on Ramaey problems, and to construct smail reguiar graphr
of specified girth.

Cutpoints in Domination Critical Graphs. . .. ‘
Anll':ors: David P. Sumnet, University of Sooth Carolina, Ewa Wojcicka®, Coliege of

Charleston,

A graph G is k-domination critical if it has domination number k.and for any edge e not

. belonging 1o G, G+¢ has domtination numnber k- 1. David Sumner conjectured that every 3-

omination critical graph on more than § vertices was Hamiltonian, This conjecture was
?ecr:mly resolved bg?Eagfa Wojcicka. In that proof heavy use was made of the fact that 3-
doraination critical graphs are 'almost 2-connected in the sense that removing all the
endpoints of such a graph results in a chonnccted graph. This property does not hold for
k-critical graphs with k>3, thus motivating a.nccd for information about critical graphs
having cutpoints. In this paper we characterize, for arbitrary k, those k-domination-critical
graphs that contain cutpoints. Other relared results and questions will be presented.
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Butterflies ara Fres; Butterfly Networks Aren’t
George Purdy
Computer Science Department
College of Arts and Bciences
University of Cincinnati

Abstract. Why do more parallel computer architectures
employ the hypercube than the butterfly network? Perhaps
the butterfly lacks some essential connectivity, such as a
hamiltonian cirecuit, which the Gray codes provide for
hypercubes. We answer the second question by showing that
butterflies are never {hamiltonian) free.

Provably hard graphs for the crossing number problem
Daniel Bienstock, Columbia University

We show that for every arrangement A of lines (or pseudelines) in the. real
plane, there exisis a graph G(A), containing a subset S(A) of cdges. such that .
in every drawing of G(A‘ with minimum number of crossings, the set S(A)
realizes A. Using some recent results of Goodman, Pollack and Sturmfels, this
implies that there exist graphs, such that in every rectilinear drawing with

fewest

crossings the coordinates of the vertices require: more than

polynomially many bits. As another application of this construction, we
consider the problem of drawing a graph so that each edge is a polygonal line
with at most (say) t breakpoints. How large must 1 be ip order to achieve the
(unrestricted) crossing number? Weé show that for graphs with crossing
number k or less, the smallest possible value (k) of t satisfies

cxY%/logk < W) £ o k'R,

for constants ¢, <.
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7 K Towards a Bound for the’
Compression of the LZW Algorithm

Yehoshua Perl Anoop K Srivastava” ~ Shinu Gupta
Institute for Integrated Systems - Departiment of Computer and Information Sciences
New Jersey. Institute of Technology, Newark, NJ 07102

The LZW algorithm is a well inown efficient adaptive compression algorithm. It is based on constructing
a dictionary containing character strings from the text. Recently we anempted o design variations of the
original algorithm which achieve higher compression ratios. - In this paper we attempt to find a bound for
the LZW approach. That is. using a dictionary which satisfies the prefix propeny of the LZW algorithm
and gives maximum compression.

In order to build such an optimum dictionary, an algorithm based on the dynamic programming echnique
is given. A polynomial implementation of the algorithm is presented. Numerous experiments were
performed using different variations to obtain high compression ratios. The compression ratios abtained are
substantially higher than the ones obtained by the LZW algorithm and its variations. This indicates that

significanily higher compression can be obtained by improvements to the LZW approach. This observation
will direct our Future efforts. ’

78

k-\h’eight Domination and Fractional Domination. of Py, x Py,

£ 0. Hare
Clemson University

A [0,1]-valued function g defined on the vertex set of a graph is a
dominating function if g(N[v]) 2 1 for every vertex v. If, instead of [0,1], g
has values in (0, I, .., k] for some positive integer k, then it is a k-weight
dominating_function provided giMlv]} 2 k for every vertex v. The number
mingzvg(v) is the k-weight dominaiton number of graph 6. An algorlthm_ for
computing this number for Py x Pp (for fixed k) is presented. The fractional
domination number of 6 is mingZ,gtv) - A construction for an exact
computation for Py x P, 15 given, as well as ather examples for more
general Py, x Pp, '

1990
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on a Graph Transformation Where Nodes Are Replaced by
. Complete Subgraphs : .

Paul Schmidt
" Texas Instruments.
and
East Tennessee State University

. Teresa W. Haynes .
East Tennessee State University

A graph transformation is given that replaces each node v
of a graph with a complete subgraph of size dv where dv is
the degree of the replaced node. Hany invana_mts gf the
transformed graph can be calculated from the invariants of
the original graph. We show that a transformed graph is
recognizable in polynomial time and present results on
relationships between the invariants cf the original graph
and the invariants ¢f the transformed graph.

MINIMUM DISTANCE OF BCH CODES OF LENGTH 2™+1
Alberto M. C#ceres, Univ. of Puerlo Rico-Humacao, Dept of Math, Humacao, PR 00861

. The main result in this investigation is the aestimation of the

minimum distance of non primitive BCH codes of length n=2m+1
We prove that the generating set of such codes, A= {Bi]. where B is
a primitive n-th root of unity and the p' s are roots of the generating
polynomial  g(X) = m (X)my(X)...mp (X}, for some values of k,
contains three reasonably long subsets of roots with consecutive
exponents. This permits the use of Hartman-Tzeng (HT) Bound to get
substancial improvement over estimations obtained by use of the
BCH bound.

Key words
Codes, BCH, minimum_distance. primitive roots
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Incorporating Updates into the LZW Compression Algorithm
Yehoshua Perl Subrata Chatterjee* Tushar Mahaptra

INSTITUTE FOR INTEGRATED SYSTEMS
COMPUTER SCIENCE DEPARTMENT
N.J.LT. Newark,N.J. 07102

KEYWORDS: TEXT COMPRESSION, LZW ALGORITIM, DYNAMIC
DICTIONARY, DICTIONARY UPDATES. :

The LZW algorithm'is a well known efficient adaptive compression algo-
rithm. It is based on constructing a dictionary containing character strings
from the text. This algorithm is especially appropriate g:r communication
since both the encoder and decoder construct the same dictionary while pro-
cessing the text, Thus no preprocessing of the text or communication of the
dictionary is necessary. We enhance the algorithm by allowing dictionary
updating including deletion and addition of entries. To control the updates
we add a frequency field for each entry of the dictionary. We consider several
variations. Qur experiments show a significant increase in the compression
ratios obtained. The improverment is highest for texts where the LZW algo-
rithm does not perform so well and for small dictionaries.

Total Interval Number of a Tree

' Arundhati Raychavdhur, College of Staten Islaad (CUNY)

The total interval number of a graph, G, is the smallest positive
integer, k, such that every verter, 1, of G can be assigned a union of
intervals S(x), where {x.y) & E(G) iff S(x)15(y) = ¢, and US(1) is a union
of at most k intervals. This paper presents a polynomial algorithm for
finding the total interval number of a tree T. The approach is based on
determining the minimum number of edge disjoint caterpillars which
cover E(T).

Keywords Interval graph, line graph, clique graph, total interval
number, caterpillars.
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Hamiltonian Cycles which extend Transposition Matchings in
Cayley Graphs of 5, :

Frank Ruskey *
Dept. of Computer Science, University of Victoria

Carla Savage
Dept. of Computer Science, North Carolina State University

Let B he a basis of transpositions for S, and let C(S,, B) be the Cayley
graph of 5, with respect to B. It is known that C'(S5,, B) is Hamiltonian.
Every transposition 4 in B induces a perfect matching M, in C(5,,B). We
show here that for any bin B, there is a Hamiltonian cycle in C(S,, B) which
includes evecy edge of M,. That is, it is possible to generate all permutations
of 1,2,...,n by transpositions in B so that every other transposition is b.

Weskly Resolvable Designs and Unconditionally Secure Authentication Codes
Gustavus J. Simmons, Sandia National Laboratories, Albuquerque, NM 87185

A block design is said to be a-resolvable if the blocks can be partitioned into sets
(resolutions) such that each element occurs o times in each set, or simply resolvable if
a = 1. An a-resolvable design, a > 1, is said to be separable if one or more of the
resolutions can be further partitioned into subséts in each of which each element occurs
o' times, &' < o and nonseparable otherwise. A design is affine if every block has the
same number of elements in common with each block in the other resolutions. We
introduce a new class of designs which we call weakly resolvable in which the blocks
can be partitioned into sets such that each element occurs ao; times in set i e; not the
same for all i, otherwise the design would be a-resolvable, The reason for the interest
in weakly resolvable designs is that every nonseparable and affine weakly resolvable
design corresponds to a perfect and unconditio'nal[y secure authentication code in a
natural way.

Key worﬂs: Resolvable Designs

Authentication Codes
Weakly Resclvable Designs




85

Be

TUESDAY, FEBRUARY 13,

A Modal of Information Processing for a Knowledge Base Bystem
J J Longstaff*, N R Armfield, K Burrow, A N Dacre, ¥ Jennings,
I Walker, Leeds Polytechnic, England.

The graph representations of knowledge and knowledge processing
in a general purpcse Knowledge Base System are presented; these
representations are directly implemented by data structures in the
system. Firstly, an introduction to the software architecture is
given. Then a graph representation of an Chject Oriented  type
system is described, which includes "abstract"™ nodes for the
knowledge types maintained by the system. A KB_type abstract node
is assoclated with operations for creating lower level abstract
and application type nodes, and for 0Object guery. A DB type
abstract node includes operations for creating DB_application
types, and for general database update operations with automatic
constraints maintenance; constraints are defined at the
DB_application type level. oOther special types can be created,
e.qg., .rule_derived_type, image type; and software/hardware for
processing them included in the system. A predicate calculus based
query lahguage is introduced, and query processing is described
in terms of intermediate. graph representations of gueries which
must be compatible with the Object type hierarchy. The mapping of
query structure graphs ontce the Active Graph database model (ACM
TODS vol 14 no 1} is described. Finally, the representation of
user expertise in the form of graphs which are isomorphic with
Object type and query structure graphs is presented. These graphs
are used to drive adaptive help, and the values associated with
their nodes are updated after each interaction. Certain concepts
described in the paper are the subject of commercial exploitation.

- Changing a.nd unchanging of the node covering number of a graph

Linda M. Lawsen and Teresa W. Haynes
East Tennessee State University

A set of nodes that cover all the edges of a graph G is called a node
cover for G. The minimum cardinality among the sets of node cov-
erings is called the node covering number of G, denoted by o, We
resent results on the changing and unchanging of ¢, when a graph
1s modified by deleting a node, deleting an edge, or adding an edge.
These results are important in applications of graph theory where
a property of a system’s graphical model changes or remains intact
when it is modified either by a component failure or the addition of a
link.

1990
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partitioning Planar Graphs inte Indapendgr:lt Bots and Forests
S.L.Hakimi, University of California, Davis
E.F.Schmeichel*, San Jose State University .

_ J.weinstein, PRC Scientific Support Systems

We first consider the problem of vertex partitioning a planar
graph into an independent set and a forest. We prove this problem
is NP-complete, even for planar graphs with maximum degree at most

. 4. By contrast, the problem is polynomial for general graphs with

maximum degree at most 3. We then consider the problem of
partitioning a planar graph into two independent sets and a forest.
Wegner gave the first example--a maximal planar graph on 49
vertices--showing that such a partition is not always possible.
We prove that this problem alsc is NP-complete, even.for planar
graphs in which each face has 3 or 4 sides., The complexity remains

open for maximal planar graphs.

Coding Theory and Hypercvala
William Cherowitzo, University of Coleradoc at Denver

It is well known that in the dual code of the binary code. of
‘a projective plane of even order n, the code words of \:’e1ght
n + 2 correspond to hyperovals in the plane. We invest:.t_;ate

this connection seeking a classification of hyperovals in
projective planes of @ven order, with special attention paid

to the Desarguesian case.

Reywords: Hyperovals, Cyclic Codes, Sets of Even Type, Matroids
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Proofs for Non-Identities Using Characteristic Functions

Irvin R. Hentzel
Dept. of Mathematics, Towa State University, Ames, IA 50011, USA
_ David Pokrass Jacobs +
Dept. of Comp Science, CI University, Clemson, SC 20634-1906, USA,

This paper deals with the problem of establishing a proof that a nonassociative
polynomial is not an identity in a variety of algebras, The traditional method uséd is
an ordinary counterexample, Here a new method is given called a characteristic func-
tion. With such a function, person A can convince person B that the polynomial fails,
MI?Ch in the same way that a counterexample supplies 3 convincing proof. We give |
evidence 1o support that in many cases, the characteristic function is easier to con-
struct for person A and easier to verify by person B. We present an iterative algo-
rithm for ﬁndin; such a characteristic function. Finally we describe how the algo-
rithm was used to discover a new result in the theory of nonassociative algebms. We
also show how the method yields shortened proofs of several known results,

Key Words. altemative algebra, characteristic function, counterexample, nonassociative algebra,

polynomial identity,

qo

Bounded Di:crete Representations of Interval Ordérs
Garth Isask, RUTCOR, Rutgers University

A discrete representation of an interval order is an interval representation for
which each interval has integral endpoints. A representation is bounded if each
interval is constrained with npper and lower bounds on its length. Given an in-
terval order and length bounds, we give a polynomial procedure which determines
whether or not it has a bounded discrete representation. This answers a question
posed by Ken Bogart. The method uses Farkas’ Lemma to reduce the problem to
finding = shortest path or detecting a negative cycle in a corresponding digraph.
Furthermore, we use this digraph to determine lists of forbidden suborders in cases
with constant lower bounds of 0 or 1,
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COVERING CGMPLETE GRAPHS BY CLIGUES .
peter Horak’, University of Nebraska and Slovak Technical University,
¢zechoslovakia . . . ..
Norbert Sauer, University of Calgary, Canada

_covering § of the complete graph K is a family of k
ixfzégl in X gchosen so that every edge of nKe Ties in_at ;east
one clique. LBt c{S) be the size of the lasgest cliques 1?1 )
Define f{k,n)=min c(S), where the minimum is ta.ken over a LN}
coverings 5. In other words, every {k,n)-covering must have

Tigue of size at least #(k,n). . .
?‘ocd;g:rmine £{k,n) is an extremaly difficult problem as it 1nc‘IB=_:de:
in itself the guestion of the existence of Balanced Incomplete Bloc

ith A=1. .
%Sggﬁuﬂ of f(k,n) for k=7 and all ndn_ as well as several

asymptotic properties of f will be'presenged.
Keywords: covering, clique, BIBD.

: V’I‘he Maximum Order Complexity Profile of
' Cryptosystem PGM .

Spyres S. Mag].iveras"
Nasir D. Memon
Kok. C. Tam
University of Nebraska-Lincoln

Abstract

For » given sequence o = {21,T3,...1Zn} Where the clcmentsiz.- belong
to an alphabet A, the mozimum order complezily (Moc) of 7 is dcﬁn.ecl
to be the iength of the shortest feedback shift register {not nece.ssanly
lineat) which generates the sequence. The mazimum order complezity pro-
file {mocP) of ¢ is defined to be the sequence p = {vi..comml fvhere
vy =M0C{#y,...,2s}. The maximum order complexity profile provides a
strong randomness criterion, particularly applicable to decidl.ng the degree
of unpredictability of sequences generated from cryptographic systems. In
this paper, we study the MOCP of sequences based on cryptosystem PGM.
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Ci‘3 An update on conjectures of Graffiti.

Siemion Fajtlowicz, University of Houston.

"1 will discuss a few partially solved and a few new

conjectures of Graffiti.

7 .Some of them are about graphs derived from certain number-
thgoretlcal relations and they often result in conjectures related to
Prime Number Theorem, or in general about the distribution of

primes.

Other conjectures involve Randic index, relation between the
average distance and the minimum degres of a graph, and the rank of

adjacency matrix over the two-element field.

an Application of Signed Graphs to International Relations
Nancy 5 Mauldin®, College of Charleston '
Edwn Coiitter and Whlliam Hare, Clemson University

Making forewgn pelicy decisions involves evaluating complex relation—
ships among nations and determining the costs and benefits of each decision

alternattve " In mathematics, graph theory provides an excellent tool to
model international relatrons. Using signed balanced graphs, the mode)
developed here evaluates the relationships among six countries for the
period 1977 to 1982 n terms of their tendency toward alignment oF non-
ahgnment. The complete graph Kg fs used to model the relationships among
the US, Russia, China, Pakistan, India and Japan. The relationship between
two countries is denoted by a positive or negative signed edge between the
- two vertices representing the countries. A graph is da/anced if there are

no cycles ftaving an odd number of negative edges. The goal was to create a,

model which can be used by diplomats to organize and prioritize
alternatives for directing a limited number of resources in order to achieve

political stability.

T Vertex-switching reconstruction
of triangle-free graphs

" M. N. Ellingham and Gordon F. Royle*, Vanderbilt University

In 1985 R. P. Stanley proved that all graphs of order n are reconstructible
from their deck of vertex-switchings, provided that n =0 (mod £). This resul{
is not true in the case n = 4, but computer resuita show that it is true forn = 8,
leaving the situation n > 12, n =0 (mod 4) to be resolved. We show that the
number of triangles in a graph of order n # 4 is vertex-switching reconstructible,
a result which can in fact be generalised to any subgraph of order less than n/2.
Using this and some structural arguments we prove that all triangle-free graphs

of order n s 4 are vertéx-switching reconstructible.

fﬂ’ “DIMARY CODES ARISING FROM GRAPHS
by L
H.Tapia R.

Lat G ba a finta connectad grach with vartices x‘,...,:zp ang
idantify an arc having varticas M‘,X‘i with the monemial xi_:tl_ of tha

palynomial ring R = Zatx‘....,x’l. Lat I be the ideal or &
ganaratad By tha monomials xt_xj s+ 1 ® j fuch that the verticas ;!._‘,Kj
detarmine &n arc of G, lat M ba the maximal i1deal of R genaratasg By
all the indatarminatas :a‘_.....x.. and denota by LIG) the finrss
dimanTional Zz-'l:nnar zpace I/MI. which has as 2 matural baziz  +pe
cozats of tha arcz of @, Lat T: LB ————n L (G) ba the Z =Liraszr
funchion definad by Tia; = B whira the sumation iz takan -:ver akl

cozatz B mich that the arc b iz incident to tha arc a. and lat c b

1

the kernal of thiz limaar function. The purposza of Bhiz talk 1= =

W a

dezlribs tha lenath. dimension and minimal diztanca of C 1N bermz o7
tha graph B. Some rasultz connacting ultch).nés and codez ara proved
along tha sams lines.
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MORE ABOUT EUCLID'S PROOF OF THE INFINITUDE OF PRIMES qci . : : :
"Alberto Céceres and Liduvina Cruz* Reconstructing Graphs From Their Homomorphic Images
Department of Mathematics,UPR-Humacao University College, CUH Station, Humacao PR 00661 - D:.m ?ntﬂ(ul, Miami University, Oxford OH 4505_6
- An elementary homomorphic image (EHI) of a simple graph is the simple
The Ameri M . . . graph obtained by identifying a single pair of nonadjacent vertices v and w,
e American Mathematical Monihly, Vol 96, No.4 (1989) 339-341, ) _ i.e. replacing v and w by a vertex whose neighborhood is the union of the
' neighborhoods of v and w. If given isomorphic copies of the EHIs of a
graph, it is conjectured that (with minor exception) these uniquely determine
the original graph. It is proved that Husimi trees {(graphs all of whose blocks
omission. Using Dirich o e are complete) are indeed reconstructible from their EHIs, and discussed as to,
_ - Using Dirichlet theorem on the distribution of primes, we how this is a natural step in the right direction towards the conjecture.
Related reconstruction problems are considered.

In his note "A Remark on Euclid's Proof of the Infinitude of Primes”,

John B. Cosgrave defines the numbers Nf")+1 =Dy. Py o ﬁ, v p,+1

where  p,,.., p, are the first n primes and the circumflex means

prove that for the case "p, = 3 there are infinitely many numbers

N®4L1  which are divisible by pa. For higher primes we give

sufficient conditions for the existence of infinitely many numbers Key Words: Graph reconstruction, homomorphism

Ni(“}+1 which are divisible by p;. The feasibility of our conditions is

based on the even distribution of primes among the non zero residue

classes modulo p. oo )
X-VMS-To: IN%"hoffmanf@servax.bitnet"
: ps t E tial S Algebraic Curves
? 8 Opsut’s_ Conjecture and Critical Graphs Connections Be “§§2 Sﬁgﬁ:‘;ﬁe Se._,,igﬂs' gebral
. Oscar Morenao and . viiay Kt;mar
PRI . University of FR University of Southern
Chi Wang . . ‘ ‘ california ‘
RUTCOR, Rutgers University - i ‘ ]
. . Sequence design for multiple-access communication systems involves
New Brunswick, NJ 08903 the identification of a family of {+1,-1} sequences such that the

maximum magnitude of the inner product between one sequenceianri a
k : iti it ’ . . cyclically shifted version of the second (not necessarlly distinct
eywords: competition graph, competition number, stutsconjecture from the first) be kept as low as possible. Of course, if the two
. sequences are the same, we exclude the trivial case of zero shift.
A graph G = (V(G), E(G)) is said to be a competition graph of an acyclic digraph 'In this talk we point out hew mumber-theoretic bounds and results
ve
= (V{D), A(D)) if V(G) = V(D) and there is an edge in G between vertices gngigi:r;::iiggfs can pra seful in the design/analysis of such
2,y € V(@) if and only if there is some v € V(D) such that v # 2.y, zv,yv € A(D). Some of the best known fami.}ies of seguences have been derived from
Th ", . . . . . ) a pair of maximum-length, linear-feedback shift-register sequences
e competition number k(G) of a graph G is the minimum number of isolated vertices (m-sequences). The inner products in this case are in general,
needed to add to G to obtain a competition graph of some acyelic digraph. exponential sums of the Weil type. Such sums are related directly
. s . to the number of rational points on certain plane curves. Interest-—
Opsut conjectured in 1982 that if #(N(v)) < 2 for all v € V(G), then the compe- ingly, while curves having a large number of rational points are of

tition number k() of G is at most 2, with equality if and only if B{(N(v)} =2 for all importance in constructing error-correcting codes, in the case of se-
quence design, one is interested in curves whose number of raticnal

v € V(G). (Here, 8(H) is the smallest number of cliques coveripg the vertices of H.) . points deviates as little as possible from that lying on the projec-
Though Opsat (1982) proved that the conjecture is true for line graphs and recently ;li;vailine. duct bet 4 it £ L N

. . . oo i L e inner product between a m-sequence an s reciprocal gives rise
Kira and Roberts (1989) proved a vasiant of it, the original conjecture is still open. In to a Kloosgeman sum. By relatig; the value of thepxlonstgrman sum to
this paper, 8 class of critical graphs is defined. It is proved that Opsut's conjecture is the number of rational points on certain elliptic curves, Lachaud and
true if and only if it is true § itical hs i Wolfmann identified the possible values of a Kloosterman sum. We show
ue if an y if it is {rue for critical graphs. The results of Opsut (1982) and Kim how this result proves twe longstanding conjectures regardi the inner

sad Roberts (1989) are generalized. ANl K(-free critical graphs are characterized. Some product between an m-sequence and its reciprocal.

structural properties of critical graphs are discussed and further problems are listed.
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103 On the Minimum Cost of Sum Graphs

On a_propert _of‘ cartain pythagorean triples o Gerd H. Fricke®, Wright State University
JuTi6 R. Bastida, Dept. of Math., FAU, Boca Raton, FL 33431 ‘ Frank H Nev Mexico State Uni it

. ) rank Harary, New Mexico State University
A pythagarean triple that can be obtained fr'owén a primitive one by a , 7

factor representable by the quadratic form x< + Xy + ¥ is shown
to generate solutions of certain diophantine equations of order 4

1o}

Let G = (V,E) be a graph with vertices ¥ = {v,, v;,..., "n}-_ Then

and 8. :
¢ is a gum graph if there exists a set of distinct, positive integers
L= {a,...,0,}, vhere n; is assign.ed to v; such that v; v; ¢ E if and only
if o; + 05 ¢l
1]
If ¢ is a sum graph then the sum cost sc(G) is the mimimum sum ¥ o,
. isi
o 2 vhere the minimus is taken over all valid assignments £. We shov the
On the SIMULATION of MESHES by K-ARY HYPERCUBES . N .
following: Let C be the complete bipartite graph K,, minus one cdge
Said Bottayet, and . Hal Sudborough i i node. If n3 4 then se(G) < n? + 4n + 9 and the
Depa. prompu?Z’_Scieqce Dep o_f_c‘,?%mm scli;:]i:s together with an 1solateJnode n} {G) ¢
%:::Lﬁzsgeﬂl%ﬁ? Un;zvif:?mp.%?ﬁoss. ninimum cost cannot be attained by using 1 as one of the node values.
In this paper we present simulations of mesh cc d networks by k—ary hypercube
machines, We show how 1o embed an [m xp] grid G into the smallest hypercube that has at
least as many points as 7, called the aprimum-hiypercube for G. In order 10 minimize simu- / 0¢
luion time, we derive embeddings that assign the nodes of G 1o nodes of its oprimurm hyper- Face-vertex incidence matrix of a cubic planar graph

ible in the hypercube. The maxi distance . Haluk Oral

Algebra, Combipatorics and Analysis
e . m 2 y . 120 Mathematics Annex

g y, we may that [ ku.g.(m:ﬂsr FIED) 1. (1n the case where this laner _ ~Auburn University, Alabama 36849-5307

inequality is not satsfied, one would simply interchange the m for the P.} We show that

cube thar keep grid-neighbors as close as pr

between images of grid-neighbors is called the difarion of the embedding. Withour Joss of

In this paper we classify the cubic planar graphs with respect to the rank

there is a dilation r+2 embedding of 2-dimensional grids into their eprimum k-ary hyper- of their face-vertex incidence matrix. We also give several applications of
) this matrix. :
m N | logam |
—_— f [
gLiostm)] #m 0 (mod } References
cubes, where 7 = : . ) ) [1] . Oral, Constructing self-dual codes using graphs, J. Combin.

m "
zkl.ln:.(mu] . atherwise Thgoryh B, (to appear).

Key words: hypercube, meshes, embeddings, graph, dilation.
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A new approximation algorithm for the Steiner tree proehlem

.Kia Makkl, Department of Computer Science
University of Nevada, Las Vegas
' Las Vegas Nevada, 89154

The Steiner tree problem in netwerks is the problem of
finding the shortest tree connecting a given set of nodes

in a connected undirected distance network. Karp proved

that the problem i3 NP-Complete. For this praoblem we prescht
an approximation algorithm which runs in polynomial time and
produces a near optimal solution. We alsc investigate its
performance in comparisen with well established techniques.

Keywords: Steiner tree, Networks, Approximation Algorithm

Rooted maps on surfaces.
E. Rodney Canfield, University of Georgla

Let 'S be a connected compact 2-manifeld without boundary.
A map is a graph G embedded in § im such a way that each
maximal connected component of 5-G iz simply connccted:
that is, each face 1s topologically a disk. A map is
rooted 1f an edge, a direction along the edge, and a side
of the edge are distinguished. 1In this paper, a recursion
given elsewhere by Bender and Canfield is used to obtain
some new closed formulas for various generating functions,
Tables of the first few coefflcients of these power

series are computed. Both orientable and non orientabie
surfaces are considered,

17

RESOLVABLE MENDELSOHN DESIGNS WITH BLOCK S1ZE FOUR

F. E. Bennottf Mount Suint.V1ncunt Univaratty
Zhang Xuebin, Nenjing Architacturs and Civi) Engineering Inetitute

Let v and k bas posttive integers. A (v,k,1)-Mendelachn design (brisfly

(v,k,1}-MD) 1a & pair (X, B) where X 13 s v-sat (of points) and B 18 &
collaction of cyctically ordered k~subests of X {callad hlocks) such that
svery ardered pair of points of X are consecutive in exactly ona block of
B. A necesaary condition for the sxistence of a (v,k,1)-MD im.v{v-1) =
O{mod k). If the blocke of & (v,k,1)-MD can bs eartitioned fnto paraliel
classen each containing v/k blocks where v & O(mod k) or (v-1)/k blocks
where v & 1(mod k), then the design 1a callsd reaolvabie and denoted

briafly by (v,k,1)-RMD. It 18 known thst s (v,3.1)-RMD existe 1f and only

1f v ®r0or i(mod 3) end v +#8, .In this paper, it is shown that the
necessary condition for the existence of a (v,4,1)-RMD, nameiy v & 0 or
1(mod 4), 1s aleo sufficient, axcept for v = 4 and posmibly excepting v =
12. These constructions are equivalent to a resolvebla decomposition of
the complete symmetric directed graph K, on v vertices into 4-circuits,

Load Balancing Graphs II
Hesham H. Ali#*, Computer Science University of Nebraska at

Omaha

Alfred Boals, Naveed A. Sherwani, €8, Western Michigan University

We introduced the concept of load balancing graphs as a modeling

tool for load balancing of networks in case of node failures.

Load

kalancing graphs model networks that allow.a job to be shifted to
other processors without re-executing the entire job leading to
minimal interruption to the network and increase in overall

efficiency.

In this paper we generalize the concept of load balancing graphs.

We define a graph to be (m,n)-Generalized Load Balancing (GLB) if
the adjacency set of each vertex v is dominated by a set of m
vertices called cover set v or Cv. Where Cv = | Adj(v) U

Adj(Adj(v)) - v )} and n refers to its diameter.
We show that a GLB{m,n) graph can be constructed for any m>1

y N o»=

- . It 1s also shown that arbitrary large graphs can be constructed
for a given m, n. We investigate connectivity, eccentricity and
regularity properties of these graphs. We also compare different

existent networks with GLB(m,n) graphs.
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NEW BANDWIDTH REDUCTION ALGORITHMS.
C. GowriSankaran,* Dawson College, Montreal,

J. Opatrny, Concordia University, Montreal.

The most successful bandwidth reduction algorithms for graphs are
algorithms based on generation of a level structure of small width
. for a given graph. We present here two bandwidth reduction
algorithms which combine the level structure of a pseudo-diameter
of a graph with a minimization of the widths of level structures

of the connected components of the complement of the pseudo- .

diameter, Such a treatment of subgraphs, which is absent in
existing algorithms, results in level structures of reduced widths
for many classes of graphs. The first one of our algorithms uses
a recursive approach whereas the second one uses a separator set
to compute a level structure of a subgraph.

Key words: graph bandwidth, bandwidth reduction algorithms, level
structure, . .

Jl1o

Almost-Planar Graphs

Bradley §. Gubser, Louisiana State University

Kuralowski's thearem, perhaps the mast well-known theorem of graph theory, siates
that K5 and K33 are the only non-planar graphs @ for which bolh G\e.and (7/c
are planar for all edges ¢ of G. An almost-planar graph is a non-planar graph ¢
for which G\e or /e is planar for all edges e of G. In this talk, we characlerize
almost-planar graphs.

1l

A PROBLEM ON COMPLETE DIFFERENCE SETS

I Krasikow and J. Sehdnheim ©
Raymond and Beverly Sackler Faculty of Exact Sciences
School of Mathematieal Sciences
Tel-Aviv University
Israel

If D* is the set of nonzero elements of the complete plane difference set {0,dy,da, ..., de)
then at least &% — 2 members of 241,44, can be written as the sum of exacily three, not
necessarily differeat members of D*. Tt is conjectured that D is always representable in
this way and also that for sufficiently large k, perhaps k > 8, every element g of Za 4
is representable. We could not decide whether 4D* = Zya 4y, is true but it turned out

that 5D* = Zya 5,y provided k > 2.

A 5 COMBINATORIAL PROBLEMS IN
DISTRIBUTED LOAD BALANCING

Ernst L. Lelss
Research Computation Laboratory
and
Department of Computer Sclence
University of Houston
Houston Texas 77204-4231
USA

We define load balancing for multiprocessor systems where load
balancing decisions are based strictly on local load Information (i.e.,
the loads of the immediate neighbors). Continuing work presented two
years ago at this conference, we derive combinatorial results about the
behavior of this type of load balancing. In particular, we are interested
in problems relating to the initial load a: We derlve the minimum « for
a plven system that guarantees that every node has nonzero lvad once
the system is balariced and we determine the effect that the size of o
has on the number of load balancing steps required for obtaining a
balanced system. The last problem depends heavily on the system
topology: while In general, the rumber of steps grows ds a grows,
there exist certain graphs where balancing can be done In time

independent of the size of a.

ey werbs: Dribuled conpud
LC"M{_ boa b n‘ug hz
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/113 }15 ABSTRACT
On the Complexlty of Recognizing Tough Graphs 57 6~SETS ON 46 POINTS WITH NO PAIR OF POINTS REPEATED
Douglas Bauers, Stevens Institute of Technology, Hoboken, Nf 07030 JOUN WESLEY BROWN UNIVERSITY OF ILLINOIS
Aurora Morgana. University of Rome, Rome, ftaly ' Marshall Hall Jr. attempted the construction of a
Edward Schmeichel, San Jose State University, San Jose, Ca 55192 BIBD(46,69,9,6,1) from a FPP of order 8. This resulted in 3%
: ‘ 6-point lines. 24 5-point lines and 6 4-point lines on 42 of
We consider the relationship between the minimum degree & of a graph and the the 46 points with each occurring 9 times. ™

toughness of a graph. Let t > 1 be a rational number. We first show that if §(G) > We have filled in the missing 4 points consistently in
tn/t+1, then G is t-tough and the degree bound is best possible. On the other hand, 18 of the 30 partial lines, and have shown that this is the
we show it is NP-hard to determine if G is t-tough, even For the ciass of graphs best that can be done. Further, we have shown that the 39 6-
with §{G) » ((t/t+2)-)n. peint lines cannot be completed to a full design by any

Key Words: toughness, minimum deg,ee rearranging of the points in the partial lines.
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DOUBLE CYCLE COVERS AND THE PETERSEN GRAPH, 1 Subiee abstract for conterense

& Construction for Fault—tolerant Communication Multi-tves
Bavid Schweizer (#) and Dan fAshlocks Caltech

Paul A. Catlin, Wayne State Universit. i
! yne State Universi 4 Detroit M1 48202 c We exhibit a construction for an infinite family of
: . " fault-tolerant communication networks. The construcbinn
Any graph G with no cut edge and with at most 13 edge cuts of size 3 can be viewed as a superposition of trees. The con<bruction

tias been experimentally verified to perfnrm better than
cimilar networks with random intercennectiens. Many
combinatorial preblems arise naturally from the conshoec bion.

either has a certain type of double cycle cover (G € Sy, as defined helow),
or it is contractible to the Petersen graph. This improves cavlicr resulls of

:Iaegcr and of Catlin. Define & to be the family of graphs ¢+ {for which there including orthogonal Hamilton cycle decompogl tions of the
is a partition E(G) = E, U E; U E;5 such that the set of odd-degree verlices cn—mplateqqraph on p vertices, p prime.
of @ equals the set of odd-degree vertices of G[Fi], | < i < 3. Note that

G € &, if and only if G has a double cycle cover in which Lhe cycles can ) . keywords: faul t—tnlerant: communicationsy graph thecry

be partitioned into 3 edge-disjoint aets that each induce subgraphs, namely
‘G — E;i (1 £1<3), whose components are all eulerian. (The Petersen graph
is not in 83.) The family §; is also the family of graphs having a 4-flow,

Keywords: double cycle cover, 4-flow, eulerian, Petersen graph
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CYCLE IDEALS OF DISTANCE-REGULAR GRAPIS
A. D Meyerowitz / Florida Atlantic University / Boca Raton, Il 33431

The finite geometries underlying certain distance regular graphs Jhave ieen used to
elucidate eigenvectors and eigenspaces in the incidence é.lgohra. It work with Paul
Terwilliger, the opposite approach is being taken; starting from a distance regulap
graph, eigenvectors are sought which will reveal the point-acts of underlying geometric
struclures. The plan is to recognize these vectors as zeros of an ideal associated with
the cycles in the graph. The goal of Lhis talk is Lo intraduee this program with a well

chosen example or two. -

keywords: algebraic graph theory, distance-regular graphs,association schemes,

finite geometrics

/18

On separation of graphs of low genus
Ljudmil Aleksandrov!l and Hristo Djidjev}.2

1Center of informatics and Comp. Techn., Bulgarian Academy of Sci.
2School of Computer Sciance, Carleton University, Ottawa

- Abstract. Let G be an n vertex connected graph of genus g and T be a
spanning tree of G. Any simple cycle of G thal contains exactly one
gdge not in T is called a fundamental cycle of G (regarding . It is
well known that there exist 2g fundamental cycles of G whose
removal leaves behind a planar graph. Using this fact and the Lipton-
Tarjan lemma for separation of planar graphs with one fundamental
cycle it follows that there exist 2g+1 fundamental cycles of G that
divide G into components of no more than (2/3)n vertices each. The
main result of this paper shows that only g+1 cycles suifice lo
divide G in the above manner. The tool used to oblain this result is a
special sparse weighted grapbh associated with the genus g
embedding of G. As a corollary we prove that a set C of no more than
V6g+6Vn vertices of G exists that divide G into components of no
mere than (2/3)n vertices each. This is an improvement over the

best previous v 12g+6¥n bound on the size of C. Similar results are
obtained for graphs embedded on nonorientable surfaces.

14, 1990 11:10 A.M.
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ON THE EXISTENCE OF H DESIGNS
W. H. Mills

Institute for Defense Analyses
Princeton, N. J. 08540

Let m and r be positive integers. Let 7 be a collection {13, .. .., T
of disjoint r-element sets, and let S denote their union. By a transverse
of T we mean a subset of § that meets cach T; in at most one point. An
H{m,r,4,3) design on T is a coliection of 4-clement transverses of T, called
blocks, such that each 3-element transverse is contained in exactly one of

. them. We show that for m > 3, m # 5, an H(m,r,4,3) design exists if
and only if certain obvious divisibility conditions are satisfied, and that an
H{m,6,4,3) design exists for every positive integer m # 3. This last resuit
is needed for the study of minimal coverings of triples by quadiuples.

/ 20 : M. R. EMAMY-E.
P. GUAN
" L J. DEJTER
UNIVERSITY OF PUERTO RICO
MATHEMATICS DEPARTMENT
RIO PIEDRAS CAMPUSB

* ON THE FAULT TOLERANCE IN A 5-CUBE

Here, a mew proof for verification of the minimum number w{5) of
faulty edges in a 5-cube such that no square 1s fault free, is given. This proof
is more geomeirical and leads to some algorithmic method for the
computation of upper bounds for a{n} at large values of n,
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CARDD (Computer-Afded Re e 451!&235§Dh—ﬂﬁgﬂlminﬁtﬁﬂnd_nznypt

Hichael Wayne Powell, Teresa Haynes, Linda M. Lawnon

East Tsnnescas State Univareity

CARDD 18 an expert system and graph drawer that will
gﬂgrapn Teprecentativa of a family of graphs defined by
spegff::;s‘ﬁzz:?rdtchainlng inferance to construct a grap
Spectt 1nt;racti::15 (whfnfver such & graph exisca) and creates a diaspiay that
developmont. oF CARDD with the currin serster mmirrd, (CPOC o Ehe on-golog

. supperting eight rariancs;
:ﬁ::::t;ftzzgfs. nunber of edges, maximum elique, noéi iigep:;gg;;:ﬂszﬁber
er, gaximum degres, wipimum degree, and dominatlon number. ’

decarnire and displgy
a set of invar'snes.
h satisfving all uesr

122

The Jordan Curve Theorem
Harold Bell,University of Cincinnati and University of Miami

An elementary proof of the Jordan Curve Theorem is presented.

24

1990 11:30 A.M.

Generalizations of the Equivalence
between Complete Sets of Orthogonal Latin Squares
and Affine Planes .

Gary Mullen
The Pennsylvania State
University

Charles Laywine¥*
Brock University

Using affine resolvable designs and complete sets of mutually
orthogonal frequency squares and hypercubes, we provide
several generalizations of Bose's equivalence between affine
planes of order n and complete sets of mutually orthogonal
latin squares of order n. = We also characterize those
complete sets of orthogonal frequency squares and hypercubes
which are equivalent to affine geometries.

Key words. Affine resolvable BIB designs, mutually
orthogonal latin and frequency Squares and hypercubes, affine

geometries.

Reliability of Broadcasting in Communication Networks
Kenneth A. Berman* and Jerome L. Paul, University of Cincinnati

Let G be a communication network with vertex set V of size n and edge
set £ of size m, and let ¢ be a “time function” for E, ie. t is a
mapping from E to the positive integers such that (e} * #e,) if e

and e, are adjacent edges of G. For s, v € V, a t-relay path from s to

v is a path P "o‘:"n‘z'"upl‘p"p’ u, =5, u =v such that

t(el) < t(ez) < .. < te). The arrival time «(P) of P is deflined by
alP) = r(ep) (the arrival time of the trivial t-relay path consisting

of the single vertex s is defined to be 0). Note that information
known to s will arrive at v at time a(P) if it is successively relayed

from u ot u at time t(ei) during communication e, i = 12,....p.

The t-broadcast multiplicity of v from source s, ﬁ"(t), is the number

of distinct arrival times over all the r-relay paths from s to v. let

a"(.r) =. T ﬂw(t). It is obvious that o‘;(z) = 2m, In this paper we
=4

v
show that max { a ) } = 2m - n + 2, and present an O(m) algorithm
t

for finding a time function ¢ which acheives this maximum, We also
show that the problem of finding a time function ¢ such that
ﬁ"_(t) =z b,v € V, for a given set of positive integers b“, v eV i

NP-complete.
Keywords: communication network, reliability, NP-complete
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A Fast Generalized Approximate String Matching Atgorithm
Lawrence V. Saxton* and Nalin Wijesinghe, University of Regina

The problem of locking up a string in a directory or dictionary when the exact spelling
of the string 'is not known is called the approximate siring matching problem. 1t is use-
ful in finding similar tokens in information retricval applications and in correcling spel-
ling mistakes and other errors in text processing applications. For the normml exact
string matching problem, a binary search technique is known o solve the problem in
O(log n) time, for a directory of n elements, For the approximate string matching prob-
lem, a dynamic programming method has been developed, which unfortutinely bhas
warst case complexity linear in the product of the length of the scarch siring and the
sum of the length of all the strings in the directory. This makes the algorithim 10w time
“consuming for the very large directorics associated with its projected applicimions, We
describe a two phase algorithm, called the approximate binary search, 10 solve Lhe
problem. The first phase is 2 modified binary search which restricts the size of the
directory 1o be searched. The second phase is adapted from the dynamic programming
method and is applied only 1o the restricted directory. The algorithm has been used
successfully in the development of an online spelling comector.

Keywords: approximate search, dymamic programming, emor correclion, similar
strings, spelling correction, string matching

2.6
’ THE COMPLEXITY OF CLUSTERING IN PLANAR GRAPHS

J. Mark Keit
Timothy B. Brecht

Department of Computational Science
University of Saskatchewan
Saskatoon, Canada STN OWQ

ABSTRACT

The problem of finding the maximum clique in a graph is one of
the most fundamental graph problems and has many applications. In a
planar graph, aithough the absence of any large cliques makes the clique

trivial, there may stll be & need for finding a dense subgraph.

problem
ph is a set of h ver-

The idea of a cluster is useful. An h-cluster iy 8 gra;
tices which maximizes the number of edges in the graph induced by
these vettices, We show that the connected h-cluster problem is NP-

complete on planar graphs.

127

128

Bome Balanced Incomplete Block Design Constructions
Malcolm Greig, University of British Columbia

Key words and phrases: BIBD
AMS 1980 subject classifications: Primary 05B05

The object of this paper is the direct construction of
(v.k,1) difference families for BIBD's with v a primepower.
Over 600 designs with k > 6 and v < 32768 are given, with a
few small examples of (v,k,2) families. Some computational
aspects are discussed. ’

Tha Effect of Improving Links on Network Reliability
Jamal Nouh, Alfred Boals*,Department of Computer Science
Hestern Michigan University, Kalamazoo, MI 49008

One of the fundamental considerations in the design of
communication networks is reliabllity. = In this paper, we
investigate the problem of identifying the links of a network with
the property that their- improvement will lead to wmwaximum
improvement of network reliability, given that only a fixed number
of links can be improved. ;

The network reliability criteria considered here 1s the expected
number of connected pairs of nodes in the network.
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ON MINIMUM BREADTH FIRST ODD-CYCLE COVER

Rantjan K Sen
Computer Science Department
Hampton University
Hampton, Virginia 23668
U.5.A,

Abstract

For a spanning tree of a graph the set of non-tree edpes cach
of which gives an odd basls cycles 1s an odd-cycle cover of the
graph. The odd cycle cover has been earlier used to obtain maximnme
cut of a graph. A breadth-firsv search of a graph gives a =panning
tree and a correspondlﬁg odd-cycle. One can have distinct spanninp
trees and odd-cycle cover corresponding to each vertéx as the toot.
Amoné these odd-cycle covers there is one with mintmm size. Ve
present results giving conditions that makes a breadth {first scarch
give guch an odd cycle cover. Interestingly, for some praphs, the
odd-cycle cover of minimum size corresponding to a hreadth flyet

search may be the minimum odd-cycle cover of the graph.

{30

More on Distance One niaa].izabla Graphs
R. Prairie, C. Purdy , and G. Purdy
tniversity of Cincinnati

Abstract. Two years ago the last two authors reported on a
project aimed at determining ¢onditions under which a graph
on n.vertices could be "realized" in the plane (with edges
allowed to cross) with all edges having length cne. We have
completed the classification of all graphs on nine or fewer
vertices in terms of distance one realizability, and we are
presently finishing the classification of graphs on 10
vertices. Besides producing some interesting geometric
examples, this project has been a challenging exercise in

131

+Minimum Iteraied Closure — Dual Closure Sequences in Matroids
Safwan Akkari, Indiana-Purdue at Fort Wayne, Indiana .

Arthur M. HobbdFTexas A & M University, College Station, TX 77843

(visiting Indiana-Purdue at Fort Wayne, Indiana). : )

Let M be a matroid on set § with rank function p and let p* be the rank fu:.f:t!nn
of the dual matorid M*. For set A C §, define TA as the smallest set containing
A which is closed in both M and M*, or equivalently as the largest set obtainable
from A by applying alternatingly the closure & and dual closure o, Let a{M) be
ihe size of a smallest subset A of & such that A4 = §. Let &M } be the smallfat
number of closeres and dual closures necessary to expand into 5 some set A of'sxze
a(M). Then we show that &{(M) < 2[min(p, p*) — o M) + 1. Examples are given
showing this bound is achieved for matroids M of any s;l)emfied rank p.

Key words: matreid, closure, dual closure, electrical circuif '

by
and

132
Abstract
Bhaskar Rao Ternary designs and Applications

D. G. Sarvate, College of Charleston

Generalized Bhaskar Rao n-ary Designs with elements from abefian goups are
defined. This paper studies a special case of Generalized Bhaskar Rao n-ary Designs
called Bhasker Rao Ternary Designs. A Bhaskar Rao Ternary Design, X, isavx b
matrix of &'s, +1's and +2's such that the inner product of any two rows is 0 and the
matrix obtained by replacing each entry of X by its absclute value is the incidence
matrix of a Balanced Ternary Design. Applications of these designs to the construction
of Partially Balanced Ternary Designs and Balanced Ternary Designs are presented,
Some construction methods and necessary conditions for the existence of Bhaskar
Rao Ternary designs are given.
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DOMINATION ON COCOMPARMRBILITY GRAPHS .
pieter Kratsch, Friedrich-Schiller-Universitat, Jena, GDR
*Lorna Stewart, University of Alberta, Edmonton, Alberta, Canada

Two well-known graph classes which admit many polynomial time
algorithms for NP-complete graph problems are the in‘gerval and
the permutation graphs. But if one generalizes both in a .
natural way te¢ chordal and comparability graphs, respeci.:lvely,
things change and many problems remain NP-complete. In particular,
this is the case for the well-known domination problem and several

of its variants. . ]
Both classes of graphs have the additional property of being

contained in the cocomparability graphs, i.e., the complements of

comparability graphs.

-We present polynomial time algorithms for the dominating set

134

problem and several of its variants on cocomparability graphs.

Keywords: domination, cocomparability graphs, graph algorithms

Self-dual embeddings of Cayley graphs
for certain nonabelian groups

Nora Hartsfield
Western Washington University

orientable and nonorientable self-dual embeddings of Cayley

graphs for the alternating, symmetric, . and metacyclic groups are
constructed.

1356

13¢.

uEmbedding Butterfly MNetworks into Butterfly Networks"

Dr. Said Bettayeb and David A. Hoelzeman*, Louisiana State U

In this paper, embeddings of any size butterfly network with and
without wrap-around connections inte another butterfly network of
any silze with and without wrap-arcund connections are presented.
The embeddings given show that any size butterfly network B(m)
without wrap-around connections can be embedded into any size
butterfiy netwerk B(n} with and without wrap-around connections
with optimal dilation one. The remaining embeddings show that any
size butterfly network Bw(m) with wrap-around connections can be
emhedded into arny size butterfly B{(n) with and without wrap-around
connections with dilation at most three. The load factor for all
of these embeddings is shown teo be one when m<n, two when m=n and
the guest graph does not have wrap-around connections and the host
graph does have wrap-around connection, and O(2%**{m-n}) when m>n.

Key terms: Butterfly MNetwork, embedding, dilation, load factor.

B[.OCKING SETS IN FINITE PROJECTIVE SPACES AND UNEVEN BINARY CODES
W. Edwin Clark

Department of Mathernatics, University of South Florida, Tampa, Florida 33520-5700 .

A. Beutelspacher defined a t-blocking set of PG(m,g), m 2 t + 1, to be a subset B
of PG(m,q) such that any (m-t)-flat meets B and no t-flat is contained in B.
Beutelspacher has established a bound for the cardinality 1B1 of a t-blacking
set B that is tight when q is a square. For g = 2and t = 1 his bound gives 5 <

IB! £(B-2y2)-2m-3 [ am able to prove: THEQREM 1. There exists a 1-blocking
set Bin PG(m,2), m 2 3, of cardinality n if and only if 5 € n < 52m-3, This is
deduced from the following theorem on linear codes: THEQREM 2. (W. E.
Clark, L. A. Dunning and D. G, Rogers) If 1 €r <3, then there exisis no
uneven [n,n-t,4] binary code. If 4 <1, then there exists an uneven [n,n-r,4]
binary code iff r +1Sn< 524 (A binary code is uneven if it contains a
codeword of odd weight.) I

Keywords:
blocking set, finite projective space, binary linear code, odd codeword
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A Lincar-Time Algorithm for Constructing Minimum Height B-Trees
Yang-Tsong Lin*ind Si-Qing Zheng

Department of Computer Science
Lovisiona State University
Baton Rouge, LA 708034000

R-trees b8 a wsefwd data structure for external file organizalion. When the file indexes wre
represented by a BAree, the number of extemal storage (such as disk) accesses reqnired for
opcrations as scarch, insertion and detetion is equat 1o the height of the B-ree. Thus, minimam
height B-trees are desirpble. We presenl an € {n)-lime algorithm for constructing mininnm
heighit B-trees. given that atl keys are in sored order. For the case that keys are unserted, our
algorithim can be used to construct minimum height B-trees in ¢24n Jog n) time, Qur algorithms
are oprimal in lime. .

138

Ona Prcéblem of Robertson and Seymour

R. Bruce Richter
Department of Mathematies and Statistics
Carleton University
Ottawa, Canada K15 586

As a [orcrunner to proving that every 2-connccted graph hias a 2 tepiesen.
tative embedding in some surface, Rebertson et al suggest proving, that every-
2-connected planar graph has a 2-representative non-planar embedding. This
is done here for cubic planar graphs.

/39

PRODUCT NETWORKS:
A FAMILY OF GRAPHS FROM GROUP MODEL

Dilip Sarkar
Wing Tong®
University of Miami
Department of Mathematics and Computer Science
Coral Gables, FL 33124

Akers and Krishnamurthy developed a formal group-theoretic model, called the -
Cayley graph model, for designing and analyzing processor/communicalion fnter-
connection networks. Using this model they developed two classes of intercannecc-
tion networks, called the star graph and the pancake graph. Analysis has shown
that star graphs are markedly superior to the widely used n-cube. In this paper
using the concept of Ceyley graph model, we propose a new family of interconnec-
tion networks. We study their such properties as degree, diameter, connectivity,
and fault-tolerance. Both the n-cube and the star graph are metnbers of this new
family of networks. For a given size, the n-cube has the largest diameter and the
star graph has the smallest diameter; others have diameters between the n-cube
and the star graph.

/e
Lottery Schemes and Covers
by e

M. Morley & G. H. J. van Rees_

At present, there are many lottery schemes_ for saq.e
purporting to .eoffer the gambler a guaranteed win on his
"lucky™ numbers for a small oiutlay. In mathematical terms,
they are selling a (v,k,t)-cover with a clese to m1n1m§l
number of blocks. A {v,k,t)-cover is a set of blocks(sets) in
which the wvarieties({elements) are taken from a v-set,every
lambda set occurs in some block and all blocks contain k
varieties. C{v,k,t) is the # of blocks in a minimal (v,k,t)_-
cover, We prove that C(12,6,4) = 42 and C{11,5,3) = 21. This
is done with the help of a construction that gives C(4t-3,2t-
1,E-1) <= (2t=-2)1/({t-1)!(t-1)1)+1, t >= 3. Also a new
recurrsive procedure is developed that gives a quite good
upper bound and helps prove that C(12,8,4) = 12 and
C(13,9,5)=19.
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From: kuplinsk@math.rutgers.edu (Julioc Kuplinsky)

FINDING HARD-TO-COLOR GRAPHS BY COMPUTER

*Pierre Hansen, Rutcor and School of Business, Rutgers University.
Julio Ruplinsky, Dimacs and Dept. of Mathematics, Rutgers

A usual measure of the performance of graph coloring heuristics is

- performance guarantee (Johnson, Wigdersen). This is an asymptotic

guantity, which basically measures the ratio of the number of
colors used by the heuristic to the chromatic number in the worst

.vase (WHEN n IS LARGE). This gives no information on the

performance of the heuristic on small graphs. We try to understand
the behavior of several well-known heuristics by 1) finding small
(in some cases smallest) graphs on which the algorithm does net
provide the chromatic number and 2) experimenting on the computer
with randomly generated graphs from which vertices and edges are
removed one at a time until a "minimal" graph of this nature is
obtained. 1In this discussion a distinction should be made between
graphs where the heuristic always performs badly from those where
this behavior depends on choices made during the execution of the
algorithm.

/42

Straight Ahead Cycles in Drawings of Eulerian Graphs
Heiko Harborth, Techn. Univ. Braunschweiq, West Germany

Drawings D(G} are mapplrgs of the wvertices of a graph G
inte different points {alsc called vertices) of the planc,
and mappings of the edges of G into Jordan curves such that
two curves (also called edges) hawve at most one poinkt in
common, elther a crossing or an endpoint (vertex}.

Paths in drawings are considered which pass through all
vertices straight ahead, that means, there are equal num-
bers of remaining edges to left and to right of the path.
Then every drawing of an Eulerian graph is partitioned into
disjunct straight ahead cycles. It is conjectured that for
every Eulerian graph a drawing exists which determines a
straight ahead Eulerian cycle. Proofs for special classes
of graphs are given. Mcreover, drawings with many small
straight ahead cycles are discussed.

743

A colourlul algorithm for the maximum clique problem
Wendy Myrvold, University of Victoria

Using th(_: observation that if 4 graph G can be propetly vertex-coloired using k — 1
colours then G has no clique of order k, we develop a simple new algorithin for the
maximum clique problem. Experimental evidence is given to show that the perfor-
mange of this algorithm cotmpares very favourably to algorithms suggested by pre-
vious authors,
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From: <JAMISONQHARTFORD> ‘ J 47
optimal Algorithms for P4~Bparse Graphs on Minimal Paths through a Bhuffle-axchange Network
Beverly Jamison*, University of Hartford and _ Roy Fuller, University of Arkansas

Stephan Olariu, 0ld Pominion University
. " There has been recent theoretical interest in finding Cayley graphs

A graph G is p4~-Sparse if no set of five vertices in G induces with small average minimal path lengths, allegedly because such
more than one chordless path of length three. P4-sparse graphs graphs might be utilized in computer network design. However, the
are a natural generalization of both cographs and P4-reducible graphs actually wused in practical networks do not have to ke
graphs, finding applications in scheduling, clustering, compu- . assoclated with any mathematical structure. Shuffle-exchange (SE)
tational semantics, and memory organization. We propose optimal networks are practical networks that are not based on a (single)
algorithms that, given a P4-sparse graph as input, solve the . mathematical structure.

following problems: coloring, maximum cligue, largest stable Despite their long history as computer networks, no minimal path
set, cligue cover, domination, strong domination, number of ) analysis seems to have been published. We present an algorithm for
maximum size cliques, number of transitive orientations, num- . finding all minimal paths between two nodes of a SE network.
ber of maximum stable sets, and center, among others. Average minimal path lengths are calculated for SE networks of size

up to 2 to the 20th,
Keywords: Algorithms, Graph Coloring, Perfect Graphs. '

lq—é Spannlng eulerian SUbgra’l)hS . /4'8 The SetPlayer System for Impl:l.e.ii_ #at Manipulation
Zhi-llong Chen* Dave Bergque and Mark Goldberg, Rensselaer

Wayne State Universily, Detroit, M] 48202 The power set, POW{A), of a given a set A is the set of all
Hong-Jian Lai subsets of A. Power sets and their derivatives are a standard
object of research in Combinatorics. Unfortunately, no

West Virginia University, Morgantown, WV 26500 ;
. conventional software system allows efficient manipulation of power

sets. In this talk, we present an interactive command-driven

A graph I is collapsible if for every even subset B C V (1), {1 has a span-
grap SOApELYE ’ software system called SetPlayer, which in addition to supporting

ning connected subgraph with R as the set of the odd-degree vertices, The ort
reduction of a graph & can be obtained from G hy conlracting all nuaximal a variety of standard set operations, is capable of expressing,
s N . storing, and manipulating formulas representing power sets.
collapsible subgraphs of G. 1t has been noted that knowing the "'"""‘"’_“ of We describe several computataional and combinatorial problems
small graphs is useful in fnding spanning evlcrian subgraphs and lamilio- related to the design of any system of this type, and give an
grag E sp 1 g9
illustration of the current verszion of SetPlayer. Our goal is to

nian line graphs. In this note, we study the reduction of =mall graphs. A= an 3 _ . '
application, we show that if G is a simple graph with order n ane £'(¢7) = 3, . z::"’é g?agestz:r:g’sf:mc::;‘i::t::ie; as a tool during the empirical
and if n is large and il for every edge un € E(G), d{x) +d{r) = 2 - 2, thei b .

cither G has a spanning eulerian subgraph or G can he contracted to the Pr-

tersen graph. For 3-edge-connecled graphs, this is stronger than a conjecinre

of Benhocine, Clark, Kohler and Veldman.
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A LINEAR ALGORITHM FOR FINDING THE PERIOD
OF A STRING OF CHARACTERS

P.S. Nair, Creighton University, Omsha
. Opatrny * Concordia University, Montreal.

For a given string of characters u-a,a,--a we define the period of u ns the
shortest prefix vea 8,8, of u such that u-v v .. v w for some prefix w of v.

The problem of finding the period of & given string occurs in the nrea of pattern
recognition. We present a linear algorithm for finding the period, and show that
this algorithni elso can be used to find & detailed structure of the period of the

string. .

/150

VERTEX~TRANSITIVE GRAFPHS. ON A SURFACE
Laszlo pabai, Univ, of thicago and Eotvos Univ., Budapest

THEOREM. Given an arbitrary surface S, we prove that all but
a finite number of connected vertex transitive graphs embeddable
on S admit a symmetrical embedding fautomorphisms extend to the
surface) on a surface with nonnegative Euler characteristic
(sphere, projective plane, torus, or the Klein bottle).

In particular, apart from the cyecles and four families of
stripe-like graphs, ail but a finite number of these graphs are
factors of semiregular plane tilings.

The size of the exceptions 1s bounded by a constant timgs the
Euler characteristic of s.

This theorem generalizes previous results by V. Proulx and
T. W. Tucker. The proofs use different, geometric methods, A
limit construction leads to an infinite planar graph, and cases
are distinguished according to the connectivity and the number of
ends of this limit graph.

The result was independently obtained by ¢. Thomassen.

1990 5:00 P.M.

On Total Covers of Graphs

Y;usef Alavi*, Liy Julqiang and Songlin Tian, Western Michigan University
Jianfang Wang, Academia S5inica, Beijing, Zhongfu Zhang, Lanzhou Institute, China

A total cover of a .connected graph G 18 a subset of v(
G) U E(C) which rovers
all elemente of V(G} U E(G), The total covering number n'z(G) of a graph ¢

:L: the minimum cardinality of a total cover inm G. Alavi et, al, in a paper on
the sublect, had posed the conjecture that for a connected graph G of order

P, uz(G) 5[%] Here we give some properties of connected graphs which have a
total covering number r%]and prove the above conjecture. .
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Efficient Cnhlpuler Algorithms for Construction of ‘Friple Systems
Maurice Eggen, Trinity Univ., and Roger Eggen®, Univ. of North Florida

Recent published anicles indicate a renewed interest in triple systems and their applications
in computer science. The role of combinatorial designs in compuier science is not Thrnited
to graph theory., A t-(Lm,n} design (V,B) is an n-set V together with a collection of m-
subsets B of V with the property that each 1-subsel occurs in an m-subsct exactly t-times.
When |=2, m=3, and t=1, the systems are called Steiner triple systems. B is well known

that Steiner triple systers exist if and only if n = 1,3 (mod 6). When 1=2 and m=3 the
systems are simply called rriple systems (for any £). 1n this paper the authors present, for
those interested in developing new applications, efficient computer algorithms for
construction of any triple system, and provide a complete discussion of when such systems
exist, The constructions are based on latin squares.  The paper presents special metheds
for the case t=1, 1=2, (=3, elc., and provides algorithms suitable for implementation in any
computer langnage. as well as actual implementations in the C propramming lanpungpe.
Algorithm analysis as well as special considerations for parallel processing hardware are
discussed.

Keywords: Algorithms, desipn, combinatorial design, paralle! algorithnis

/55

On cCharactarizing Independsnce and overlap Graphs

in Testing VLBI Circuits

Hesham H. All, Hassan A. Farhat#

Dept of Math and Computer Sclence, Univ of Nebraska at Omaha

In testing VISI circuits, the problem of ldentifying the
maximum set of independent faults is known to be HP-complete.
In this paper, we characterize the independent and overlapped
faults and study the corresponding graphs. Using the
characterization of the independence and overlap graphs,

we develop a heuristic for solving the problem of finding
maximum independent faults. We also speclify the special
cases in which the algorithm finds the optimal solution.

Key Words : VLSI testing, independence graphs, overlap
graphs, automatic test generation.-
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The Number of HNon-
" Neal Brand*, Saial Das,

Texas

Let p.be a prime number. The structure of Pascal's
triangle module p is well known.

sy to compute the nu
::igngle mogulo p up through row n. We show this number

has the same order as the number gf non-zero entries
through row n for the table of stirling n

Entries in Recursively Dafined Tables
Do and Thomas Jacob, University of North

From this structure it is
nber of non-zero entries in Pascal's

umbers medulo p of

either kind and for variations of Pascal's triangle modulo p.

15 g Chromalic uniqueness of certain bipartite graphs

. Reinaldo E. Giudici and Eduardo Lima r_je 5& )
Departamanto de Matematicas, Universidad Simon Bolivar.
Apartado 89000, Caracas, Venezuela.

Ahsiracl: 1t 15 proved Lhat if & is oblained from a complete m‘eartlte gfapn
Am m OF Kapme ¢ by deleting & disjoint edges, d:gom and Az then & s

chromaticatiy unique; the cases Z-dand g=/were already known. The case 4=

aives a parlial answer to Problem 12 stated by Kok and Teo, The_Search rur_
Chrematically Unique Graphs® (to eppeer). of delermining ihe x-unigqueness of
graphs sbtained fram the complete K paraph removing two pf its ques; in
facl, we prove thal a graph eblained from Aim mor K. e 1 UY deleting any
two edges is chromalically unigue. We also prove Lhat for eecb .i'.-u.i: the. graphs
oblained from & me@ remeving any two of ils edges is x-unigue if mis large

enough (depending on k).

/87

8:40 A.M.

A Parallel Algorithm for Maximum Matching in Cographs

Gur Saran Adhat® University of North Carolina at Wilmington and
Shietung Peng University of Haryland at Baltimore Gounty

The problem of finding Maximum Matching fs: "find a subset of edges of
maximum cardinality such that no pair of edges in the gubset have a vertex
tn common”. The problem has known randomized parallel HC algorithm for
general graphs, however, a determinisric parallel algoerithm for the general
gcraphs is still unknown. In this paper we present 3 parallel NG algorithm
which finds out Maximum Cardinalicy Matching when the Input is restricted
to a special class of graphs, namely Cographs.

Complement Reducible Graphs, or Cographs in short, are the graphs that can
be formed starting from a vertex under the ¢losure of operations of union
and complement. They are the underlying graphs of transitive series
parallel. digraphs and are also the comparability graphs of posets known as
aultitrees, Cographs have a canonical representation called cotree, which
forms the basis of the proposed algorithm. '

The algorithm is designed to run on a Concurrent Read Concurrent Write
Parallel RAM (CRCW P-RAM} model of computation. The algorithm generalizes
the parallel tree techniques and requires 0(log? 1) time and uses o¢n?)
processors, -

Keywords: GCographs, Maximum Matching, NC-algorithm

/ G 0 Sotne grapli problems and the realizability of wmetrics by graphs

Tamds Lengyel, Computer and Automaiion Institute, Hungarian Academy of Sciences, But‘iapesl
and Beloit College, WI 53511

" The problem of the graph realization of mefrics has béen much studied.” We give two examples

cheracterizing the solutions to some graph problerhs.

Consider & metric (S, d) and a weighted connected graph G = (V, £, w) with positive edge weights
(lengths) and 5 C V. - Let dist(G4, j) denote the length {weight sum) of the shortest path in G
from vectex f to j according to w. The quantity dist(G;i, j) is called the distance between verlices
i and f induced by G.  Graph G is a realization of the metric (5, d) if  dist(G;i,j} = d(i, j) for
all i and j € 5. We show that the minimum-cost Bamilton circuit can be easily found for a mettic
(5.4} if it is induced by a tree (on a possibly larger set of vertices). This tree is often referred as
the distance tree of the meiric. The total length of the optimal circuit is twice the total length of
the tree. Finally we prove that all Hamilton circuits of § have the saine length with respect to the
tuetric distance d if and only if the metric is induced by a star.

The second problem deals with the shortest path trees of a given connected graph with positive
edge weights. The structure of these spanning trees usuaily depends on the choice of the vertex
from which the shorteat distances must be found to all other vertices in the graph. We discuss an
interesting case: what happens if there is a common shorteat path tree for afl vertices. We give 3
characterization of this case in the terma of the tree-realizability of the induced metric associated
with the originel graph. It implies that the minimum spaoning tres gives the unique common
spanning ttee.

Keywords: Hamilton circuits, shortest path trees, graph realization of metrica, tree-realizable metrics

to show Lhat special realizati of the simpl r‘::ructure, the tree-realizations, can be used for
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Sets With No Integral Solutions to X + ¥y = kg .
Fan ‘Chung, Bellcore and John Goldwasser® Wesr Virginia University

A ser of positive integers having no solutions to x + y = ¢

is called a sum—free set. We generalize this notion. For k a

fixed positive integer, what is the largest subset of the set of

atl positive integers less than or equal to n which has no solutions
For k=3 and n»23 we show that the odd integers
less than or equal to n is the unique largest such subser (veri-
fying a conjecture of Erdos). For k24 che nature of the problem
changes considerably and optimal solutions have long strings of
consecutive integers, -

Key word: Sum—free set

Set T-Colorings of Graphs
Barry A. Tesman, Dickinson College

- Given a‘grap'h' G, a finite set of nonncgative integers T, and a positive
¢onstant k, assign to each vertex x of V(G) a set §(x), of size k, of
distinct positive integers (called
by:

colors). The assignment s testricted

[x.¥) e E(G) =X - yj|e T, for all xi € §(x), yj & S(y).

Such an assignment is called a T k-coloring of G. The criteria for
efficient T-colorings are similarly defined for 7T k-colorings.
results and open problems are presented concerning these criteria.

Recent

graph coloring, T-coloring, T k-coloring

1990 9:00 A.M.

Numerical 8clution of Optimal control Problems with Bounded State

nts . . e
gglr::tcf::gory, Cantian Lin, Southern Illinois University-Carbondale

We present new, efficient and accurate numerical methods to solve
a class of optimal control problems.

/oY

d-reguelar graphs with every edge on ¢ triangles, for certain values of 24 — ¢
Peter D. Johoson Jr., Auburn University

For a simple graph G, u,v € V(G), and e = uv E(G), let N(u)
denote the set of vertices adjacent to u; let te) = [N(u)[1 N (v)], the
number of triangles e sits on, in G, and J(e} = N(u)UN(v)|; let
m=|E(G)| and n = |V(G)}; let ¢ = 1 ¥ eeg(z) t(e) and
J = max,ggig) He)

The following generalization of a fameus theorem of Magrdet and
others is fairly well known: m < ), with equality if and only if G is
regular and (e} is a constant function of e [The famous theorem is:
t=0=mc< ,,T: with equality il and on]y G= K:';';.] It i5 known that
when J = n, equality holds il and only il G is comp1el.e r-partite, for some
r, with partile sets of equal size. Here we find the extremal graphs when
J=n-1,and when J =n - 2, .
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/ &5 On the discrepancy of 3 permutations
Géza Bohus, Dept. Math. and DIMACS, Rutgers University New Brunswick, NJ 08903

Keywords: discrepancy

A well known conjecture of J. Beck states that the hypergraph consisting of
the intervals of three permutations of a set has discrepancy at most K for some
absolute coustant K. (We regard a permutation as an ordering of the elements
of the underlying set.) The discrepancy of the hypergraph M on the set X is
dise (M) = miny,x..¢ s} maxpen | Zoeq x(2)], Le. split the underlying set in two
pieces a0 that the sets in the family H are split as evenly as possible. (For a refl-
erence on this problem as well as on discrepancy in general we refer the reader to
Spencer, LN., Ten lectures on the probabilistic method. SIAM, Philadeiphia, 1987.)
The justification for the conjecture is that for two permutations the discrepancy is 2,

In this paper we show an upper bound of O(log | X ), not only.for three, but for
any constant number of permutations. The proof also gives an efficient algorithm for
coloring the underlying set.

/66

Constrainis on the chromatic sequence for trees and graphs.
Ewa Kubicka, Emory University

This paper deals with the chromatic sequence associated with a specific graph G, thatis
the sequence in k of the minimum sums of colots taken over all proper colorings of the
graph G using exactly k colors. It is shown that for trees this sequence is constrained,
in fact it is inverted unimodal, while for arbitrary graphs it is unconstrained. This means
that for any permutation of numbers 2 through n, a graph G can be found whose
chromatic sequence after sorting into nondecreasing order realizes the given permutation.

Je7 COMPUTER EVALUATION OF SINGULAR
AN} HYPERSINGULAR INTEGRALS
V.1. Fabrikant
Department of Mechanical Engineering,

- Concordia {University, Montreal, H3G 1MB8, Canada

Abstract

There are numerous monggraphs on numerical integration [1], [2].
They discuss very thoroughly various methods of integration of non-singular
functions, but deal very superficially with the problem of integration of
singular ones. Though some theoretical results have been published [3], we
are unaware of any standard subroutine available for the singular integrals
evaluation. This lack of the standard software resulted in some cases in
ignoring  the singularities during computations [4] which definitely
undermined the accuracy of the numerical results. The development of such
a subroutine is the purpose of this paper.

| L 1 oon—l‘inue.d

An aigorithm and a standard subroutine are developed for the
evaluation of sinpular integrals over arbitrary two-dimensional domains. The
integrand is a product of a Green's function with another function having a
week singularity at the boundary of the domain. Formulae are derived for
an accurate estimation of the integral in the neighbourhood of the
singularities. The integral over the rest of the domain is evaluated by a
library subroutine. The software developed is applied to a study of some
contact problems of the theory of elasticity for non-classical domains.

References

1. PJ. Davis and P. Rabinowitz, Methods of numerical integration.
Academic Press, New York, 1975,

2, H. BEngels, Numerical quaodrature and cubature. Academic Press, New
York, 1980.

3. R.G. Gabdulkhaev, Cubature formulas for multi-dimensional singuar
integrals. [lzvestiya VUZ'ov, Matematika, Vol. 19, No. 4, 1975, pp. 3-13
(in Russian).

4. EE. Ocon and RF. Harrington, The potential integral for a linear
distribution over a trangular domain. [Internationa! Journal for Numerical
Methods in Engineering, Vol. 18, 1982, pp. 1821-1828,

l 6 { : BICLIQUE COVERS and BOOLEAN FACTORIZATIONS
. of TOURNAMENT CODES
Greg Bain and J. Richard Lundgren*
University of Colorado at Denver
John 8. Maybee
University of Colorado at Boulder

There are several interesting practical problems involving codes that use the
ternary alphabet {0, 1, +}. A code C of legth k over the alphabet {0,1,+} is called a
tonrnament code if, for any two distinct codewords g, b, exactly one of the following
two conditions is true: (i) there exists j such that {a;, b;) = (0, 1); (ii) there exists
7 such that {a;, ;) = (1,8). If (i) holda we say a — b; this defines the tournament.
The maximal value of |C| over ali tournament codes of length & is called t(k). The
actual values of ¢(k) are inknown, but upper and lower bonnds have been found.

We have shown that this problem is the dual of finding the minimum boolean
rank of an u x n tournament matrix.or finding the minimum size of 2 biclique cover
of a tonrnament. We have investigated the structure of tourpament matrices, and
by breaking certain tournement matrices into specially constructed blocks, we bave
found useful hoolean factorizations of the tournament matrices. In parcticular, we'
show that if an n x n tournament matrix T = AP where 4 is n x k, and B is
k x n, then we can construct 2 code €' of length k satisfying [C] = n. Here all
the arithrietic is boolean. The methods used provide an easy means of generating
several infinite series of codes satisfying lim, - n/k = oo and strongly snggest that
we may have already found the best possible factorizations.




169

710

THURSDAY,

Divided differences and comblnatorial tdentities.
Luis Verde-Star, Unlverslidad Autonoma Metropolltana, Mexlco Cilty.

We show that some baslc propertles of dlvided differences can be
used to obtaln comblnatorlal ldentltles. This is done applying general
proposttions, llke the chain rule, .to partlecular funcilons and taking
sultable values for the arguments of the divided differences. In this

way we geb mumerous identltles, for example

P
k no_ .
k;](—l) [p*k]k"o , pr 2, neven, 2 5nxs2p,
[problem 1330, Math. Mag. 62, Ho. 4, 1989 ), and
n -1
G [ 1o ok ] h( )
z m - — = Zar B e-sZE )
=0 J =0 L zJ m 07T n
k=}

where hm is the complete symmetrlc polynomial of order m. This 1s a
generallzatlon of the ldentity used by Good In his proof of Dyson's

con Jecture.

this work Is° an extenston of our paper Interpolation and

comblinatorfal functions, Studies In Applled Math. 79: 69-92, 1988,

Total Colourings of Deuse Graphs
Hugh Hind, University of Southern Mississippi

. Given a graph G, a total colouring of G is a mapping from V(&)U E{G) into
some set of colours such that no two adjacent elements and ne two incident elements
of V{&) U E(G) are assigned the same colour.

Recent results of Flandrin and Li, giving new sufficient conditions for the ex-
istence of n Hamiltenian cycle, will be mentioned. These resulta will then be used
o show that at most A(G) + 2 colours are needed to totally colour a graph G with
A(G) = c|V(G)] for ¢ sufficiently large. This answers a question posed by Hilton.

KEYWORDS: total colouring, Hamiltonian cycles

FEBRUARY 15, 1990  11:10 A.M.

/,7 / A fast NC recognition algorithm for P4-reducibic graphs

R. Lin
Depantment of Computer Scicice
SUNY at Genesco
CGenesen, NY 14454

S. Otariu*
Depariment of Computer Science
Old Dominion University
Noifolk, VA 23529-0162

Abstract

The Pd4-reducible graphs are a namral generalization of the well-known class of
cographs, with applications to scheduling and clustering. More precisely, the P4-
reducible graphs are exactly the graphs none of whose veriices belong 1o more
than one chordless path with three edges. A remarkable property of P4-reducible
graphs is their unigue iree representation up te isomorphism. In this talk we
present a parallel algorithm 1o recognize Pd-reducible graphs and to construct
their corresponding iree representation. Our algorithm runs in Q{log n) time us-
ing O(%22 ) processors in the EREW-PRAM model.,

no+
log n

/ 7’2 ~ Sum Distance in Digraphs
Songlin Tian, Western Michigan University

For vertices u and v of a digraph D, the sum distance sd(u, v} between u and v
is the sum of the lengihs of a shortest u—v pathand v—u pathin D. If D is
strong, then this distance is a metric. The s—eccentricity se(v) of avertex v in D is
the maximum value of sd(v, w) overall vertices w in D. The s—eccentricity set of
[+ is the ser [se(v)lv € V(D) }. The sets of positive integers which are
s—eccenlricity sets of oriented graphs are charactenized. Other results and questions

concerning sum distance will also be presented.

¥
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/73 £ comparizon theorem ror multinomial coeriicients.
W.Wei? J.3hapiiol D.F-Heudl V. frants
Hbstract.
[t is proved that if two nonnegative inbteqral vectors
lm,.ml,...,mK) and " N aNggne-y iyl satisfyv’
TRy e g .< Ny g ya-a,n.2,  Lthen

: n ) < (m n
(n..H41...,ﬁg M ,.ml,...‘m) and the inequality

becomes =quality 1§ and only if gy eeeame Y= Ny 0.,
A5 a direct congequence of this, we can 2asily obtain the

mazimum value

* !
e x ( n ) S L —
. N TU . PR T /] ¥ K- n
nemsmer\ e L ET S qe ) 1)
where n!LL%}*r, oir k. This salue gives an explicik

vpparhound forr the cardinaltity of an s-system defined
by Sterner-.

1* Sichuean University, Chengedu, China
2) City University (Baruch College), New York
) Fordham Unisersity, bMew vork

/7 (?( Forbidden Trees and On-Line Graph Coloring

by H. A, Kierstead, 8. Q. Penrice®*, and W.T. Trotter
Department of Mathematics
Arizona State University
Tempe, AZ 85287

We survey recent results related to the following conjecture,
which was proposed independently by Gyarfas and Sumner: For
every tree T there exists a function fr{w) such that for every
graph G with clique size @ which does not induce T, x(G) < fr(o),
where %(G) denotes the chromatic number of G .

In particelar, we study on-line ¢oloring algorithms in relation
to the conjecture.” An om-line vertex coloring algorithm is one which
takes each vertex of a graph from a list and assigns it a color without
any information about subsequent vertices on the list; the algorithm
may not change a vertex's color once it has been assigned. We say

-“that a family of graphs F - tan be effectively colored if there exists an
on-line algorithm which colors every graph G in F using a number
of colors which depends only on  ®(G). Our main results show that
for certain trees T , the family of graphs which do not induce T can’
be effectively colored. .

Key Words: Tree, clique size, chiromatic number, on-line coloring
algorithm. : :
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/7 { Maximizing a Submodular Function by Integer Programming
Heesang Lee and George L. Hemhauser#*

The problem of maximizing a submgdular'function
generalizes many well-known combinatorial opt-
imization problems including max-cut and un-
capacitated facility leocation. We formulate the
problem of maximizing a submodular function as
an integer program and derive classes of_valld
inequalities for the convex hull of feasible
solutions.

/7é Graphs Whosge Vertex Independence Number is
Unaffected by Single Bdge Addition or Deletion

Georg Gunther, Sir Wilfred Grenfell College, -
Corner Brock, ‘Newfoundland

Bert Hartnell, Saint Mary’s University,
Halifax, Nova Scotia

Doug Rall*, f‘urman University,
Greenville, 5 ¢

For any graph G and any edge @ in G the vertex
independence number of the graph G - e 1is at least as
large as that of ¢. Let ET (E") lrepresent the class of
graphs whose vertex independence number remains the same
upon the additien (deletion) of any edge. We give a
constructive characterization of E* and B~ trees,
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/: An Analytic Approach to a
/7 Combinatorica Froblem

John W. Hllgera
Michigan Technological  University
Consider the split multinomial distribution

Ny Kk m k
A - ]ar =
z(k) E_{k) 4 where a,k,u are indexed sets, {a ‘-
p* P !
n n :
are probablilties, u ls a given M-vector, P:|L are the

n

index sets, {kl.,....k 1 k1>,0 1ntegers.2k1=l\|, *k-u)O}.

M
These differences arise in the study of high sum wins
cames, An Intearal representation for A affords Insights
into 1ts behavior, particularly as N-soo , that are not
otherwise readily avallable,

COLORING MIXED GRAPHS

Julio Kuplinsky*, Dimacs and Dept. of Mathematics, Rutgers Univ.
Pierre Hansen, Rutcor and School of Business, Rutgers University.
Dominique deWerra, Ecole Polytechnique Federale de Lausanne.

A mixed graph has some arcs and some edges. We discuss the problem
of coloring a mixed graph. The color of the head of an arc should
be less than the color of the tail, while the color of the ends of
an edge should be different. This concept can serve as a model for
scheduling jobs some of which have precedence constraints while
others have simultaneity constraints. We characterize those mixed
graphs that admit a coloring and give bounds on its chromatic
number in terms of the chromatig number of the underlying graph.
We discuss an 0(m"~2) algorithm for coloring mixed trees. Finally,
we give computational results obtained with a branch-and-bound
algorithm on arbitrary mixed graphs.

Key words: vertex coloring, mixed graph.

et

’ ’761 AUGMENTATION OF STATE GRAPHS AND FASILY TESTABLE

REALIZATIONS OF SEQUENTIAL MACHINES*

Sunil R. Das
Pepartment of Electrical Engineering
University of Ottawa, Ottawa, Ontario, Canada

Recently Das ¢t af. proposed an efficient procedure of augmentaticn of
the state graph of an arbitrary sequential machine for testable realization
by using extra input symbols and cutput terminals to the original machine.
This modificatian gives a tecduced upper bound on the lengths cf the check-
ing experiments, and z2lso permits coverage of faults that may cause an ine-
rease in the number of machine states.. The procedure was an extension of an

earlier method discussed by Fujiwara et al. In this paper an alternative me-—

thod of augmentation is developed for testable realizations of sequential ma-
chines. The suggested modification not only provides an improved bound on the
lengths of the checking experiments, but at the same time retains the advan-
tages of the earlier technique in respect of faults coverage. )

*This research was supported in part by the Matural Sciences and Engin-
eering Research Council { NSERC } of Canada under Grant A 4750.

Key Words

State graph, sequential machines, testabla realizations, checking expe-
riment design.

1¢0

Some Generalizations of the Line Graphs Based on Edgé-rcmu'ons
Gary Chartrand, Héctor Hevia*, and Elzbieta B. Jarrett, Western Michigan University

For a graph G of size q2 1 and an integer n with 1 < n < q, the n—subgraph
distance graph L,(GQ) of G is that grdph whose vertices ccrrcspbnd i¢ the edge—
induced subgraphs of size n in G and where two vertices of L (G) are adjacent if
and only if one of the corresponding subgraphs can be obrained from the other by the
rotation of exacily one edge. Since Ly(G) is the line graph of G, the graphs 1.,(G)
are also called generalized line graphs, Other generalizations of line graphs can be
formulated based on edge—rotations. Some of these are presented and related

properties are discussed,
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SOME COMSTRUCTIONS OF SE{F-ORTHOGOMAL
HAMILTON] AN PATH DECOWFOSLETIONS OF 2K,
B. A. Andersom

1€/

Arizona State University

Let 2Kn denote the complete multigraph in which there are twa
edges joining every pair of distinct vertices. Heinrich and Honay
(1985) and later Horton and Nonay (to appear) have asked when 2K,
can be partitioned into Hamiltonian baths 50 that any two paths have
exactly one edge in common. Such a décompositicn is. called a self-
orthogonal Hamiltonian decomposition of 2K, and the existance of these
objects allows thé solution of certain related problems. The authors
mentioned above have described a method of construction that depends
upon Finding 2-sequencings (i.e, terraces of groups) with additional
properties. MNew constructions of 2-sequencings of the required type

are given.

18y
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Some Results in Finite Graph Ramsey Theory

David S. Guoderson* and Norbert Sauer, University of Calgary and
Voltéch Réd!, Emory Umverslty, Atlanta.

For given finite graphs G and F, when can we assert the existence of, or
lack of, a Ramsey graph F with F —» (G’)lrlr 7 If there exists an ordering <
of & so that all H-subgraphs of (G, <) are order-isomorphic, then as an easy
consequence of the Ramsey theorem for ordered hypergraphs [e.g. Nesettil,
Radl, 77,83], such an F exists. It is natural to conjecture, and in fact is
claimed by some, that this is not only a sufficient condition for the existence
of such an F, but. necessary. We show the situation to be more complicated
and present a connterexnmple. We also characterize those triples G,H and
r for which a Ramsey F exists.

KEYWORDS: Ramsey, graph, ordered hypergraph, chromatic number.

1990 12:10 P.M.
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COVERING GRAPHS
Hal Fredricksen HNaval Postgradvate School

A covar C of a graph G is an independent subset of

the vertices of G with the property that the closest
distance ‘of any peint in 6 - C to the cover is at moest
1. For the binary n-cube with Hamming distance, covers
are related to single error detecting/correcting codes.
We show covers of other graphs. In particular, we
discuss covers of the de Bruljn graph and bounds for
minimum and maximum cardinality of covers. Algorithms
and contructions to achieve the best known covers

are given.

Planarity of Double-Rotation Graphs
Gary Chartrand, Héctor Hevia, and Elzbicta B. Jarrens*, Western Michigan University )

For distinct subgraphs F and F*of the same size in 2 graph G, we say that F can
be rotaed into F if there exists a pairing of the edges of F with F* such that every
pair consists of two adjacent edges, ‘The double-rotation praph R,(G} of a connecied
graph G is defined as that graph whose vertices correspond 10 the connected
subgraphs of G having size 2, and where two vertices of Ry(G) are adjacent if and
only if one of the corresponding subgraphs can be mtalc:i into the other. We describe
the graphs G for which Ry(G) is planar.
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THE COMPLEMENT OF TWO LINES IN A FINTTE PROJECTIVE PLANE

Lynn Margaret Batten : . University of Manitoba

/&7

Degree sums along edges

Let S be afinite lincar space which has parameters the complement of twe lines in a
Hong-Jian Lai, West Virginia University

projective plane of order n. We discuss conditions under which § te-embeds in a

proiectve plane of order n.

Key words: projective plane

/ Y é Disjoint Maximal Independent Sets

David M. Arasmilh, Emary University

Consider the property P: For a pgraph, 7, and a function, f:V(G)— {red,blue},
either there is a pair u,v e V(G) such that (4,v)€ E(G)and f (u)=f (v)=blue or there is
a maximal independent set, M cV((G), such that f (u)=red Yu e M. The central ques-
tion: For-what graphs does P hold? When restricted to certain classes of graphs the ques-
tion can be answered. It can be shown that a tree that does not possess a reble-core has
the property P. Along with this characterization of all goed trees there exists a polyno-
mial algorithm for determining simultaneously whether a tree contains a pair of adjacent
biue vertices, a red MIS, or neither. In contrast, determining if a general bipartite graph
is good can be shown to be NP-complete.

“The property P has roots in a property satisfied by certain coltections of partially
ordered scis. Namely, for any red/blue coloring of a poset, S, there is either a blue maxi-
mal chair or a red maximal antichain. Property P is analogous to this property for posets
of height 2. :

Let 7 be a simple graph with n vertices. We proved that if for any edge
zy € E{G), dege(z) + dega(y) > (n + 2)/2, then for any pair of vertices
u,v in @, there ia a_(u,u]-trail that is dominating in G.

/ g g EXTILEMAL PROBLEMS AND THE .
DIAMETER OF DELETED GRAPHS

P. K. CARD, HENDRIX COLLEGE
R.J. FAUDREE*, MEMPHIS STATE UNIVERSITY
C. M. WONG, GRINNELL COLLEGE

For positive integers d and m let G, be a graph of order n and let v;, 1 < ¢ < m, be
an arbitrary collection of m elements of V(Gy). Let Dy, be the property that the graph
Gn — {v(,v2,...,¥m} has a path of length at most d between each pair of vertices. The
problem of determining the um&l_leat number of edges in a graph G, with property Dy
and the structure of such graphs will be considered. For some specific d and m precise
results will be obtained and bounds will be given in ﬁthet cases. Also the extremal problem
for the corresponding edge déletinn property D:"m and the structure of such extremal

graphs witl alza be considered.



199

THURSDAY, FEBRUARY 15, 1990 2:20 P.M

§ymmetric Moore Geometries
Frederick J. Fugiister, John Carroll University

Defnition. A generelized Moore geometry of diameter d with parameiera o, b, ¢
is a finite incidence structurc in which

(1) each point lies on a -+ 1 lines;

(2) each line contains b+ 1 points;

(3} the diameter is d;

(4) there are no circuits of length less than 2d; and

(5) every two points at distance d are joined by exactly c +1 paths of length d.

It is known [Fuglister, 1987] that the dizameter of a non-trivial generalized
Moote geometry can be at most 13. Various authors have obtained smaller hounds
in the special cases ¢ = 0, ¢ = ¢, ¢ = b, and b= L.

Define a generslized Moore geometry to be symmetric il a = b. We show that
the diameter of a non-trivial symmetric Moore geometry can be at moat 3. Some
remarks on possible parameters for symmetric Moore geometrics of diameters 2 and

1 are made.

/90 .
Recursive Edge Colorings of Recursive Graphs
by G. Benson, W. Gasarch, T. Grant®, U. of MD. at College Park

Abstract

A recursive (computable) graph is a {possibly infinite) graph. whose ver-
tex and edge sets ate computable. -We study edge 2-colorings and recursive
edge 2-colorings of such graphs. We have shown that there exists a recursive
graph that can be edge 2-cotored in a triangle-free manner (i.e., no triangle
is monochromatic) but no recursive edge 2-coloring will be triangle-free. The
problem of determining whether or not a recursive graph has a ttiangle-free
coloring is £a complete. Our results also apply for highly recursive graphs.

/ ‘i‘ I : A Generalization of Dirac’s '-1‘lxeﬁrem
for K(1,3)-Free Graphs

R. J. Faudree, Memphis State University
R. J. Gould, Emory University
M. §. Jucobson, University of Louisville
L. M. Lesniak, Drew University
“T'. E. Lindquester, Rhodes College

It is known that if a 2-connected graph G of sufficiently large order n satisfies
the property that the union of the neighborhoods of each pair of vertices has
order at least 3, then G is hamiltonian. In this paper, we obtain a similar
generalization of Dirac’s Theorem for K {1,3)-free graphs. In particular, we show
that if € is a 2-connected K(1,3)-free graph of order i such that the cardinality
of the union of the neighborhoods of each pair of vertices is at least !%” Jtheri-
G is hamiltonian. We also investigate several other related properties in K(1,3)-
free graphs such as traceability, hamiltonian-connectedness, and pancyclicity.

/? 1 Bounds on the “Growth Factor” of a Graph
P

David C. Fisher, University of Colorado at Denver

Consider the following problem: How many j letter words, T;, can be made from
n letlers if certain pairs commute? For example, if we use the letters a, b and ¢, and
i ab = b.a {(but ac # ca and bc # ch), then there is 3 words with 1 letter (a, b, ¢), 8
words with 2 letters (aa, ab, ac, bb, be, ca, cb, ec), 21 words with 3 letters, 55 words
with four letters, etc.

Let G be the graph with a node for each letter and edges connecting commuting
letters. For k > 1, let ¢; be the niumber of complete k node subgraphs in G. Let the
dependence polynomial of G to be

R =l-a' v at -+ .

Let r(G) be the reciprocal of the smallest real root of the dependence polynomial.
Then it can be shown that lim;_ T;H = #(6G). Since it describes the asymptotic
growth rate of T, r((7} is called the growth factor of 7. (The dependence polynomial
has also been used to derive new bounds on the number of triangles in a graph, and
to find new properties of other graph polynomials). ’ .
Bounds are given for the growth factor of a graph with » nodes and e edges.
The lower bounds are sharp, since they are exact for a complete w-partite graph on
k,k,..., I nodes where k > [. The upper bounds are not as satisl'a:ctory. .
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Local acous agtions on gsngnlus_d guadranaies.

. * _ by-S. E. Payne & L. A. Rogers¥
Untversity of Colorado at Penver & at Colorado Springs
. .

Let F be a flock of a guadratlc cone in PG(3. @) and
2

S(F) the associated generallzed guadrangle of ocder tag“. q).

q odd. I1f F’ Ia decived from F' by a method of L. Bader.

G. Lunardon and J. A. Thas, then S(F) |s isomorphic to S{F").
The semillnear collineations of PG(3.q) preserving F correspond
to a certain group of collineations of S(F). All collineations of
the generalized gquadrangle S assoclated with W.M. Eantor s
likeable planes (g = 5%) are determined and used to shaw (without
recourse to the classification of finlte doubly transitive groups)
that the derived flocks are new (even though the assoclated

ceneral ized gquadrangles are not). ‘

Keywords: ‘generallized quadrangles, q-clan, flock.

An Impraved Algerithm for the Chromatic Palynomial

Ramdn M. Figueroa-Centeno ‘ Reinaldo E. Giudicl
Escuela de Matematicas pepariamento de Halemqtlcas,
. Universicad Metropelitana Universigad Simén Boliver.
Aptn. 76B19. Caracas, venezueta. Apto. 89000. Caracas, Yenezuela

Abstract: 1t.is well known that computing the chromalic polyncmial of a
graph G is an wP-complete problem. In this paper H‘m algurithmsl based on
wWhitney's Identity found in literature are rewrn‘len racursively, and
jmproved by detecling “hanged cycles”, ie. cycles with trees attached to

them. We have alse empinyed heuristic techniques. In some cases it is_

possible to achieve an improvement of 35%.

FEBRUARY 15, 1990 2:40 P.M.
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An inequality for degree ssquencas
. L.A.Szekely*, L.H.Clark, R.C.Entringer
Unjversity of New Mexico, Albuquerque, NM 87131
We give an upper bound to the power sum of the degree
sequence of a simple graph. It implles an integral
inequality of unusual character,

/?ﬁ Bounds on the Largest Root of the Matching Polynemial
David (. Fisher and Jennifer Ryan~, University of Colorado at Denver

Let @ be a‘graph with n nodes. For j =.1,2,3,..., let m; be the number of
maltchings on j edges in G. The matching polynomial of G is:

paz) = 2" — myz" 2 4 maz" ! - maz" 0 4 -l

For j = 1,2,3,..., let ¢; be the number of complete subgraphs on j nodes in G. The
dependence palynomial of G is:

fo(z)=2" - ez ! et — P L I A

After a change of variables, the matching polynomial of G is the dependence polyno-
mial of the complement of the line grapk of . We use properties of the dependence
polynomial to prove new bounds on the latgest root, (), of the matching polynomial
of . In pariicular, we show a monotonicity property holds, namely: ¢{(H) < ¢(G),
where H is any subgraph of G. This gives rise to many new bounds on (7} which
we compare to known bounds. We give analogous resiilts for weighted graphs.
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/?7 The Generalized Quadrangle with (s,t} = (3,5) /?7
' Stanley E. Payne . _ _ .
: . A Generalization of Ore’s Theorem. for Hamiltonian-Connected Graphs

For q any power of 2 there are generalized quadrangle:.s with :
parameters (g-1,g+l)} and some with parameters (g+l, g-1) which are
closely related, sometimes being point-line duals of each other.
This connection makes it possible to say a great deal about their

N. Dean, Belléore, R.J. Gould®, Emory Univ., T. E, Lindquester, Rhodes College

ids. = 4 - the unique GQ of the title,  For sets of vertices, we consider a form of generalized degree based on
?Erigd:oas';ib?.‘golt:is de:::mfne ailq]s.;;r;gds' and o(f;uoidsq, the (large!) neighborhood unions. Using a neighborhood intersection condition and bounding the

N A h iet related results. generalized degrr:_e sum of two independent sets (whosc_s:zes are de(enmn;d l?y the
complete collineation group, and a variety of . intersection condition) of vertices from below, ‘we obtain a direct generalization of
Key Words: Generalized quadrangle, spread, ovoid, tight set. ‘ Ore’s Theorem for hamiltonian-connected graphs. We also consider other highly

hamiltonian properties for graphs.

[ |
0’? 60 The irredundant Ramsey number s{3,7)
/ 9 Y Chromatic pelynomials of graphs in terms of chromatic ' ) Johannes H. Hattingh, Rand Afrikaans University
polynomials of trees .
i : A ) . Xey words: Ramsey numbers, irredundance
Aziz A. Adam, University of the Witwatersrand ’
fzak Broere®, Rand Afrikaans University . The irredundant Ramsey number s{m,n} is the smallest p swch that in
- . every two-coloring of the edges of Kp using the colors red (R} and blue
Key words:  Graph, colouring, chromatic polynomial . i {(B) either the blue graph contains an m-element irredundant set or the
red graph contains an n-element irredundant set. Me develop techniques
We study the chromatic polynomial of a graph expressed as a linear h to obtain upper bounds for irredundant Ramsey numbers of the form
combination of the chromatic polynomials of trees. The first few s(3.n) and prove that s5(3,7) = 18.

coefficients of these expressions are described, some known results
find new farmulations and some new ways of calculating chromatic polyno-
mials in this form are developed.
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20 l A New Species of Local Motion.

Ray Killgrove and Carl Gordonw, California State University, Los Angeles

Consider the following successor operation on the ordered S-arcg of a
projectiva plane: II Ao, A, A3, 43, A4 iz an ordered S-arc, then its successor is
the ordered 5-arc A'y, A’y A'2y A3 4's where (for n = 0,...,4) A =
AngrAnsz M Ae_yda_; (addition and subtraction modulo 5). In any plane, this is a
bijection on the orderd 5-arcs and partitions them into cycles and doubly
infinite msequences. In E?, the successor of a regular pentsgon = ig a regular
pantagon with vertices outside the convex hull of *. The regular pentagons in
E? fie in doubly infinite sequances. Each of these sequences are central in
the sensa that there is a point © such that for esch regular pentagon in the
sequence and n =0, 1, 2, 3, 4, .4'..' 4n, and C are colinear. These sequences
are also affinable in the sense .that there is a line k (the ideal line of EY)
such that, for each regulsr pentsgon in the sequence and n = 0, 1, 2, 3, 4,
AnczdarzNdnidnyr € k' {addition and subtraction module 5). A number of
questions are considered concerning this species of local motion. For example,
in a low order Dessrguesian plane there are cycles whose lengths are close to
the order of the plane. Do such cycles complete to the plane? [Do there exist
central and affinable sequencez in linite planes? Do cycle lengths serve as
distinguishing invariants for these planes?

90 3\ From: nate@thunder.bellcore.con (Nathaniél Dean)

on Bicritical Graphs
HWate Dean, Bellcore, 445 South Street, Morristown, HF 07960

A graph G is bicritical 1f the deletion of any pair of vertices

of G results in a graph with a perfect matching. Although

bicritical graphs, together with certain bipartite graphs, are

the fundamental building blocks for graphs having a perfect
matching, their structure is still not understood.
some results about bicritical graphs with respect to several
other graph invariants; for example, every 4-connected,
projective-planar (or planar) graph is bicritical.

We derive

FEBRUARY 15,

1990 3:20 P.M.

203
A Neighborhood Condition Which Implles The
Existence Of a Complete Multiparte Subgraph
Debra Gibi, Tennessee Technological University

Given a graph of G of order n, we define NC; to be equal
to the min |7 N(u}] where the minimum is taken over all tol-
lections of k independent vertices. Noga Alon, Ralph Faudree
and Zoltan Furedi have shown that if G satisfies the neighbor-
hood condition NCy > 5:—fr'|., then for sufficiently large n, G
contains a Ky, the complete graph on d verticea. Furthermore,
this was shown to be best possible. :

We ?hall show that if & is a graph of order n that satisfies
the neighborhood condition NCx > $=2n 4 en1~1/* for some
rezl number ¢, then for sufficiently large n, G muat contain a
K{r,my,- +my_1), r < m; for each i. Furthermore, if r = 1,2
or 3, this is best possible except for the exact value of c.

204

The Number of Edges in Minimum {K3,K,—e,n) Graphs

JING ZOU” and STANISEAW. P. RADZISZOWSKL

Rochester Inatitute of Technology
The first author is a visiting scholar from Shanghai University of Techuology, Shanghai, China

A {G, H,r)-good graph Fis defined s a graph F on n verticea not containing @ nor F :ontafnil-:g H’
¢(G, H,n} is the minimum namber of edges in any (G, H,n)-good graph, and any graph achieving it
is called a minimugm [ G, H n) graph. Theae con:ep‘tl are important in the study of Ramsey numbers
R(G,H). o this paper we investigate ( Ky, K,~¢,n}-good graphs, where K,—¢ is a complete graph on
p vertices without one edge. In tha first part we derive an explicit formula for e{Ky, Kyys—e,n} for
n<3(k—-1) and obtain inequality e[ K3, Kigy—6n)25n —10(k—1) for all poaitive integers n and k=T,
In the second part of the paper we derive an explicit formula for e{Ky,Kyy—en) for
3{k—1)<n <13(k—1)/4—sign {k—1 mod 4) and obtain inequality ¢( Ky, Kpq1—e,n) 200 —13{k—1) for
all positive integers n and k27. We notice that e(H,.K,+.—e,n]’——-c[f(f,fﬁ,n] for
n < 13(k—1)/4—sign (k-1 mod 4) excepk T pairs of nontrivial valuen n and k, which are Listed.
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207 _
On Generalized Perfect Graphs: a-Perfection and Acyclic x-Perféction
Edward R. Scheinerman and Ann N. Trenk*, The Johns Hopkina University

Given a hereditary family of graphs P one defines the P-chromatic number
of a graph G to be the minimum size of a partition V(@) = U---UW,
such that each V; induces in G a member of P. Imitating the standard
definition(s) of perfect graph, we define generalized xp- and ap- petfect
graphs, We show that these concepts can be different and that a graph
can be perfect (either semse) while its complement fails to be. Qur main
results are a characterization of xp-perfect graphs for “most’ families 7* of
acyclic graphs and a characterization of ap-perfect graphs for “most’ families
P. :

t-MATCHING COVERS AND DEGREES
Yu, Qinglin )
Department of Math. and Stat.,
Simon Fraser University, Burnaby, BC, Canada, V5A 156.
Abstract: A t-matching in a graph G is a set of t independent. The
graph G is t-matchings covered if each edge of G belongs to a 1-
matching. Given positive integer n, A and § we evaluate f(n,A,5), the
largest integer t so that every graph with n vertices, maximum
degree A and minimum degree 8§, is t-matching covered.

20%
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Hamiltonian cycles and paths of Lyndon words in the n-cube
Joe Yucas, Southern Illinois University at Carbondale

Hamiltonian cycles and paths are constructed for subsets of
Lyndon words in the n-cube. These are then amalgamated to form
larger Hamiltonian cycles and paths of Lyndon words in the n-cube.

Almost Resolvable Path Decompositions of Complete Graphs

Yu, Min-li

Department of Mathematics. and Statistics,
* Simon Fraser University, i

Bumaby, B. C. Canada

Abstract: An almost Pi-factor of G is a Pe-factor of G-{v] for some vertex v. We
prove that necessary and sufficient conditions for the existence of an almost Py-
factorization of AK, are n = 1 (mod k} and Ank/2 = o (mod k-1).

FEBRUARY 16, 1990

8:40 A.M.
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Graphs _representing obstruction ralarions among geometric objec Ea.

Stephan Foldes, GERAD, HEC - Zoole Polyteehnique - McG1ll Univeraity

Objects are defined as compact subgets of the plane Rz. For each objecr,
mocion rules restrict the possible future positions and shapes of that
objact. A graph arrow is defined from objrct A to obimet B 1f some moticn
of A 19 obatructed (intersested) by B, Under certain conditions this praph
ie acyclic. This is related ro & concept of sequential separability studied
in computationai geametry, Particular disassembly ssquences of the ohjectrs
correspond ta linest extensions of the partial order defined by the
obstruction graph. :

Keywords: separabilicy, disassembly, obstruetion grapha, partial orders.
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ON DECOMPOSITION OF A BOOLEAN FUNCTION
INTO TWO UNATE FUNCTIONS

Jie Wu
Department of Computer, Engineering
Florida Atlantic University
Boca Raton, FL 33431

{Key words: boolean function, unate function, Hasse diagram, testable
circuit)

in this paper, a necessary and sufficient condition is derived for a
boolean function F(x} to be decomposed into two unate functions, Fi(x) and
Fa(x), with ene being positive and the other being negative. !n ather words,
F{x} = Fy(x} @ Fais). where o represents a specific connective (or relation). it is
proved that F{x) can be decompased if and only if its Hasse diagram does not
contain subchains of given structures. This result can be used for structural-
level test generation where F(x) is implemented by a logic circuit. Since the
procasses of sensitization and line justification are easily implementable for
unate functions, by using the above result certain type of functions can be
decomposed into two unate functions, each of which can be implemented by
a circuit that is easily testable.

75

GAME-THEORETIC MEASURES OF CONNECTIVITY
Joseph E. McCanna, University of New Mexico

Measures of a graph's connectedness can be obtained from
connectivity-games played on a graph G, These measures can be

finer than the usual definition and can reduce to it in special
cases. Critical use iz made of the concept of the refractory time
of a move, which tell how long an opponent must wait before he can
un-do the result of a previous move. Various generalizations are

also discussed.

2,‘9/

9:00 A.M.

RATIONAL QUADRANGLES
Arnfried Kemnitz, Technische Universitit Braunschweig -

A quadrangle is said to be rational if its vertices have
mutually rational distances, The set of points with rational
distances to the vertices of any given rational triangle is
everywhere dense in the plane (Almering 1963). Points with
this property are called convenient points of the triangle.

We give a parametric solution for the explicit determination
of such convenient points. This approach leads to another,
more simple proof of the mentioned result.

21

An Efficient Algorithm for Finding a Longest Dominance Sequence

Si-Qing Zheng

Depariment of Computer Scicnce
Lauisizna Siate University
Baton Rouge, LA 708034020

Let S = {p; = (ralmh x2(pi ) o 34 (pi))| 1 £ 3 S N ) be a set of points in o -dimensional space £4. For twe
poinis 7, g € §, we say that p is dominated by g {denoted by p << q) it x;(p) < x;(g) foreveryi =1,2,
«w. . with strict inequality holds for some i, A dominance sequence & = By Piys o P) 0f § is a sequence
of points p;,, B, ..., o, of § such that p, << p;, << .. << p;,, and the number £ of points in the sequence is
the length of the scquence. A longest dominance sequence of § is a dominance sequence of § with the
maxin:um length, {n this paper, we present an efficient atgorithm for finding a longest dominance sequence
of § of N points in EY, Our algorithm requires G- @N(logV*™") time and O/{dV) space. The time
complexity of our algerithm can be reduced to O (Miagk (logN Y 2+NIogh), where & is the number of
points in the longest domirance sequence,
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On the Existence of Certain Cubie, Triangle-Free Graphs
William A. Waller, University of Houston-Downtown

W. Staton has shown that triangle-free graphs with
maximum degree three have independence ratio at least 5/14.
There are known to be exactly two cubic, triangle-free
graphs of order 14 with independence ratio equal 5/14. It
has been an open question if there exists a connected,

‘cubic, triangle-free graph of order 28 with independence

ratio equal 5/14. In this paper we present the results of
some computer investigations of this problem which verify no
such graph existsa.

Keywords: independence ratio, cubic graph, triangle-free
graph )

A Characterization of a Class 6f
Generalized Line Graphs

Gary Chartrand, Western Michigan University
Héctor Hevia, Western Michigan University and
Universidad Catdlica de Valparaisa
Elzbieta B. Jarrett, Western Michigan University
Donald W. VanderJagt*, Grand Valley State University

Foragraph G of size q= 1 and aninteger n with 1< n<q, the n—subgraph distance
graph Lo(G) of G is that graph whose vertices correspond to the edge—induced
subgraphs of size n in G and where two vertices of L,(G) are adjacent if and only if the
edge Totation subgraph distance between the corresponding subgraphs is 1. The graph
Li(G) is then the line graph of G. The connected graphs G have been determined for
which L2(G)is planar; those results are extended for Ly(G).

Keywords: line graph. n-subgraph distance graph

14

A HUNDRED CARRIAGES LONG

W D Wallis, Southern lllinois University, Carbondals .

' Tha&ainofaom-fa:toﬁmﬁonisadjrecledgrqphvhichiswehﬂin
distingiushing non-isomorphic factorizatives. A train for K;, s maximun

' indegree Zn-1, and one-factorizations which attain this maximum are of some

interest. In this talk we describe some construstions for such factorizations,

inclusive Connectivity: A Local Parameter
J. W, Boland*.and R. D. Ringeisen, Clamson University

) Wa introduce i-connectivity parameters which are

* local measures of how "close" a specific graph elemant
is to being a separating element of the graph. This -
is a direct generaiization of vertex cohasion as
introduced by Lipman and Ringeisen. Retationships
lo standard connectivily parameters, interrelation-
ships betwsan i-connactivities and illustrative
examples will be presented.

KEYWORDS: Connsctivity, Cohesion
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1V
: James A. Wiseman
Cliques and Niche Graphs ' Mathematjcs Department
Stephen E. Bowser* and Charles A. Cable, Allegheny College, Meadville, PA Rochester Institute of Technology
In this paper we provide various conditions on the maximal cliques of a graph Rochester, NY 14623
Ihat insure that it is a niche graph. In partieular, we show that any graph
whose clique graph is a path of length at least two must be a niche graph. In
addition we demonstate that certain low degrese tress are niche graphs.
. Abstract
key words: cliqus, niche graph, tree :
This paper studies the dimension of the intersection between
the cycle and coboundary groups of a simple graph. Basic
equations are derived, which are then refined for bipartite
" graphs. These are then employed in studying graphs arising [rom
t-designs and circulant matrices.
L'}‘L
2
Computational Complexity of i : 15 ; — i
J?tend::- S, Deogl:uf’;lnﬁ ;,,1:.%:ﬁfrtﬁf:s,ﬁ;vs?ﬁgﬁfaiﬁlem . Lower Bounds for Rectilinear Steiner Trees in Bounded Space
Man C. Kong*, University of Kansas ' ’ ’
Ina generalized movement model & set of objects are to be scheduled to move . Timothy Law Spyder
from their sources to their destinations in a transport network so as to meet their : Department of Computer Science
respective !:lead]mes. The most significant features of this model is the requirement : Georgetown University
that an object to be scheduled can only move continuously for a bounded amount of i . W bse DC 20057
time, and then it must break journey at some prespecified nodes with capacity con- : ashington, )
straints. This requirement of forced interruptions makes our model more realistic
in modeling real world transportation problems and renders the classical shortest
path approach useless. In this paper, we will formally define this generalized move-
ment problem and investigate the computational aspects of this problem under : ABSTRACT
g_;gegnt sfts ol:f. ns;umpﬁiori:. We show that the generslized movement problem is
-Complete by showing that some restricted versions of the problem remain NP- i imensi i
Complete. Heuristic and optiaul algorithms respectively for tE.I'Je generzlized model We prove that, in all dimensions d 2 2, the total weight of a
and restricted versions are developed and analyzed. worst-case minimal rectilinear Steiner tree in the unit d-cube i3

at lesst n*F'. This is an improvement over the lower bound of
n'F /2, due to Gilbert and Pollak (1868). Using an upper bound
from Snyder (1989), this yields tight bounds on the worst-case
weight of a minimal rectilinear S;‘.eipér tree in low dimensions.
Our pijoof uses a generalized version of Hanan's Theo-
rem (1966) that enumerates all possible locations of Steiner points
in dimension d. The proof is also the firat in which a non-optimal

sphere packing attains worst-case asymptotic behavior.



FRIDAY, FEBRUARY 16, 1990 2:00 P.M.

- 1
5 e
’)/ .
A Geometry of Linear Dependences Associated to Algebraic Coding Theory

Peripheral and Eccentric Vertices Charles T. Ryan Seton Hall University, South Orange, New Jersey 07079

in Products of Graphs , m
i ' We investigate a geometry of lincar dependences ¥, F(p;) associated to the
K.B.Reid, Louisiana State University and California State University, San Marcos i

. il . .
Weizhen Gu': Louisinna State University Grassmann Varieties (G(2,n) where F denctes the classical Pliicker embedding. Itisa

‘ . ) classical result that linear dependences of order three correspond to linear pencils of the

Let ¢ be a simple connnected graph. The eccentricity e(u) of a vertex u in G is :
given by e{u) = maz{d(u,v) : v e V(G)}}. A vertex v is called a peripheral vertez
of G if e{v} = dia(G). A vertex v is called an eccentric verter of G if d{v,c) = e{c)

Grassmann Variety G(2,n) however an elementary method of arriving at this result will be
presented. Linear dependences of order four will be shown to correspond to the non- '

for some center vertex ¢ of G. Let P(G) and EC(G) denote the sets of peripheral
vertices and eccentric vertices of 7, respectively. In this paper we discusa these
two sets in four products of graphs (cartesian product, the symmetric difference,
the disjunction, and the lexicographic product), and characterize pair of graphs
so that, in their product, the set of peripheral vertices is the samne as the set of

common points of a pair of intersection linear pencils of G(2,n). Finally taking the
images of G(2,4) under the Pliicker embedding as the columns of a parity check matrix it
will be shown that the total number of linear dependences of order five correspond to a
weight enumerator coefficient, Moreover using the geornetry of G(2,4) it will be shown

eccentric vertices. . .
that each such dependency comresponds to one of two geometric configurations.

2 e

Sequences, Schedules and Initialization of Unsynchronized Networks

R. E. Newman-Wolfe, University of Florida
8. L. Davis, Kennesaw State College

End-faithful spanning trees.

i . P.D.Seymaour, Bellcare and Robin Thomis®, Georgia Tech

We investigate properties of sequences that have applications in dynamic, softwire
laser networks. H there is no global elock and there is o established communication
path between nodes, a set of schedules is needed fo tell each node where to direct its
transceivers at a given time. i

This scheduling problem may be abstracted to a problem involving sequences of k-
tuples. Lack of global synchronization may be interpreted as shifting the sequences
representing the schedules of the nodes relative to one another. If the n-th k-tuple of
sequence i contains j and the n-th #-tuple of sequence j contains i, then these two
sequences cross-reference each other at time n, which may be interpreted as the two
nodes establishing s {ink at that time. The property of interest is whether two
schedules are guaranteed to cross-reference each other in corresponding positions of
their shifted schedules, regardless of the shifts.

Halin proved that every countable graph has an end-faithful spznning
wiree and conjecturcd this result for graphs of all cardinalities, We disprove his
conjecture by constructing an  infinitely-connected graph in which every
spanning trec has a 2-way infinite path, and discuss how restricted (in terms
of excluded minors) such a counterexample can be.
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FEVEN TREES
Rurt Barefoot*, New Mexico Tech:

Joseph McCanna, Laszlo Szekely, UNM
‘We introduce the  notion of an e

concerning their ennumeratio
of given graphs.

The Sixteenfold Way through Finite Algebras -
Robert W. Quackenbush, University of Manitoba

On page 33 of Enumerative Combinatorics (Volume 1),
whose rows are the number of functions, injections and
m-set 1o an n-set subject to the 4. possibilities of th
distinguished or not and the elements of the codomain bein
column corresponding to bijections, This is the Sixte
class of finite :'gebras; if you are reasonably normal, it will contain conntably many
isomorphism classes. Let {Ag ! n 21} be a transversal of the isomorphism classes. Form the
4x4 matrix whose (i, j)-entry is the number of orbits of the action of group G; on the set 3;.
Here 5; = Hom(Ap, Ap) Sy = Mono(A,, Ap); 83 = Epi(Ay, Ap), and 84 =Tso(Ay, A,),
while Gy is wivial; G, = Ant(Ag); Gy = Ant(Ay), and Gg = Aut(Ap)xAut(A,). This is

the Sixteenfold Way through your class of algebras. T will present matrices for some of my
avorite classes of finite algebras. :

Richard P, Sunley gives a 4x3 table

surjections (respectively) from an
e clements of the domain being
g distinguished or fiot. Add a.fourth
enfold Way. Now choose your favorite

ven tree and address problems -
n and their existence as spanning trees

231

Cycles in Permutation Graphs .
Bradley W. Jacksen, San Jose State University

A& technigue for constructin

g smallest permutation graphs with a
given girth is discussed.

252

IHDEPENDENcﬁ RATIO OF GRAPH PRODUCTS
P.Hell#* (SFU), X.Yu (Vanderbilt), and H.Zhou {SFU) . -

We cbserve that the independence ratio of the cartesian
product (G power n) has a limit bounded below by the
reniprocal of the chrematic number of G and bounded above
by the independence ratio of G. We describe several
families of graphs in which the limit is either the

upper or the lower bound, and we ask whether -this is always
the case. Other related open problems will be posed.
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An Enumeration Result for Domino Tilings
Greg Kuperberg and Jim Propp (*), University of California at Berkeley.

We desc;ibe a one-parameter family of planar regions, called
Aztec diamonds, and show that the number of tilings of the-
order-n Aztec diamond by dominces is equal to 2 to the power

of n(n+1)/32. We know three different proofs of this result

(one of them found by Michael Larsen and Noam Elkies); the
argument sketched here is the mast combinatorial of the three
and involves an operation on tilings that we calil “shufflinq:'.

Key words: tiling, dominoes.

UNIVERBAL CYCLEB: WHAT .ldRKB, WHAT DOESN'T
Glenh H. Hurlbert, Rutgers University

Universal Cycles have their origin in the 1540's with the discovery -
of de Bruijn Cycles, the most compact way of listing all binary
N-tuples. A de Bruijn .cycle is a cyclic listing of 0's and 1's of
length 2N with the property that every binary N-tuple appears
exactly once consecutively on the cycle. More recently Chung,
Diacenis, and Graham have inaugurated a more general study of
compact listings (of the same cyclical type) of other combinatorial
structures. These includé E-ary HN-tuples, permutations of
(N1={1,2,...,N}, ordered or unordered partitions of N (or [N]),
ordered or unordered subsets of [N] of size K, and K-dimensional
subspaces of an N-dimensional vector space over a finite fielq,
amang others. Here we concern ourselves with unordered subsets and
consider the case K=6 in contrast to the case K=5.

235

OPTIMAL BROADCASTING ON THE STAR GRAPH

Victor E. Mendia and Dilip Sarkar®
’ University of Miami
Department of Mathematics and Computer Science
Coral Gables, FI. 33124

Recently the star graph has been shown as an attractive alternative to the widely
used n-cube. Like the n-cube, the star graph possesses rich structure and symmetry
as well as fault-tolerant capabilities, but has smaller diameter and degree. However,
very few algorithms exist to show its potential as a multiprocessor interconnection
network. Many fast and efficient parallel algorithms require broadcasting as a basic
step. In this paper, we propose an optimal algorithm for one-to-all broadcasting
in the star graph. The algorithm can broadcast a message to N processors in
Oflog N) time. The algorithm exploits the rich structure of the star graph and
works by recursively partitioning the original star graph into smaller star graphs.

23k

On a Class of Kernel-Perfect and Kernel-Perfect-Critical Graphs

Kiran B. Chilukesmari, The Ohio State University and Peter Hamburger,.'
Indiana University-Purdue University at Fort Wayne

In this paper we present a construction of 2 class of grephs
in which each of the graphs is either Kernel-Perfect or
Kernel-Perfect-Critieal. These graphs originate from the theory of
games (J. Von Neumann and 0. Morgenstern {1]). We alse find criteria
to distinguish Eernel-Perfect graphs from Kernel-Perfeet—Critical
graphs ir this class, We obtain some of the previously known classes
of Kernel-Perfect-Critical graphs as special cases of the present
construction given here. The construction that we give greatly
enlarges the class of Kernel-Perfect-Critical graphs.

Key words: Kernel, Kérnel-Perfect, Kernel-Perfect—Critical graphs.
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A New Family of Distance-Regular Graphs
A.E. Brouwer (Tech. Univ. Eindhoven)
Joe Hemmeter* {Univ. of Delaware)

Let & be a dual polar graph of type Cy(g). Define graph & on the same vertex
set by having vertices = and y adjacent in ¢ if they are of distance 1 or 2 in 'G. The
graph G was recently shown, by Ivanov, Muzichuk and Ustimenko, to be distance-

regular. In fact, there is a bipartite graph associated with G. When ¢ is odd, this
bipartite graph is new. We will introduce the new graph, and discuss some of its
properties. .

Twao-terminal Reliability Bounds hased on Edge-Packings by Cutsets

Lovis D. Nel School of Computer Science Carleton Universicy, Orfawa. Onrario. K15 586
Heldi ). Steayer Depr. of Computer Science,University of Waterloo, Waterlao, Ontario, N2L 1G]
Charles J. Colbourn Depr. of Comb. and Opi..Um'vers_i.ry of Waterloo. Waterloo, Ontario. N2L 3G}

Abstract
A simple model of an unreliable network is a probabilistic graph in which each edge has an
independent probability of being operational. The two-terminal reliability is the probability
that specified source and target nodes are connected by a path of operating edges. Upper
beunds on the two-terminal reiiability ean be obtained frors an edge-packing of the graph

by source-target cutsets. However, the particular cutsets chosen can greatly affect the

bound. In this paper we examine three cutset selection strategies, one of which is based on
a transshipment formulation of the &-cut problem. These cutset selection strategies allow
heuristics for obtaining good upper bounds analogous to the pathset sclection heuristics
used for lower bounds. The computational results for some example graphs from the
literature provide nseful insight for obtaining pood edge-packing bounds, and give rise to a
new cutset selection problem. : .

3:00 P.M.
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REVISED INSTRUCTIONS FOR PREPARATION OF MANUSCRIPTS

1. It is assumed that you are using a word processor to produce your paper. Please ensure that the
printed version is justified on both sides and that it exactly fills a box of dimensions 15.5 by 24.0
cms (6 by 9.5 inches). It is helpful if we are also supplied with a copy of the paper on disk; having
the paper on disk helps us in making minor changes without returning it; it also helps us to gain
uniformity in formatting. (Please indicate which word processing system you used).

a) Please prepare your paper in 12-point Times (or in a similar font).

b) Use single spacing for straight text.

¢) Do not set off single symgls. @ _

d) Do not use excessive am of space around set-off equations.

2. Please do NOT leave enormous and unsightly gaps between paragraphs. Empty space does
NOT give an aesthetic effect. If the paper is prepared by a secretary, please supervise
the paper closely to ensure that the secretary does not leave large blank spaces.

3. If your paper is typed, simply follow the insﬁ'uctions for typeset papers. Papers that deviate and
use double spacing, or other such antiquated devices, will be returned. o

4, All diagrams should be in black ink; labels should be typed, not handwritten.

5. Authors whose native language is not English should have their manuscripts read by a person
conversant with good English. Bad presentation will be grounds for rejection of a manuscript; the
publisher is not able to undertake the task of "re-translation”. All authors must conform to ordinary
standards of punctuation and good usage; the editors will not rewrite or repunctuate manuscripts.

6. It is essential that papers be submitted by May 1, 1990. Papers submitted later may not
appear, although they may be considered for later volumes. All papers should be sent to:

Utilitas Mathematica Publishing Inc,
P. O. Box 7, University Centre,
University of Manitoba

Winnipeg, CANADA R3T 2N2.

7. Fifty reprints can be made for any paper. If your manuscript has X pages, the priée isYUS -
dollars, where (X,Y) has these values: (1-4,30), (5-8,35), (9-12,40), (13-16,45), (17-20,50),
(21-24,55), (25-28, 60), etc. Authors in Canada may pay in Canadian dollars, :

9. There will be three volumes in the Proceedings. When you submit your manuscript, you MUST
fill out the MANUSCRIPT SUBMISSION FORM. Ordering reprints is not a condition of
publication; informing us whether or not you wish reprints is definitely a condition
of publication. Manuscripts that are submitted without a statement as to whether the author

wishes reprints will not be considered.

10. If the refereeing process results in acceptance of your paper, you will receive a bill for the
reprints if you have ordered them. This bill should be paid promptly so that we may have the

reprints made up immediately on publication.
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