


MONDAY, MARCH 7, 1994

REGISTRATION begins at 8:00 A.M. in the downstairs lobby of the
University Center,. where COFFEE WILL BE SERVED. GCN (left or
front) and GCS are the two Halves of the Gold Coast Room. ‘FAU
Rooms 202 A and C are reached through the second floor Lounge.

Room 156 is downstairs.
GCN "GCS 202 A 202 C 156

9:00 AM OPENING and WELCOME
PROVOST OSBURN; DEANS CARRAHER AND HOLLAND

9:30 STANTON
10:30 COFFEE

10:50 1 K B REID 2 HURD 3 KLERLEIN 4 Y A LAI 5 LANDMAN

11:10 6 FLETCHER 7 EVANS 8 ASHLOCK " 9 WILLIAMS 10 PIEPMEYER

11:30 11 MARSHALL 12 GODBOLE 13 LIU 14 OH 15 SHREVE

11:50 lée X LU 17 LICK 18 ALSPACH 19 STIVAROS , 20 KLAMROTH

12:10 PM 21 JORGENSEN 22 FRANCEL 23van den HEUVEL 24 PEDERSEN 25 BAJNOK

12:30 IUNCH (On your own -—— cafeteria open; there are many nearby
' restaurants)

2:00 GRAHAM

3:00 COFFEE

3:20 26 MCDOUGAL 27 CARPENTER 28 BAGGA 29 SPRAGUE 30 CABANISS
3:40 31 J HUANG 32 WAHLAU 33 G CHEN 34 H LI 35 BEALER
4:00 36 LATEKA - 37 P GUAN 38 WALTERS 39 FAUDREE 40 SIMOSON
4:20 41 GIMBEL 42 McNULTY 43 KINGAN 44 BOYER 45 S-M LEE
4:40 46 HORAK 47 HARPER 48 JOHNS = 49 OPATRNY 50 PIGG
5:00 S1 DG HOFFNAN 52 SULLIVAN 53 ELLINGHAM 54 S CHEN 55 J GUAN"
5:20 56 TELLE 57 CHEROWITZO 58 HEDETNIEMI 59 SCHWENK 60 SUN

5:40 61 BLAHA 62 EBERT 63 PRITIKIN 64 GHOSHAL 65 K=Y LAl
6:30 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 6:05 PM,
returning to the reception about 6:35. There will be transportation
from the reception back to the motels.




CONFERENCE TRANSPORTATION will leave for the motels at 5:40.

TUESDAY, MARCH 8, 1994

REGISTRATION HOURS (second floor LOBBY, where COFFEE will be served.)
5-11:00 A.M. and 1:30-3:30 P.M. GCN (left or front) and GCS are

8:1

the two halves of the Gold Coast Room,
Room 156 is downstairs.

through the second floor Lounge.

be book exhibits in. Room 232 from 9:00 to 5:00.

395 - 7921.

GCN GCS 202-A
8:30 AM 66 CORDERO 67 WEST 68 PADAYACHEE 69
8:50 71. SHOBE 72 HIND 73 H ZHOU - 74
9:10 76 KEY 77 BURRIS 78 KOUNTANIS 79
9:30 WILF
10:30 COFFEE
10:50 81 LEVAN 82 LEFMANN 83 BERRY 84
11:10 86 LEWIS 87 WANTLAND 88 KAYLL 89
11:30 91 MONROE 92 GROWNEY 93 ALDRED 94
11:50 96 TAPIA 97 H-L FU 98 HEMMINGER 99
12:10 PM 101 HOUGHTON 102 BARI 103 TIPNIS 104
12:30 LUNCH BREAK (ON YOUR OWN)
- 2:00 MILLS
3:00 COFFEE
.3:15 PLESS
4:20 106 JOB 107 LEHMANN 108 VARMA 109
4:40 111 TMY WANG 112 STEINER 113 DANA 114
5:00 116 SAVAGE * 117 PFALTZ 118 DIANEZ , 119
5:20 121 SQUIRE 122 BROWN 123 THOMAS 124
6:00 CONFERENCE PARTY

Roomg 202 A and C are reached
There will

202-C 156
ROELANTS 70 HARRIS
ATKINSON 75 H WU
PERUMALLA 80 SLATER
GRIMALDI 85 BEEZER
CA ANDERSON 90 PIAZZA
O'REILLY 95 GARGANO
FOULIS © 100 Z CHEN
SOBEL 105 BOZA
GAVLAS 110 SCHULTZ
HOCHBERG 115 WINTERS
VOGT 120 X-Y SU
CARRINGTON 125 DARRAH,

at the home of JACK FREEMAN : 741 AZALEA ST,

There will

be transportation from the UNIVERSITY CENTER to the party at about 5:45,

and from the motels at about 6:20.
party back to the motels.

parking spaces scarce near Freeman's.
home, should you be adventurous.

There will be transportation from the
As always, we urge car-pooling, especially with

It is a pleasant walk to the Freeman



WEDNESDAY, MARCH 9, 1994

REGISTRATION HOURS (second floor LOBBY, where COFFEE will be served.)
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. Rooms 202 A and C are reached
through the second floor Lounge. Room 156 is downstairs. There will
be book exhibits in Room 232 from 9:00 to 5:00.

GCN GCS 202-A 202-C 156
8:30 AM 126 MARKUS 127 CACERES 128 PLANTHOLT 129 SOLTES 130 DUNBAR
8:50 131 BRIGHAM 132 FUREDI 133 FRAUGHNAUGH 134 PIKE 135 J KNISELY
9:10 136 EGGLETON 137 BERMUDEZ 138 KRISHNAMOORTHY 139 ALAVI 140 LASKAR
9:30 DILLON
10:30 COFFEE
10:50 141 HARBORTH 142 PULAPAKA 143 CHARTRAND 144 JACKSON 145 RALL
11:10 146 GRONAU 147 W WALLIS 148 MACULA 149 NAIR. 150 C WALLIS
11:30 151 C-Q ZHANG 152 VALDES 153 COLLINS 154 W GU 155 KNILL
11:50 156 G FAN 157 HARTSFIELD 158 SANDERS 159 HAMBURGER 160 JIA

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 (ON YOUR OWN)

2:00 CHUNG

3:00 COFFEE

3:15 THOMPSON

4:20 161 K-C HUANG 162 LAWSON 163 KELMANS 164 EGECIOGLU 165 DOMKE
4:40 166 MOLINA 167 R MARTIN 168 NADON _ 169 JAMISON 170 OUYANG
5:00 171 EL-ZANATI 172 McRAE 173 GILBERT 174 KERR 175 FISCHER
5:20 176 L CLARK 177 B YU 178 ZHENG 179 BOZOVIC 180 HAVAS

The CONFERENCE BANQUET will be The Mystery Dinner Theater at the Embassy
Suites--Yamato Road, just west of I-95 at the Tri-Rail Station. There will
be a cash bar, an important part of the show, at 7:00PM~-we'll buy you one

drink. Conference transportation will be available to the motels at 5:45.

There will be transportation from the University Center to the Embassy Suites
at approximately 6:00. and from the motels to the Embassy Suites at
approximately 6:35. There will be transportation back to the motels after

the banquet.




THURSDAY, MARCH 10, 1994

REGISTRATION HOURS (second floor LOBBY, where COFFEE will be served )
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. Rooms 202 A and C are reached
through the second floor Lounge. Room 1 56 is downstairs. There will
be book exhibits in Room 232 from 9:00 to 5:00.

' GCN ' ccs 202-A 202-C 156
8:30 AM 181 SPICER 182 NOSTRAND 183 JOHNSON 184 S CHOI 185 HAXELL
8:50 186 WILL 187 WE CLARK 188 SNEVILY 189 S MEDIDI 190 PIOTROWSKI

9:10 191 RUSKEY 192 MEYEROWITZ 193 LUNDGREN 194 K HUANG 195 STUECKLE
9:30 ERDOS

10:30 COFFEE

10:50 196 WAXMAN 197 ULLMAN 198 SOIFER 199 SANTORC 200 GOLDSMITH
11:10 201 PERKEL 202 GRIGGS 203 O'DONNELL 204 PENDYALA 205 GINN
11:30 206 MARK 207 CHINN 208 BARR 209 QIAN 210 RASMUSSEN
11:50 211 PERVIN 212 E HARE 213 SCHELP 214 SUFFEL 215 MK GOLDBERG
12:10 PM 216 RAMIREZ 217 HULL 218 NP CHIANG 219 FARLEY 220 DD-F LIU
12:30 LUNCH BREAK (ON YOUR OWN)

2:00 TARJAN

3:00 COFFEE

3715 AJ HOFFMAN

4:20 221 KREHER 222 LABELLE 223 DY GOLDBERG 224 GEORGES 225 STARLING
4:40 226 FINIZIO 227 NIEDERHAUSEN 228 MR DILLON 229 KUBICKA 230 RICE _
5:00 231 232 RETI 233 KOOSHEESH 234 BEASLEY 235 M MEDIDI
5:20 236 RODNEY 237 HAGLUND 238 WN LI 239 ASMEROM 240 JONOSKA
5:40 241 ABRHAM 242 ROSENFELD 243 D KNISLEY 244 245 M KIM

There will be a receptlon honoring women in combinatorics, hosted by the FAU
Mathematics Department, in Room 215 of the Science and Engineering Building,
from 6:00 -7:00. [Tea will be served from 5:30 on.] This activity,
organized by Carolyn Johnston and Kathryn Fraughnaugh, is open to individuals
of both sexes. There will be an informal CONFERENCE PARTY 7:00-8:00 in the
Cafeteria Patic area--to be moved indoors if weather dictates. There will
be Conference transportation back to the motels at 6:00 PM and back to the
party at 6:40. There will be transportation back to the motels after the
party. '



FRIDAY, MARCH 11, 1994

REGISTRATION HOURS (second floor LOBBY, where COFFEE will be served.)
8:15-11:30 A.M. GCN (left or front) and GCS are the two halves of
the Gold Coast Room. Rooms 202 A and C are reached through the
second floor Lounge. Room 156 is downstairs. There will be book

exhibits in Room 232 from 9:00 to 11:30.

GCN GCSs 202-A 202-C 156

8:30 AM 246 JIANG 247 SALZBERG 248 SCHLIEP 249 FISHER 250 OSSOWSKI
8:50 251 X ZHU 252 CRUZ 253 RR GOLDBERG 254 McKENNA 255 ANDRZEJAK
9:10 256 BENNETT 257 MORENO 258 STEPHENS 259 MERZ 260 McMAHON
29:30 MULLIN

10:30 COFFEE
10:50 261 LEONARD 262 WAGON 263 MARQUEZ 264 KUMAR 265 T REID
11:10 266 BURATTI 267 ROBINSON 268 AMIN 269 HUTCHINSON 270 RAJPAL
11:30 271 MYRVOLD- 272 CRAIGEN 273 FRONCEK 274 A DEAN 275 WOJCIECHOWSKI
11:50 276 PHILLIPS 277 EATON 278 KINNERSLEY 279 BOWSER 280
12:10 PM 281 CHOPRA 282 ARKIN 283 ADHAR 284 LANGLEY 285 GORDON
12:30 LUNCH (ON YOUR OWN)

2:00 CONWAY

3:00 COFFEE

3:20 286 CRAWFORD 287 N GRAHAM 288 LIVINGSTON 289 Y Wy ‘290 HON
3:40 291 KLASA 292 SHAHRTARI 293 HARTNELL 294 MIKHALEV 295 BERMAN
4:00 296 WILLE 297 LONC 298 GUNTHER 299 OELLERMANN 300 ARSHAM
4:20 301 RAVIKUMAR 302 ISAAK 303 MCKEE 304 STEVENS 305 G-H ZHANG
4:40 306 STOCKMEYER 307 CANFIELD 308 MICHAEL 309 ABELLO 310 ALI

There will be transportatlon back to the mote1§ follow1ng the last talks.

THANKS FOR COMING!!

There will be an informal after~dinner SURVIVORS PARTY, at the home of Aaron
Meyerowitz and Andrea Schuver, 454 NE Third Street, beginning about 8PM.
Tell us if you need transportation. _

WE'LL: SEE YOU HERE FOR THE TWENTY-SIXTH SOUTHEASTERN INTERNATIONAL
CONFERENCE ON COMBINATORICS, GRAPH THEORY AND COMPUTING,

*xk 22 22-22, 1995 ***




INVITED INSTRUCTIONAL LECTURERS

Monday, March 7, 1994
9:30 a.m. Ralph G. Stanton, University of Manitoba
Packings Since 1970
2:00 p.m. Ronald L. Graham, Bell Labs
Digraph Polynomials
Tuesday, March 8, 1994
0:30 a.m. Herbert S. Wilf, University of Pennsylvania
Computers Prove Identities: A 50-Year Study
2:00 p.m. William H. Mills, Institute for Defense Analyses
Balanced Incomplete Block Design
3:15 p.m. Vera S. Pless, University of Illinois-Chicago

Knowledge From Numbers in Coding

Wednesday, March 9, 1994

9:30 a.m.
2:00 p.m.

3:15 p.m.

John F. Dillon, National Security Agency
A Quarter Century of Hadamard Difference Sets

Fan R.K. Chung, BeliCore
Routing in Graphs

John G. Thompson, University of Florida
The nth Power Map in Profinite Completions

Thursday, March 10, 1994

9:30 a.m. Paul Erdés, Hungarian Academy of Sciences
Twenlty-Five Years of Questions and Answers

2:00p.m.  Robert E. Tarjan, Princeton University
Minimum Spanning Trees: A Survey'

3:15 p.m. Alan J. Hoffman, IBM Watson Research Center
A New Look at Some Old Results in
Combinatorial Matrix Theory

Friday, March 11, 1994

9:30 a.m. Ronald C. Mullin, University of Waterloo
Room Squares and Related Designs: 1955-1994

2:00 p.m. John H. Conway, Princeton University

Problems in Combinatorics and Elementary
Geometry from Quantum Theory



INDEX OF ABSTRACTS

This index contains a list of all authors of abstracts, not just presenters. The list is complete as of 2:00 p.m. on Wednesday, March 2, 1994.

Abello, J. 308
Abrham, J.V. 241
Adhar, G.S. 283
Alavi, Y. 17, 139

Aldred, R.E.L. 93, 98
Ali, F. 310

Alspach, B. 18
Amin, A.T. 245, 268
Anderson, G.A. 89, 254
Anderson, |. 226
Anderson, M.S. 244
Andrzejak, A. 255
Arkin, J, 282

Amey, D.C. 282
Arsham, H. 300
Ashiock, D. 8
Asmerom, G.A. 239
Atkinson, B. 74
Ayala, R. 263

Bagga, J. 28, 108
Bajnok, B. 25
Baker, R.D. 62
Bang-densen, J. 31
Bari, R.A, 102
Barr, J. 208

Bau, S. 93
Bealer, D. 30, 35
Beasley, LB, 234
Beezer, R. 85
Bennett, F.E. 256
Berman, K.A. 295
Bermudez, M.E. 137
Berry, J. 83
Bevis, J.H. 165
Blaha, K. 61
Blount, K.K. 1565
Bogart, K.P. 284
Boland, J.W. 162
Bowser, S. 279
Boyer, E.D. 44
Boza, L. 105, 118
Bozovic, N. 179

Brigham R.C.119, 131, 207 Dana, J.C. 113

Broere, 1. 130

Brown, J. 122

Bruen, A. 32
Buratti, M. 266
Burris, A.C. 77

Cabaniss, S. 30, 35
Cable, C.A. 279
Caceres, J. 127, 263
Cai, Y. 75

Canfield, E.R. 307
Caron, R, 124
Carpenter, L.L. 27
Carr, Edward 3
Carrington, J.R. 124
Casey, K. 133
Cater, S5.C. 267
Chartrand, G. 48, 109, 110, 143
Chen, G. 33, 54, 190, 213
Chen, Z. 100

Chen, Z2.8. 214
Chen, S. 54
Cherowitzo, W. 57
Chiang, N-P. 218
Chinn, P. 207

Choi, S. 184
Chopra, D.V. 281
Christopher, P. 59
Clark, L. 176
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Cohen, R. 121
Cohen, S.D. 261
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Constable, R.L. 276
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Crawford, C.G. 286
Crawford, R.R. 233
Cruz, R. 252

Darrah, M. 125
Davis, G.J. 165
Dean, AM, 274
Dean, N. 123
Deo, N. 79 264
Dianez, A. 118
Dillon, M.R. 228
Dimakopoulos, V. 173
Domke, G.S. 165
Duffus, D. 205
Dunbar, J. 130
Dutton, R.D. 131

Eades, P. 191
Eaton, N. 277
Ebert, G.L. 62
Egecioglu, O. 164
Eggleton, R.B. 136
El-Zanati, S.1. 171

Ellingham, M.N. 53, 271

Entringer, R. 144
Erdés, P. 15, 159
Evans, T. 7

Fan, C. 13

Fan, G. 156

Farley, A.M. 219
Faudree, R.J. 33, 39
Figueroa, R.F. 66
Finizio, N.J. 86, 226
Fischer, K.G.) 175
Fisher, D.C. 249
Fisher, J.C. 62
Fleticher, R.R. 6
Flocchini, P. 189

‘Foulis, D.J. 99

Francei, M. 22
Frankowski, K. 104
Fraughnaugh, K. 133
Fricke, G. 64
Froncek, D. 273

Fu, H-L. 97

Furedi, Z. 132

Garganoc, M.L. 95
Gavlas, H. 109
Georges, J.P. 224
Gewali, L.P. 230
Ghoshal, . 64
Gilbert, B. 173
Gimbel, J. 41

Ginn, M. 205
Gigrdano, F.R. 282
Godbole, AP. 12
Goldberg, D.Y. 223

Goldberg, M.K. 83, 215

Goldberg, R.R. 253
Goldsmith, D.L. 200
Gordon, G. 260, 285
Gould, R.J. 39, 243
Graham, N. 287
Griggs, J.R. 170, 202
Grimaldi, R.P. 84
Gronau, H-D. 146
Growney, W.J. 92
Gu, W. 154

Guan, J. 55

Guan, P. 37, 184
Gunther, G. 298

Hackett, FW. 124
Haddad, L. 32
Haglund, J. 237
Hamburger, P. 159
Han, L. 34

Harary, F. 110
Harborth, H. 141
Hare, E. 212
Harper, L.H. 47, 307
Harris, F. 70
Hartnell, B. 293, 293
Hartsfield, N. 157
Hattingh, J. 130
Havas, G. 180
Haxell, P.E. 185
Haynes, T.W. 162
Head, T. 240
Hedetniemi, S.M. 58

Hedetniemi, S.T. 58, 172

Heinrich, K. 46
Hell, P. 31
Hemminger, R.L. 98
Hevia, H. 143
Hind, H. 72
Hochberg, R. 114
Hoffman, D.G. 51
Holt, L. 207
Holton, D.A. 93
Hon, R. 290
Hongfeng, Y. 291
Horak, P. 46
Houghten, 5.K. 101
Huang, J. 31
Huang, K-C. 161
Huang, K. 184
Hull, T. 217
Hung-Lin, F. 7
Hurd, S. 2

Hurst, F. 265

Hutchinson, J. 269, 274

Isaak, G. 302

Jackson, D.E. 144
Jacobson, M. 58, 229
Jamison, B. 106

Jamison, R.E. 169, 178

Jia, X. 54 160
Jiang, Z. 246

Job, V. 106
Johns, G. 48
Johnson, P.D. 183
Jones, A.L. 223
Jones, B. 135
Jonoska, N.. 240
Jorgensen, LK. 21

Kahn, J. 88
Kantor, W. 206
Kayll, P.M. 88
Keil, M. 140
Kelmans, AK. 163

Kennedy, J.W. 95
Kerr, J. 174

Key, J.D. 76

Kiang, M-K 65

Kim, M. 245

Kingan, S. 43
Kinnersley, N.G. 278
Kinnersley, W.M. 278
Kittrell, M. 90
Klamroth, K. 20
Klasa, S. 291
Klerlein, J.B. 3

Knill, E. 155

Knisely, J. 135
Knisley, D. 243

Kolb, R.A. 282
Kooshesh, A.A. 233
Kountanis, D. 78
Kreher, D.L. 221
Krishna, K. 233
Krishnamoaorthy, M.S. 138
Kubicka, E. 229
Kubicki, G. 229
Kumar, N, 264

Labelle, J. 222

Lai, K-Y. 65

Lai, Y. 4

Lalani, J.M. 165

Landman, B.M. 5

Langfey, L.J. 254, 259, 284

Laskar, R. 64, 135, 140,
150, 167, 172

Latka, B., 36

Lawson, L.M. 162

Lee, S-M. 45, 50, 60, 65

Lefmann, H. 82

Lehmann, F. 107

L.eonard, P.A. 261

LeVan, M. 81

Lewis, J.T. 86

Li, H. 34

Li, T. 291



Li, W.N. 225, 238
Liatti, M. L. 51

Lick, D.R. 13, 17, 139
Lin, K.T. 49

Lipkin, E. 231

Liu, D.D. 220

Liu, J. 1317

Liu, J.L. 139

Liu, Y-P. 125
Livingston, M. 288
Lonc, Z. 297

Long, A. 5

Lu, M. 34

Lu, X. 16

Luks, E. 61, 206
Lundgren, J.R. 193, 234, 259

MacDougall, J.A. 136
Macula, A.J. 148
Majewski, B.S. 180
Manuel, P. 140

Mark, P. 206

Markus, L. 126, 298
Marquez, A. 105, 113, 127, 263
Marshall, S. 11

Martin, R. 167

Mauro, D. 224
McCranie, J. § 2
McDougal, K. 26
McKee, T. 303
McKenna, P. 254, 259
McMahon, E. 260
McNudty, J. 42
McRas, A.A. 172
Medidi, M. 189, 235
Medidi, S.R. 189
Meiers, D.L. 80
Menser, D.K. 53

Merz, S.K. 193, 254, 259
Meyerowitz, A. 192
Michael, T.S. 308
Mikhalev, A. 294
Miller, V.A. 165
Molina, R. 168
Monroe, L. 91
Moreno, Q. 257
Mullin, R.C. 146

Myrvold, W. 168, 173, 271

Nadon, J. 168

Nair, P.S. 149
Neufeld, E. 69
Niederhausen, H. 227
Nostrand, B, 182
Nowakowski, R. 145

O'Donnell, P. 203

O'Reiily, T.J. 24

Odoni, RW.K. 226
Qellermann, O.R. 143, 299
Oh, AD. 14

Opatrny, J. 49

Ossowski, J. 250

Quyang, J. 170

Padayachee, K. 68
Paul, J.L. 295
Payne, S.E. 89
Pedersen, J. 24
Pendyala, H.M. 204
Peng, S. 283
Penttila, T. 57
Perkel, M. 201
Perumalla, K. 79
Perwvin, E. 211
Pfaltz, J.L. 117
Phelps, K.T. 81
Phillips, N.C.K. 276
Piazza, B. 90,195
Piepmeyer, L. 10
Pigg, W. 50

Pike, D.A. 134
Pillone, D. 64
Pinnern, |. 57
Piotrowski, W. 190
Pippent, R. 159
Plantholt, M. 128
Porter, T.D. 276
Preece, D.L. 276
Pritikin, D. 63
Proskurowski, A. 56, 219
Pulapaka, H. 142

Qian, H. 209

INDEX (Continued)

Quintero, A. 263

Rajpal, S. 270

Rall, D. 145, 293, 2938
Ramamurthy, B. 138
Ramirez, J.G. 216, 257
Rasmussen, C.W. 210, 259
Ravikumar, B. 301
Reid, K.B. 1

Reid, T.J. 265
Remmel, J. 164
Renteria, C. 96

Reti, Z. 232

Rice, S.V. 230
Ringeisen, R. 195
Rivenburgh, R.D. 215
Rodl, V. 205 '
Robinson, R.W. 267
Rodney, P. 236
Rosenfeld, M. 242
Rousseau, C. 310
Royle, G. 57

Ruskey, F. 111, 1186, 191

Salzberg, P.M. 247, 252
Sanders, D.P. 158
Santoro, N. 199
Sarvate, D.G. 22
Savage, C. 116
Schaper, G.A. 290
Scheinerman, E. 197
Schellenberg, P.J. 146
Schelp, R.H. 213
Schliep, A. 248
Schultz, M. 110
Schwenk, A.J. 59
Scott, A. 191

Shader, B.L. 44
Shabhriari, S. 292
Shapiro, E.P. 231
Shapiro, J. 175
Shapiro, J. 196
Shermer, T. 269
Shobe, F.D. 71
Shreve, W. 15, 33,190, 213
Simoson, A. 40

Siran, J. 273

Slater, P.J. 80, 268

Snevily, H.S. 188
Sobel, M. 104
Soifer, A. 198
Soltes, L. 129
Sonom, D, 302
Spicer, E.R. 181
Sprague, T.B. 29
Squire, M.B, 121
Stark, W.R. 24
Starling, A. G. 225
Steiner, G. 112
Stephens, P.W. 258
Stevens, G.E. 304
Stivaros, C. 19
Stockmeyer, P.K. 306
Stout, Quentin F. 288
Strahringer, S. 169
Stueckle, 5. 195
Su, X-Y. 120

Suen, S. 24

Suffel, C.L. 214
Sullivan, F.E. 52
Sun, G.C. 55, 60
Sun, Z. 34

Tapia-Recillas, H. 96
Telle, J.A. 56
Thomas, R. 123
Tian, S. 48

Tipnis, 5. 103
Trenk, A. 197
Turgeon, J.M. 241

Ullman, D. 197

Valdes, L. 152

van Baronaigien, 69

van den Heuvel, J. 23
Vanden Eynden, C.L. 171
Varma, B. 108

Vince, A. 269

Vogt, M.P. 119

von Schellwitz, C. 168

Wagon, S. 262
Wall, C.E.110

Wallis, C. 150, 172
Wallis, W.D. 147, 276
Walters, |.C. 38
Wang, T.M. 111
Wang, Y-S. 65
Wantland, E.B. 87, 183
Watson, S. 122
Waxman, J. 196, 253
Weakley, W.D. 159
Wehlau, D. 32

West, D.B. 67, 186
Wilf, H. 262
Wilkersen, D.S. 223
Will, T.G. 186

Wille, L.T. 296
Williams, K.L. 4, 9, 78
Wilson, S. 207
Winters, S.J. 48, 116
Wojciechowski, J, 275
Wu, H. 75

Wuy, J. 194, 204, 209

Yang, H. 73
Yu,B. 177

Yu, X, 123
Yunhai, W. 289

Zhang, C-Q. 125, 151
Zhang, G-H. 305
Zheng, D. 178

Zhou, H. 73

Zhu, L. 256

Zhu, X. 251

Zolotykh, A. 294



: - MONDAY, MARCH 7, 1994
10:50 a.m.

. 3 [ tniltoliulc{:}tn ia OaXeCa “ N .
! Joseph B. Klerlein) Western Carvlina University
’ TOURNAMENTS FOR TWO YOTING PROCEDURES nduagd C. carr, High Point University

K. B. Reid, California State University, San Marcos
In 1978 Trotter and Erdos gave necessary and sufficient conditions

Tourmamants are useful models of the outcome of majority rule whan there is a for tha Aairect product, CnxCm, of two directed cycles to be
majority choice for each pair of alternatives (e.g., when there is an odd number of " hamiltonian. In this papar we give some sufficlent conditions for
volers sach of whom linearly orders the aiternatives). In fact, every tournament _ gxﬂg"—gﬂ;‘, i‘:‘li‘:l;sv airl:_- ig:::?i:ﬁ chth: rgizﬁc‘f:ft.qr:::ﬂuh;:izml‘ N :grt;:
anses l.h's way. Let-T be a tounament whicl} contams_a spanning digraph m~cycle., Theme results generalize similar results obtained for
consisting of a transilive subtoumament W with transmitter w, a rooted spanning CnXzcm.

tree Q in T-W with rool q, and arc r—q, such that no vertex of Q dominates
every vertex of W. Such a T has the property that the vertices can be ordered so
that there is a single decision using two distinct majority voting processes known
as sincere and sophisticated voting under amendment procedure. In this talk
these two processes will be described, and tournaments such as T will be
characterized as tournaments that do not contain the 3-cycle as their initial sirong
component. The consequences for voting will also be discussed.

q Edgesum of the sum of k sum-deterministic graphs

Y.L. Lai*, K.L. Williams, Western Michigan University
Determination of the edgesum, 2(G), for arbitrary graphs ia known
to be NP-complete. For & > 2 and G = 1'%, G, with each G; sum-
deterministic, we present s polynomial time algorithm to establish
+G).
It is kmown that graph classes K, Ky, Cy, P snd Ky, are each
sum-deterministic. We show that several additional classes of graphs

also have this property.
4 Quanlumb Factorials A proper numbering of a graph that achieves #(G) is said to be
y optimal (with respect to edgesum). We show by example that a proper
pumbering in the same order as an optimal non-proper numbering
Spencer P. Hurd!, Depr. of Math. and C.S., The Citadel, Charleston. SC, 29409 need not jtselfl be optimal.
and Judson S. McCranice. 1503 East Park Ave.. V-11. Valdost, Ga., 316012 Keywords: edgesum, sum-deterministic, proper numbering, potyno-
¢ i 1]

We define the deuble factorial symhbol ! as follows: mial time algorithm.
M= = 1, andforn=2,3 ..
nt! = n(n-2). .
Using this we define the integer-valued Tunction G to be the least non-negative A
residuc given by: !
. a

G(l) = G2y = 1 andfor n>2,
Gn) = {(n- DI - (02} (reduccd modulo n).
The idea o the function G was suggested to us by a problem in Quaniom Magazine
TSepA et 1992, Vol 3 No. |, p. 16), which asked it 19921 - 199111 was divisible 5 Ramsgy FUNCTIONS ro SEQUENCES WITH Dirvenances 1 & SPECIFIED Conoruance CrLass .
b AU e in other waords, i GU1993) = 07 In this note we determine Gen) Tor BRUCE M. LANDMAN® AND ANDREW F. Lona, UNIVERSITY oF NORTR CAROLINA-GREENSBORO s
all posive inlegers n. The circle of ideas we develop is then ased 1o derive » . . Given integera m > 1 and 0 < g < m, define & b-term ¢(modm)-sequence to be an incrensing
cunous panity selationship between the number of odd guadratic non-residues of positive int {2;_.”:.} wiach that 2:— 741 = g( modm) for i = 2,..., &. Numbers
' r bers w(k) arc examined, where the collection of arithmetic

analogous to the van der Waerden
progtessions is replaced by the collection of g(modm)-sequences. We show that, for most valllnsl of
m and g, there exist partitions of the positive integers into two seta such that neither set contains
such sequences, so that the associated Ramsey functions do not exist. However, when we add the set
of thoee arithmetic progressions having constant difference m to the set of g modm)-sequences, the
associsted Ramsey function is always defined, and we obtain nccurate lower and upper bounds for
these Ramsey functions. We also show that the existence of arbitrarily long arithmetic progressions
ither implies, nor ia implied by, the existence of arbitrarily long members of the collecti

TONR ) and the number of small QNR's for a prime of the fonn 4n + 3

in & set
of sequences just described.
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b Greatest Midpoint Groupolds and Tournaments
Raymond Fleicher, University of Texas of the Permian Basin

For any groupoid A we define the graph of A, T(A), by ['(A) =(VE)
where the vertex set V consisis of elements of A and the arc set E is given
by E={a—ab: ab&A}. In case the corespondence A—I(A) is one-one over
all groupoids in a given variety ol groupoids we say the variety is digraphical.
Inﬂispapeqweinu-ndweheﬂ:dyoﬂmnewdigraﬁbalvaﬁeﬁofgmu-
poids: the variety of Inigramoids given by the idenliies (1) by =¥: (2) x{(xy}x)
=xy; {3} (ey){{(0y)z)) = ¥((xy)z}, and the variety of semilrigrynoids determined
by the identities (1).{3) and {#) x{xy) =xy: (5) Dey)(OyPOLxy)] = {xy)x. The main
feature of algebras in these varietias is that their associated graphs have the
unique greatest midpoint property .i.e., I we take any pair (ab) of vertices
and if we let M denote the set of all midpoints of 2-paths from a to b, then
there exists a unique point in M which dominates every other poirt in M.

After developping the basic properties of trigremoids we give a cha-
racterization of trigramoids whose graphs are tournaments. Wa then describe
# larger class of wurnaments which comespond to semitigramoids. Thess
loumaments are thenusad as components in more complicated constructions
of semitrigramoids. [Key words: Groupoids, Toumamerds. Digraphs, Varietiss)

Cyclotomy and orthomorphisms: A survey.

A. B. Evans, Wright State University. ’
orthomorphisms of finite groups have several combinatorial
applications - for instance in the construction of designs and in
the construction of mutually orthogonal sets of Latin squares. An
especially useful class of orthomorphisms are those constructed
using cyclotomy in finite fields. This talk will be a survey of
what is known about cyclotomic orthomorphisms and their
applications.

Equidimensicnal Grey Codes in Cayley Graphs
Daniel Ashlock, Jowa State Univesity
Fey Words: Cayley Graphs, Hamilton Cycles, Grey Coding

A traditional Grey code is simply a Hamilton cycle in a
hypercube. An interesting modification of the notion of Grey code -
is to find a Grey code that spreads its edge usage out as aevanly
as possible among the dimensions of the hypercube. Replacing the
notion of “edge in dimension i" with "edge created by generator i*
and this generalization can be exanined for any Cayley graph. This
talk will give a necessary condition and completely solve the
existence problem in a few cases.

q On Bandwidth end Bdgesum of the Tensor Product of
P, with X, .

K.L. Willinms, Western Michigan Unlversity

The tensor product of graphs Gy and G, denoted G:(Tp)Ga, Io
G = (V(Gy) x V(G1), E) where ((z1, ;). (%2,3)) € E if (21,71) €
E(G)) and (3h,4n) € E(Gz). For graphs in general finding either
bandwidth or edgesum iz known to be NP-complete. Consider G =
Pu(Tp)K, 5 for m > 2 and r < n. This paper shows that the band-
width of G is n+r — 1. Also, & linear time algorithm for finding an
optimal numbering of G to achieve sdgesum is provided. '
Keywords: tensor product, bandwidth, edgesum, algorithm, NP-

complete.

]O on the serc-sum Ramsey numbers r(X_nm, 5_3)

Lothar Plepmeyer, Technische Universitaet Sraunschweiqg

For natural numbers n and k, for which n(n-1)/2 is divisible by k,
lat r(K_n,Z_k) denota the minimum intager r such that for every
labeling of the edges of the complete graph K_r with arbitrary
integers there exists’ a subgraph K_n with edge lablels that add up
to 0 mod 3.

The existence of the numbers r(K_n,Z k) follows from the classical
Ramsey numbers. The exact values of a largs class of zero-sum
Ramsey numbers is known. We determine the unsettled numbers
r{K_4,%Z_3) and r(K_6,2_3).
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( On the exiastence of k-tournaments with given automorphism group.
, Susan Marshall, Simon Fraser University

By a k-tournament on n vertices we mean a complete k-uniform
hypergraph on n vertices in which each hyperedge has been linearly
ordered. We refer to the ordered hyperedges of T as arcs. An
automorphism of T is a permutation £ of the vertices of T with the
property that A is an arc of T if and only if f(A) is alsoc an arc
of T. The purpose of this talk is to present the following result.
For a finite group G and an integer k, there exists a k-tournament
whose automorphism group is isomorphic to G if and only if

ged (]G], k)=1.

} Z Probubilistic Methods in Design Theory
Annst P. Godbole, Michigan Technological University

A 1 —(n,k, ) covering design (n > k > t > 2) consists of a collection of k-element
subsets (blocks) of an n-element seb X' such that each f-element subset of X occurs in at
least A blocks. We use a variety of probabilistic methods to obtain new results for covering
designs: The method of alterations is employed, together with exponential probability
inequalities, to derive general upper bounds on the number of blocks in & minimal ¢ —
(n, & A) covering design, A > 2, thereby extending & theorem of ErdSs and Spencer. Next,
the Janson correlation inequalities are used to exhibit the existence a threshold behaviour
for random coverings of ¢-sets by k-sets: with A = 1 and k < 2¢ - 1, we consider a randomly
selected collection B of blocks; |B] = #(n), alwwiﬁg that B exhibits a rather sharp threshold
behaviour, in the sense that the probability that it constitutes a ¢ — (n,k,1) covering
design is, asymptotically, zero or one - according as ¢(n) < (7)/(5)} log (71 — oY) 6 1
#n) > (T)/(5) log ({}(1 + o{1)). Finally, the Stein-Chen method is used to extend Lhe
above result, making it valid for general values of &; various Peisson appreximations are

also obtained.

amssy Numbars #2r irrsgular graphe.

Known graphs which furn
for the most part regular graphs or
regular.
shown be bear a

13 Pseudo-Cartesian Product and Hamiltonian

*  Decompositions of Cayley Graphs
on Abelian Groups

Cong Fan
Western Michigan University
Don R. Lick
Jiugiang Liu' _
Eastern Michigan University

Alspach has conjectured thzt any 2k regular connected Cayley graph cay(4,5} on
a finjte abelian group A can be decomposed into &k hamiltonian cycles. In this paper,
we first generalize a Kotzig's result that the cartesian product of any two cycles can be
decomposed into two hamiltonizn cycles and sliow that any pseudo-cartesian product
of two cycles can be decomposed into two hamiltonian cycles. Then, by applying that
result we show that the conjecture is true for most 6-regular connected Cayley graphs
on abelian groups of odd order and for some 6-regular connected Cayley graphs on
abelian groups of even order.

RESTRICTED CUTS IN HYPERCUBES

'L‘ . 'A. Duksu Oh :
Department of Mathematice and Computer Science
§t. Mary’s College of Maryland
St. Mary's City, MD 20686

For an n-dimensional hypercube @, and a given integer p (1 < p < n}, the min-
imum cardinality of a p-restricted cut of u, denoted «(n,p), provides a generalized
mensure of node fault tolerance in n-cube networks, where a p-restricted cut of Qujan
vertex cut of Q0 which contains at most p neighbors of each vertex in @,. This paper
is concerned with x(n,p) and the structure of the minimum cardinality p-restricted
cuts of Q.. It is shown that @, admits a p-restricted cut if and only if n < 3p 2,
and that x{r,p) > p2"~* when n < 3p — 2. Further, it is shown that «(n,p) = p2"?
if and only it n < 3p— 2, and n < 2p for p > 3. This paper also presents for each p
andn(l<p<n<ip-2,andn<2plorp> 3), a characterization of all minimom
cardinality p-restsicted cuts of ., and an algorithm for finding all such cuts of Q..

. Chen, P. Erdos, W, Shrevet, North Dakota State Univ

A Ramsey number is defined for irregular graphs.

jsh lower bounds for for Ramsey nunbers are
graphs which are close to heing
It is

linear relationship to ordinary Ramsey numbers.
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[ b Unavoidable rooted spanning trees in tournaments
Xiaoyun Lu

A digraph G is said to be n-unavoidable if every tournament of order n
contains it as a subgraph. One such an example is the directed path of order
n. Here we generalize this example and consider other unavoidable spanning
rooted trees in tournaments. We also answer two questions proposed by Saks

and Sés.

17 STRONGLY DIAGONAL LATIN SQUARES

Yousaf Alavi, Western Michigan University
Don R. Lick®, Eastern Michigan University
Jiugiang Liu, Eastern Michigan University

An nxn latinsquare S=[s] is strongly left-diagonal il for eachk, 0sksn-1,
. 59, 14k- S2.2¢k = = Snpnek
are distinct, and strongly right-diagonal if for each k, 0<k<n-1,
, S04 S2.0-1-k San2ke -7 Snk
are distinct, where the subscripts are taken modulo n. A latin square S is said to
be strongly diagonal it it is both strongly left-diagonal and strongly right-diagonal.

Wae prove the following: (1) There ara no strongly diagonal latin squares of
even order. (2) If n is an odd integer not divisible 3, then there exists a strongly
diagonal latin square of order n. (3) if n is a prime integer greater than 3, then
there axists a set of n—3 mutually orthogonal strongly diagonal latin squares.
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l% Hamilton coycles in vertex-tramsitive graphs

Brian Alspach, Simon Fraser University
A short survey on the search for Hamilton c¢ycles in
vertex-transitive graphs will be given.

\q The all-terminal network reliability under optimal link assignment

20

C. Stivaros, Computer Science Dept, F.D.U. at Madison, NJ
(a-mail: stivaros@fdumad.fdu.edu) '

The Assignment problem is defined for the "all-terminal" network
reliability model. This problem has been studied for the "residual™
model (nodes fail} but was never considered in the all-terminal
model (links fail) despite the model's popularity in the
litarature. combinatorial tools are presented such as varjious
graph reductions. Solutions for common network structures are

discussed along with open questions.

Ramsey Numbers for Bats of Graphs

Kathrin Klamroth, TU Braunschweig, Germany,

Generalized Ramsey Numbers r(G,H) are investigated for

sets of graphs G and H. An interesting relationship between these
Ramsay Numbers and certain Turan-Graphs was worked out in the
case that G only contains a complete graph with n vertices and that
H=<p,g> is the set of all graphs with p vertices and q edges.
This relationship can be transfered to other cases.
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N ISOMORPHIC SWITCHING IN TOURNAMENTS

Leif K. Jérgensen i
Aalborg Uuniversity, Fr. Bajers Vej 7, Aalborg, Denmark.

In a tournament T' with a vertex z, let z* and =~ be the out-neighbours and
the in-neighbours of z, respectively, and let T, be the tournament obtained from T'
by reversing every edge joining two of the three sets {z},z*,z~.

I investigate tournaments, T, with the property that T, is isomorphic to T' for
every vertex r € T, and the relation of such tournaments to (vertex-transitivity in)
regular digraphs with the property that non-adjacent vertices have no common out-

:eighbours and adjacent vertices have A common out-neighbours for some constant

22  Temay desion with reptication_numbers_

Murgaret Francel*, The Citadel and D. G. Sarvate. University of
Charleston

A Balanced Ternary Design BTD(V.BR:K.A) as we know today is an
arrangeament of V paoints in B blocks (l.e. multiseis) each of size K,
such that every point occurs 0,1 or 2 times in a block, every point
oceurs A times in the design, and every pair of distinct points occurs
A times in the design. Techer's original definition of lernary designs
does not reshict the replication number R 0 be a conslant. However
he showed Ihe replication number A will come between the Iwo
numbers  A{V-1)(K-1) and A(V-1}{K-2). 1 we restrict the
replication number to be these two conslants we have a ternary
design (TD) with lwo raplicalion numbers, where the ¥ points can be
paftitioned into two parts Py and Py, IPy] + |Py| =V. where all points
in Py occur singly in A[V-1J(K-1) biocks and all poinis in Py occur
doubly In A(V-1)I2(K-2) blocks.

We prove that the necessary conditions are sufficient for 1he +
axislence of TDs with block size 3 egnd we oblain some parital v
vasults for the gpeneral case.

Sludy of thase designs offer an interesting counterparl to the
undargoing study of BTDs whare the blocks are parditionsd into
blecks with repsat efemenis and biocks without repeal slements.
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2.3 Hamiltonicity of Regular 2-Connected Graphs
' Jan van den Heuvel

Department of Mathematics and Statistics, Simon Fraser University
Burnaby, B.C., Canadx V5A 156 ,

In 1980, B. Jackson proved the l‘obwingr Tesult.

Theorem 1 Every ?-connected k-regular graph on st most 3k vertices in hamiltonian.
Theorem 1 is essentially best possible. For 3-connected graphs the following strengthening
Conjecture For k > 4, every 3-connected k-regular graph on at most 4k vertices is
Bamiitonian. |

A first result in the direction of this conjecture was proved by H. Li and Y. Zhu, who showed
that for & > 63, every 3-connected k-regular graph on at most 4 E vertices is hamiltonian.
We improve both this result and Theorem 1 by establishing the following.

Theorem 2 Let G be a 2-connected k-regular graph on at most §k—T vertices. Then G
iz hamiltonian or G belongs to a restricted class of sonhamiltonian graphs of connectivity 2.
We immediately obtain the corollary that every 3-comnected k-regular graph on at most
§ & — 7 vertices is hamiltonian.

Joint research with H. J. Broersma, B. Jackson and H. J. Veldman.

a."[ Graph Ilo.lﬁl‘pll- and the Evolution of Cooparation
John Pedersen#, Stephen Suan and W, Richard Stark
Dept of Mathematics, University of South Florida, Tampa, FL

Nowak and May have proposed a simplified model for the evolution
of cooperation (Natuire, Oct. 1992}, which showed interesting,
sometimes chaotic, results. In their simulation, each vertex of an
n x n grid graph is either a cooperator or a defector. Their
simulation procedes in a way similar to Conway's game of Life, but
with different rules based on simplified Prisoner's Dilemma
playoffs. Huberman (Proc. Nat. Acad. Sci. USA, v. 90, 1993) has
observed that if the gimulation is performed serially instead of
in the synchronous method of Life, different resultsa are ohtajned,
not including chaos. ' We have generalized the simulation to
arbitrary graphs and schedules covering the antire spectrum from
serial to synchronous. As well as examining the onset of chacs in
this discrete setting, we suggest a novel approach to the
isomorphism problem based on this simulation.

15

Lot the Ramsay-typs numbaer Rk} denote the smafiest integer i1 such that every graph on
nveﬁeuﬁhmnindﬂwwbdoﬂmmm-md-ukwlwmmm.
Siston (1978) proved that n,(a.k)-ﬂnor[uu-hm In this psper ws wil investigata
praphs whh meximal degree 3 on v.na(a.mvmmm“wmmm

independence number less than &

SOMNE RANBEY-TYPE GRAPHS

Béla Bajnok, Gettysburg College




s coUNTING M-PLAYER SINGLE ELIMIMATION TOURMAMENTS
KEVIN NCDOUQAL
UNIVERBITY OF WISCONSIN-OSBHKOBH

We present several methcds for counting the number of
n-player single elimination tournaments. These are
rooted binary trees with n labelled leaves and n-1
unlabelled internal vertices. The history of this
problem’s solutien is discussed. A newer perspec-
tive of one method of solution is presented and

also a possibly new method of solution.

37 Some Hesults on 2-ranks of Oval Designs

Laurel L. Carpenter, Clemson University
Let [T be a desarguesian projective plane of even order, n, containing a hyperoval,
. The aval design, P, arising from this strecture is the 2—("’;" . 3.1) design with
points defiied as the passants of O, blocks as the peints of Il \ O, and incidence
85 that {rom the ambient plane. in the case where © is a regular hypetoval, we
will show, using a result of Blokhuis and Moorhouse, that rank, P = 3™ —2™. For
irregular hyperovals, we will show some results and discuss & conjecture concerning

the 2-rank of their oval designs.

Intermediate Value Theorems for the Sizes
of Some Classes of Visibility Graphs

%

K. Jay Bagga*, John W. Emert, and J. Michael McGrew
Ball State University

William E. Toll
Taylor University

Given a set of n disjoint line scgments (known as obstacles) in the plane, the
{segment endpoint) visibility graph on these obstacles has the 2n endpeints of the
obstacles as vertices, with two being adjacent if either they are the endpoints of the
same obstacle or the line segment joining them does not intersect any obstacle. Tt
iz known that the number of edges in such a visibility graph is bounded by 5n —4
and 2n? — n, and that these bounds are sharp. In this paper we show that for
any ¢ with 5n — 4 < ¢ € 2n? — n, there is a visibility graph on n obstacles which
has g edges. Similar results on certain other classes of vigibility graphs are also
presented.

- 3:20 p.m.
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:_ﬂ An migorithm and implssentation for distance computations in graphs

Thomas B. Spragua, Alma College, Alma, NI.

we describe a simple algorithm for computing the distance batwsan
all pairs of vertices in a graph G of order p. It is based on the
evaluation of a polyncmial of degree p-1 or less in the adjacency
aatrix. The algorithm has been implementad in the MATLAB language,
from which it inherits the capabilities of interactiva
computations, graphical displays and extensibility. We discuss
the extgnsibility feature by showing how we were able to
interactlively compute and display the antipodal and radial graphs
of all trees on 10 vertices. We conclude by describing how the
code may be obtained via the internet from the Alma College

archives.

2-Regular Edge-Graceful Graphs
*Dr. Sharon Cabaniss
David Bealer

Ao

A graph Gip,q) is sald to be edge-graceful is there exists an
injective map ¢:E(G) — q such that the map y:V(G) ~ Ip defined by
wiv) = [P(eq) + ¢lez) + ... + Pp(ay)] modulo p, where eq, e, ..., eg are all
the edges incident with v, is injective.

it has been conjectured that almost all 2-regular graphs are edge-
graceful, (there is a known exception, namely C3UC7). We have been
successful in discovering a number of 2-regular edge-graceful graphs. In
fact an infinitely large family of 2-regular graphs which have this property.

We will discuss a method of determining that 2-regular graphs are
indeed edge-graceful using arrays of numbers, in particular the addition
table for the group Zp, '

By the use of this method it is an easy matier to show that for any
odd positive integer k, CxUCoy(x+1) and CyUCqy are edge-graceful,
along with many others, for arbitrary positive integers t.
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3[ Optimal recognition of local tournamants.
Joergen Bang-Jensen {Odense University, Denmark),
Pavol Hell, and Jing Huang* (Simon Fraser University, Canada}.

A local tournament is an oriented graph in which the inset
as well as the outset of each vertex is a tournament. Local
tournaments extend the class of tournaments, keep many
nice properties of tournaments, and are related to the
class of proper circular arc graphs. Applying a recent
structural characterization of local tournaments (due to
the speaker), we give a linear time algorithm for recognizing
local tournaments.

,51'1']:; Largest Linefree projactive Suhset of PG(n,32)
Dr. A. Bruen, Dr. L. Haddad, Dr. D. Wehlau*

University of Western Ontarioc and Royal Military College of Canada

Let PG(n,2) denote projective space of dimension n over the field
GF(2}, of order 2 and let AG(n,2) denote n dimensional affine spac;_
over GF(2). It is easy to show that the largest line free subset
of PG(n,2) is AG(n,2). In this talk we describe the largest line
free subset of PG(n,2} which is not contained in any. copy of
AG(n,2). This set is unique (up to isomorphism) and possesses a
number of interesting properties, some of which we will discuss.

33 NOTE ON WAITNEY'H THEOREM FOR X-CONNECTEDP GRAPHS R IE1 R
Guantac Chen*, North Dakota State University, Fargo, ND 58105
Ralph J. Faudree, Memphis State University, Memphis, TN 38152
Warren E. Shreve, North Dakota State University, Fargo, MD 58105
In this paper we refine Whitney's Theorem on k-connected
graphs for k >2. In particular we show the following: If G be
a2 graph with k>2, then for any two distinct vertices u and v of G
there are X internally vertex paths
Plfu,v}, P2{u,v], ...... » Pk[u,v]
such that @ -V{(Pi{u,v}} is connected for each i=1,2,....k, where
Fifu,v) denotes the internal wvertices of the path Pifu,v).
Further one of the following properties holds:
A: G-¥(Pi[w,v])) is connected for §=1,2,3.
R: G-¥{(Pi[u,v]} is connected for ji=1,2 and G-V(Pi{u,v))has
exactly two connected components for i=3,4,..,
Some other properties will be discussed too.

Py 98

34 Hamiltonicity in 2-connected graphs with claws

Hao LI** .
L.R.I, URA 410 C.N.RS.
Bat. 490, Université de Paris-sud
91405-Orsay CEDEX, FRANCE

Mei LU*!
Institute of Systems Science
Academia Sinica

' Beijing 100080, CEINA

Zhiren SUN ¢
Department of Mathematics
Nanjing Normal University
Nanjing 210024, CHINA

M. Matthews and D, Sumner have proved in [?] that if Gis s 2-connected claw-free
graph of order m such that § > =2 then G is hamiftonian. Li hal shown l}l_at the buun_d
for the minimam degree § can be reduced to § under the additional condition that G is
got in T, where 1T is a class of graphs well defined in {2]. On the otlter hand, we say
that a graph G is almost claw-free if the centres of induced claws are indepeudent and
their neighbouthoods are 2.dominated. Broersma, Ryjidek and Schictmeyer have pmve_d
that if G is 2-connected almost claw-free graph of otder n such that § > ?, thea G is
hamiltonian. We g lize these results by cousidering the graphs whose claw centres
are independent. If G is a 2-connected geaph of order n and minimam degree § sutﬂ; that
n < 45 — 3 and if the set of claw centres of G is independ t, then we show that either G
is hamiltonian or & € F, where F is a class of graphs defined in the papet. The bound

n < 45 — 3 is sharp.

Dr. Sharon Cabaniss
*David Bealer

3 'y Edge-Graceful r-Regular Graph. ]

A graph G{p,q) is said to be edge-graceful is there exists an
injective map ¢:E(G) ~ 24 such that the map ¢:V(G) —~ I defined by
wiv) = [p(eq) + P{eg) + ... + ¢{ey)] modulo p, where eq, eg, ..., e are all
the edges incident with v, is injective.

f is from this definition and some elementary number theory a
routine matter to prove that give a number of edge—graoeful_ r-r_egulr
graphs with some particular properties i common that there union is also
edge-graceful. An example is, given three 2-regular .graphs (CaUCp).
C14, and Cq4, it can be shown that CqUCgUC{1UCq1 is edge-graceful.

Though the proof involving number theory Is indeed routine, we will
be discussing a more intuitive and informal approach involving the use of
factor groups. This method, aithough less rigorous, is in many ways more |
aesthetically pleasing.
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'b(p The structurs of tournaments omitting IS4 and S4I
Brenda J. ‘Latka, Lafayette College

A tournament is a complete directed graph. A tournament T is an ‘
obstruction to a class of tournaments if T is not a subtournament 3 'mllz::?!: ;u:" :: GRAFHS X¥D ml:ﬂﬂ}:ﬂ;‘lgl’:::!!l -
of any tournament in the ¢lass. Some obstructions completaly . phi Dstmtl. ;‘i it E:“a uni o.i.t

determine the structure of the tournaments in their corresponding emphls State University ory Univesity
c:}::sesiion:e show that the tournaments IS4 and S4T are such A characterization of pairs of forbidden subgraphs that are
obstruc . sufficient to imply various hamiltonian type properties in graphs

will be discussed., Similar te the results of Bedrossian for
hamiltonian graphs and pancyclic graphs, all forbidden pairs
sufficient, along with the appropriate connectivity condition, to
imply a graph is traceable, panconnected, or cycle extendable will
be datermined.

31 A Becret Bharing Schema
Puhua Guan, Dept of Math Univ. of Puerto Rico, Rioc Piedras PR 00931

. A (t,w)-threshold secret sharing scheme is a method of sharing
a sacret key among a finite set of w paticipants, in such way that
any t participants can compute the value of K, but no group of t-i
pirticipants can do so. In this talk we present a (t,w)-threshold
scheme based on the chinese remainder theorem. The rate of
information of this scheme iz good and it alows a fast algorithm

to racover the secret by t participants.
. On Edgo-Graceful Spiders

4.0 Anirew Simoson, King College, Bristol, TN 37620

Gracelul and edge-graceful graph labelings are dual notions of each other in the
wense Lhat a gracelul lnbeling of the vertices of & graph G induces a labeling of its
edges, whereas an edge-graceful labeling of the edges of G induces a labeling of its
vertices. In this talk we demonstrate an algorithm for generating balanced, graceful
Isbelings of paths which in turn provides a means of edge-gracefully labeling certain
troce, so ad ing Lee's Conjeciure that all Lreen of odd order are edgo-graceful. To
complement the well known result that all spiders of odd order with legs of equat
. . length are edge-graceful, we demonatrate in particular that all spiders of odd order
3 8 COIB_I:mcun,g Cuspectm] Expander Gra PhS m:: Ih:e‘r, or four lege ars edge-graceful, and give partial results for n-legged spidemn
. with Unequal Expander Coefficients - w2

Tan C. Walters Jr, Western Michigan Urlivelsity

An (n k) expand hi . . .
subsei S of V{C) satishies the inequaiy " S7Ph with n vertices so that any
IS

IN(©S)-51 2 c(l-T) 1St
where N{5) = (v&V(G) ! uvEE(G) and €S} and ¢ i ! ‘
hrgfﬂ ¢ which satisfies the inequality for all iubsehcsmisacarflidntg?gi;anmi |
;2: e.:::, del_lohl?d expan{G). 'l;v:.li compoi:itions that result in cospectral

used to construct sev exam pectral pairs of graphe
unequal expander coefficients. ples of cos ] of
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4 ’ Source-sink pairs in comparabifity graphs
By John Gimbel, University of Alaska, Fairbanks, Alasia 99775

Given G, a comparability graph and A,B, disjoint sets of vertices in G, we say (A,B) Is
source-sink pair if there is a transitive orfentation of G in which each vertex of A has
indegree zero and each vertex of B has outdegree zero, We present a characterisation of
sowrce-sink pairs which snswers a question of Szwarcfiter, ot al, Further, we show that
given A and B, we can determine in palynomial time if (A,B) Is a source-sink pair.

41, An Axiomization of the Flats of an Affine Hyperplane Arrangement
Jennifer McNulty, The University of Montana

The flats of an arrangement of hyperplanes in projective space form a ge-
ometric lattice under reverse inclusion in which the atoms correspond to the
hyperplanes of the arrangement. In a similar manner, the flats of an affine ar-
rangement yield an inf-semilatlice. An affine hyperplane arrangement can be
embedded into projective space producing a projective arrangement contain-
ing one additional hyperplane. Likewise, the inl-semilattice can be embedded
inte a geometric lattice which has one additional atom. An axiomization of
inf-semilattices with this property will be given. In graph theoretic terms,
the fats of a projective arrangement correspond to the cutsets of a graph,
while the flats of an affine arrangement correspond to the {s,1) cutsets. The
presentation will concentrate on this graphic aspect of the axiomization.

IR

I"—a A GENERALIZATION OF D. W. HALL'S GRAPH RESULT
Sandra R. Kingan, Louisiana Stata Univarsity, Baton Rouge LA 70803

D. W. Hall proved that {if a J-connectsd graph has a minor
isomorphic to the complate graph on £ive verticas, X5, then it must
also have a minor lsomorphic to the complets bipartite graph with
3 vertices in each class, X(3,3), the only axcesption baing K5
itself. 1In this paper, we prove that if a 3I-connected binary
matroid has a minor iscmorphic to X5 or its dual, then it must also
:::o aK;i.m;: isoworphic to X(3,3) or its dual, the only axcaptions
ng ’ s dual, and a rticular h -
s, ntroid.’ pa ighly symmetric, 12-slement,

4:20 p.m.

*

Biclique Decompositions of the Complement of Trees
: Elizabeth D. Boyer  Bryan L. Shader
University of Wyoming ’

A biclique is a complete bipartite graph. A bicligue decomposition of a
graph G is a set of edge subgraphs of G, each of which is a biclique, which
partition the edges of G. The bicligue decomposition number of & is the
minimum number of bicliques in any biclique decomposition. In a survey
paper, 5. Monson, N. Pullman and R. Rees posed the question of determining
the biclique decornposition number of the complement of a Hamilion path
in K, .. We answer this question and generalize the result to determine the
biclique decomposition number of the complement of any tree with & perfect

matching in K.

.

" On edge-maglic reqular complete k-partite graphé

Sin-Min Lea
Deparimenl ot Mathemalics and Computer Sclences,
San Jose State University,
San Jose , CA 95192, U.S A, .

A graph G=(V.E) is said lo be edge-magic if there exists a bljection I : E > ]1,2,....IEII such thal the
induced mapping I*: V- N defined by 1*(u) = £{ fju,v) {uv) e E} {mad V1) is a constant map.

We ct?mplele characterize regular complete k-pariite graphs which are edge- magic. Algorithms for
edge-magic labefings for lhese graphs are given. -
Keywords: complete k-partita graphs, edge-magic labeling.
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{ s1emcranLE TREES -

K.Heinrich, Simon Fraser University, Vancouver, BC

P.Horak(*), Slovak Technical University, Bratislava, Slovakia and
Southern Illincis University, Carbondale, IL -

A graph is called bisectable(=even) if its edge set
partiticned into two isomorphic subgraphs. R.Graham End R.Ro%?l?r:a::
-agked if the_ problem: "Given a tree T, decide whether T is
bimectable” is NP- complete. In contrast to this, F.Harary and
R.Robinson conjectured that there are only two trees of maximum
degree 3 which are not bisectable. We present results concerned
uxth_the conjecture and a related problem of P.Erdos. An infinite
version of the problem will be discussed as well.

l-|"1 The Isoperimetric Problem in Finite Projective Planes
L. H. Harper, University of California at Riverside

The following problem is a natural analogue of the isoperimetric
problem of plane geometry. Over all sets of k points in the projective
plane over GFiq), % between 0 and q~2 + q + 1, minimize the number ¢f lines
which contain points of the set. Despite the cbvicus appeal of this problem
very little progress has been made. The wethods which solve closely related
problems such as that of Kruskal-Katona do not work. The author will show
that B. Segre’s theory of ovals c¢an be used to sclve the following special

cases:
i) For k between 0 and g + 1, the points of a conic are solutions. If
q = 2*h, a power of 2, then the nucleus of the conic may also be
thrown in to give a solutien for k = g + 2.
ii) By duality, the sclutions in il give solutions for k =or> {g"2 - q}/2
iii) TE @ = 2*h then for n = 2°i, i between 0 and h, Segre’'s maximal
{k,n}-avcs give solutions Eor k + 1 + (n - 1) (q + 1}. These sets are
unions of conics with their common nucleus.

L}g THE ANNULUS OF A GRAPH
Gary Chartrand, Western Michigan University
Garry L. Johns*, Saginaw Valley State University
Songlin Tian, Central Missouari State University
Steven J. Winters, University of Wisconsin Oshkosh

KEY WORDS: distance, eccentricity, annulus, interior
The eccentricity e(v) of a vertex v in a connected graph G is the distance between
v md 8 vertex furthest from v. The anmilus Ann{G) of a connected graph G whose
vertices have at least three distinct eccentricities is the subgraph induced by the vertices
whase eccentricities lie strictly between the radius and the diameter of G. In this paper,
several results related 10 the annulus are given, including & characterization of lhose'
. Braphs which are isomorphic to the annulus of some connected graph.

4:40 p.m.

._l,q Broadcasting in Linear Congruential Gwlu of Degree 4
K.T. Lin and J. Opatray ’
Dept. of Computer Science, Concordia University, Montreal, Canada

A Linear Congruential Graph, or LCG groph for short, of size n and degree 2k is &
graph in which the set of vertices is the set {0,1,...,n — 1}, and there is an edge
from u to fi(u)} mod » for any 4 and any function in a set {fi, f1,..., fs} of linear
functions.

Btondcasting in a graph is a process of sending a message from a vertex to all other
vertices in which any vertex that already received the message can send a message,
in one time unit, o at most one of its neighbours. Broadcasting is an important
part of many distributed algorithins, and it is thus important to find what graphs are
suitable for fast broadcasting of messages.

‘We investigate the problem of broadcasting in LCG graphs of degree 4, in which
J: generates a Hamiltonian cycle, and f; generates a small number of disjoint cy-
cles, First we exhibit functions for which the broadcasting is done in time O{log, n),
which is asymptotically optimal. We than consider the broadcasting problem for
two-dimensional LCG graphs and discuss strategies that improve the broadcasting
time.

50 On edge-magic cublc graphs conjecture

Thomas Cox, Sin-Min Lee, and William Figg*
Departrnent of Mathematics and Gomputer Sciences,
San Jose Slate Universiy,

San Jose , CA 95192, .S A

A graph G={V,E} is said 1o be edge-magic if there exists abijectlont : E -> {1.2,...IE} such that the,
induced mapping 1* : V -> N defined by 1H{u) = X ( f{u,v) :{u.v) & E ) (med IVI) is a constant map.

Len conjectured a cuble (p,g)-graph is edge-magic # and only it p = 2(mod 4) . We report some positive
results of this conjecture and also Hlustrale the dificull nature of this problem.

Keywnrds: edge-magic, Yabeling, cubic graphs.
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pipartite Dasigns -
rnstitioning the Edges of K{c,d). into copies of K(a,b}
D.G. Hoffman#®, Mark Lloyd Liatti - Auburn University

51

We determine necessary and sufficient condjtions on integers a, b,
c, d for the existence of a partition of the edges of the complete
bipartite graph K(c,d) into copies of the complete bipartite graph
K{a,b}.

Some Comments on Weight-1 Vectors In Binary Codes

F. E. Sullivan, Clemson University

The design of points and linea of the projective geometry of
dimension d over the field GF(2) is a Steiner triple system (STS)
whose binary code € is the binary Hamming cocde H(d+1l} of minimum
weight 3. Let E be the vector space spanned by C and a weight-1
vector e. We conjecture that E always contains a set of weight-3
vectors whose supports form the blocks of an STS. The binary code
of this STS is E. We also make preliminary comments on the binary

code of E', the wvector space spanned by €, e and a distinct
weight-1 vector f.

By
5’5 Girth, minimum degres and circumferencs ‘
M. N. Ellingham*, Vanderbilt University and

D. Kirk HMenser, Austin Peay State University

Key words: girth, minimuwm degree, circumference
- We present a new lower bound on the circumference (length of
the longest cyecle} of a graph with given girth (length of the :
shortest cycle) g and minimum degree d. Previous lower bounds
due to Q0. Ore, C. Peyrat and C. Q. Zhang are all roughly
proportional to g times d. For fixed g at least 3, our bound is
asymptotic to ¢ (d-2)“k as @ goes to infinity, where c is 1, z,
J or 4 depending on the value of g, and kX is the integer part of
(g+1) /4. Our bound is as good as the best of the Ore, Peyrat
and Zhang bounds for d at least 3 and g at least 3, and is
strictly better for 4 at least 3 and g at least 7.

5:00 p.m.

UNDIRECTED LOOP NETWORKS
Sheng Chen” and Xing-De Jia,

54

Let M, d and k be positive integers. We say that M is feasible with respect to
d and kif there exists a set A = {0, %1, +az---,Hax)} such that the Cayley graph
associated with Z/(M) and A has diameter less than or equal to d. Such a Cayley
graph is a model for undirected loop communication networks. Denote M(d, k) the
maximal feagible number A with respect to d and k. In the paper, an explicit
formula for M(d,2) is obtained. And when & > 3, a lower bound for M(d, k} in
established.

Southwest Texss State University

£S5 AN EFFICIENT LABELING ALQORITEN FOR MAGIC GRAPH.

Gwong C. Sun, Ph.D.
Department of Engineering Mathematics and Computer sclence
Univeraity of Loulsville

#Jlan Guan, Ph.D. :
Information Science and Data Procesaing
University of Louisville

Louisville, KY 40292
Phone : 502-852-7520
" Fax @ 502-852-7042

Department of

' labeling
A graph G=(V, E) is magic if we can find an edge
assiqnmegntpL:B-:r{.{, 2, ...} such that the sum of all edge labels
incident to each vertex has the same value, and this value is
called the magic index w.

In this paper we present an efficient labe_ling algorithm for
magic graph. %fven a gl:'aph rapresented as an adjacency matrix, the
algorithm uses a modified depth-first search strategy to labal the
graph. If the graph is magic, there exis?:s at least one value of
v < V). Heuristics based on properties of magic graph are
employed to terminate the gearch for a magic labeling if t.:he graph
is not magic and to reduce the search space if the graph is magic.




st
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5¥

Vertex Partitioning Problems on Partial k-Treed

Jan Ame Telle(*} and Andrsej Proskurowski, University of Oregon

Let D, be a q by q matrix with entries being subsets of N = {0,1,2,..}.
A D,-partition in a graph G is a partition %1, V&, ..., ¥, of its vertices auch
that for 1 < 1,5 < g we have Yo € ¥ [N{p) 1Vl € D,[i, 7], where N(v) is
the {open) neighborhood of v in G. Many well-known graph problems, such
as domination, coloring, H-covering, can be defined as optimizations over,
or existence of, Dy-partitions. We give algorithms for solving any problem
in this class on partial k-trees (equivalently, graphs of treewidth bounded
by &), accounting for dependency on the treewidth k in the complexity of
these algorithms. For example, the chromatic number problem, taking an n-
vertex graph G and 2 width & tree decomposition of G as input, is solved in
O(n231°5%) gteps, whereas the domatic number problem is solved in O(n2*")

steps.

Ayperovals and Flocks of guadratic Cones

William Cherowitzo®, Univ. of Coloradc at Denver
tvane Pinneri, Tim Penttila, Gordon Royle, Univ.
Australia

of Western

A flock of a quadratic cone in PG(3,q) is a partition of the
points of the cone (without its vertex) into conics (plane
intersections with the cone). Flocks have been used to produce
generalized quadrangles and translation planes. We use a
connection between flocks and hyperovals in a besarguesian
plane of even order to construct a new family of flocks of even
order. This family of "Subiaco®” flocks corresponds to a new
family of hyperovals which includes the previously sporadic
tunelli-Sce hyperoval in PG(2,16).

Maximal Paths and Naximal Induced Paths in Graphs
§.M. Hedetniemi, S.T. Hedetniemi*, Clemson University
M.S. Jacobson, University of Louisvilie

The detour number DT{G)} of a graph G is the maximm length of a
path in. G and the induced detour number ID(G) is the maximum
length of an induced path in G. We initiate the study of the
minimum lengths of maximal paths and maximal) induced paths in
graphs. Let dt(€) denote the minimum length of a maximal path

in ¢ and ID(G) denote the minimum length of a maximal induced
path in ¢. We study the values of these four numbers in a variety
of chessboard graphs and discuss their algorithmic complexities.

5:20 p.m.
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cycls Bhortness Exponants for m:lnal.-rlnm Graphs
Peter Christopher, Worcester Polytechnic Institute
Allen J. Schwenk*, Western Michigan University

and

cycle length ¢, we define the
such that c = n“e. We study
The first family
The seacond
The

1f a graph of order n has maximum
cycle exponent to be the power e
various families of maximal planar graphs.
contains all nonhamiltopnian maximal planar graphs.
consists of eulerian nonhamiltonian wmaximal planar graphs.
third family has minimum degree 5 maximal planar graphs.
to determina the minimum cycle exponent in each family. within each
family we construct an infinite segquence of graphs whose limiting
cyrle exponent is log 7 / log 8 = 0.935 784 974 013.

) b° CONSTRUCTION OF MAGIC GRAPHS

Sin-Min Lee
Department of Mathematics and computer Science
San Jose State University .

*Gwong C. Sun
Department of Engineering and Computer Sclence
University of Louisville '
Louisville, Kentucky 40292

. G=(V,E) is magic if we can find an edge labeling
assignment L:E->{1,2,...} such that the sum of all edge labels
incident to each vertex hat the same wvalue, and this value is
called the magic index w. We denote the set of all magic
assignments of G by M(G). For each L in M({G), we define the
strength of L as S(L)=max{L{e): e in E}. The magic strength of the
graph is min{S(L):L in M(G}} and is denoted by n(G) -

A graph

In this paper, we investigate the magic property of the
resulting graph after applying a constructive operation of sum or
product on two magic graphs. Five classical products (castesian,
Conjunctive, Normal, Lexicographic, and Disjunctive) and one sum of
two graphs are studied. We conclude that the products and the sum
of two magic graphs are magic. The wagic index and magic strength
of the constructed graph are formulated.

We saek’
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l p-Complate Permutation Group Problams
Eenneth Blaha*, Pacific Lutheran Unv., Tacoma, WA
Eugene Luks, University of Oregon, Fugene, OR

It was shown by Furst, Hopcroft and Luks that a variant of

Sims's elegant algorithm for membership-testing in permutation
groups could be implemented in polynomial time. Because this
well-known method employs a *‘sifting'' process which seens
inherently sequential, McKenzie and Cook conjectured that the
wembership problem was p-complete. Later, Babai, Luks, and
Seress, relying, in part, on the classification of finite

simple goups, developed methods that bypassed the sifting
obstruction. However, the parallelizability of Sims's methed
remained open. We now justify the earlier intuition by

showing that sifting is P-complete.

We also demonstrate the P-completeness of some other permutation
group problems. Among these is the problem of computing the
proposed canonical forms for the class of vertex-colored graphs
with bounded color multiplicities. This opens a gap, in parallel
computation, between isomorphism—-testing and finding canonical
forms; the former problem is in NC for this graph class.

PROJECTIVE BUNDLES
(’1/ R.D. Baker (Delaware), G.L. Ebert# (Delaware), J.C. Fisher (Regina)

A projective bundle in PG(2,q)} is a collection of g2 +gq + 2
conics that mutually intersect in a gingle peoint and hence form
another projective plane of order g. The purpose of this paper is
to investigate the possibility of partitioning the q°5 - qg-2
nondegenerate conics of PG(2,q) into {g-1)*g-2 disjoint projective
pundles. We are able to show that for odd g half the coniecs of
PG({2,q) can be partitioned into projective bundles. For q even the
best general result we have iz a method for constructing q-1
dizjoint bundles. The construction for cdd g is probably c]_.ose_to
optimal, at least if one uses only the known types of projective
bundles. For g even ohe can undoubtedly do much better. For
jnstance, using the software package Hagma we were able to find 30
mutually disjeint projective bundles in PG(4,4Q).

An interesting connection with perfect difference sets is discussed

along the way. AR

6 INDUCED PATHE AND CYCLES IN QUEENS GRAPHS
pan Pritikin, Miami University, Oxford, OH 45056

The Queens graph Q(n) is the graph whose vertex set forms an

n by n grid, with two vertices adjacent when on the same row,
column or diagonal. The Superqueens graph 50(n) is defined
similarly, where diagonals extend with wraparocund. Given a
graph G, let MIP(G) (resp. MIC{G}) be the maximum number of
vertices in an INDUCED subgraph H of G such that H is isomorphlic
to a path [resp. cycle]. This report concerns bounds for

lim sup MIP{Q(n)}/n and for lim sup MIC(Q(n))/n and the
corresponding parameters for 8Q(n). Of particular use are the
results that 1im sup MIP(@(n)}/mn >= MIP{G(k))/k and

lim sup MIC(Q(n))/n >= MIc{Q{k}))/k for all k.

5:40 p.m.

b-.\ Purther Results on Mod Sum Graphs

J.Ghmhaf.l.l.uhr,D.PllIone Clemson University
G.Fricke Wright State University

A graph'G = (V, B) with V = [v}, ¥y, ..., V) is & mod sum graph (MSG) if there exists &
positive integer n, called the modutas, and a one to one functdon o 1WG) ~+ [, 2, .., 0]
such that (v, v])cE(G), where v -vl,lfandonlylfc(\q)+ c(vjb- o{vy) (mod n) for some
vgtV(G}.lnmhplper.wemﬂymdmofwluwlﬂchmmtm:ndmend
some resuits by Boland, Domke , Laskar and Turner in an eariter paper .

lo On graceful psrmutation graphs conjecture )
Sin-Min Lee and Kuan-YuLal® .

Depariment of Mathematics ar Computer Sciencas,

San Jose State Universily,

San Jose , CA 95192, US.A.

Yor-Sian Wang and Min-Kuan Kiang
Depariment of Mathematics
National University of Education at Changhua,
Changhua, Taiwan, R.O.C.

In 1983 the first author conjectured that for any n > ¥ and any permuialion 1in S({n) the permutation graph
P(Paly is gracetul. Some progress of this conjecture is given. A morg general conjecture is also
propoesed.

Keywoids: gracelul, permutation graphs.



: TUESDAY, MARCH 8, 1994
8:30 a.m. _ .

hb Semifield Planes With a Transitive Autotopism Group

Minerva Cordero-Vourtsanis®™ Department of Mathematics, Texas Tech Univer-
sity, Lubbock, Texas 79409 .

Radl F. Figueroa Department of Mathematics, University of Puerto Rico, Rio
Piedras, Puerto Rico 00931 :

Let rbea non-Dargdesian semifield plane of order p*, where p is a prime number

and n > 3. Let G be the autoto_?ism group of x relative to an autotopism triangle 6q Looplass Generation of Subsats .Iitll & Given Sum
‘A. We prove that if the group (7 induced by & on a side of A is transitive on the . pominique Roslants van Barcnaigien, Computer Scienca
non-vertex points of that side, then x is & generalized twisted field plane. Eugmna Neufeld, Mathematics

University of Victoria, Victoria, B.C., VBW 3P§, Canada

A loopless generation algorithm is an algorithm that generatas
combinatorial objects such that the computation necessary to
detearmine esach successive object is 0(1} worst case. In this talk,
we premant a loopless algorithm for listing all k element subsets

of tha sat {1,2,...,n} that have sum p.

bq The Superregular Graphs
Douglas B. West, University of Ilinocis-Urbana

A graph is superregular if it has no vertices, or if it is regular and the subgraphs
induced by the neighbors and by the nonneighbors of each vertex are superreg-

ular. We prove that a graph is superregular if and only if it is mK, (disjoint _ )

usion of isomorphic cliques), KnOK,, (cartesian product of twe isomorphic v’ ©  , stochastic optimization Algorithm for Steiner Minimal Trees

cliques}), Cs {the five-cycle), or the complemeht of one of these graphs. Frederick C. Harris, Jr., fredh@cs.clemson.edu .
Department of Computer Science, Clemson University

The Optimization problem is simply stated as follows: Given a set
of N cities, construct .a network which has minimum length. The
problem is simple enough, but the catch is that you are allowed to
add junctions in your network. Therefore the problem becomes how
many extra junctions should be added, and where should they be
placed so as to minimize the overall network length. This
intriguing optimization problem is also known as the Steiner

Minimal Tree Problem, where the junctions that are added to the

&8 ints. A Simulated Annealing approach -
::-H::;::s-io:_;:i:: ® Linear Space Generated by Incidence Vectors ’;gtwl;:::p:::dcaf]t-alrecitsii.::in:;—lr:rd problem, and some \ml:yg esgitlpg
results from it are presented. .

Krishna Padayachee, University of Waterloo

We consider the linear space of incidence vectors of minimum
cardinality T-joins. A formula for the dimension of the convex -
hull of incidence vectors of minimum cardinality T-joins is given

which generalizes a result due to Edmonds, Lovasz and Pulleyblank *
on thg dimensjon of the perfect matching polyhedron. The nai;l
tEChnqu? used is a graph decomposition that generalizes a
decomposition procedure due to Lovasz and again Lovasz and Plummer
based on results due to Kotzig and Lovasz. Furthermore this
decomposition is shown to be unique in a sense to be made precise.




Bagchi and Bagchi designs with their automorphisms and codes,
Franklin D. Shobe, Clemson University

The designs of Bagchi and Bagchi include the only two known unitals
with an astomoprphism group that comtains a single cycle acting
tegularly on the poimis. One of these unitals, which was discovered
slightty earlier by R. Mathon, is the first known unital whose
parameter, 6, is not a prime power.

Some of the Bapchi and Bagchi designs have a structure of
subdesigns similar to the flats in an affine gromelry. This occurs
when the parameter g is 2 powser of the parameter p. When q = p.
the Bagchi and Bagchi design BB(p, p, 1) is isomorphic 1o the
Desarguesian affine plane, which follows from a result of Dembowski
and Osmom. When q = pd_ for d > 1, BB(p. . Disa2@d+t p 1
design but is different from the design of poinis and lines of
AGd+1(Fp). .

The amtomorphism groups of many of the Bagchi and Bagchi
designs act imprimitively on points with one particular set of blocks
forming a compleie system of imprimitivity.

N

A sufficient condition for graphs to be class one

1 = Hugh Hind, University of Waterloo

An early conjecture, possibly due to Dirac, claims that a d-regular graph of even
order pis class oneif d > %p. [t has been shown that the conjecture is correct if the
1 is replaced by L, In this talk, it will be shown that there are corresponding degree
sequence based sufficient conditions for jrregular graphs. In particular, it will be
shown that a graph having even order p, maximum degree A, minimum degree §
and deficiency def(G) is class one if A — § < 3def{C) and 7§ — 64 2 ip.

Assignment Probletn and Some of Its Generalizations o

15 Huakang Yang, Mathematics, Yunnan Uuiversity, China
(Now Visiting Mathematics and Statistics, Simen Frascr University, Canuda)
Muishan Zhen*, Matheinatics and Computer Science, Georgia State Universily

Tn Lhis paper we survey algorithms for the solution of the general assignment Pmblem
auid propose an improvement for the Kuhn-Munkres’ algorithm. The personnel- assigmment
problem is the proliem of choosing an optimal assignment of n man tu n _jobs, assuming
{hat numerien] ratings are given for each man’s performance on cach_joh. An optimal
assigmuent is one which makes the sum of the men’s ralings for thclr_nss_igned !ohs S
maxinan. This problem is equivalent to findinga maximum-weight matchingina \'E'ﬂghted
bipartite grapl. In practice wrore constraint conditions are often added to the assignment
problem ar same concepls are generalized, If some ralings equal zero, it is possible that
m{in < n} workess can maxinize the total effectivencss. We can delermine such a set of
winimal workers. We can find an optimal matching in which the difference between the
maxital weight and the minimal weight is minimam. We can also intradnce the fuzzy
coneept inte Lhe assigment problem to reflect more closely the real warld problem. At
the end we will mention our improvement for the original Kuhn-Munkres' algorithm.

Key Words: assigninent, weighted bipartite graph, masximnm matching, fuzzy, Kulu-
Munkres.

B
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folynomial representations of binary functiens.
Bruce W. Atkinson, Palm Beach Atlantic College

Fix a positive integer n and let S be the set of n-tuples of
elements of the set {0,1}. A function with domain S is called a
binary function. It is shown that any binary function is a
polynomial in the coordinates on 8. This results as a corecllary
of the ihvertibility of the {0,1}~valued matrix on subsets of
{1,2,..-,n}, B(A,C), where B(A,C} = 1 iff C is a subset of A. The
polynomial representation of binary functions iz then used to
derive an explicit inverse of B. This, in turn, has the classical
Mobius inversion formula as a corollary.

on contractible and vertically comtractible elements
in 3-connected matroids and graphs

Haidong Wu, Louisiana State University
An edge e in a J-connected graph G is contractible if the
contraction G/e is satill 3-connected. The problem of bounding
the number of contractible edges in a 3-~connected graph has
been studied by numerous authors. In this paper, the
corresponding problem for matroids iz considered and new graph
results are obtained. Two matroid notions of 3-connectedness
will be used: vertical 3-connectedness, the analogue of
3-connectedness for graphs; and (Tutte) 3-connectedness, which
is vertical 3-connectedness with the additional requirement that
the matroid is simple. An element e in a 3-connected matroid M
is contractible or vertically contractible if its contraction
M/e %s, respectively, 3-connected or vertically 3-connected.
cunningham and Seymour independently proved that every
3-connected matroid has a vertically contractible element. In
this paper, we study the coentractible and vertically
contractible elements in 3-connected matroids and get
best-possible lower bounds for the number of vertically
contractible elements in 3-connected and minimally 3-connected
matroids. We also prove generalizations of Tutte's Wheels and
Whirls Theorem for matroids and Wheels Theorem for graphs.
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‘l Bases for codes of designs from finite geometries
Jennifer D. Key, Clemson University
The codes associated with the designs of points and fixed-dimensional subspaces {or
flats) of a finite-dimensional projective (or affine) geometry over the finite field ¥, are
Reed-Muller or generalized Reed-Muller codes. The minimum weight in each case
is the cardinality of the subspace (or flat) and the minimum-weight vectors are the
characteristic functions of these subspaces {(or flats). The dimension of the code is
also known in each case.
When q = pis a prime the associated designs and codes have consequent properties
thal have led to some conclusions abont dases for the codes thal consist of minimum-
* weight vectors. We will illustrate some recent constructions, in particular for the
case of designs of points and lines: for planes {Moothouse, Dongherty and Blokhnis
and Moothouse); for p == 2 and 3, all dimensions (Key and Sullivan). We pose some
nailnral questions that arise in the general case.

‘1 1 On Graphs with Irregular Coloring Number Two
A.C. Burtis, Mathematics Department, Youngstown State University, Youngstown, Ohio 44555

An edge-coloring is called irregular il every two distinct vertices are incident to different multisets
of colored edges. The minimum number of colors required for an irregular edge-coloring of a simple
graph G is denoted by ¢(G). It is easy to show that c{K,) = 3. In this paper we prove that if H
is any non-empty graph with |E(f)| < n/2 then (K, — H) = 2. We also exhibit edge minimal
graphe with irregular coloring pamber 2.

78 The Target Optimization Problem Has a
Polynomial Solution
D. Kountanis®, K.L. Williams, Western Michigan University

The Target Optimization (TO} problem deals with a set of sites, a
number of projectiles available at each site, and a set of targets with
possibly differing hitting requirements. The objective is to efficiently
find an eptimal selution such that each target is targeted by its hitting
requirement, each projectile for each target is sent from a different site,
and the sum of the distances travelled by all projectiles to all targets
is minimal.

We first develop a graph model of TQ. Then we show that the
corrésponding decision problem may be polynomially mapped to a
apecial case of the Minimum Product-Coat Flow problem which has
been shown to have a polynomiat time solution, therefore the deci-
sion problem is also polynomial. The cost of an optimal solution is
computed and this mimimal cost is then used to derive a polynomial
solution of TQ. Finally, a fast polynomial sofution of a special case of
the problem is provided.

9:10 a.m.

7 1 Parallel Algorithms for Maximum Subssquence and Subarray
' Kalyan Perumalls, Georgia Tech and Narsingh Deo, UCF

* Given & vequence § of n numbers {positive snd negative), the mazimum mb.ulquma
of €} is the contiguous anbeequence that han the manininm sum among alt cunhgt.uzul
subsequences of Q. Given a two-dimensional array A of n x n numbers (poaitive
and negative), the mozimum subarray of A is the contiguous suburray that has
the maximum surn among all contiguous subarrays of A. We present two O(lns.n)-
time paraliel algorithms—one for finding the mesimum subsequence aim.of a given
sequence, and the other for finding the merimym subsrray sum of a given artay.
The former is optimal on EREW PRAM. The latter is optimal on s CREW PRA'M:
fowever, the time-complexity of O(logn) is stilf achicved on an EREW PRAM, 'Ir_lth
an increase in the cost by a factor of Olog n). Our 1olutions to the problems, using
paraliel prefix sams and its variations, are substantially different from the ones that

have appeared so far in the literatore.

8’0 . MAD Partitioning for Grid Graphs

D. L. Meiers and P. J. Slater”. University of Alsbama in Huntsville

Multifacility location problems for networks involve selecting a certain number P 'ol'
points at which to locate facilities, each customer vertex is serviced by' the nearest facility,
and one is interested in minimizing such things as the average or maximum customer-
facility travel time. Here the modified problem in which the p facilities are all different is

considered.

The general problem is to partition the verlex set V{(G) of_a graph of ord.cr't ':.nlo
a set F of p “facility vertices” and a set C of !—p customer vertices so as to Minirmize
the Average Distance between customer and a facility. We focus on the grid graphs
Cmn=Pm x Py :




4 Computing Kernels of non-linear codes.
Kevin T. Phelps, Mike LeVan®, Auburn University

Given a binaty code C, the set, X, of all vectots which leavo € ivvariant under izanslation
is called the kernel of . The main concern of this paper is the development of an efficient
algorithm for computing the kernel of C. Using the most obvious brute forcs method, ove can
find the ernel of C in [C|*log|C| steps. However, this shall be shown to be an ineMcient
algorithm, snd 3 more sffcient algorithm, which finds the keruel in & megritude of (G| log|C}
stopa shall, be presented.

YZ. . Totally Multicolored Bubgraphs
’ Hanno Lefmann,
Universitaet Dortmund, FB Informatik, LS 2, Dortmund, Germany

Several problems in Graph Theory or Combinatorics can be described
in terms of edge-colorings of graphs. A typical question is the
fgllowing: Given an edge-colored complete graph on n vertices, what
is the maximum size f£(n) of the largest totally multicolored
complete subgraph? In this talk we will give new bounds for f{n}
for some particular colorings, focussing on colorings induced by
the distances between points in geometric configurations like grids
and others. For grids for example, these improve earlier results’
of Erdoes and Guy. It turns out that the sum of the sguares of the
multiplicities of the occuring colors is of jmportance here. In
particular, for convex sets of n points in the plane we can bound
this sum by cn**3, which shows a conjecture of Erdoes and Fishburn.
(jeint work with Torsten Thiele)

83 statistical Properties of tha MAX-CUT Problem

Jon Berry*, Mark Goldberg, Rensselaer TN T
The MAX-CUT problem is one of several NP-hard gra'ph
partitioning problems that have important practical applications.
There are many heuristic approaches to the problem, most of which
iteratively improve upon a complete initial partitioning. The
alternatives are constructive heuristics which build a partitioning
step-by-step, typically in a greedy manner. These are seldom used
because of their poor relative performance. However, experimental

evidence indicates that a very small percentage of nongreedy steps °

are actually necessatry to construct an optimal or near-optimal
solution. Moreover; the distributions of nongreedy steps have
remarkably stable characteristics that are tightly correlated with
some simple parameters. In this talk, we present experimental
results describing the number and distribution of nongreedy steps
necessary to build a near-optimal partitioning. We discuss the
correlation between these steps and some statistics present with
every vertex placement. We then discuss some observations drawn
from the experimental data, including an  anomaly in the famous
Kernighan-Lin heuristic which led to the discovery of a new and
competitive partitioning procedure.
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The Catalan Numbers via a Partition

Ralph P. Grimaldi ~
Rose-Hulman Institute of Technology

&Y

Forn 20, cp= ;l—,(’:) denotes the n-th Catalan number, where we find that
L ]

co=¢ =1
Cg=2
c3=5=2+3

ca=14=(2+3)+(2+3+14)
s =42=[(2+3)+(2+3+ )] +[2+N+2+3+H+(2+3+4+5)

Here it appears that for 2 < n < 4, we obtain cay from ¢, by replacing each 2 by
243, each3by2+3+4,andeach4 by 243 +4+5. Does this scheme hold true
in general? In this paper we set about showing how these partitions continue to
generate the Catalan numbers,

?S- Counting Subgraphs of a Regular graph
Robert Beezer University of Puget Sound

We are interested here in the cardinalities of the isomorphism
classes of edge-induced subgraphs of a reqular graph.
Specifically, we will demonstrate a method for determining linear
equations relating these cardinalities. These equations are
remarkable in that the coefficients depend on the specific regular
graph only through its order and degree. By solving systems of
these linear equations, we can express all of the cardinalities in
terms of just the order and degree of the graph, together with the
cardinalities of the isomoiphism classes represented by subgraphs
containing no vertices of degree one.

These equations turn out to be a powerful, general tool for
analyzing the structure of a regular graph. We will demonstrate
this by showing how they can be used to prove that certain cages
are characterized by the numbers of matchings they contain.




Enuseration of Maximal Codes

Fb

Norman J. Finlzio and James T. Lewls®
University of Rhode 1sland, Kingston, RI 02881

The maximum number of words in a code whose words have length m, use q
symbols, and differ in at least two positions is kmown to be ¢ .. We
study the number of such maximal codes. Thers is a cornection with
Latin squares and with permutation cubes (8 thres dimensicnal
generalization of Latin squares).

Embedding edge-colorings into 2-edge-connected
k-factorizations of complete multipartite graphs

31

Evan B. Wantland Auburn University

We find. necessary and sufficient conditions for the embedding of an edge-colored
complete multipartite graph into an edge-colored KI in which the edges of exch
color induce a k-factor. Necessary and sufficient conditions are also obtained when
we require the extra condition that each k-factor be 2-edge-connected.

This presentation will focus mainly on the method used involving amalgamations
of grophs wnd outline graph decompositions. We will also present a complete char-
acterization of the embedding of an edge.colored K.s into a k-factorization of Ki.
including the case where each k-factor is required to be connected.

gg Asymptolically Good Hyperedge Covers from their Fractional Counterparts

Jeff Kahn and Mark Kayll*, Department of Mathematics, Rutgers University

In the early 1980°s, V. R3dl proved the FrdSs-Hanani Conjecture, sparking a remark-
able sequence of developments in the theory of packing and covering in hypergraphs
with bounded edge sizes. Generalizations were given by P. Frank! and Rodl, by N.
Pippenger, and by others. In cach case, an appropriate semirandom method is nsed
to “construct™ the desired optimal object (covering, matching, coloring) in several
random stages, followed by a greedy slage. The current work, which further gener-
alizes some of the above results, is again probabilistic, and uses both easlier ideas
sud connections with so-called “normal” distributions on the set of matchings of a
graph. For fixed k > 2, H a k-bounded hypergraph, and ¢ : % — R* a fractional
cover, a sufficient condition is given to ensure that the edge cover number p(H), i.e.,
the size of a smallest set of edges of H with union V(H), iz asymptotically at most
M) = T aen t(A). This setiles a conjecture first publicized in Visegrdd, June 1991.
Keywords: hypergraph, covering, fractional, asymptotic, semirandom, noral dis-
tributions on graph matchings.

11:10 a.m.

0’0

TUESDAY, MARCH 8, 1994 ' ¢

!.I.-tnr the Sise of Oatalan Fwmbers -
Charles A. Anderson* and Stanley K. Payne .
University of Coloradc at Denver

29

the authors encountered the Catalan numbers unexpectedly
:;;lzttryinq to enumerate a class of graphs. Categorizing thase
graphs by their clique structure led to a sequence of lists with
some unusual properties; neither author has seen these lists in
the previous literature. Each list can be generated racursivaly
from the preceding list by a gimple rule. We discuss some of the
background leading up to these lista, and we show that the sum of
the antries in the nth list is the nth catalan number, and the
number of entries is the (n-1)st catalan number.

]

On k-haffian graphs and their binding number

Michelle Kittrell, Barry Piazza®, U. of Southern Mississippi .
A graph G is halfian it G has a (1,2)-factor and itis k-hallian if the graph G-Ais
hallian for every subset A of vertices of order at most k. The largest k such that G
is k-hallian is called the hatlian index of G and is denoted by h(G).

_Imns
The binding number of G is given by b(G} = rsn;le{h‘%_‘ls £@,NS) 2V [, where

the N(S) denotes the neighborhood of S. Itis easy to see that irtll-::? is an upper

bound for b(G).
A 1
Boroweicki and Michalak showed that if x(G) 2hG)#3(G)-1, then b(G) =£-|I__—5.

We exploit this idea to determine the binding number of generalized Petersen
graphs to provide alternative proofs to theorems of Goddard dealing with Harary
graphs and inflation graphs.

KEYWORDS: binding number, k-hallian graphs, generalized Petersen graphs,
Harary graphs, inflation graphs.
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‘?l gresdy Codes
Laura Monroe, University of I1linois at Chicago

A greasdy code {s an error correcting {(n, k, @) code
generated the application of a greedy algorithm to the vectors of
length n over GF(2%#%({2%*a}), arranged in some ordering. Thase
codss have been studied for several years, by Levenatein (1960},
conway and Sloane (1986), Pless and Brualdi (1993), and others.

The greedy code generated over GF{2%+*(2%%a)) using a

natural B-ordering is linear. cCodes produced via this greedy qt\ . - ] ]
algorithm using a triangular basis for the B-ordering have had Computation of the Probability Density Function for the Collector’s Problem

dimension at most one less than the best known codes having the Thomas J, O'Reilly, Saint Joseph’s University, Philadelphia, PA 19131

same n and @. Parity check matrices may alsoc be generated over any - ]

pase field by a greedy method applied to column vectors. These also If there arc a number of equally likely outcomes for each independent tris], and an
produce very good codes. A new, simple. proof of the linearity of experiment consists of repeating trials until €ach of the possible outcomes has occurred at
greedy codes over the binary field will be presented and the least once, then computing the expected value for the length of an experiment Is the
structure of such codes will be discussed. Results cbtained for collector’s problem. A difference equation with boundary and initial conditions is devel
specific d will be presented. - for this problem. From the solution of these cquations, the probability distribution function,

the mode, the median, and the mean are determined.

The collector’s problem is generalized to where more than one occumence of each of
the possible results must occur before the collection is complete. An expression for the
probability density function is derived for this general case, and the probability distribution
function, the mode, the median, and the mean are presented.

qq, A NEAR CHARACTERIZATION OF UNIQUELY COLORABLE MAPS
Wallace J. Growney, Susqushanna University

A 2~edge—connected plane graph without loops, multiple edges,
or vertices of degres less than 3 is called a map. For a map
G any face n-coloring partitions the face set F(G) into n
color classes. If all face n-colorings induce the same
partition, then G is said to be uniquely face n-colorable and
in the case n = 4 we simply say G is uniquely face colorable.
Twenty-five years ago Chartrand and Geller proved every
uniquely face colorable map is cubic. A cubic map G is
uniquely edge colorable iff it is edge 3-colorable and every
such coloring induces the same partition of the edge set E(G). GAUSSIAN GRAPHS
Since G is uniquely edge colorable iff it is uniquely face q; Py
colorable, we simply call it uniquely colorable. Can we
characterize uniquely colorable maps as those cubic maps with MICHAEL L. GARGANO. }OHN VW. KENNEDga
exactly three Hamiltonian circuits? If a cubic map G is PACE UNIVERSITY, NYC. NEW YORK 100
uniquely colorable, then G possesses exactly three Hamiltonian
circuits. Although the converse is not proven I have shown
{(a) the set of all "known" cubic maps with exactly three

familtonian circuits is arbitrarily large and each elemdnt:ibs’ ' ! ' : 1A
uniquely colorable and (b) for any cubic map with exactly A CONNECTED (2. 2)-REGULAR DIGRAPH ;SM([}_?'I;E%—E
three Hamiltonian circuits, the "natural® edge 3-colering IF THERE EXISTS A PLANAR REPRESENTATION THAT

based on sach circuit induces the same partition of E(G). GAUSSIAN CIRCUIT (I1.E.. A DIRECTED EULER CIRCUIT WHOSE

REPRESENTATION IN THE PLANE USES ONLY CROSSING PATHS).
A GRAPH THEORETIC PROOF OF GAUSS® THEOREM ON THE SELF-
INTERSECTION Of A JORDAN CURVE IN THE PLANE IS PRESENTED.

q3 Matching extansions in 4-connected 4-regular planar graphs
R.E.L. Aldred*, S. Bau and D.A. Holton
University of Otago .

Let G be a 4-connected 4-regqular planar graph. We determine
z_:onditions which guarantee that a given pair of independent edges
in G belong to a perfect matching in G.
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qg THREE CONNRCTED GRAFES, PERYECT MAYCEIWGS, AND CONTRACTIBLE MDGES
R.E.L. ALDRED, Univ. of Otago and R.L. HEMMINGER*, Vanderbilt Univ.

1f G is a_ 3-connacted graph with at least five vertices and

An extension of some r
qt’ Bl N 5 ]nll\? tGSllllt;S 012'] Bruck a‘nd M if M is a maxipum natc‘l.linq :ggc, then it is known that M ccmi:u:l.n-.
aumnl ori cura. - 1 at least one contractible e of G; moreover, those containing
elWOorks, LITor Correctmg only cne such edge have besn characterized. 1In this paper ve
characterize the 3-connected graphs having a perfact matching M

Codes, and Polynomials over the n-Cube that contains at most two contractible edges of G.

H. Tapia (U. Auténoma Metropolitana-I, México)*
C. Renteria (L. Politécnico Nacional, México) v

(Keywords: Neural nelworks, Goppa codes, Energy Funclions)

qq Statistics on Graphs

In " Neural Nelwork, Error-Correcling Codes, and Polynomials over the Binary n- pavid J. Foulis, University of "5|..chu;etts
. N .

cube”, {ILIE Trans. on Inf. Theory, vol. 35, No.5, 1989, 976-987), J. Bruck and M. ! '
1 sjtuation may be

l?la,lm inLruducrq a function on a linear block code aver the field Z, which plays a Events affiliated with an experimenta
similar "‘?]‘_‘ to the encrgy function on a neural network. In this Lalk we show that represented by the nodes of a graph, two events being con-
the definition of thia “energy function” can be extended lo error-correcting linear nected by an edge if and only if they are :zllu}taneo\;siyf
codes over any finile ficld with ¢ elements. Simil H tesatable and disjoint. Such a representation usefu or
ahove autl i I oo Simi ar_rcsu]ts as those obtained by the - dealing with censored data or with incompatible data sources.
authors are given, and they are illusirated with examples of codes defined on : s tion F
algchraic curves (G d Frequency data yield a nonnegative—integer valued function
gC 2 Joppa codes). on the nodes of the graph. We consider the problem of making

probabilistic inferences from the data encoded by F, either
using maximum likelihood, or the mechanismas of Bayesian
statistics. Key words and phrasges: Graph, frequency data,
- censored data, probability mnodel, maximum likelihoed,
Bayesian inference.

q 1 Some Results on Equalized Total Coloring

Hung—Lin Fu

A total k—coloring of a graph G is a map x : V{G) U E(G) - C such that |C} = k

a."d H H - . . . .
‘ no incident m‘adjacem pair of elements of V(G} U E(G) receive the same color. A lb° gpanning Pulerian Subgraphs tnvolving Distances -
total coloring x is equalized if for each pair of distinct colors ¢, and ¢, in C, Ilw—l(cl)[ - Zhi-tong Chen, Butldr University, Indianapolis, IN 46208

—I
x <L i B N - — .
Lach(:?‘:llh_c Glt:1 this paper,‘we first pose a CO-I'I_]ECtUI'E aboul equalized total coloring : for :! ;rgp:eﬁa1szs:ggetg°:::§:;]d' :li::p:‘:ngi;gz ggngigiznnit

ph G, as an equalized total k—celoring for every k > A{G) + 2. Then we show max{d(u),d(v)}>= n/p-s for any u, v in V() with dist(u,v)=2,

that the conjecture is true for several classes of graphs. i where p>» % is aifixed integer, and s in {0,1,2}. In this paper,
we study the existence of spanning eulerian subgraphs of
v a graph satisying the Fan-type condition.
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Construction of (48,24,12) doubly-even self-dual codas
Sheridan Houghten, Concordia University

According to Mallows and Sloane (1973), the largest minimum weight’

of a self-dual, doubly-even code of length n and dimension n/2 is
d = 4[n/f24)+4.

gelf-dual codes having the largest possible minimum weight are
called extremal codes. Of such codes, the Golay code is the only
(24, 12, 8) code and the Extended Quadratic Residue code is the
only known {48, 24, 12) code. There is no known (72, 36, 16}
extremal code. Such codes are of particular interest because for
any non-zero weight w, the codewords of weight w form a 5-design.
The search for other extremal codes of length 48 may be divided
into three cases, based on the structure of the generator matrix.
Using estimates of the search size based on work done on a
sequential computer, we designed an algorithm to complete. the
search on a parallel computer assuming one of the cases. For this
case, we found only codes that are isomorphic to the Extended

Quadratic Residue Code.

o2~ T

Ruth A. Bari, The George Washington University
Let G be a simple graph, with E edges and V vertices.

A total coloring of G is an assignment of colors to the elements of G (vertices
and edges), such that no two adjacent or incident elements are colored alike. The . Pl
total chromatic number X,(G) is the smallest integer n such that G has a total n
coloring.

* The total chromatic polynomial of G, T(G.x), is a function that counts, for

each integer n>>0, the number of total n—colorings of G. To compute T(G,x), we
associate with the graph G a supplemental graph G*, in which each edge ij of G is
represented by a vertex e;, adjacent to vertices i and j in G*. The chromatic
polynomial of G* is the total chrbmatic polynomial T(G,x). am‘l;K(G) the smallest
integer n such that T(G.n) ¥ 0. -

12:10 p.m.
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l03 Extensions of factorisatiea results on simple graphs to sultigraphs

Shailesh Tipnis, Illinois State University.

It has bean shown that an rs-regular multigraph ¢ with maximunm
multiplicity less than or equal to r can be factored into r
regular, simple graphs if we allow the addition (deletion) of

a swall nusber of hamilton cycles to {from) . We vill use this
theorem to obtain extansions of some factorization results on
simple graphs to new results on multigraphs.

Hypergeometric Anslogues of Multinolnist Type-1 Dirichlet Problems.

Milton Sobel*, UCSH and K. Frankowski, UMinn. ) ,

This paper deals with basic probability. questions in & hypergeometric setting. It de-
lops a uniform and a fi k snalogous to the one developed by the _lll“‘l.ol‘l
for the multinamial setting and published in volume 4 of Selected Tables of Mathemnt_lcal
Statistics. Some remarkable new analogies have been found and proved between multm?-
mial and hypergeoinetric problems snd these lead to similer efficient algorithms to obl._un
highly accarate hypergeometric results. The paper gives » unified development for lo]"lll'g
a wide class of hypergeometric problems and presents s vaat world of applications to combi-
natorial and firite sampling situations. The analogous results for negative hypergeometric.
sampling will be pul in & sepatate paper.

KeyWords: Multivariate hypergeometric problems, Finite population ssmpling without

replacement, Dualitics among joink probabilities.

)

composition of the operators 1lime, middle and total given an
Eulerian Sraph

L. Boza* and A. Marquez. Departamento
Universidad de Sevilla (Spain)

de Matematica Aplic;ada I.

In this Note, we characterize when a given composition of the
operators line, middle and total applied to a graph gives an
sulerjan graph.

Defining the appropiates families of graphs, and by using the above
characterization, we give a linear time algorithm solving the
mentioned problem, Moreover, we repeat the construction in the case

of infinite graphs.
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Cycles in Bipartite Graphs |

' K. Jay Baggs _
t of computer Science
Ball State University
Muncie, Indiana

job : |Og
A Minimum Change Algorithm for Generating All Bubsats
of a Fixed N-BSet Which Contain KX or Fewer Elemants
Beverly Jamison and Vanessa Job#*
Department of Computer. Science,
Marymount University, Arlington, VA 22207

We present a minimum change algorithm for generating all .

subsets of an n-set which contain k or fewgr elemenzs. It is ‘ Badri Varma -

more efficient than {(a) using a full gray code and discarding t of Mathematics
the unwanted subsets or (b) generating all l1l-sets, 2-sets, Univ. of Wisconsin center-Fox Valley
—- k-cs’etsdb?cause it (a) is linear in the number of sets Menasha, Wisconsin
produced an b) gives a change of 1 or 2 elements between i . ot . : grees edge
successive subsets. For comb?.natorial searches where the Several sufficient condﬂilO'!s n ms?fde Ofl'!llmbe":df in th:
complexity of creating the next object of the search is for a graph to have hamiltonian like propertics have been 1mprov
proportional to the change between the subsets from which the f bipartite graphs by us and others. This paper presents several new
objects are built, this algorithm is more efficient than f;aseo . s : .

existing algorithms. interesting results in this arca. )

l ofl Combining Concept Hierarchjes
“Modulo Symmetries” of a Relational Structure
Fritz Lehmann, GRANDAI SoRware, 4282 Sandburg, Irvine, CA 92715, fritzOrodin. wustl.edu

A description may use concepts from several different hierarchies ordered by generality (for time,
place, substance, purpose, formal scoles, lexical inclusion, etc.); these may be structured sa trees,
Inttices, chaing or posets. If a description is a vector of values from such structured domains, the
induced hierarchy of all possible descriptions ordered by generality is the direct product of the posets of
the domains. These feature-vectors fail to sccount for descriptions which have relational structure. So
do (asymmetric} functional “feature structures,” ks which you can have a mother but not two sisters.

An order-sorted relational structare {; ic network) is a graph or hypergraph labeled with
type-names from one ot more concept hierarchies. What is the induced order structure an semantic
networks otdered by generafity (subsumption)? There are two sources of order: the structures of the
vatious concept. hierarchies which are combined, and the “universal® poset of graph inclusion since every
descriptive graph is subsumed by its subgraphs. The latter poset is a congruence. Ita quotients are
striking: when graph inclusion is lactored out, it turns out that order-sorted networks with particular
“skeleton™ graphs form distinctive posets which depend on the syminetries in the graphs. The skeleton
product of hierarchies is the poset of descriptions sharing the same graph, and the fret product of
hierarchies is the poset of descriptions with all graphs. They are by no means lattices. Skeleton
product is direct product only when the controlling graph is “rigid” (has no symmetries). This theory
now covers undirected graphs ordered by [injective) subgraph isomorphism; it must be extended to
directed hypergrapha ordered by noninjective graph morphism, which corresponds to implication in
typed predicate caleulus without negation. Embedding the resulting poset into a Boolean lattice yields

eorresponding bit-strings for near-i us infe using bit- wise Jogic in conventional computers.
Keywords: type-labeled graphs, order theory, subgu'ph isomorphism, graph sutomorphism, fret product,
skeleton prodiset, relational structures, ! ks, hi hien, Pt Iattices, ual

graphs, posels, Lype theory, order-sorted logic, facets, artificial imteligence, knowledge representation, taxonomy.

\'oa‘ H-DISTANCE IN GRAPHS

Gary Chartrand, Western Michigan University
Heather Gavlas®, Western Michigan University
Michelle Schultz, Western Michigan University

For a connected graph H of order at least 3, the H-distance dp{G,, G;)
between two edge-induced subgraphs G, and G, of the same size in a
connected graph G is defined. Some properties of this concept are discussed.
For a graph G of size g, and an integer n with 1<n Sg, the H-rotation
graph H,(G) is that graph whose vertices are the edge-induced subgraphs of
size n in G such that two vertices G; and G, of. H,(G) are adjacent if and
only if dy{G,, G) =1. Thé graph H,(G) is referred to as the H-line graph of
G and is also denoted by HL(G). We show that if H' is a connected graph of
order at least 3 such that every two adjacent edges belong to a common 3-, 4-,
or 5-cycle, then HL(G) is hamiltonian.

FORCED ORIENTATION NUMBERS OF GRAPHS

0 _
\ \ Gary Chartrand, Western Michigan University
Frank Harary, New Mexico State University
Michelle- Schultz*, Western Michigan University
_Curtiss E. Wall, Norfolk State University -

) If, for a given assignment of directions to a subset 5 of‘ me‘edg_g‘s of a2
edge—conneéted graph G, there exist otientations of "E(G) _—.S. “ 0 that the - ‘
resulting digraph is strong, then we say that the -given assigrunent can‘be
extended to a strong orientation of G. The forced (strong) orientation
number f{G) of G is the minimum cardinality among the subsets of E(G) to.
which some assignment of orientations can be uniquely extended to a strong
orientation of G. Itis shown thatif G isa 2-edge-connected graph of order
n and size m, then fG)=m —n + 1. Similar considerations are discussed for ,

unilateral orientations of G.
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'\\ Generating Neckties: Algorithms, Gray codes,
and Parity Differences

Frank Ruskey
_University of Victoria, Victoria, B. C,, Canada

Terry Min¥Yth Wang*
North Carolina State University, Raleigh, North Carolina
Following Polya, we define anecktie of n bands in ¥ colorsto be an equivalence class of k—ary
n—tuples undec reversal. In this ¢alk, we present an algorithm to generate all of the 2 —band k—
color neckties in constant amortized time. Moreover, we give a necessary and sufficient condi-
tion for generating neckties in Gray code onder, so that successive neckties differ only in one
band. For neckties of two colors, 0 and 7, by calculating pasity differences, we further give a
necessary condition for a Gray code listing of alt of the r - band neckties containing exactly d

1's.so that only one adjacent interchange ofa 0 anda 7T is allowed between successive neckties. -

|\1/ FINDING THE LARGEST SUBORDER OF FIXED WIDTH IN POSETH
George Steiner McMaster University, Hamilton, Canada

Finding the maximum weight suborder of fixed width in a
partially ordered set is an interesting combinatorial problem
with applications in combinatorial optimization and scheduling.
We present a polynomial time solution for this problem by
transforming it into a minimum cost network flow problem in
an anxiliary network.

O B

\\5 Spanning tress in a periocdic infinite graph .
J.C. Dana* and A. Marquez. Departamento de Matematica Aplicada I.

Universidad de Sevilla (Spain)

In this paper we define a family of infinite graphs generated by
finite ones (periodic graphs), where it is possible to study many
problems from an algorithmic point of view. Those graphs appear
in very different contexts as in tilings or patterns, in infinite
graphs defined by systems of eguations or in some Cayleys diagrams.
We develop an algorithm which gives as output the spanning tree of
a graph in that family.

" signing distinct integers to the vertices of a given graph

i tb  OPTIMAL LABELINGS of GRAPHS: BANDWIDTH
’ Robert Hochberg, Rutgers University

A mathematician with some free time might'enjoy as-

G, so that adjacent vertices are assigned nearby integers.

bl

Indeed, the Bendwidth of a graph G is the least natural
number B such that a clever labeler can avoid exceeding
B as the difference between the labels on adjacent ver-
tices. This paper describes a method for lower bounding
the bandwidth of some planas graphs, occasionally show-
ing that the “natural” labeling is also the best.

\g Multivertex Digraphs With Prescribed
l Cenier and Periphery

Steven J. Winters, University of Wisconsin Oshkesh

The directed distance d{u, ¥) from & 1o v in a strong digraph D is the length of
a thortest n—v path in D. The ecoentricity e(v) of a veriex ¥ in D is the directed
distance from v to a vertex furthest from v in D The center ap of D isthe
subdigraph induced by those vertices of D having minimum eccentricity; while the
periphery P(D) is the subdigraph induced by those vertices of D having maximum
eccentricity. We show that every two asymmelnc digraphs can be the center and periphery,
respectively, not only of some stong asymmetric digraph. but also of some multivertex
digraph.




llb A Gray Code for Compositions of a Multiset
Frank Ruskey, Computer Scierice, University of Victoria
carla Savage(*), Computer Science, North Carclina State University

Let Cc(k; n_0,n_1,...,n.t) denote the set of all integer

golutions to the eguation % 0 + x 1 + ... + x t = k, subject to
the constraints 0 <= x i <= n_i Tor 0 <= i <= t. We show that
this set can be listed So that between successive sclutions, one
coordinate increases by 1 and one coordinate decreases by 1 and
the other coordinates are unchanged. This improves an earlier
gsolution of Ehrlich in which only two coordinates change, but
possibly by more than 1.

The elements of C(k; n_0,n 1,...,n_t) can be regarded as

compositions of a multiset and in the corresponding listing,
successive combinations differ by one element. These objects
generalize combinations and compositions for which minimal
change listings are known.

~ Closure Spaces
i1 John L. Paltz
University of Virginia
A closure space (5,p) is a set 5 of elements and a closnre operator ¢
defined on the power set of §. Besides the three standard closure axioms,
we require a fourth, that, X.p = Y.p implies (XN ¥).p = X.p = Y.pp. This
extra axiom appears to characterize discrete closure spaces.

Civen @ one can partially order § by X <,V déf YNnXeC X CVYu ltis
easy to show that <, is a partial order and, more importantly, that (5, < )is
a lattice, Lyx. ¢ ,,) This provides an important framework for deriving results
about the underlying closure space (5, ) itself.

Partial orders, whether arising naturally in a variety of computer science
applications (which is our primary interest), or simply as abstract, formal
systems provide a rich source of closure spaces.

One of the interesting applications is the concept of continuons transfor-
mation of closure spaces, several examples of which will constitute the bulk
of this-preseutation.

The centar of an infinite graph (*)

L. Boza, A. Dianez® A. Marquez (Departamento de Matematica Aplicada
I. Universid ad de Sevilla) .
In this Note we extend the notion of center of a graph to infinite
graphs. Thus, a vertex is center of the infinite graph ¢ if it is
center of an increasing family of finite graphs covering G. We give
different characterizations of when a vertex is center of an
infinite graph and we prove that any infinite graph, if it has
center, has infinite centers and that any infinite graph with at
least two ends has center.

TUESDAY, MARCH 8, 1994
5:00 p.m.

4 -On the Additive Bandwidth of Simple Trees .
Michael P. Vogt* and Robert C. Brigham, University of Central Horida

A numbering of graph G = (V, E) with [Vl =p is a bijection f:v - {1,2,..,p). The
additive bandwidth of numbering f for G is BNG, D) = max {if(u) + [{v) - (p+DI: uv €EE}
ahd the additive bandwidth of G is B*(G) = min {B*(G, f): [ a numbering ol G}.
Preliminary results are given on the additive bandwidth of some simptle trees.

|20 Paths and cycles in arc-connected digraphs

Xiang-Ying Su, Department of Mathematics,
Wayne State University, Detroit, MI 48202, USA
e-mail: xysu@math.wayne.edn

Paths and cycles in undirected edge-connected graphs have been investi-
gated by many people. Here we consider mainly arc-disjoint paths and cycles
in arc-connected digraphs. A path or a cycle may pass a vertex more than
once but can pass an arc at most once. Let D be a k-arc-connected digraph
{multiple arcs allowed). We proved, among others, the following theorems:
{1) Let z be a vertex of D and let ! be an integer with 0 <1 < k. Then,
for any I disjoint arc pairs {3, m}, - {1 o}, where fy, ..., f; are arcs with
head at  and gy, ..., are ares with tail at z, there exist in D { arc-disjoint
cycles Cy, ..., Cy such that {f;, &} C E(C)) for each i (E(C;) denotes the
arc set of C;) and such that D — UL, E(C,) is (k ~ I)-arc-connected. (2)
Let  be an integer witk 0 < ! < k. If fi,..., /i are { distinct arcs of D,
then there exist in D ! a.r'c-disjoint cycles C; with f; € E{(Cy), i = 1,..,1,
such that D — Ul_, E(C;) ia (k — !)-arc-connected. And*(3) For any k triples
{Z1, Fra 1)y - (25, fuo tia), where 2y, .., Za, 1, .. ta € V(D) (n0t necessarily
distinet) and f; € E¥(x:), i = 1, ...k, (resp. f; € E~ (%), i = L,.... k,) which
are distinct, there exist in D k arc-disjoint z; ~ y; paths P, with f; € E(F)),
i=1,..., k. Our results generalize the early works of Mader and Shiloach.
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5:20 p.m.
) 2-1 GRAY CODES FOR ACYCLIC ORIENTATIONS
. Matthew B. Squire, Computer science, North Carclina State Univ tl.\ .
Y The Additive Bandwidth.of a Undon of Stars
tet G be a simple undirected graph. 500 aG) o Rpaidies: \ Feederick W. Hackett, Richard M. Caron, :
i ions - ) \ \ L L
;ﬁiﬁhgl:; 1§3c1a:essive orientations differ by the reversal of a Dept. of Mathematics, Um‘_'el‘SItyofCenn'all.:londa_,Orlando,FL 32816
single edge, It has been shown that a Gray code for A(G) is not - Julie R Carrington, Mathcmal.lcal Sciences, -
always possible. A relaxed Gray code for A(G) lists its elements Rollins College, Winter P: FL 32789
such that successive orientations differ by at most two edge ) ark,
- reversals. In this paper, we show that a relaxgd Gray code for
A(G) is always possible. We give an algorithm which produce‘: thl: .
i i jentation, where m is the numper o . ] ) . . .
z;;:scggegm o(m Tine per ST ' The primary purpose for studying the graphical invariants bandwidth and additive
bandwidth is to condense the data of a graph's adjacency matrix into as small a region as

possible. Bascuiian, Ruiz and Slater showed that the additive bandwidth of a Kin n graph
isBH(G)=n- M{l}*_:_%"ﬂ;%} 1}. This paper deals with detenniniﬁg the additive
bandwidth of unions of a sub-class of the Kr p, family, namely the star graphs, Kin.

\'b"camp].-m-ntation of rinite Topelogies and Posets
Jason I. Brown* and Stephen Watson, York University

The !.attice of all topologies on a given set form a complemented
lattice. There is a strong connection between finite T0 topologies
and and posets, and this leads to a natural definition of
complemetation for two posets P and @ on the same set X, nhamely P
and Q are complementary if and only if (as directed graphs) they
share no arcs except loops but the transitive closure of their

unionil is txt?( x.f h’fe‘ s:urv:y some new combinatorial results on 7 fAlll h . S . l t
complementation for inite topologies and posets. 1In particular, . mi-compleve
as)_mpt_:otlc upper and lower bounds for the maximum number of 7; CYCleS o engt § In 5¢ p '
pairwise complementary posets on a set of size n will be discussed, \ Digra.phs

as wall as the problem of determining when a finite topology has
2 homeomorphic complement.

Marjorie Darrah*, West Virginia University
Yi-Ping Liu, Nanjing Normal University, China
“ Cun-Quan Zhang, West Virginia University

AN NS ]
A digraph is called sémi-complete if for each pair of vertices u,v € v(D),
cither uv, vy, of both are in A(D). Obviously, this generalizes the idea of a
- tournament graph; therefore, many theorems true for tournaments are also
| 23 Bpanning paths in infinite planar graphs trne for semi-complete digraphs. For tournaments, it has been shown that T
Robin Thomas, Georgia Tech except for a family of counterexamples, all arcs of an arc-3-cyclic tournament
’ are contained in cycles of all possible lengths k, 3 < & < |V( D)} (this property

We prove a conjecture of Nash-Williams that if G is a 4-conmected is referred to as arc-pancyclic). However, this result does not hold for semi
- - ¥ T

infinite planar graph such that the deletion of any finite set of

vertices . le.av‘es exact}y one infinite component, then G has a - complete cligraphs since Bang-Jensen found a nemi-complete digmph that is
g:t;;w?: :{,gi'flzlte spanning path. . ] . not arc-pancyclic and does not fit inlo the family of counterexamples. We
& joint work with Nate Dean and Xingxing Yu. generalize this result to semi-complete digraphs and show that ‘in certain

cases arc-3-cyclic semi-complete digraphs are arc-pancyclic.




6 Disjoint Cycles in K, -free Graphs
Y2 Lisa R. Markus, Furman University

Let p denote the number of vertices of a graph and let ¢ denote
the number of edges. A family of cycles in a graph is disjeint
if no two of them have a common vertex. Posi proved that any
graph with at least 3p — 5 edges contains two disjoint cycles. In
this talk, we present results for the number of edges necessary to
ensure the existence of two disjoint eycles in K ,-free graphs and of
k-disjoint cycles in claw-free graphs. This talk includes joint ‘work
with Guantao Chen, Richard H. Schelp and Hunter 5. Snevily.

W-p-outerplanar graphs
Jezge Caceres*, Alberto Margquez

Tn this Note, we extend Oubina and Zuchello's W-outerplanar graphs
(those graphs with a plane embedding so that all the vertices

of a non-empty subset W of vertices lie on the exterior face
-Discrete Mathematics 51(1984) 243-249) to locally finite countable
graphs with embeddings such that the vertex set has no accumulation
point in the plane. We consider two cases: when all the vertices
of W must lie on a bounded face or on a unbounded face.

An Tmproved Order-based Bound On The Chromatic Index Of Multigraphs
Mike Plantholt, Illionis State University

A standard lower bound for the chromatic index of a multigraph is
given by the combinad maximum of the vertex degrees and the odd set
quotients. This lower bound is sometimes called the fractional
chrrosatic index. 1longstanding conjectures by Goldberg and Seymour
wonld imply that no multigraph can have a chromatic index that
exceeds the fractional chromatic index by more than 1 . We verify
thin result for multigraphs of order at most 16, and show, more
qenrrally, that the chromatic index of any multigraph of order n
vannot excend iks fractional chromatic index by more than the
integer round-up of nfg - 1.

WEDNESDAY, MARCH 9, 1994
8:30 am.

‘lfq CYCLE-EXTENDABLE POWERS OF GRAPHS
l Lubomir Sclteas, Menmphis State University

gqeneralize & result of Sekanina who proved that

:;egcube of any connected graph with at least 3 a
vertices is hamiltoriian. A cycle C in a connecte

aph ¢ is extendable, if there is a cycla in G
that contains all the vertices on C plus one extra
vertex. Our main result states that if G and H are
connected graphs on at least 3 vertices such that
the k-th power of G is the subgraph of H and H i=s
a subgraph of the t-th power of G, t<(3k)/2-1 and
k>2, then each nonhamiltonian cycle in H is
axtendable. The result does not hold for t=2k+l,
put to find the largest value of t, for which the

conclusion is valid, is an open problem.

Minus k~-BSubdomination in Graphs ‘

Izak Broere, Rand Afrikaans University

Jean Dunbar¥*, Converse College

Johannes Hattingh, Rand Afrikaans University

Let G = (V,E) be a graph and let let k <= |V]| be a.
positive integer. A minus k-subdominating function
{ks¥} is a function f: V --> {-1,0,1} with the property
that the closed neighborhood sum £(N[v]) >= 1 for at
least k vertices of G. . The weight of a minus kSF is
the sum of all function values, f(V). The minus
k-subdomination number of a graph G equals the minimum
weight of a minus kSF of G. We present preliminary 1
results characterizing this parameter of a graph.
Keywords: domination, minus-, signed- and majority
domination
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I 5\ Nordhaus-Gaddum Results for the p-Vertex Cliqgue Cover Number
Robert C. Brigham* and Ronald D. Dutton, University of Central Florida

The p-vertex clique cover number of graph G is the smallest positive integer T for which
there are subsels 5q, Sg...., Sy of the vertex set of G such that the intersection of any pofliw
subsets is empty or induces a complete subgraph of G, and all such p-intersections form a
vertex clique cover of G. Nordhaus-Gaddum resulis aré presented for this graphical
invariant

\?)L Random Graphs of Given Diameter
Zoltan Fitredi
Dept, of Mathematics, University of Ilinois, Yrhana, IL GIa01-20317
Let G{n,d) be the number of graphs of diameter d on n Inbeled vertices. It is
well-known (and easy) that alinest all gmp.hs have diameter 2, G(m,2) ~ 2{3). Here
a conjecture of Tomescu js proved that liny. . Gn,d 4 1}/G{(n,d) = 0 for every
fixed d 3 2. Actually, -

d— el
i, d) = (1 4 o(1)) _2Enrt Lgn-dit 2"

bolds for every d = 3, and a typical graph of Gameter d is a combination of a path
ef fength & - 1 and a random graphonn —d +1 vertires.

TS 1Y T

‘33 Conditional Chromatic Numbers with Forbldden Cycles
L Karen Casey and Kathryn Fraughnaugh *
University of Colorado at Denver, Denvet, Colorado 80217-3364

The conditional chromnalic nember x(G, P) of a graph G with respact to & graphical
property P Is the mininrum sumber of colore noeded Lo color the nodes of G ﬁdﬂ that
onch oolot_clm induces » subgraph of G with property P. The conditional chromatic
:mmbfr with respect o various propertics has been studied by nutnerous authors. We
nfnmt:g-ta“f(G. P) where P ia the property of having no cyclo of length j for fixed
j > 3. We flud the conditional chromatic number with forbidden cycles for graphs of
large sixe and for all graphs with order at most six.

8:50 a.m.

(' HAMILTON DECOMPOSITIONS OF SOME

LINE GRAPHS

David A. Pike
Department of Discrete and Statistical Sciences
Auburn University, Auburn, Alabama, USA. 36849-5307

The proof of the following theorem is the main result of this paper:
I G i» a bipartite (2k + 1)-regulaz sraph that is Hamilton decomposatile,
then the line graph, L(G), of G is alsa HAamilton decomposable.

Edge Minimal cyclic gossiping Graphs
|3§ James Knisely#, Bob Jones University
Renu Laskar, Clemson University

Gossiping is the total exchange of information between
vertices in a graph. A gossiping scheme can pa described by
the sequence of matchings that are used. The color classes
of a proper coloring of the edges define matchings that can
pe used to gossip in a graph. cyclic gossiping is gossiping
that occurs by using those matchings in a cyclic manner.

Edge miniwal cyclic gossiping graphs of order n are
graphs that permit gossiping in an optimal amount of time
(log n) such that any graph of order n with fewer edges
cannot gossip in an optimal amount of time. Edge minimal
graphs will be presented for even orders between 14 and 24
plus constructions will be given for several other orders.
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5b Recent Results on Primitive Minimal Triangle-Saturated Graphs
\ Roper B. Eggleton®, Math. Dept,, ttinois State University,
& James A. MacDougall, Math. Dept,, University of Newcastle, Australia.

A graph is triangle-saturaled if insertion of any additional edge creates a
trinngle. Such a graph is minimal if deletion of any one edge permils
some edge to be added without creating & triangle; and is primitive if no
two of 1ts vertices have the same set of nelghbors. We explain the role of
primitivity in this context, survey a number of recent results concerning
primitive mininal triangle-saturated graphs, and demonstrate the new
yesult that the number of primitive minimal triangle-saturated graphs of

order # is at feast {1/8)", for alt sufficiently large n.
Key words: triangle, triangle-saturated graphs.

‘6" pebugging Functional Programs Using Bub-tree Transformations

38

Manuel E. Bermudez, yniversity of Florida, Gainesville, FL 32611

Wwe consider the problem of graphically displaying the
current  status of  a functional program, for purposes of
debugring. We begin with the premise that to debug func-
tionni programs, source-level information in indispensable,
but capnot  realistically be displayed in textual form.
Instend, we propose to digplay it in tree form, and to
digplay the progress of the execution of the program via
transformations that  take place on the trec. We describe
the sub-Lrea transformations that we have developed for the
languarie RPAEL (& superset of the type-less lamhda~calcnlius),
ard discuss our vision of a general tool for debugging func-
tional programs such as LISP, Scheme, and ML.

Chromatic Polynomials for Reducible and Fully 2 contractable Graphs
M. S. Krishnamoorthy* and B. Ramamurthy.
Rensselaer Polytechnic Inatitute, Troy, NY 12180.

In this paper, vwe describe a method to obtain a

closed form expression for calculating chromatic

polynomiale for outer-planar, k-trees and 2 contractable graphs.
We also give a heuristic method for calculating the chromatic
polynorials for graphs specifically. suited for hand calculations.
¥We use this method in calculating chromatic polynomials of all
graphs which has & vertices. In the process, we uncover somne of the
errors in the previously published results.

9:710 a.m.

139 Hamiltonian Properties of Graphs
and Double Vertex Graphs

Yousef Alavi*, Western Michigan University
Don R. Lick, Eastern Michigan University
Jiugiang Liu, Eastern Michigén University

Let G be a (V, E) graph of order at least 2. The double vertex graph
U2(G) of G is the graph whose vertex set consists of all'2-element subsets of V

such that two vertices {u, v} and {x, y} are adjacent if and only if the two
subsets have a common element and the other twe clements are adjacent in G:
In this paper we will give an extension to Tirac's sufficient condition for a graph
to be hamiltonian and then use this result to give an improved sufficient
condition for the double vertex graph ol a graph to be hamiltonian,

\JP Domination Problems in Directed Path Graphs

Mark KeiI.Uni\:ersiiy of Saskatchewan
Renu Laskar ,Clemson University
Paut Manusel,University of Newcastie

in this paper we study the cycle and clique domination problems in
directed path graphs.
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\'-\\ Minimum number of edges with at most s crossings
in drawings of the complete graph
Heiko Harborth, Techn. Univ. Braunschwelg, Germany

The minimum number hs(n) of edges with at most 8
crossings in any drawing of the complete graph Kn
is discussed. Especially, it is asked for ng, such
that h_(n)=0 for all nénu, that means, for draWi.ngs'

where every edge is jntersected more than s times.

l.,r], NON-REVISITING CYCLES ON SURFACES

Hari Pulapaka
Department of Mathematics, University of Florida

Let M be a polyhedral map on a surface. A cycle C of M is said to be
non-revisiting if it never returns to a face of M, once it leaves . Furthermore,
C is said to be non-bounding if it does not bound a cell o the surface. [t was
shown by Barnette that any polyhedral map on the projective plane, torus,
or Klein bottle has a non-bounding, non-revisiting cycle. The existence of
such cycles on other surfaces is unknown. In this talk, we define the notion of
a polygonal representation of a pelyhedral map. A graph-colouring conjec-
ture-is proposed and it is shown that the conjecture is true for planar graphs.
It is shown that any polyhedral map oa a surfate has a non-bounding, non-
revisiting cycle if and only if the graph-colouring conjecture is true.

PR SR

\"‘5 THE CHROMATIC NUMBER OF A FACTORIZATION OF A GRAPH

Gary Chartrand®, Western Michigan University
Heéctor Hevia, Universidad Catélica de Valparaiso
Ortrud R. Oellermann, Brandon University

The chromatic number of a factorization of a graph is defined. In the case of
complete graphs, a related parameter is defined, verified to be well-defined,

and studied.

10:50 a.m.

T TOTALLY SEGREGATED GRAPES 11
D. E. Jackson*, Eastern New Mexico University, Portales, NM 88130
' and ‘

Roger Entringer, University of New Mexico, Albuquerque, NM 87131

" A graph %s said to be totally segregated iff no two vertices of the same degree

are adjacent. Previously, an upper bound for the number of edges in a totaily
segregated graph with order n and maximum degree at most d had been obtained,
and shown to be sharp for 2d < n. That result is used here to determine the
maximum number of edges possible in a totally segregated graph of order n.

\"\g Associative Graph Products and their Independence,
Domination and Coloring Numbers
Douglas Rall *, Furman University
Richard Nowakowski, Dathousie University

Several well-known conjectures in graph theory (e.g. Vizing's
conjecture on the demination number of cartesian products and
Hedetniemi's coloring conjecture for categorical products)
concern the way in which a graphical parameter behaves on
graph products. We consider associative graph products and-
their multiplicative nature relative to the domination, total-
domination, independence and imredundance numbers as well
as to the partitioning parameters of chromatic, achromatic,
domatic and adomatic numbers.
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’l-”p NEW RESULTS ON ORTHOGONAL DOUBLE COVERS OF

141

GRAPHS
H.-D.O.F. Gronat*, R.C.Mullin, andP.J.Schellenberg
18051 Rostock, Germany, Waterloo, N2L 3G1, Canada

An orthogonal double cover of the complete graph K, is a collection of i
spanning subgraphs Gy, Gi, ..., Gu of the K, such that
(i} every edge of the K, belongs to exactly 2 of the Gi's and
(i) any two different G;'s intersect in exactly one edge.

We continue the talk of Iast year’s conference and present several new results,
e.g. the following ones.

Theorem For all positive integers n bthere exists an orthogonal double cover
of K., where all the G;'s have maximum degree 2. Moreover, all G;'s have a
apecial structure. Almost all components are vertex disjoint K»’s, whereas the
ouly remaining component is an isolated point, a path of length 1 or 2, or a Cy’s
{in case of n = 9 2 Cy’s and one isolated poiut).

This proves a conjecture of Chung and West, even in a stronger form.

Theorem Let k be an interger & > 3. Then there is an integer no(k) such
that for all n = 1 mod k and n > ng(k) there exists an orthogonal cover of K.,
where all the G;’s consist of an isolated point and "1 vertex disjoint Ci's.

This solves a problem of Heting.

Tournamsnts for trilads
W D Wallis, Southern Illinois University

We consider the design of tournaments with the
following properties:
— in sach match, three teams compete;
- the order of teams in matches is significant.
vVarious regqularity conditions will be imposed. For example,
one might require that every unordered triple occurs exactly
once or that every ordered triple occurs exactly once; one
might ask that every team plays exactly once (or’ at most
once} in each of the three positions; and so on.

In an exciting climax, a **real-world** application of

such designs will be revealed.
- LY

48

3-Coloring the vertices of an arrangement.
Anthony J. Macula, SUNY Geneseo,
{macula@geneseo.bitnet)

Geneseo, NY 14454

An arrangement of lines is a finite collection of lines in the
Euclidean plane. If we consider the points of intersection as
vertices and line segments between these points as edges, then we
have a graph. In this paper we consider conditions on the
intersection properties of the lines that make the resulting

graph 3 vertex colorable. We will also discuss a few conjectures.

‘q"q INTEGER DISTANCE GRAPHB
P.S. Nair, Creighton University, Omaha, NE 68178

This paper presents an extended discussion on a family of
graphs. The discussion includes the derivation of degree
seguence, number of edges, number of components. A necessary -’
and sufficient condition for the graph to have an euler path
and euler circuit is also presented.

lso Chessboard Graphs and Association Schemes

R. Laskar and C. Wallis*, Clemson University

The rook's graph, in which the variex set consists of the n2 grdered pairs on n
symbols and in which vertex (ij} is adjacent ta vertex () if and only if i=k or j=I,
is one member of the family of chessboard graphs, graphs whose verlices
represent pasitions of a chessboard and whose edges represent the permissible
moves of a particular type of chess piece. Additionally, the rook’s graph is
identical 1o the combinatorial structure known as the L2 design (or association
scheme). By considering similar association schemes, variations of chessboard
graphs are devised, and domination parameters of these chessboard graph
varianis are discussed.

Key Words: chessboard graph, asseciation schems, domination
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5 l Double cover with few cycles
' CUN-QUAN ZHANG
West Virginia University
CQZ'.HANG@WVNVM.WVNET.EDU
Acycleof agraphisa subgraph with even degrec at gvery veriex.

THEOREM: Let G be a bridge-less cubic graph containing no subdivision of the

. ’3
Petersen graph. Then G has a cycle double cover consisting of at most iW(G)I +

cycles.

Triangular Embeddings on gurfaces with Euler Characteristic o
Linda Valdes, San Jose State University

All triangular embeddings on the surfaces S(1) and N(2) with p =
8 vertices are given. Some necessary conditions are presented for
embeddings when p > 8, and all triangular embeddings - -of regular
graphs on these two surfaces are found.

153 Chromatic bifference Ssquences

Karen L. Collins, Wesleyan Univ., Middletown CT

. [ EIK]
pefine a graph G to be stable if the normalized chromatic
difference sequence of G is egqual to the normalized
chromatic difference sequence of G2, the Cartesian product
of G with itself. It is known that ecirculants and finite
abelian Cayley graphs are stable. Let W{G) be the clique
number and A{G) be the independence number of graph G. We
show that the chromatic difference sequence of a stable
graph G begins with W(G) terms equal to A(G). If G contains
partitionable graph H with the same clique number, then the
{W(G)+1)st term is at least A(G}/A(H). For stable graphs of
large odd girth, this gives upper bounds on the independence
ratio of the graph which agree with previously known lower
bounds .

I 5 l‘ Some Distance Problems on Generalhied Graphs
Weithen Gu  Southwest Texas State University

Let G be & connected graph with n vertices. Let or be a permutation in Syy-(oy-
The n-generalived graph over G, denoted by P,(G), consists of two copies of G along
with edges ca(e). In this paper we investigate the relations for diameter, radits,
and menn distance between P.(G) and G for any permutation o € 5y-gy. We slso
jnvestigate pome extremal graphs G whose a- generalized graphs reach maximum

dismelgr.

|55 Invertible families of sets of bounded degree
Emanuel Knill, Los Alamoa National Laboratory, knill@lanl.gov

Let £ C 2°l. 7 is invertible iff there exists a permutation = of {n] such
that for all 7 € F, x(U) N U = @ (define =(T) = {x{i)|i € U}). The degree
of F is the maximum size of {U/ € Fli € U}. Let f(d) be the smallest number

“auch that the following statement holds: For all F of degree at most d, if every

subfamily G of 7 with |G| < de) ia invertible, then F is invertible.

Theorem: f(d) < (d~ 1}(*; ) + 1.

The proof uses an analysis of families of subfamilies of F. This leads to the
following covering problem on bipartite graphs: Let G be a graph. A family
F ¢ 2Y(6) g an édge cover of & iff for every edge ¢ of G, there isa UV € F
which includes ¢. F is a minimal edge cover of G iff for ¥ C F, M is not an
edge cover of G. Let g(d) be the maximum cardinality of a minimal edge cover
F of a bipartite graph where F has degree at moat d.

Theorem: f(d) < g{d) < (d— 1> + 1.,

The proof of this result uses Sperner theory.

Keywords: Extremal set theory, covering problems, invertible families.



On a Conjecture of Liszlé Pyber

1SC
Genghua Fan

Department of Mathematics, Arizona State University, Tempe, AZ 85287

Lészlé Pyber conjectured that every bridgeless graph G has s circuit cover such that
every vertex of G is contnined in at most A{G) circuits of the cover, where A(G) is the
maximum degree of G. An equivalent statement of the Circuit Double Cover Conjecture is
that every bridgeless graph G has a circuit cover such that each vertex v of G is contained
in at most d(v) circuits of the cover, where d{v) is the degree of v. This paper affirms
Pyber's conjecture by a stronger result, which states that every bridgeless graph G has a
cirenit cover such that each vertex v of G is contained in at most d(v) circuits of the cover
if d{v} = 3 and in at most three circuits otherwise. Gur proofs rely on results on integer
flows.

NONORIENTABLE QUADRANGULAR
EMBEDDINGS OF COMPLETE
MULTIPARTITE GRAPHS

Nora Hensfield
Western Washington University
Bellingham, WA 98125

Nonorientable quadrangular embeddings are constructed for almost all
complete multipartite graphs where v -%5 is an integer. The polyhedra determined by

certain of these are minimal quadrangulations of nonorientable surfaces.

'5’8 fome Results from Disoharging Techniques
paniel P. Sanders, Ohio State Univ

Essential to the solution of the Four Color Problem was the
discharging method. This method can be used to solve other
problems as well, in coloring and in determining the local
structure of graphs on surfaces. This talk shows a couple of
examples. A Heawood~- or diagonal-coloring of a graph on a surface
requires that two vertices must have different colors if they are
either adjacent or diagonal, that is that they are adjacent to two
faces which share an edge. Together with Yue Zhao, the author
showed that all plane triangulatione have a diagonal-10-coloring.
Let edges and triangles of a graph be called light if they are
incident only to vertices of low degree. A light edge ineguality
is presented ‘for plane graphs of minimum degree five which shows
that such a graph has a large number of edges joining either two
S-vertices or a 5-vertex to a 6-vertex. A similar light triangle
inequality is presented. Graphs are presented which show that
these inequalities cannot be improved.

‘ 11:50 a.m.
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15‘1 NEW RESULTS AND PROBLEMS ON THE LEVERAGE IN THE N-CUBE.

Paul Erdos (Hungarian Academy of Sciences),
Peter Hamburger*, Raymond E. Pippert, and William D. Weaklaey
(Indiana-Purdue University at Fort Wayne).

The leverage of a set S of elements {vertices andfor edges) of a
graph G, with respect to a graphical parameter P, is tha change
induced in P by the removal of 5. We consider some new regults and

"open problems in which the graph G is a n-cube, P is the distance,

the distance sum, or the diameter.

of Per fon Extended Graphs
XINGDE J14, Southwest Texas State University

Key words: permutsiion graph, dismeter, explicit constraction.

Let G be o graph with vertex set V' Supposc that a € 5, is a permutation over V. Let oG dentote
the graph which consists of two copies of G as disjoint subgraphs and the following edges: (z.olz})
for all z € V. @56 is called permutation o extended graph of G. Permutation extended graphs were
introduced by Chavtcand and Harary in 1967. Let nbe a lnrge integer. Define a = [logn/ loglog n].
Suppose that G is a connected graph with n vertices. I G is ()0, 9, cza)-separable, where ¢ and
¢4 8re constants, it is proved that there exists a permutation a € S, such that

dinn (o & GY < 3 0B

o (e = (loglogn)}*’

where c3 = ¢x(¢,¢2) in 8 constant depending only oh &, ¢3. In particuler, it is proved that dinm{a-:
C.) = Of{fog n}* f{log log n)?) for some permutation &, wlicre C, ia the circle with n vertices. Some
open problems are also discussed in this paper.
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u\ Some Resulis on Linear-k-Arboricity
‘ iKuo-Ching Huang
Depariment of Applied Mathematics
Providence University
Taichung, Taiwan, R.O.C.

A finear-k-forest of an undirected graph @ is a subgraph of G whose connected
components are paths of length at most k. The Enear-k-arboricity of G, denoted
by fay{G). is the minimum nutnber of finear-k-forest needed to partition the edge
E{63) of . In this paper. we study fau( ) and some results are obtained. especially

when G is the complete graph and balanced complete bipartite graph.

Lﬂ/ Domination From Afar
\ : Linda M. Lawson®, James W. Boland, and Teresa W. Haynes
Departments of Mathematics and Computer Science
East Tennessee State University, Johnson City, TN 37614,

In a graph G = {V, E)aset SCVisa dominating set if each vertex of 7
V — 5 is adjacent to at least one vertex in 5. The domination number 7(G) !
is the cardinality of a smallest dominaling set. Extending this concept to
distance domination, we investigate three distance domination parameters.
The first, 7<n(G), is the order of a smallest set § C V such that each vertex
in V — § is within a distance n of some vertex in §. This parameter has been
studied recently by several other authors. We expand this idea by introducing
additional distance domination invazianis: ¥=n(G) is the cardinality of a
smallest set § € V for which each verlex of V — 5 is distance n from a vertex
in 5, and 73.(G) s the order of » smallest set § C V with the property that
there exists a path of length n between each vertex in V — S and some vertex
in §. Given a graph G, we relate these domination parameters to the nth
power, the n-step, and the distance-n graph of G. Bounds are determined for
these parameters and exact values ate obtained for some families of graphs.

Key words: Domination number, distance domination, n™* power of G,

n-step graphs, distance—n graphs.

i

4:20 p.m.

b

Il’s NETWORK RELIABILITY FUNCTIONS CAN CROSS MANY TIMES
A.K. Kelmans, University of Puerto Rico

The network reliability is investigated as a function of
the edge reliabilities. In 1567 we showed that the network
reliability functions can crogs for equisize networks.In
1975 we showed that the same ia true even if these networks
have the maximum reliabilities for some edge reliabilities.
A fascinating guestion that has been debated in many papers
since then is how many crossings can occur among the
raliability fuhctions of equisize networks. Recently,
Colbourn, Harms and Myrvold found a single pair of eguisize
graphs whose reliability functions cross twice.In this talk
‘we give an answer to this question by providing a construction
which show that for every N there is a pair of equisize graphs,
whose reliability functions cross at least N times. By using
thie construction, we (together with J. Brown) give (with the
aid of the computer program Maple} examples of equisize pairs
whose reliability functions cross two and four times.

‘ A BIJECTION FOR SPAMNNING TREES OF COMPLETE MULTIPARTITE GHRAPHS

OMER EGECIOGLU*, Departaent of Computer Science, University of

california Santa Barbara, Santa Barbara CA 93106
JEFF!}EY REMMEL, Department of Mathematics, University of
fornia San Diego, La Jolla, CA 92093

cali-

We construct a bijective proof for the numbex of spanning trees
of complete multipartite graphs. The weight preserving proper-
ties of our bijection yields a 6-variate weight generating func-
tion which keeps track of various statistics on spanning trees.
This bijection allows for the ranking and unranking of the span-
ning trees of an nzvertex complete multipartite graph in o(n)
time. As a further application, we compute the asymptotic dis-
tribution of leaves in these families 6f spanning trees.

-

Recgnt Results Invelving the Rank of the Adjacency Matrix
of a Graph .
Jdean H. Bevis, Kevin K. Blount, George J. Davis,
Gayla S. Domke', Judy M. Lalani, and Valerie A. Miller
Georgia State University

The rank of a graph G, denctad r(G), is defined to be the ran
of the associated adjacency matrix. This paper conl:e;n:
results about the rank of graphs which are the Cartesian
product of complete g¢graphs, ¢ycles, and paths (including
hypercubes) . The paper also establishes the rank of graphs
with a single cut vertex or a single cut edge whose blocks are
complete grapha or cycles. We also ptudy the rank of clasaen
of graphs such as bipartite graphs and regular graphs. A
Nordhaus-Gaddum type result involving the rank of a graph and
its complement is also included.
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lbb On the structurs of self complementary graphs
Robert Molina, Alma College
Every self complementary graph (s.c¢. graph)
contains a bipartite self complementary graph
{b.s.c. graph) as a subgraph. (Here s.c. graph
and b.s.c graph are defined differently}.
We uge this fact to understand the structure
of s.c. graphs and also to help enumerate
s.c. graphs. The b.s.c graphs of order up
to 12 are presented.

|bq Core of a Block Graph
Russel] Martin* and Renu Laskar
Dept of Mathematical Sciences, Clemson University

A core of a graph, G, is a path, P, that is central with respect to
minimizing d(P) = X v &vc) d(v, P) where d(v, P) is the distance of v
to the path P. An algorithm for finding a core of a block graph (a
graph whose maximal 2_connected subgraphs are complete graphs)
is presented. This algorithm s a modification of one for finding a
core of a tree, presented in a paper by Christine Morgan and Peter

Slater.

”’8 Reliability of Three-Regular Graphs

Jacqueline Nadon *, Cornelia von Schellwitz, and Wendy Myrvold
University of Victoria

Circulant graphs have been proposed as a network topology because amongst
all other {n,m)-graphs, they maximize the minimum cutset size and minimize the
aumber of minimum cutsets. Such a graph is known as a super-) graph. We compare
3-regular circulants to the other 3-regular super-A graphs and provide evidence that
they are perhaps the worst super-A topology to choose. A family of generalized

Petersen graphs is proposed as an alternate choice - while not always the most reliable

graphs, they tend to be near the top of the list.

‘Uol pisjunctive Products and Antimatroids
Robert E. Jamison*, Clemeon University, and Cornell University,
Selma Strahringer, Telenat AG, Darmstadt, Germany

Antimatroids are closure systems which satisfy an
ranti-exchange™ law. They model any situation in which the
relevant structurea is given by "shellings" -- e.g., assembly or
disassembly of machinery. The disjunctive product, introduced by’
Strahringer and Wille, for relational structures, was the first
product of closures which preserved the antimatroid property.

The disjunctive product of lines provides a notion of
"hetweenness® for ordinal data in several variables. This notion
of betweenness leads to a new and rather strange notion of
convexity on euclidean space. The embedding of graphs into this
structure represents an attempt to capture the 1-skeleta of
polytopes in this onvexity. I will discuss several Steinitz type
theorems about the kinds of graphs which can occur as polyhedral
1-skeleta. |

10 The Half-Half Case of the Problem of Zarankiewicz
Jerrold R. Griggs and Jianxin Ouyang*
University of South Carolina, Columbia, SC 29208

|

Let f(m,n) be the minimmm number of 0's in any 2m x 2n (0,1)-matrix with the property
that there is no m x n submatrix consisting only of 1's. Equivalently, we want the maximum
size of a bipartite graph (A, B) with parts |4| = 2m and |B | = 2n that contains no complete
bipartite subgraph covering half of the vertices on each side. This is an interesting special
case of the famous problem of Zarankiewicz. We prove that flmm) 2 2rn+m+ 1 for
n > m, and for each m equality holds for almost all .
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l'l\ on the Decomposition of Complete Bipartite Graphs into n-cubes
5. I. El-Zanati*, C. L. Vanden Eynden, Illinois State University

We investigate the necessary conditions for the existence of .
n-cube decompgos itions of comp%ete bipartite (and of complete) /] D', Orders a;d.hyll‘nrgraph_ npm:;;‘::’ of cwatsets.
graphs. We prove these necessary conditions sufficient in some , ulie Kerr, University o chigan.
cases. We also investigate n-cube factorizations of complete o
bipartite graphs. A subset C of Z4 is a cwatset if, for éach element b of C, there exists a permutation
o in 54 such that {C 4+ b)° = C. Here o acts on an element of Z§ by permuting ite
components. The weight of the i-th column of C is the number of elements of C
having a 1 in the i-th component. A (d,m)-cwatset is a cwatsel in Z4 having m
columns of weight k and (d — m) columns of weight (n — k), where n is the order of
|11/ the cwatset and 0 < k < n.
pxternally Redundant Setm in Graphs 1t ia known that the order of a cwatset divides 249! 1n this paper, we find additional
§.T. Hedetniemi, R.C. Laskar, A.A. McRae*, and C.W. Wallis, . constraints on the orders of cwatsels.
Clemson University ‘ i) A cwatset of odd order has order at most (14 yya) ¥ i odd o (3 ) i€d
18 even.

A vertex set S in a graph G = (V,E) is an externally . ii) Let m be an integer, 0 < m < d, such that m is even if d is odd and m is
redundant set if for every v in V-5, at least one of the cither odd or even il d is even. 1m > (d — m — 1)(d — m —2) and if (d — m) does
the following two conditions holds: . i not divide d then there is no (d, 2)-cwatset of order md/2.

(1} Vertex v would have no private neighbor in S unioh ¥, iii) Any (d,m)-cwatset has order which is at most (:.) and is divisible by

i.e. N[v] - N(S] is empty.

{2) There is a vertex w in S, such that w has at least one
private neighbor with respect to S, but has no private
neighbor with respect to 5 union v.

Let er(G) equal the minimum cardinality of an extermally
redundant set in G and ER{G) equal the maximum cardipality

of a minimal externally redundant get in G. We relate these

two new parameters to irredundance, domination, and independence.

df ged{d, m). _
We also show that a {d, m)-cwatset can be represented in terms of a hypergraph with
highly symmetrical properties.

.~

- . a . - H tﬂ
% Maximizing Spanning Trees in Almost Complete Graphs |,]g Klaus G. Fiukﬂ!i);he: Shapiro
Geuotge Mason University

An (r x o) matrix M with integer meﬁdenhwﬂlhuﬂedmixedifmmhﬂn
University of Victoria positive and negative entry. Such 3 matrix will furthermore be called dominatil_lg it
contains no square mixed minor. If u is an integral vector, then denote by a' the
vector whose i*P coordinate is defined by [I"']i = [u}; if [n; in positive and [u"']i =0
otherwise. Likewise, 1~ = (—u)¥. It is shown that 2 mixed matrix is dominating iff for
any selection of k rows, u,,....0y and any choice of v, =+ W, (vl +oeer 'k)+ > 'l+
for some i. A coanection is made to the Minkowski ring of polylopes and polynomial

+ —
rings. In particular, for an integral vector w let f =X B _x " . Itis shown that
M in dominating precisley when for any integral vector w, l" €< fu yoeop f“ > iff wis
1 4

L

Bryan Gilhert*, Wendy Myrvold, and Vassilios Dimakopoulos: i1+

Shier showed that the almost complete (n,m)-graphs, for m = 0 up to [n/2| that
have the most. spanning trees are those whose complement is 2 matching. Our goal N
is to characterize the graphs with the most trees for m = [n/2} +1 to n. We prove
that when 5 is a collection of paths, the number of trees in G is maximized when the
path lengths are as even as possible. Also, if 7 is a cycle of order ¢ and H consists of
two cyeles of order k and ¢ — k, k < ¢ — k, then G bhas more spanuing trees than H

il & is even and fewer if k is odd. in the integer spaii of the vectors w0,

One 'appliral.inn is synthesis of reliable networks under the all-terminal reliability
model. Tt is well known that the most reliable nelwork must have the maximum

number of spanning trees when edges are sufficiently unreliable. .
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’] lo THE EDGE ARBORICITY OF A RANDOM GRAFH
‘ LANE CLARK, SOUTHERN ILLINOIS UNIVERSITY AT CARBONDALE
i ini of ncyelic
The od urbor!citya(G’)aflgmth’utl;emmmummmbﬂr
mbgr:pl:a.?f G whose union covers the edges of G. P.A. Catlin end Z.-H. Chm
[Proceedings of the Second International Conference in Graph Theory, Combina-
fories, Algorithms end Applications (Y. Alavi etal., eds) SIAM (1991) 3[1:;12:!}
Yhowed that almost every G € G(n.p) satisfles a(G) = e(G‘)[(n.— 1) provid :nl;
comstant where e(G) deuotes the number of edges in G. P.A. Catlin, Z-H. Chen
E. M. Paler [Ars Combinatoris 36A (1993) 129-134] showed that almost every
G € G(n, p) satishes a(G) = e(G){(n~ 1) provided p'n = clogn for constant ¢ 2‘:'3
and conjectured that the result is correct for much lower edge probabilities. ¥e
verify their conjecture by showing the following.
Theorem. Let 432logn/ntf? <p=p(n) < 1/2. Then almost every G € gin.p)
safisfies a(G) = e(G}/(n — 1)

CONVEXITY OF MINIMAL TOTAL DOMINATING FUNCTIONS IN GRAPHS
BO YU, Dept of C & O, University of Waterloo, Ont., Canada

A total dominating function (TDF) of a grapk G = (V, E) is a function f : V  [0,1]
such that for each ¢ € V, the sum of f values over all neighbours of v (i.c., all vertices
adjacent to v) is at least one. Integer-valued TDFs are precisely the characteristic
functions of total dominating sets of G. A minimel TDF (MTDF} is ene such that
decreasing any value of it makes it non-TDF. The boundary of a TDF f is the set
of vertices v such that the sum of f values over all neighbours of v is exactly one.
Vertex v is a dominating vertex if its neighbour set strictly contains the neighbour
set of some other vertex. Vertex v is a high vertex if there exists an MTDF f such
that for every neighbour w of v, if w is in the boundary of f, then w is a dominating
vertex. An MTDF f is called universal if convex combinations of f and any other
MTDF are minimal. We give a sufficient condition for an MTDF to be universal: An
MTDF g is a universal MTDF if all non-dominating vertices are in the boundary of
g, and g{v) = 0 for every high vertex v. This generalizes previous results and has
two corollaries: (1) Complete n-partite graphs have a universal MTDF. (2) A regula:
graph has 2 universal MTDF if it has no high vertices. Define a splitting operation on
a graph © as follows: take any vertex v in G and a vertex w not in G and join w with
all the neighbours of v. A graph G has a universal MTDF if and only if the graph
obtained by splitting G has a universal MTDF. A corollary is that graphs obtained
by the operation from paths, cycles, complete graphs, wheels, and caterpillar graphs
have a universal MTDF.

’

ﬂ% A Census of Closed Binary Labellings of Small Trees
Robert. E. Jamison, Clemson University & Cornell University
and Deda Zheng*, South Carolina State University

A binary labelling of a tree T is an assignment of binary
vectors to the vertices of T. - Such a labelling induces an
edge-labelling by taking the label on an edge to be the sum of the
labels on its endvertices. If both the vertex and edge laballings
are one-to-one and every edge label also occurs as a vertex label,
then the labellinyg is called closed. Closed 1abellings give rise
to totally multicolored embeddings of fanilies of trees into
compleate graphs with the Boolean edge coloring.

rﬂ Computer coustruction of universal Onitely presented groups

Prof. Natasa Bozovic, of Mathematics and Computer Science,
San Jose State University, San Joss, California, USA

The problem of explicit construction of a universal finitely presented (Ip)
group, whose existence was proved in 1961 (G. Higman), is discussed. This
problem of the combinatorial gronp theory, posed originally in 1969, is to
find an example of a universal fp group with as small number of defining
relations as possible. Using our previous results about universal groups, it
follows that for an fp universal group U, the following of its subgroups are
universal as well: the commutant K and every finitely generated (fg) subgroup
which contains K, every subgroup of finite index, every normal fg subgroup
N such that the quotient U/N is solvable, or nilpotent, or torsion free, etc.
That means that starting with known examples of universal groups, one could
find finite presentations of the corresponding subgroups. There are already
some elaborated methods and computer programs for finding such
presentations, Further development of such programs and somie other related
computational topics will be discnssed.

\SO Hermite normal form computation for integer matrices
Geaorge Havas+ and Bohdan S. Majewski, University of Queensland

We consider algorithms for computing the Hermite normal form of
integer matrices. Various different atrategies have been proposed,
primarily trying to avoid the major obstacle that occurs in such
computations:

explosive growth in size of jntermediate entries. We present a new
algorithm with excellent performance. We. investigate the
complexity of such computations, indicating relationships with
NP-complete preblems.

We also describe new heuristics which perform well in practice. We
present experimental evidence which shows our algorithm
outperforming the previocus methods.
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Embedding m-cycle systems

“E\

Erin R. Spicer Auburn University

Bryant and Rodger have shown that for all odd m, for all
d , u=1or m {mod 2
and for all v = 1 or m {mod 2m) an m-cycle system of order u can be em(beddedﬂ;lz

an m-cycle systemn of order v if and only if v > {m—H-J£, except possibly for the

smalleat such value of v in the case where u = v lnr;
=p = od 2m). i
presented which sattle the exceptional case when m < l:ifm )- Resula will be

‘ K 1 Ring Extensions and Chiral Polytopes

Barbara Nostrand - York University
Abstract polytopes are partially ordered structures which generalize the
notion of polyhedra in a combinatorial sense. There are abstract polytopes
which correspond to all of the classical regular polytopes and many other
well-known structures. Chiral polytopes are repetitive structures with
maximal rotational symmetry which lack reflexive symmetry. While much
is known about regular polytopes, little is yet known about chiral polytopes.
The simplest chiral polytopes are all twisted tessellations of tori. While
these chiral tori can he used to construct locally toroidal chiral polytopes
of rank 4, we can also construct locally spherical polytopes. We use hyperbolic
honeycombs to construct the symmelbry groups of abstract polytopes over

finite rings. The corresponding polytopes belong to families with related;

local symmetry. Ring extensions allow us to construct additional members
of these families and to alter global structure.

1991 Mathematics Subject Classification. 51M20; Secondary 52A25.
Key words and phrases. Regular Polytopes, Chirality, Rotational Symmetry,
Projective Linear Groups, Hyperbolic Honeycombs.

8:30 a.m.

* Restricted Choice Numbers
12

P. D. Johnson Jr.* and Evan B. Wantland
Dept. of Discrete and Statistical Sciences
Auburn University, AL 36849-5307

Suppose G is a simple graph, and k 2 x(G) is an integer. The restricted choice number
¢,(G) is defined in the same way as the choice number c{G) is, except that there are only
k colors (or symbols) fram which to form the lists on'the vertices of G.

We knock off the easy observations, pose the hard guestions as problems, and render two

elementary services: (1) estimation of €x( K .} for various values of k,m, and n, especially
¢ for each & > 2, of those G such that

when n is much larger than my (2) characterization,
alG)=2.

g\{‘ A spann.iug tree of the 2™-dimensional hypercube
' with maximum number of degree—preserving vertices
by
Sul-young Choi*, LeMoyne College
Puhua Guan, University of Puerto Rico

A degree-preserving vertex v in a spanning tree i
vert?x satisfying degr(v} = degg(v). For anpn-dimegmsionaql‘ l:;fp:rf:nl:hqa !:h:
mavuu;l:.xm numl?er of degree-preserving vertices in a spanning tree is 2:;'n if
n=2 ' for an integer m. (K n # 27, then the maximum number of degree-
preserving vertices in a spanning tree is less than 2%/n.}) We also ('oml:rug t _
spenning tree of G~ with maximum number of degree—preserving verti.ces i

/

l { 5H On a Conjecturs of Ryser
P.E. Haxell, University of Waterloo
A special case of a ccmjactufe of R A
3 yoer states that if -
:.h ::if?l?ahgir%x?prer':is at ?ost nipairwise cl:i.sjt:»].m:a :dgp:: ttf::n
ces of cardinality at most n meet

edges of the hypergraph. The best known upper bound fo:etlﬁ:gs?:i

of such a t i
S/2m, set is (8/3)n, givern by Tuza. Here we improve this to
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\gto Degres-Pressrving craph Transformations.

14

88

Todd G. Will*, Davidson College, pavidson NC; Douglas B. West,
gIuc, Urbana IL E

If two edges ab, cd of a simple graph are deleted and replaced with
two missing edges ac, bd then one obtains a new simple graph with
the same degree sequence as the first. Such a transformation is
called a two-switch since it switches two edges for two non-edges.
Berge showed that if two jabeled graphs G and H have the same
degree sequence then G can be transformed into H by a seguence of
two-switches. We show that computing the minimum length of such
a transforming sequence is an NP-complete problem. In additidn,
based on an initial conjecture by Gimbel, we report on attempts to
tind a strict digraph analogue for Berge's original result.

SEPARATING POINTS WITH PARALLEL CLASSES OF HYPERPLANES

W, Edwin Clark, Department of Mathematics, University of South Florida,
Tampa, FL 33620-5700 email: eclark@math.usf.edu

Let V = V{(n,F} be an n-dimensional vector space aver a field F and let V(n,q) =
V{n,GF(g)). A hyperplane in V is a coset of an (n-1)-dimensional subspace W ol V. The
set H of all cosets of such a W is a parallel class of hyperplanes. A parallel class H of
hyperplanes is said to seporare a subset  of V if each hyperplane in H meets S in at most
one point. A family P of paraliel classes of hyperplanes is said to be k-point separating if
for every k-subset S of V there is a parallel class in P that separates S. The goal is to
determine the cardinality LS(V,F) of a smallest k-point separating family of paraflel
classes of the hyperplanes of V. In previous worlc it was shown that if F is infinite and if
k> 1and n > | then LSg(V, F) = n{k-1). Here we study the case where F is finite. We
prove that if q is sufficiently large refative to n and k then LSy(V{(n.q), GF(q)) = nik-1),
however, for small q the problem seems to be very difficult -- even when n = 2. Aside
from some incenclusive bounds, complete answers are obtained whenn=2andk =2, 3,
and 4 for all q.

Reconstructing Bystems of Distinct Representatives in Rectangular
Arrays, the Choice Number of Graphs, and the List Coloring
Conjacture .

Hunter S. Snevily, University of Idaho

We discuss some recent approaches to the list coloring
conjecture and some related (new) problems.

q Multiply Twisted Hyper-E-cube: A Low Dimnéter Interconnection Network
Sirisha R. Medidi* and Muralidhar Medidi
University of Central Florida

We present the Multiply Twisted Hyper-E-cube, denoted EQ(n)-network, which has
low diameter and hence is a suitable candidate for interconnection networks. We describe
a recursive method for generating the topology of an n-dimensional EQ(n)-network from
lower dimensional EQ(n) networks. The network preserves many of the desirable prop-
erties of a good interconnection network such as regular structure, small number of links,
fault-tolerance (up to one vertex failure and two link failures), efficient routing etc. An
EQ(n)-nctwork of (n 4 1)2* nodes has a diameter of 2[(r + 1)/2] + 2, which is signifi-
cantly fow, and hence incurs less communication cost as an interconnection network. The
EQ,-network compares favorably with other interconnection networks like Barrel Shifter,
Iliac Mesh, G-network and Gg-network presented earlier in the literature.

qo Degres Sequences with Single Repetitions
I Guantao Chen, *Wiktor Piotrowskiw®, Warren Shreve
North Dakota State University, Fargo ND 58105-5075

A graphic sequence is said to contain a single repetition

j of length k if all values of the seguence are distinct
except the value j that is repeated k times. Let s(n,k) and
S{n,k), where s(n,k)+S(n,k)=n-1, denote the functions such
that for any pair of integers n and k with n>k+l there exists
a graphic sequence (dl,...,dn) with a single repetition j of
length k if and only if s(n,k)<j<S(n,k). There is known a
formula for s(n,k) if k=2 or k=1. We give the formula for

an arbitrary k. .
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Alley CATs in search of good homes

A

FRANK RUSKEY(*), University of Victoria, Canada
RoBERT COHEN, PETER EADES, AND AARON ScotTT, The

Anstralia

University of Newecastle,

of a g}aph is a monotonically non-increasing sequence of the
degrees of its vertices. We develop an algorithm that generates all degree sequences
of given length and prove that the algorithm does only constant computation per
sequence produced. Such algorithms are caid to be CAT (for Constant Amortized
Time). The algorithm can be modified to produce degree sequences of connecled an.d
biconnected graphs and still be CAT. Similatly, a score sequence of a tournament 13
decreasing sequence of the out-degrees of its vertices. We also
d appears to be CAT.

A degree sequence

a monotonically non
develop an algorithm Lhat generales all score sequences an

\0\'1’ Hyperplane Counts of Quota Voting Schemes
Aaron Meyerowitz, F.AU.
A voting scheme for n voters is a method of combining their n individual votes

for one of two candidates to choose a winner. Thus it ia selection of 2"~! winning

coalitions, one from each complementary pair of subsets of voters. We require
monotonicity in that a winning coslition stays winning if it is enlarged. A quota
scheme is one obtained by giving each voter a non-negative weight and declaring
the winner to be the candidate whose supporters have the greater total weight. Not
all voting schemes are quota schemes although all schemes for 5 voters or less are.
The Pumber of quota (and non-quota) voting schemes have been enumerated up to
n="1.

A non-negative weight function will give a quota scheme unless it lies on one of
an-t _ T hyperplanes (corresponding to two complementary coalitions having the
same total weight). These hyperplanes, along with n others reflecting the require;,
ments that each weight be non-negative, divide R® into cells and weight functions
in the same cell give the same voting scheme.

The number of cells can be computed by determining the lattice of intersections
of the 2"™1 4 n — 1 hyperplanes, computing its Mobius function, and forming the
Whitney polynomial p{z} = T p(#)z?™(? Then the number of cells is |p(1}]
and the mimber of bounded cells is |p(~1)|. It is not clear that this method is
easier than enumerating all the quota schemes directly. However, the polynomial
may yield more insight than its value at 1. We report on a calculation of the
polynomials for n < 6.

9:10 a.m.

ot

A Charscterization of Digraphs with
Interval and Chordal Competition Graphs

J. Richard Lundgren and Sarah K. Mers
Univernity of Colorado at Denver

4

. Competition graphs have appeared in a variely of applications from food
webs to communication networks to energy models. The competition graph,
C(D), of » digraph D has the same vertex set as D and (z,y) is an edge in
C(D) if and only if there is a vertex z such that (2, z) and (v, 2} axe axcs in D.
It has heen observed that most actual food webs have interval competition
graphs. Subsequent research investigating this phenomenon led to the prob-
lem of characterizing acyclic digraphs which have interval competition graphs
since food web models are generally acyclic. This evolved into the problem
of characterizing digraphs with interval or chordal competition graphs. The .
problem is difficult because forbidden subgraph characterizations generally
don't work. Here we usc an climination ordering approach which leads to
useful characterizations which can be generalized to determine which graphs
have interval or chordal squares or two-step graphs.

key words: competition graphs, interval graph, chordal graph, elimina-
tion ordering, square, two-step graph

Consistent Recoverable Trea Ewbeddirngs in Palanced BRypsroubas
Ke Huang* and Jie Wu, Dept of Computer Science and Engineering
Florida Atlantic University Boca Raten, FL-33431 jiefcsoe. fau.edu

As a multicomputer structure, balanced hypercube is a variant of
the standard hypercube structure for multicomputers, with deairsdblae
properties of strong connectivity, regularity, and symmetry. This
gtructure is a special type of load balanced graph designed to
tolerate processor failure. In balanced hypercubes, each processor
bhas a backup (matching) processor auch that they share the same set
of neighboring nodes. Therefore, tasks that run on 2a faulty
processor can be reactivated in the backup processor to provide
efficient system reconfiguration. This paper studies the
raecoverable embedding of the tree structure in bhalanced

hypercubes. Fault-tolerant ability of such embedding scheme is

also discussed.
é Crossings in the Complete Graph
\q Barry Piazza, University of Southermn Mississippi
Rich Ringeisen, Old Dominion University
Sam Stueckle*, Northeastern University

&

In this talk we study the number of crossings possible in a drawing of the
complete graph. Building on work of Eggleton, Guy, and Harborth we find gaps
in the number of crossings possible in drawings of the complete graph besides
the parity gaps found by Archdeacon and Richter. We then give possible
directions in which to extend this work to find further gaps.
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q b An Analytic Result Regarding the Asymptotic Behavior of Level Graph
\ Jacob Shapiro, Baruch College; Jerry Waxman*, Queens College; CUNY

Let G be a level graph, and let vl and v2 be points in G. Let p a\ﬂ ON SENSE OF DIRECTION IN PRODUCT GRAPHS

represent the shortest path between vl and v2 and let p* ke the \ P. Flocchini (1,2) and Nicola Santord (2)

path between those same points produced by LGS. Let 1(p) be the . (1) Universita' di Milano, Milano, Italy

length of path p. The main result of this paper is to show (2) Carleton University, Ottawa, Canada

analytically that, as the distance between vl and v2 increases, the

ratio 1{p')/1(p} ls bounded asymptotically by 1.25. This confirms Sense of Diraction refers to the existence of some global
previous experimental results of the authors. properties of the local labeling of the cocmmunication links in a

distributed system. The presenca of such properties is known to
have an impact on the communication complexity of distributed
problems (e.g., election, broadcaat, etc.). In thie talk, we
describe a natural labeling for some classes of product graphs,
prove that it forms a sense of diraction, and study the election
. problem in such graphs. This investigation xtends and generalizes
the existing results for specific topologies {a.g., hypearcubes,
q Point-halfspace graphs rings, circulant graphs).
' Edward Scheinerman, Johns Hopkins University; Ann Trenk, Wéllesley
College; and Daniel Ullman,#* George Washington University

A gl;aph G ig called a point-halfaspace graph in R*k if one can
assign a point p in R"k to each vertex v and a closed hyperplane
H in R*k to each edge e so that v is incident with e if and only
if p is in H. For each k, we give complete structural and
i_.'urbldden subgraph characterizations of the point-halfspace graphs
in R*“k. Surprisingly, these classes are closed under taking minors
and we give forkidden minor characterizations as well.
Ob An Algorithm for Constructing an Optimal Functionally-Connecled Graph
} Donald L. Goldsmith, Troy Siate University.
Thesplitﬁngofacamecledgmthbymenmuvdofedgesisoﬁwmgardedasan
mdesinbkmm.smceuenvcmsmmmmmnmwmedwummm
component. We will adopt a somewhat different appmach.basodmmeichathanheyerﬂcesin
mecmnpcmmmaynotneedlobgcomecwdlotmseinmomermponemm.un
componenis may (in whatever sense the application ‘demands) be self-contained.

0\% RESULTS RELATED TO : As an illustration, consider an electrical power distribution network. Nodes in the network
‘ CHROMATIC NUMBER OF THE PLANE will be either producers or consumess. Splitting the network il tWO COMPONCTS causes no
{Last year's essays published in GEOMBINATORICS) problem as Jong as each component cantains at least one producer node.

We will call a graph G a :upply graph il its vertex sct V(G) is partittoned into two disjcint,
nenemply subsets, called the sets of producer ard consumer vertices, respectively. A supply
graph G is said to be functionally connected if every consumer vertex is connected by a pathinG
10 at least one psoducer verlex.

by Alexander Soiler
University of Colorado at Colorado Springs; asoifer@uccs.edu

- . . : Suppose now that G is a functionally-connected, edge-weighted, supply graph. One may ask |
The chromatic number of the plane y_ in case of open monochromatic subsets is for a fonctionafly connccted spanning subgraph ¥ of G with minimum total weight Such a
. - ill be called an optimal subgraph of G.
. Dunfield and G. subgraph wi _ .

cqual lo_6 or 7'. This and other related results by N. Brown, N ¢ \ . We will first list some of the properties of an optimal subgraph. We will then describe an
Perry will be discussed. . algorithm which produces an optimat subgraph in a functiohally-connected, edge-weighted, supply

graph, and we will prove that the graph produced by the algorithen is in fact optimal. Finally, we
A new 6-coloring of the plane found by 1. Hoffinan and the presenter will be shown. will give a detailed implementation of the algorithm.

Ithastype (1,1, 1, 1, 1, ¥2 -1), i.e_, the all colors but one forbid the distance one,
and the fast color forbids the uistance JZ - 1. The presenter’s previous example had

thetype(l,],l,l,l,—}?).
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SOl POLYGONAL AND NEAR POLYGONAL GRAPHS ‘ o
Manley Peikel. Department of Mathematics aml Statistics, Wright State University.

[hviem, (] ASA35

A simple graph £is called a mear-polvgonal graph if il is winngle free, connected and
contains a set [T of m gons (simple cyeles of length pr) with the property that every path
of Teneth 2 is comained in a unigue member of 77. If, in addition, the girth of I'is also m,
e £is called a polvgonal groph (or a strict polygonad graph if [ contains afl the m-
gons of 1Y W are interested in the case where I has a targe antomorphism group which

fixes thie sct I

Iie this tafk we will review the enrrent knowledge of these graphs and mention some
yecrntly censtructed infinite Tamilies of potygonal graphs with m = 6. We will also

Bues consin tions of these graphs from gronps. Using these constrnctions and the
vored the fiest Eaewn examples

Y

vpep dlwors Baomage UAYEFY we Bave seeently o
of polvroml praphs with highly wransitive automorphism grovps and having girth > 7.

Coloring Faces of Infinite Plane Triangulations
}O?— Jerrold R. Griggs

Center [or Communications Research, La Jolla, CA 92121, and
University of South Carolina, Columbia, SC 29208

We discuss the problem of coloring the faces of an infinite plane triangulation G so that
the same color is never assigned to two faces that share a vertex (but not necessarily an
edge, as in the conventional map-coloring problem). This is inspired by a recent problem
posed in the Amer. Math. Monthly by D. Gale and R. M. Robinson, who asked how many
colors are needed for a tiling of the hyperbolic piane into equilateral triangles with seven
triangles meeting al mach vertex. We describe a targe elass of triangulations G, including
their example, for which we have an algorithm to color the faces in this sense with just

A := max, deg(v) colors.

D Geomatric Graphs of Chromatic Mumber Four
9- Paul O'Donnell, Rutgers University

The chromatic number of the plane is the smallest number
of colors needed to color the following graph G. Tha
points in the plane are the vertices of G, with an edge
between two points if their Euclidean distance is one.
It is known that the chromatic number of the plane is
between four and seven. A five-chromatic subgraph would
raise the lower bound. If I discover such a subgraph,

I will present it. oOtherwise I will show some
interesting four-chromatic subgraphs, including a
relatively small one with girth four.

P

Computing Prefix Sums in Extemded Pibonacci Cubes
Hari M. Pendyala* and Jie Wu, Cowputer Sciance and Engineering
Florida Atlantic University Boca Raton, FL-33431 jie!csa.fau.odu'

The extanded Fibonacci Cube i3 an novel interconnectio

which is an extension of Fibonacci Cube. The l’iboin:ccrr%::
Possasses attractive recurrent structure and many desirable
prwperctien that can be appiied to our advantage in many ways. Many
of the hypercube algorithms can be emulated afficiently by the
Fibonaccit Cube and it uses fewer links than comparable hypercube
~nilzs itz mize dpaen't ilnsirsass as fast &S h¥parauabe. He present
parallel algorithms for computing the prefix sums on the extended
Fibonacci cube in O{logN) steps with the assumption that O{1logN)
:::au}t??:-are onfaacz of N processors. The results further Juatify

sefulness of axtended Fibonac i
i v tuatl ci Cubes as a =special type of

}Ds The Computation_-l Complexity of Ordered Subgraph Recognition
Mark Ginn (with Dwight Duffus and Vojtech Radl)
Emoty University :

For a fixed urd‘ercd graph.(G,s:) we define the detision problem (G, <)ORD
to have 8 an instance an unotdered graph ' and as & question whether o
not there is an order < on V() such that (G, <) £ (T, <). In this paper we
mves.tngate how 'the computational complexity of this decision problem ch;;nges
for different choices of {G, <). First, we give several examples of smali ordared
graphs for which (G, <)ORD is in P. Most of these give characterization;: of
subclas?cs. of perfect graphs and their complexity is well known. Then .fm
the majority of th'e paper, we look at ordered graphs for which (G, <lOIiD is
NP-complete. This leads us to make the conjecture that for any 2-conm-ctm.|
ord?red graph (G, <), (G, <)ORD ia NP-complete. We are able to answer 1hi-
conjecture aflirmatively for nearly all such ordered graph, and give an example
that shows that this condition is not a characterization, ' e
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;L()L? gylow's Theorem and parallel Computation

peter Mark#*, U Seattle; Eugene Luks, Hilliap‘xantorf U Oregon .
We present parallel algorithms for constructive versions of Sylow's
theorem, including: .

Given: a permutation group g and a prime p,

Find: a Sylow p-subgroup of G. ' . . )
These results parallelize W. Kantor's polynomlal—t%me sequential
algorithms for Sylow's theorem. They add to a growing repertoire
of efficient parallel algorithns developed by L. Babai, W. Kantor,
E. Luks, A. Seress, and others to solve a var}ety o; pFoblems for
permutation groups including membership testing, finding orders,
normal closures, centers, and composition ?actors.
1f G is solvable, the problems are effectively reduced to linear
algebra. This talk concentrates on the non;o}vable case. For such
groups, 2 constructive version of the Frattini argument reduces the
problem to the case where G is simple. To ;olve the problem for
simple yroups, one proceeds by case analysis as dlctatgg.by Fhe
classification of finite simple groups. The class*fzcatxon
actually arises in a variety of essential ways in the machinery for
parallel computation in permutation groups.

D/, Finding the Recurrence Relation for Tiling 2xn Rectangies
9\ Robert Brigham, University of Central Florida
* Phyllis Chinn, Humboldt State University
Linda Holt, California State University, San Marcos
Steve Wilson, Sonoma State University

Cuisenaire rods ("c-rods") are a set of rectangular solids with cross-section
of 1 cm by | cm squares , color-coded by length, and varying from 1 cm
long white rods and 2 cm long red rods to 10 cm long orange rods. A variety
of number-theoretic and combinatorial geometry problems can be modeied
using the c-rods. In this prescatation three derivations will be given for a
recurrence relation yielding the number of ways of tiling a 2 x n rectangle
with | x I and | x 2 c-rods.

A note on largest k-colorable subgraphs

2%

California Lutheran University

Thoussnd Oaks, Ch 91360-2787

Tt is a well known fact that every graph G=(V,E} containa a k-
colorable spannin'g subgraph with at least LI--llfs"l of the edges. In
particular, the case k=2 says that every graph contains a bipartite
subgraph with at least 4!51 of the edges. In this short note, a
probabilistic proof of that statement is given. The proof is an adaptation.
of the proof for the case k=2, thecrem 2.1 on page 16 of the book by Alon
and Spencer, The probebilistic Method.

Embedding of Neshas of Trees inte Eyparcubes
Haifeng Qian* and Jie Wu, Department of Computer science and

Enginsering, Florida Atlantic University

Wa study two ambedding schemes of meshes of trees into
hypercubes presented by T. Leighton. The tirst embedding which is
applicable to general meshes of trees has load 1, dilation 2,. and
congestion 2, but large expansion. The second embedding which is

" applicable to a restricted type of meshes of trees has dilation 1,
congestion 1, and small expansion, but large load. This latter has
a delay factor of r since it uses a single tree aquashing scheme
and the load of each node in the hypercube is non-balanced. We
anhance this embedding method using dual tree squashing to reduce
the delay factor from r to r/2. )

Conditional Graph Completion Classes .
Craig W. Rasmussen, Naval Postgraduate School

20
IfG = (V, E) is asimple graph of order p and size ¢, and if P is a property held
by (G, we say that G is P-completable if there is an ordering e;,€2,.-., €(2)-

2

of the edges of K, — E such that Gy = (V, E+UL, e.-)r has property P

for each k = 1,2,..., (2) ~ q. The sequence {G}} is called a P-completion
sequence. If all graphs with property P are P-completable, we say that P
is a completable properfy and that the class TI of graphs with property P
is a completion class. Of interest are conditional completion classes, i.e.,
classes for which not all orderings lead to completion sequences. We show
that several familiar classes of graphs are conditional completion classes, and |
in several cases provide algorithms for construction of completion sequences.
Keywords: Chordal graphs, perfect graphs, matrix completions.
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Geonmetrical Representations of Maximal Bubgroups of the Gosset

group

Edward Pervin, Software Ccompositions

This paper will describe the seventeen known classes of maximal

subgroups of the Gosset simple group of order 48 x 10! as
stabilizers of geometric features of B8-dimensional uniform
polytopes.

7~ An Algorithm for Tiling mxn Reciangles with Cuisenaire Rods
‘ Eleanor Hare, Clemaon University

Culsanaire rods {"c-fods”) are B ast of. rectangular solids with squars cross-
gection 1 cm. x 1 cm., color-coded by Jength, and varying from 1 cm. long
(white) rods and 2 cm. long (red) rods fo 10 cm. fong (orange) rods. An

algorithm is presented for finding the number of ways to tlle an mxn rectangle

with one layer of c-rods where the lengths of the rods are at most k, for soms
fixad positive integer, k.

9\‘3 A Special k-Coloring for a Connected k-Chromatic Graph

Guantao Chen R. H. Schel;ft

North Dakota State University Memgphis State University + 1213 3

Fargo, ND 58105 Memphis, TN 18152 ‘.
W. E. Shreve

North Dak_ota State University
Fargo, ND 58105 '

For each positive integer k we consider the smallest positive integer f(k) (depen-
dent only on &} such that the following condition holds. Each connected graph G with
<h l:omalin: number (G} = k can be propetly vertex colored by E colors so that for each
pair of vertices To and x, in any color class there exist vertices zy, 23, - - -, Lpy of the
same class with dis#{=;, z; + 1) < f(k) for each i, ® € i < p— 1. Thus the graph is
k-colorable with the vertices of each color class placed througimut the graph so that no
subset of the class is at a distance > f(k) from the remainder of the class. We prove
that f(k) < 12k when the order of the graph is > k{k - 2) + L.

P

z.S. Chen and C.L. Suffel*

An Rdge-Neighbor-Connsctednsss Betwork Reliability Nodel

Stevens Institute of Technology

Lat G be a simple and undirected graph with points and e edges.

_ An stige in graph
deleted from G.

to be the minimum number of edges
G or to laave G empty or trivial.
reliability model where edges in
probabilities and are independent of each other.

¢ is said to be subverted if its endpoints are
The ndge-nalghhor-connactivity of ¢ is defined

to be subverted to disconnect
We consider a network

G are assigned equal subversion

The edge-

neighbor-connectednesu-ruliab:llity R(G) is defined to be the

probability

cuss basic aspects of the model;

that surviving induced subgraph is connected., We dis-~

in particular properties of the

amsociated reliability polynomial, computational complexity of

determining the reliability an

3!6

CONETRUCTING CLIQUES
Mark K. Goldberg, Reid D. Rivenburgh, Rensselaer

d degsign issues of reliable networks.

USING RESTRICTED BACKTRACKING

The problem of constructing a cligue of the maximal size in
a given graph was one of the first problems proven to be NP-hard.

Moreover,
of the problem is NP-hard.

indjcation as to how difficult,
We present the results of computational
algorithm built on the jdea of restricted
We introduce the notion of backtracking coordinates

graphs of bounded gizes.
experiments with a clique
backtracking.

it was recently’proved that even the approximate version
Still, these results provide no clear

if at all, the problem is for

and use them to describe the locations of maximum cliques in graphs

of different types, in particular,
experiments show interesting and

randomly generated graphs. our
somewhat unexpected patterns in

the distribution of the backtracking coordinates that correspond
to maximal size cligues in these graphs.
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3_,9 Classification of Bemifields of Order 625 with Kernal &F(23)
John G. Ramirez —-- University of Puerto Rico

In 1960 Erwin Kleinfeld classified all semifields of
order 16. Victoria Lee Boerner, in her Ph.D. thesis,
classified all semifields of order 81 with kernel of
order 2. In this talk we present unique representatives
of the semifields of order 625 with kernel of order 25.

We obtained 1,500 equivalence classes from the isomorphism
relation and 13 equivalence classes from the isotopism
relation. This result was achieved by making a reduction
on the representation scheme for the semifields, and by the
use of the computer.

}’ /, On the Mathematics of Flat Origamis
Thomas Hull, University of Rhode Island

origami is the art of folding pieces of paper into works of
sculpture without the aid of scissors or glue. Modern advancements
in the complexity of origami (e.g., the work of Montroll and
Maekawa) reveal a rich geometric structure governing the
possibilities of paperfolding. In this paper we initiate a
mathematical investigation of this "origami geometry” and explore
the possibilities of a graph theoretic model. In particular, we
study properties of origami models which fold flat {i.e., can be
pressed in a book without crumpling). Necessary and sufficient
conditions are given for an origami model to locally fold flat, and
the problems encountered in trying to extend these results
glozbally are discussed.

' l‘ Achromatic Numbers of Some Uniform Hypergraphs
} - Nam-Po Chiang, Tatung Institute of Technology _
Let H = (V, E} be a simple hypergraph. A proper s-coloring of a hypergraph
H is a pattition V = X;UXaU---UX, such that |Xi| > 0, i = 1,2,..,9, and
for any i, 1 < i < a, there is no edge ¢ € E such that e € Xi. Further, if
V = X,UX,U---UX, is a proper s-coloring of f# and lor each pair (i, ) thereis
an edge e such that e © X; X}, then we call Lhis coloring a complele s-coloring.
The chromatic number x(H) is the minimal integer s such that 7T adimils a complete
s-coloring and the achromatic nuntber W({H) is the maximal integer 5" such that i
admits a complete '-coloring.
In this paper, we consider the upper bound of the achromalic number of a sim-
ple hypergraph and delevmine the achromatic numbers of the complete k-unilorm

hypergraphs, the complete L-partite hypergraphs, and the projective planes ol'order

.

3.‘ Acthur M. Farley and Andrzej Proskurowski, University of Oregon
Acomecndgmphﬁishmunéﬁnclmofwhnhiﬁmifitmmninsmﬁd

after removal of the set of vertices corresponding to any clement of the class of failures.
With a 's immunity 10 & c_lass of f.nilurps, we can associate a penalty measure, being

distance berween remaining vertices of the graph

over all vertex Failure sets of the class. Speciﬁcally.we.dcﬁnc_mesetofgmphsl.l’l(ﬁp)m
bedloaegmphsimmunemmcfaﬂmofmymoffmmmmpemltyequalm X

P
We gencralize our earlicr results on self-repuiring graphs {i.e., graphs in LF1(1,0))

chamacterizing infinite, minimal classes of graphs in LPI(/p) for £21, p=0 and for f=§,
:{0. Our results are based upon two different generalizations of twin graphs. A twir graph
iseilherut-cycl_coratwing_mphtov;vhighancwveﬂexhubeenaddedbymnu_:ﬂngnm

behavior desired.

On A Conjecture of T-Colorings
3}0 Daphoe Der-Fen Liu ’

California Statle University, Los Angeles

14

In T-colorings or the chafinel assignment problem, T is a finite set of nonnegative
integers containing 0. A T-coloring of a graph G is a function, £:V(G) - Z*V {0},
such that the difference of colors assigned o two adjacent vertices cannot fall in T.
The span of f is the difference of the largest and smallest colors n f(V). The T-span
of G, denoted by sp{G), is the minimum span among all T-colorings of G. Let g
represent the collection of seis T that greedy algorithm calculates all T-spans of .
complete graphs, and let e represent the collection of sets T that spG)=5p1(K i)
for all graphs G, where x(G) is the chromatic number of G. Many sets T of g are
obtained (Cozzens and Robcﬂs[1982],Rayduudhuri[1989].‘l'r.5man[l983],elc.) While
only few members of ¢ are found {Cozzens and Roberts [1982], Raychaudhuri[1989],
Liuf1992].) Lin{1993] showed the first known families of g - e fi.e. sets T in g but
not in e.} We will explore the relationship between g and e. Different families of
sets T in g - e are obtained. Before this article, all known families of e are also
members of g. This motivated us to study the conjecture of Liu[1992]: "e C g.” We
find a counterexample of this. A set T in e but not in g is demonstrated.
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cyclic Difference Schemes
c.J. Colbourn, University of waterloo
D.L. Kreher*, Michigan Technological Dniversity

}N

An T by ¢ array D with entries from an Abelian group A
je called a difference scheme based on (p,+) if it has
the property that the vector difference between any pair

of columns contains every element of A equally often.

if A} s, we denote such an array by D(r,e,s).

A difference scheme p(r,c,s) can be used to construct an
orthogonal array OA(rs,c+1,s,2). A difference scheme is
cyclic if the cyclic shift of any row of the scheme is
otill a row of the scheme. We construct an infinite family
of cyclic difference scheme and improve the lower bound
on the number of columns that a difference scheme or
arthogeonal array can have.

9\3"3- LATTICE PATHS WITH OR WITHOUT HORIZONTAL STEPS
by Jacques Labelle, Université du Québec a Montréal

Given U (an siphabet) and U % Z = {---,-2,-1,0,1,2,--}, the Dyck language is

{w-e U* { h(w) = 0 and w = wywz = h{w; ) > 0). Consider the operator D : Nix,z~"] —

NIt]], from Lanrent polynomials to generating functions, defined by P{U(x)} = Dy(t)

whete U{r} = ¥ z™*) and Dy{1) is the generating function of the number of Dyck words

welf
(ot paths) of length n. The object of this paper is to study properties of the operator D,
ansd twa similar operators 7 (for two-sided Dyck paths) and L (left-factor of Dyck words).
We consider the cffect on Dy{t) of adding k different new horizontal steps (or lctters) to
U. Clased forms are obtained in the following cases : U(z) =z" +z~ "', m 2 1, Uz} =
x4z 427y Uiz) = 7 + 77 (classical Dyck), U(2) -
Motzkin).

z+ 1+ 27" (classieal

}3‘ 5 Minimal alternating cycles in tripartite graphs.
Donald Y. Goldberg® {Occidental College), Albin Lee Jones {Occidental College and
University of Toronto), Daniel 5. Wilkerson (University of Californin at Berkeley).

The 1977 Jézsef Kiirschik Competition in Hungary included this problem:
“There are three disjoint schools, each with n students. Each student is acquninted
with a total of n+1 students in the other two schools. Show there are three students,
one from each school, who are mutnally acquainted.” Two elegant proofs are given
in 1. Surdnyi, Matematikai versenytételek (Budapest, 1992).

We prove the following generalization: Let G be » tripartite graph. A vertex
in G is considercd biased il its adjacency set is a subset of one of the three parts.
A cycle in (7 is said to be alternating if any three conseculive vertices represent
all three parts. Suppose that each of the three parts in G has n vertices, that no
vertex is biased, and that the degree of each vertex is at least k. Then lor some
r € n+72 - k, there is an alternating cycle in G of length 3r.

4:20 p.m.

3?"

oOn The criticality of Graphs Labellsd with a Condition at Distance

Two
John Georges and David Mauro, rrinity College, Hartford, CT 06106

An assignment of non-negative integers to the vertices of graph
G is called a labelling with a condition at distance two if and
only if the labels of adjacent vertices in G differ by at least
two, and the labels of vertices which are distance two apart in G
are different. The lambda-number of G is the smallest integer k
for which there exists-a labeiling of G with a condition at
distance two into {0,1,2, k}. We define a graph H to be
lambda-edge critical if for every edge e in E(H), the lambda-number
of H-e is lesa than the jambda-number of H. In this paper we
investigate the properties of lambda-edge critical Ve
characterize
lambda-number less than 5 and give examples of infinite families
of connected lambda-edge critical graphs with lambda-number 5.
For the cases where the lambda-number of G is greater than or aqual
to the order of G, we use the relationship between the
lambda-number of G and the path covering number of the complement
of G to obtain classes of lambda-edge critical graphs. In
particular, we show that the complete multipartite graphs are
lambda-edge critical. )

95*‘

Cel) Selection for Dags with Indegree and Outdegree Bounded
by Two Is Strongly NP-complete.
. Wing Ning Li
A. Gregory Starfing °
Department of Compater Science
University of Arkansas

The cell sclection problent arises in VLST circuit design and is 8 very important prob-
fem. Aside from its physical and clectrical charscteristics, the basic optimization prob-
tem is the following. Given a dag (directed acyclic graph), a set of pairs of numbers L,
for each-venex v, and two pumbers K and K5, sclect a pair from L; for each v; such

than K, and, using the second component of each selected pair as the weight of the
comesponding veriex, the path with the largest summ of these weights is no more than
K. In this paper, we prove that, with the restriction that the indegree and the outdegree
of each vartex are bounded by 2. the celt selection problem is NP-complete even when
the first component of each pair in L takes a valve of either | or 2 and the second
component takes & value of cither | o 4.



. ‘ ' THURSDAY, MARCH 10, 1994

I. Anderson, N.J. Finizio*, and R.W.K. odoni

}}b character Sums and T-cyclic Whist Tournamants

&

construction of Z-cyclic whist tournaments for v = st*2 + 1 players
is discussed., Here s,t denote primes, each congruent to 3 {mod 4),
e,t > 3. sufficient conditions for existence are introduced. Using
character sums and specific solutions, satisfaction of the

sufficient conditons is discussed.

9_/’ Pairs of weighted nonintersecting lattice paths
9‘ Hejnrich Niederhausen, Florida Atlantic University

A lattice path makes a left turnif a vertical step follows a horizontal step: _W' .
We give the weight pp'q’ to a left turn at the lattice point (i, 7). The product of the
weights at left turns is the weight of the path. Analogously, a path can have each
right turn at (#, 7) weighted by vq'p’. We consider pairs of paths where the ‘upper’
path has weighted left turns and the ‘lower* path has weighted right turns. The
total weight of nonintersecting pairs of paths has been derived by Krattenthaler
and Sulanke (1993), using the ‘rotational method’. We show how the result fits in
the ¢-Umbral Calculus and can be phrased and solved as a bivariate initial value

problem.

gj Finding a bound on the size of Pj-free graphs

Mark R. Dillon, University of Colorado at Denver

Finding an upper bound on the number of edges in an F-free graph, where

F is snme arbitrary graph, can be difficult. Specifically, we examine this problem

when F is a path on j vertices. We present exact upper bounds on the size of Pj-free

graphs when their order is small and when j is small.

4:40 p.m.

2}1 Irragular asiaignments producing consscutive labelings for graphs
Mike Jacobson, Ewa Kubicka®,K Grzegorz Kubicki .
Depart-.ant of Mathematics, University of Louisville

We say that a graph G is consecutive if it is possible to assign
integer weights to its edges so that all vertex labels (sum of
waights of all edges incident to a vertax) are consecutlve numbers
(almost consecutive for orders congrusnt to 2 modulo 4). We show
that all graphs without isolated verticas or isolated edgas are
consacutive. Moreover, the produced labeling is symmetrical with
respect to zZero. '

© A new algorithm for computing convex hull
Stephen V. Rice* and Laxmi P Gewall
university of Nevada, Las Vegas .

Computing the convex hull of a set of points in two dimensions is
a wall explored problem and several algorithms of optima) time
complexity have been reported in the literature. We present a new
algorithm to compute the convex hull of n points in two dimensicns
in O(nlogn) time, which is optimal within a constant factor. The
algorithm first converts points inte n lines in the dual plane
defined by the coordinates of the points. We show that the .
intersection of lower half planes I(1) (respectively, upper half
planes I(u)) induced by lines can be computed in O(nlogn) time by
a careful application of binary search. The lines on the boundary
of I{1l) and I(u) exactly corrasponds to the vertices of the convex
hull in the primal plana. The algorithm is simple and easy to
implement.
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9_3 Subset sums of sets of reisdues
E.Lipkin, School of Math Sciences, Tel Aviv University

We study multisets 4, of non;ero residues modulo q. Let A, be an r-multiset, .

i.e. A, contains at least r elements # 0( mod ¢') for any divisor ¢’ of ¢. Let A3 be ‘\ .

a sct of sums of subsets of A,. We obtain results describing the structure of sets AQ 92) Presarvers of a fixzsd degres sequence

and. A, by using certain properties of set Ag. Alao we prove G.Diderrich conjecture LeRoy B. Beasley, Utah State University, Logan, Utah 9.‘322
concerning conditions when A7 = Z,, 8 complete system of residues modulo g. We investigate the linear operatora on the sets of

undirected, directed and bipartite graphs that preserve a fixed
degree seyuence. This ie related to studying assignment functions,
the simplest of which is the permanent function when considering
the adjacency matrix of the graph as a real (0,1)-matrix.

513 Detearminants, Power Series, Partitions
Zoltan Reti, University of Florida
Newton's formula, which establishes the relationship
between the elementary symmetric functions and the
power sum symmetric functions is just one of the very
many examples of convolution-type identities.
The solution of such a system of eguations lead to the
examination of determinants of Hessenberg matrices
in a natural way. We will show how to specialize the

matrix to obtain important combinatorial numbers: . - o
multinomial coefficients, Stirling numbers of either 65 An Improved Algorithm for Finding the Compact Sets in a Graph

kind, Lah numbers. . .
We will also use this representation to carry out Muralidhar Medidi

operations with formal power series elegantly and University of Central Florida
hope to rescue from oblivion some beautiful formulas : .
of the last century too. A compact set in a weighted graph G = (V, E) is defined to be the vertex set C of

a connected subgraph of G such that the weight of any edge between any pair of vertices
within this subgraph is smaller than that of any edge with one end-vertex in C and the
other in V — C. Compact sets can be used for clustering and other partitioning problems
encountered in computer systems, notworks, VLSI design, information retrieval, efc,
Recently, two O(n?)-time algorithms were independently presented to find all the
‘compact sets in a graph with n vertices. We present an O(m + nlog n)-time algorithm for
finding all the compact sets in a graph with n vertices and m edges; thus, our algorithm is

;La Computing Cycle Equivalent Vertices in Linear Time
Robert R. Crawford, Ali A. Kooshesh#*, Western Kentucky University
Rsheerabdhi Krishna, University of New Mexico SR I

The notion of control dependence is central to compilers that H ier a i )
attempt to extract parallelism from a given program. Conseguently, an improvement over earlier algorithms for sparse graphs and works equally well for dense
computing the control dependence relation accurately and graphs.

eff@ciently is an important aspect of most parallelizing,
optimizing compilers.

In many applications, however, the complete control dependénce
relation is not needed. It suffices instead to compute the control
dependence equivalence relation, i.e., a partition of the nodes of
the control flow graph wherein two nodes are related if they have
the same set of control dependences. It is been shown that
computing the control dependence eguivalence can be reduced to
computing a simple graph property called cycle eguivalence. Two
ver§1ces of a strongly connected directed graph are cycle
equivalent iff for all cyclea C, either C contains both or neither
vertices. In this talk, we present a method for partitioning the '
Vertgx set of a directed graph into cycle equivalence classes that
requires linear time with respect to the number of edges in the
input graph.
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ganaralized Court-Balanced Tournuen€ Designs
peter Rodney - University of Vermont

A generalized court-balanced tournament design,
GCBTD(v, ¢, 1; k), is an arrangement of the blocks of
a balanced incomplete block design, BIBD(v, k, 1), into
a c-row array, such that no element appears more than
once per column and every element appears the same
number of times in each row. We show that for any
positive ¢ and k, there exists a GCBTD(v, <, 1; k) for
sufficiently large v. We will also discuss the
relationship between GCBTRs and other related designs.

vector Versions of g-Identities

James Haglund, Kennesaw State College

A new statistic on vector partitions is introduced.
Several g-identities involving partitions are then
extended to partitions over vectors. In particular,
vector versions of the MACKOH identity, and of a
classic identity due to MacMahon involving
inversions of permutations, are obtained. Other
applications include g-versions of identities

due to MacMahon involving compositions of vectors
and Simon Newcomb's Problem. This is a summary of
the authors dissertation, University of Georgia,
December, 1993.

?.51

95% The Complexity of lntegral Network Flow with (1,2) Multipliers
in a Unit Capacity Network
Wing Ning Li

Department of Computer Science
University of Arkansas

We look at one of the simplest versions of network flow with multipliers problem. In
this case, the multiplier associated with each node is either 1 or 2, i.e. the flow through
a node either remains the same or is doubled. and the capacity of each edge is 1. We
prove that this simple version of the integral network flow with multipliers problem is
strongly NP -hard, and for any k the k-absolute approximation of this problem remains
to be strongly NP -hard.

5:20 p.m.

930‘ Minimal Imbeddings of Some Graph Products

Ghidewon Abay Asmerom, Virginia Commonwealth University

In this paper we consider the genus of some graph products of A and G.
These graph products are those that can be regarded as covering spaces of a
voltage graphs H* obtained by modifying H according to the configuration™
of G, a Cayley graph. This always starts with a suitable imbedding of ¥ in

~ some orientable surface followed by the modification of the edges of H to get
H*. The sufficient conditions are put on H and (7 so that the imbedding of
the covering graph of H* is a minimal. The imbedding technique used here
involves both surgery and voltage graph theory. Sample results involving
the tensor, the augmented tensor, and the lexicographic products will be
presented.

l.‘-‘b ALGORITHMS CONCERNING BOFIC BHIFYS

E} Natasa Jonoska*, University of South Florida

Tom Head, State University of New York - Binghamton

A sofic shift is a set of bi-infinite sequences representable as
the set of all labels of bi-infinite paths in a finite edge-labeled
digraph. A topologically continucus shift commuting map from one
sofic shift onto another sofic shift can also be represented

by means of a finite labeled digraph. Such maps are topological
conjugacies if they are injective. We provide an elementary
polynomial time algorithm for deciding the injectivity of such
maps. We also provide a gquadratic time algorithm for deciding the
equality of pairs of irreducuble sofic shifts when these shifts are
given by irreducible deterministic representations.

»u



2|\ ADDITIVE PERMUTATIONS OF CARDINALITY EIGHT
% PART Il: PERMUTATIONS WITH FOUR POSITIVE AND
FOUR NEGATIVE ELEMENTS

Jaromir Abrham*
Department of Industrial Engineering, University of Toronto
Toronto, Ontario, Canada M55 1A4

Jean M. Turgeon
Mathématiques et statistique, Université de Montréal, Case Postale 6128,
Montréal, QC, Canada H3C 3)7

An ordered set X = [x3, X2, ..., Xn} of refa tively prime integers {xy<x2< ...
<xp) is called a basis of additive permutations (an A-basis) if there exists a
permutation Y = (Y1, Y2, o yn) of X such that the vector sum X+Y = (x1+y1,
X2+¥2, s Xn+¥n} is again a permutation of X. Y is then called an additive
permutation of X. All A-bases of cardinality 7 and less have been known for
some time. All A-bases of cardinality 8 with at most three negative elements,
and their additive permutations, have been enumerated in 1992-93. The
purpose of this paper is to present all remaining 18 A-bases of cardinality 8
and their additive permutations. :

l.\} How wide can you spread your chep sticke?

9‘ Moshe Rosenfeld, PACIFIC LUTHERAN UNIVERSITY

Three chopsticks can be arranged so that the smallest angle among
any two is 90 degrees.How about 4 ? 5 ? or h chopsticks ? A set L,
of n lines through the origin in J-space determines n{n-1) angles.
Let a{L} denote the smallest angle determined by the lines in L.
In this talk we derive an upper bound for a(L). For 4 lines we show
that the largest possible angle is arccos{1/3), foxr €
arccos(1/sqrt[5]} and for 5, . . arccos(I don't know yet).

S FORY N

9‘ Generalized Degrees and Even Cyclea i
) ? en Cycles in Graphs R i i
Krislny o Brot Tonoerms Suate Onic ¢ éai[t)ya on Gould, Emory University, Atlants, GA. Debra
A graph G of order n gatisfies a minimum i i
A dor . : generalized degree condition 6 > i i
o:nk :(‘ie;:iel;deut vertices ip collectively adjacent to at least f{n) of the vetti:es_i:{ (lr;}cl"g e;;is';ﬂe:*mn
igr .ﬁel(:G;m; elg;ee analogue of a result due to Bondy and Simenivits (1974) on even cyclm'. We show :l: :
L 2 en'? fot some real number ¢, then for sufficiently large n, G must contain a € y
3

generalized degrees, neighborhood unions, even cycles. - Keyworda:

- edges whose vertices belong
G by finding the minimumm over all suc

" value c.
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How Far From Cordial Can 2 Graph Be?
Mark S. Anderson, Rollins College

244

A partition of the set Vg, of vertices of a graph G into two subsets Vg and Vy induces a

jti t f edpes of G into two subsets Eg and Ej, the first being the set of
e O et e g::the same class. We can measure the cordiality of a graph

h partitions of the value

c= 2

Vo-Vi |, | Eo=Edl |
5
graph G is cordial. In this paper we present.bounds for the

If (G)=0, we say that the

,‘5 On Extremal sort Sequences
;L Minyoung Kim* ,The Alabama A & H University
Ashok T. Amin, The University of Alabama in Huntsville
Let I(n) denote the set of integers {1,2,....,n} and let
X = {x1, %2, ..., Xn} danote a set whose alements are to be
sorted. A sort sequence 5{n) is a sequence of all unordered
pairs of elements of I{n). With a sort sequence S(n), we can
associate a sorting algorithm A(S(n)) as follows. An
execution of the algorithm performs pairwise comprisons
of elements in the input set X as defined by the sort
sequence S(n}, except that the comparisons whose ‘outcomes
can be inferred from the previous comparisons are not -
performed and such cutcomes are said to be actively
predicted. Let w(S(n)) denote the expected number of
active predictions for the sort sequence's(n) assuming
all input orderings are egually likely. Let wx{n) and
wo(n) denote the maximum and minimum values, respectively,
of w{S(n)) over all sort seguences 5(n). Using a graph
theoretic approach, we obtain bounds on wx(n), w0O{n), and
show that w*(n) is of order nlogn.
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b (f, 2)—Rotational Steiner Triple Systems
i

j— Zhike Jiang University of Waterloo

A Steiner triple system of order v is called (f, k)-rotational if it admits ap satomorphism
consisting of f fixed points and k cycles of length (v — f)/k- When b=2,f=1 mcl s
system is known as a 2-rotational Steiner triple tystem snd it is known that a ?—rotlhond
Steiner triple system existe i and only f v = 1,3,7,9,15 or 19(zo0d 24). In this paper we
dead with the existeuce of (f, 2)—rotational Steiner triple systems, with f > 1 and show tbet
cuch a system of order v existe if and only i (i) v = 1,3(mod ), {ii) £ = 1,3(mod 8), (i)
il v — f = 2(mod 4) then v 2 3f; i v = f = B(mod 4) then v = f or v > 3f — 2, and (iv)
v#3f —2 when f = }{mod 12}, v # 21 when F=3,0#3f—2,3f+10 when f = 15{mod
24),v£3f+4 when f = 3(mod 12},E#25\Ihmf—-=7,u¢3f—2when F = T(mod 12),
v # 27 when f=9vs#3f —2when f = 21(mod 24), v # 3/ + 10 when f = Wmod 24}
and v # 3f + 4 when f = $(mod 12}. . . .

Key Words: Steiner triple system, difference triple, Skolem sequence, orbit of permulofion

groups.
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REVISITING EUCLID'S ALGORITHM: A GEOMETRIC YOIN'T OF VIEW
Vanessa Collazo, Arkene Corrca and Pablo M. Salzberg(*), Univernity of Puerlo
Rico, Wio .Piedrns Campus, P.O. Box 23385, Puerto Rico 00031

The interseelion of 8 line of rational slops a/b with any cireular crom acclion of the
9 dimensional totws T3 = K2/%* ore equally spaced, and the pumber of intcrsec-
lious is inversely related to the ged{a,d). Wo use these facts to derive a version of
Euchd's algorithm for numbery. This approach suggests a bi-residual variant, of the
{east absolutc value algorithm. Computational cvidence shows that an extension
of this variant to Harris’algorithm improves significantly its efficiency. This framc-
work alsh seems appropriate to deal with discrele lines (computer graphica), where
some new resulis were obtained.

g The Software GADAR and its Application to
9:& Extremal Graph Theory

Alexander Scl_lliep. University of Delaware

For the class of algebraically defined graphs — i.e., graphe in which ad-
jacency between verlices iz defined by some algebraic relations and hence,
during the ¢alculation of invariants, neighborhoods can be computed instead
of being looked up in adjacency lists — existing packages turned out lo be
too ineflicient.

GADAR (short for "Graphs with Algebraically Defined Adjacency Rela-
tions™) is a package based on Mathematica. For its design and implemen-
tation techniques of object-oriented programming were used. The package
is applied to investigation of the infinite lamily of graphs D(k,q) for which
some non-intuitive conjectures were obtained. As Lazebnik, Ustimenko and
Woldar could prove, the family D(k,q) is an example of & family of graphs
which for given order and girth have the Iargest size (with a finite number of
exceplions).

-

A‘H FRACTIONAL COLORINGS WITH LARGE DENOMINATORS

David C. Fisher — Universily of Colovado al Denver
The left graph shows T committees with edges between committees with common
membesn. Avoiding scheduling conflicts, Aow long- wiill it take to have each commiliee
smeel for 1 Rour? The graph can be minimally colored with 4 colors giving a 4 hour
schedule. However, the right graph shows » minimnm fractional coloring with 3}
colgrs where A,C, E, F sre 1 coloms, and B, D, G are  colors. Notice the colors on a
node sum to 1, and adjacent nodes do not share colors. Scheduling A's for the firat 1
hour, B's for the next 1 hour, G's for the next § hour, ete. gives 2 3} howr echedule.

dej AEF ce
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In the above example, an hour is divided into 3 subintervals because the least common
denominator of a minimum fractional coloring is 3. Erdos asked for an n node graph:
Is this denominalor always less than n? Chvital, Garey and Johnson gave & negative
anewer by finding examples whose denominators grow as ~ eV™™("V? (subexponen-
tial). They also showed the denominator is at most n™? (superexponential). This
talk gives exemples whose denominators grow as ~ 1.346193" showing the denom-
inator can grow exponentially. These examples ase a result of Larsen, Propp, and
Ullman on the fractional coloring of graphs formed by a construction of Mycielnki.

350 On 0-1 Approximations .

Jacek Ossowski

Courant Institute, New York University, New York, NY 10012

Given any numbers zi,...,7, € {0,1} and a permuiation & € S, the task is
to approximate the sums Ty, Ty ¥ %2, ... 21 +---+ 2, and Loy Topr) T
To(as ---9 To(t) T2+ To(n) by respectively &, ¢+ &, ..., &g+ ---+ ¢, and
(1)) a1} F Eo(2)s --- 2 Eaf1) + - F €afm} » Where &,..., &, € [0,1}. How accurate
the approximations can be? The answer is provided by the following theorem:

For any Ty,...,2, € (0,1] and o € §, there exist numbers «,... ¢, € {D,1} such

that forallk—1,...,n
k

*
|§rg—2ta|5nfn+l

=1
and
£ E

P ton — 2 total Snfn+1.

= i=t
The number nfn + 1 is the best possible (the best previously known upper bound
was 1 —~ 272"}, In this paper we present a proof obtained independently of Donald
E. Knuth who solved the problem shortly before the author. In our approach we
use theorems of Ford and Fulkerson on common systems of distinct representatives.




Q‘S | Ou the Spochruw of 0cDD
Xisojun Zhu, University of Watarloo

Kaywords; nrthogonal steiner triple system, group divieibls Jesign, orthogonal

group divisible design

Two (3}-GDD of the same type (V, ¢, B,) and (V, G, By} are orthogonal if they satisly
two conditlens: . ‘

{onH {z,yna} € By and {z,y,b} € By, then a,b are not in the same group.

{02) For any two distinct intersecting triplen {z,p, r} and {u,v, 2} of By, the two
tripl ,a} and {w,v,b} € Dy satisiy ¢ ¥ 5. .

s:i:::{;:if is }denoted by OGDD—orthogonal group divisible designs.

The special cass when all groupe of of size 1 correaponds to the OSTS{orthognal
steiner triple aystem}. The problem of conatructing O3TS wes ralsed fn 1942 by
O%haughuessy as a melhod to construct Room squares, it was nof unti) 1992 !..lm
spectrum of OSTS was completely determined. The genersl case has been studied
extensively since then. While not all cases have been soived yet, much progtess has
been made on the following result:

For any ¢ > | and n which satisfies the necessay conditions, there exists an
OGDD of type g° excepi poasibly for finitely many cases.

v :
THE FASTEST EUCLID’S ALGORITHMS IN TOWN

Rodney Cruz (*) and Pablo M. Salsbery, University of "ucrto Rico, Rio Picdras
Puerto Rica 00931.

Campus, P.O. Box 23355, Rioc Viedras,

We introduce a family of versions of Buclil’s alguritlun o find the grentent com-
mon divisor of iwo integers whose speeds depend on memwry availsbilily, Theve

algotithms can be implemented in any numerical hasis.

TR ¥ T

/ To Break a Graph Inte Pisces
;L)b Robert R. Goldberg* and Jarry Waxman
Queens College of CUNY, Flushing, N.Y. 11367

Let G be an undirected connected graph and v, a vertex of G.
This paper describes a fast parallel method to determine when v
is an articulation point of G. The method incorporates an exten-
sion of a previous result of the authors for determining, in
parallel, which vertices of a graph are k-Reachable from a given
node of the graph. A combinatorial circuit was shown to %nple-
ment k-Reachability in parallel for O{k) steps. Basged on this, we
show that all the articulation points of a graph can be achieved
in 0(d) time, where d is the diameter of G.

8:50 a.m.
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New Clazses of p-Competition Oraphs and
$-Tolerance Competition Graphs

Charles A. Anderson, Larty J. Langley, J. Richard Lundgren,
Patricia A. McKemma®* , Sarah K, Merz
University of Colorado at Denver

The coricept of the competition graph has been extensively stadied and generalized since
its introduction in the late sixties. We will consider the generalizations known as the
p-competition graph and the $ -tolerance competition graph. The p-comperition graph
of a digraplh D=(V,A) has vertex set V and an edge between x and y if and only if there
are at least p distinct vertices for which x and y “compete” in D. A graph G isa
$-tolerance competition graph if there is a digraph D=(V,A) and an assignment of
tolerances 4, o the vertices v such that for i=j, [v.v] € E(G) if and only if
| ONOM) 2 $(1.1), where ¢ is 8 symmetric functior fromt NxN to N such ss
min, max, or sum (N={n€Z > n20)). Using a construction of Myceilski as well as other
methods, we will generate large classes of graphs which fall into one category but not
anotficr.  For example, we will construct large classes of graphs which are not
competition graphs which are min-tolerance competition graphs. We will also present an
algorithm for generating graphs which are competition graphs but not 2-competition

graphs. KEY WORDS: p-compeiition graph, $-folerance competition graph

#

The splitting formula for computing the Tutte polynomial of a binary
3-connected matroid

ARTUR ANDRZEJAK  VANDERBILT UNIVERSITY, DEPT. OF MATHEMATICS

A splitting formula for computing the Tutte polynomial (M) of a 3-connected
binary matroid M will be presented. Specializations of the Tutte polynomial include:
the Jones polynomial of an alternating knot; the weight enumerator of a linear code;
the reliability of a network; the number of colotings and flows in graphs. Accordingly,
computational methods for finding the Tutte polynomial of a matroid (in general a
#P-hard problem) are of practical and theoretical importance.

The formula uses notion of a bipointed Tutte polynomial, an extension of the
(single) pointed Tutte polynomial introduced by Thomas Brylawski. Applying this
formula we can compute t{M) from Tutte polynomials of some minors obtained by
representing M as a 3-sum. A 3-sum of a binary 3-connected matroid can be found in
polynomial time using the exact 3-separation (5), 53) of M. Our splitting formula re-
quires the calculation of Tutte polynomials of matroids on no more than max {|Sy, Saf}
elements. Thus by choosing an exact 3-separation of M with minimal max (|S;, 55[)

and by applying the splitting formula we can drastically reduce the computation time
of ¢(M).
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S L, SELF~ORTHOGONAL MENDELSOHN TRIPLE SYSTEMS
F.E. Bennett‘. Mount Saint Vincent University

L. Zhu, Suzhou University

A Mendelsohn triple system of order v, briefly MTS{v).is
a pair (X, B) where X is a v-set (of points) and Bis a

collection of cyclic triples on X such that every
ordered pair of distinct points from X appears in
exactly one cyclic triple of B. The eyclic triple
{a,b,c) contains the ordered pairs (a,b), (b.,c), and
{(c,a). An MTS(w) corresponds to an idempotant

semisymmetric Latin square (quasigroup) of order wv. An
MTs{v) is called self-orthogonal, denoted briefly by
SOMTS{v), if its associated semisymmetric Latin square
is self-orthegonal. It is well-known that an MTS(v)
exists if and only if v = 0 or 1 {mod 3) and v # 6. It
is also known that a SOMTS(wv) exists for all v = 1 ( mod
3) except v = 10 and that a SOMTS(v) does not exist for
v =3, 6,9and 12. In this paper it is shown that a
SOMTS{v) exists for v € {15, 24, 42, 48, 51, 57, 60, 69)
and for all v 2 75 where v = ¢ {mod 3).

An Algorithm for the Enumeration of Costas Bequences and 8imilar
Permutations

John €G. Ramirez and Oscar Moreno¥,
University of Puerto Rico, Rio Piedras

Gauss Research Laboratory

We have developed an algorithm that performs backtracking
adding terms to both sides of the sequence. Using the symmetries
among the permutations this algorithm will reduce efficiently the
computation time by not repeating a searched pattern as
subpattern in a different branch of the search. This was very
efficiently adapted for working in.a parallel computer. This
algorithm was useful for having a parallel program that
enumerates all Costas sequences of size n in a very efficient
manner. Costas arrays are special permutations which are
important in sonar and radar applications. We obtained all -
Costas sequences of size 19 in one week (this task would had

.taken Dr. Silverman, a previous reSearcher from the ARMY Research

0ffice, more than one year) and the set of all Costas sequences
of size 20 in one month. Thege techniques also led P. Pei {a
former researcher from our laboratory} to obtain more speciallzed
Costas sequences for even larger sizes.

.

"

9_17% A Matrix Analysis of Curﬁer Posets of Biconnected Graphs
Peter W. Stepf;ens, Department of Mathematics, U. C. L. A.

We define the Carrier Poset, (Pg, <p_), for a biconnected simple graph
G. The incidence algebra, A(Pg), for this poset is considered by studying a
certain class of functions, f, called broken cycle content functions. We de-
scribe matrices, My, of these functions, as elements of A(Pg), with respect
to a particular linear order on P;. For any such broken cycle content matriz  «
for a full span chain, with the pre-cut and post-cul properties, in (Pg, g,;c),
we show that there is an associated submatrix of M; which is upper triangu-
lar, weakly decreasing in rows, and weakly increasing in columns. We study
" Jull span bicompenent trees for biconnected simple graphs and interpret our
results on chains in terms of these structures. These results suggest a general
mathematical view of why certain classical optimal graph algorithms always
seem to work in regions of P associated with such full span chains.

p-Competition Graphs of Strongly Connected
and Hamiltonian Digraphs

Larry Langley, J.Richard Lundgren, Patricda A. McKenna,
Sarah K. Merz®, University of Colorado at Deaver

Craig W. Rasmussen, Naval Postgraduate School

Competition graphs were fizst introduced in the late sixties by Joel Co-
hen in the study of food webs and have been extensively studied since 1978.
We will examine one generalization of competition graphs, the p-competition

graph.

Graphs which wre the competition graph of » strongly connected or

Hariltonian digraph are of patticular interest in applications to communics-
tion metworks. It has been previously established that every graph such that
the size of the minimum edge clique cover is less than or equal to the number
of vertices in the graph minus the mumber of inolated vertices {except K3) is
the competition graph of a sirongly connected loopless digraph. We estab-
lish an snslogous result for p-competition graphs. Furthermore, we establish
some large classes of graphs, including trees, which are the p-competition
graph of 2 loopless Hamilonian digraph. For p = 2, we find that an interval
graph on n > 4 vertices is the competition graph of a loopless Hamiltonian
digraph. The difficulties in generalising results for competition graphs to
p-competition graphs will be discussed.

key words: competition graph, p-competition graph, strongly connected,
Hamiltonian, trees, interval graph

,}_wD

A Feasible Set Expansion for the Two-Variable Gresdoid Polynomial
Elizabeth McMahon* and Gary Gordon, Lafayette College

The two-variable greedoid polynomial is a generalization

of the Tutte polynomial of a matroid and the one-yariable
greedoid polynomial. We give an expansion for the polynomial
in terms of feasible sets which is a consequence of a

a partition of the Boolean lattice of subsets of the ground
set into intervals based on the feasible sets of the greedoid.
As an application, we show that when G is a rooted digraph,
the subdegree of one of the variables is the minimum number
of edges whose removal leaves an acyclliec digraph. This .
expansion generalizes Whitney's expansion of the chromatic

pdlynomial of a graph.
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Some terraces with difference properties:
on a conjecture of B.A. Andersom *
Stephen B. Cohen and Philip A. Leonard, Arizsona s_tate Univ

In his 1990 paper on quasi-2-complete Latin squares, Bruce Anderson
made a conjecture, for primes p congruent to 5 modulo 8, regarding
a particular construction of 2-sequencings (or terraces) for the
additive group of residues modulo p. We have jnvestigated and
proven this conjecture for "virtually all® such primes by a "sieve
plus character sum" argument. The verifications needed 'for small
primes indicate that the construction yields an abundance of
terraces having the two-occurrence property for an additional row
of differences.
L]

Visualizing Subset Sums: Theorems and Conjectures
Stan Wagon*, Macalester College, and Herb Wilf, University of Pennsylvania

Lots of Mathematica-generated graphics led us b a concise theorem about subset sums. A triple
{n, t, m} of positive integers is unifors if the size-t subsets of {1,2,...,n] are equidistributed
with respect to their mod-m sums; mod(a, b) means the least nonnegative residue of 4 modulo b.
We use [n] to denote {1,2,...,n} .
THEOREM. "The following are equivalent

1. {(n, t, m} is uniform.

2. For all d > 1 that divide m, mod(t, 4) > mod(n, d).

3. The Gaussian polynomial (T)q divides (’:)'I
We have two approaches: one uses Gaussian polynomials; the other uses induction and is

bijective. More interesting is the case of nonuniformity, where graphics computations Jead to
many conjectures. Prime moduli, for example, yield especially neat patterns.

CONJECTURE. f p is prime then the sequence of fre- o1
guencies of mod-p sums of t-subsets of [n] is
unimodular, meaning that, starting at the minimum
residue residue, the sequence is nondecreasing toits
maximum and then nonincreasing back to the
minimurn (see diagram}.

This assertion is equivalent to a mod-p conjecture 199
about the coefficients of Gaussian polynomials that

strengthens the famous theorem about unimod-  The distribution of the 3,124,350'mod-31
ularity of these coefficients. sums of 9-tuples from {1, 2,. .., 26) .

100791,

A linear algorithm for the planarity of 2-coMplexss
R. Ayala (1), J. Caceres (2), A. Marquez#(3) and A. Quintero (1)
(1) Facultad de Matematicas. Universidad de Se\:illa

{2) Facultad de ciencias. Universjdad de Almeria.

{3) Facultad de Informatica. Universidad de Sevilla.

We give in thie conmunication a more general characterization of
when & 2-complex has a plane embedding than the charactarization
gava by Gross and Rosan (Collog. Math 44(1981) 241-247), obtaining
in such a way a linear time planarity algorithm for 2~complaxes
with better perfomance then the algorithm given by the same authors

{ jour. of ACM 20(1979) 611-617).

pA

"x A Subclass of Multiple Interval Graphs
9&] Nishit Kumar and Narsingh Deo, UCF, Orlando

Trotter and Harary define a multiple interval groph G, of interval number ¢ as one for
which, there exists a function f whichi assignu to each vertex u of &3, a subset f{u)of the real
" Bne, the subset being the ugion of ¢ (not necessarily disjoint) closed intervals ; and distinct
vertices w, v of G are adjacent if and enly if f(x)() f(v) # 0. Several authors have studied
these graphs with the motivation of recogniting interval numbers for different families of
graphs. It has been shown that recognizing these graphs with fixed interval numbers is NP-
Complete, and hence it is unlikely that there would be a neat characterization for multiple
interval graphs. ‘
We are motivated to define a new subclass of multiple interval graphs, called mulli-
dimensional interval graphs, and stady from the point of view of characterizing them.
In a multi-dimensional interval graph G, with dimcn.!:imh‘ly (similar to the notion of
interval number) ¢, the function f assigns to each vertex « of G, an ordered set of clased
intervals, _f;(u), Fln),..., f(u); and distinct vertices u and v are adjacent if and only if
F{u)Nfi{v) £ 0, for some i, | <7 < 1. These graphs are a subclass of multiple interval
graphe and a superclass containing the generalized interval graphs considered by Roberts.
Here we show that trees are a proper subclass of multi-dimensional interval graphs with
dimensionality 2. For a complete bipartite graph K ». a lower bound of [maf{m+n— 1)
on the dimensionality has been proved. The lower bouad has been shown to be tight for

m.=nmd m > 3In.

Ramsey and Extremal Theory for Matroids

Fair Harst and Talmage Reid®, Dept. of Math., The University of Mississippt,
University, MS 38677.

Ramsey numbers for matroids, which mimic properties of Ramsey numbers
for graphs, have been defined as follows. Let k and ! be positive integers. Then
n(k, 1} is the least positive integer n such that every connected matroid with n
elements contains either a circuit with at least & elements or a cocircuit with at
feast ! elements. We determine the latgest value of these numbers known and find
extremal matroids with small circuits and cocircuits. We also use these numbers
to determine size functions of classes of matroids with small cocircuits. Results
on matroid connectivity, geomelry, and extremal matroid theory are used here.

"4
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NEW DIFFERENCE FAMILIES AND NEW OPTIMAL OPTICAL
ORTHOGONAL CODES FROM FINITE FIELDS

MARCO BURATTI
Pacoltd di Ingegneria de E'Aquila, 67040 Foggio di Roio, L'Aguils, [aly

Proceeding in the way indicated by R. M. Wilzon in his classic
"cyclotomic paper”, the author presents a very effective method for
constructing simple difference families from finite fieids and hence
Steiner 2-designs of order a prime power.

This method also unifics all the before known dircct thecniques
based on Galois fields (by R. C, Bose in 1939, R. M. Wilson in 72 and
the author himself in "93).

Finally, this method has been more
obtaining optimal opticai orthogonal codes.

generally adapted for

9‘ The Kolai(osky Sequence is Cube-Free .
S. C. Cater and R. W. Robinson*, Computer Science Dept., University of Georgia

The Kolakosky sequence is an w-word over {1,2} which is self-generating. It has
long been suspected that the Kolakosky sequence is cube-free. Here it is proved to
be cube-free, and also that a word xx can only occur as a consecutive subsequence if
|¢] =1,2,3,9, or 27. The proof proceeds by establishing a close relationship between
subsequences of the Kolakasky sequence and certain periodic w-words.

bg on Maximum Sum Problems in Graphs
9\ . T. Amin* and F. J. Slater

University of Alabama in Huntsville

Given a graph G in which each edge and/or vertex is
assigned a real number called its weight; We consider
the problem of determining the maximum sum of edge
and/or vertex weights among all (induced) subgraphs of
G. It is shown that when G can be an arbitrary graph the
corresponding decision problems are RP-Complete. Linear
algorithms srs given for the case vhen G is restricted

to be a series parallel graph.

B1:10 a.m.

On Rectangle Visibility Graphs .

Joan Hutchinson*, Macalester College, Tom Shermer, Simon Fraser
University, and Andy Vince, University of Florida

A rectangle visibility graph is one whose vertices can be represented by disjoint rectangles in
the plane with two vertices adjacent if and only if there exists an unobstructed hotizontal or
vertical band of positive width joining one rectangle to the other. A rectangle visibility

. representation of Ky is shown below.

THEOREM. A rectangle visibility graph with n 2 8 vertices has at most 6n — 20 edges, and for
each n 2 B there is a rectangle visibility graph with 6n - 20 edges. '

These graphs include all planar graphs and have thickness at
most 2; by the theorem they do not include all thickness-2
graphs. A complete characterization for these is not known,
although such a characterization §s known for the
1-dimensional analogue, horizontal line-segment visibility
graphs with vertical visibility determining edges. Define the
degree of a graph to be the number of edges divided by the
nutnber of vertices. We show that for each integer i, 32 i < 6,
there is an infinité family of rectangle visibility graphs and
an infinite family of nonrectangle visibility graphs, each of
which has degree asymptatically equal to i.

/1

Binary i-pnv:lng matroids

270

A rank r matroid is called k-paving if it has

no circuits of size less than r-k+l. Binary
i-paving matroids have been determined by Acketa.
We determine all binary 2-paving matroids.

Sanjay Rajpal, Dartmouth College
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9‘,’ ) Transversals in Turn-squares

Wendy Myrvold*, Univ. of Victoria
Mark Ellingham, Vanderbilt University

While searching for an orthogonal triple of Latin squares of order 10, Parker came
across a remarkable Latin square which has 5504 transversals and more than a million
orthogonal mates. This square is an example of a turn-square.

A turn-square of order 2n is a Latin square which is constructed from an n by n

Latin square L and bil matrix B as follows:

L+n«B Linx(J-B)
L+ns(J—B) L+n+B

(J is the all-ones matrix}. For turn-squareé of order 10, we show that each duplex

11:30 a.m.

4) Decompositions of complete multipartite graphs
9!\ . into selfeomplementary factors with given diameters

D. Froncek®, McMaster University, J. 3irdd, University of Vermont -

A multipartite graph Ko, mg,...,m, 18 (& d)-isodecomposahle if it can be decomposed into £ iso-
morphic factors with the diameter d. It is known that if a bipartite gtaph Knm i8 (2,d)- isode-
composable, then d = 3,4,5, or co; and if an r-partite graph Km,.ma.m. With r > 2 is (2,d)-
isodecomposable, then d = 2,3,4,5 o1 co.

We co:'npleteiy determine the spectrnm of all bipartite and tripactite (2, d)-isodecomposabile
graphs, For complete four-partite graphs we determine the spectrum of (2, §)-isodecompossble
graphs; for d = 2, 3,4 we solve the specirum problem completely for (2, d)-ibodecompouable graphs
witfl at most one odd part and for the graphe Ka nnm and K nm,m- )

For all » > § we determine the Deat {2, d)-i ble r-partite graphs for all possible
di,nmeta.:n. We also show bhat if py is the order of a smallest (2, d)-isod posabl plete r-partite
graph, then such a graph exista for each order p > po- : .

of the starting matrix [ having odd parity with respect to B corresponds to 64
transversals in the constructed turn-square, and that this completely characterizes

the transversals of the turn-square.

’]"}/ Products of Sequences with Zero Autocorrelation
a" R. Craigen
University of Lethbridge, Alberta, craigen@cs.uleth.ca

Let sequences 31, 32, . .. be the lists of coefficients of polynomials p1, p3, - .. The
autocorrelation of this set of sequences is the list of coefficients of terms of
positive degree in the Laurent polynomial

Pl(I)Pl('i') +p2(z:)p2(%) 4+

Sets of two and four sequences with entries 0, &1 having zero auto ?rrela.tion
have found uses in optics, in the transmission of signals and in the éoéfsiruc‘;ion of
certain special matrices. More recently, the author has shown how an arbitrary
number of them can be used to construct Hadamard matrices; this has led,
among other things, to a great increase in known admissible orders. ‘

The fewer sequences used at the start, the better the results obtained; sets of
‘fewer sequences are rare, but they get more abundant as the number of seqiiences
increase. Mogt new sequences are short ones found by computer search; we rely
on recursive constructions for larger lengths. It haz long been known how to
multiply the lengths of pairs of sequences, but these are quite rare. C. H. Yang
ha.s' given a number of ways to multiply the lengths of sets of four sequences,
?vhlch are somewhat less rare. For more than four sequences the known products
increase the number of resulting sequences to such an extent that they are not
very interesting. We show how to get around this problem to multiply larger
sets of sequences with relatively littie loss.

9_1* RECTANGULAR VISIBILITY REFRESENTATIONS OF BIPARTITE GRAPHS

Alice M. Dean*, Skidmore College, and Joan P. Hatchinson, Macalester College
A rectangular visibility graph is a graph whose vertices are rectangles in the plane, with
adjacency determined by horizontal and vertical visibility. We show that X, bhas 2
representation with no rectangles having collinear sides if and only if p<3 and g<4.
More generally, we show that X, is 2 rectangular visibifity graph if and only if p<4 or
gs4.

DISJOINT SPANNING TREES IN COUNTABLE GRAFPHS
{ AND INFINITE MATROIDS
}1 Jerzy Wojciechowski
West Virginia University
T¥te and Nash-Williams independently proved that a finite graph G has k edge-
disjoint spanning trees if and only if for every partition P of the set of vertices of &
the number of edges with endpoints in distinct sets of P is at least k(|P]|—1). Later,
Edmonds generalized this result by proving a necessary and sufficient conditon for
a finite family of finite matroids on the same set to have a system of disjoint bases.
Let M = (M, )rcg be a system of possibly infinite matroids on a set 5. Follow-
,ing the ideas of Nash-Williams, for every transfinite sequence f of distinct elements
of §, we define a number n{f}. We prove that the condition that n(f) > 0 for
every possible choice of f is necessary for M to have a system of mutually disjoint
bases. Further, we show that this condition is sufficient if R is countable and M. is
a rank-finite matroid for every r € H. We also conjecture a necessary and sufficient
condition for the existence of k edge-disjoint spanning trees in a conntable graph.
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qu, gingle Change Neighbor Designs

RL constable, University of St Andrews,
DL Preece, University of Canterbury,
NCK Phillips*, TD Porter and WD Wallis,
gouthern Illinois University

A SCN(v,k) design is an ordered list of
cycles of length k chosen from a complete
graph on v vertices with the properties (1)
every edge occurs in at least one cycle and
(2) for each cycle C in the list the next
listed cycle is obtained from C by replacing
one vertex. We have bounds on the size of
such a design, examples with k<v<ll, an
exten=ion theorem and some open questions.

a',]/l SET REPRESENTATIONS OF GRAPHS - AN ALGORITHM

Nancy Eaton, University of Rhode Island
Let U be any set and let L be a subset of the natural numbers. An
,-SET REPRESENTATION of a graph G is a function F mapping the
vertices of G into the power set of U so that two vertices u and
v form an edge in G if and only if the size of the intersection of
F(u} and F(v) lies in L. We call the set L the RULE. If L = {pP,
p+l, ---}. the set representation is commonly called a
p-INTERSECTION REPRESENTATION. For a particular graph G and a
given rule L, we are interested in the size of the smallest
possible universal set U for which there axists an L-set
representation of G. We also consider the guestion: for a given
graph G, what is the size of the smallest possible universal set
over all possible rules L.

Now consider L to be the set of positive odd integers. We
present an algorithm which gives an L-set representation for any
graph using a universe of gize at most n-1. Also, some related
results are mentioned and open problems are given.

1« Tree Automata for Cutwidth Recogmition
Nancy G. Kinnersley* and William M. Kinnersley
Dept. of Camputer Science, University of Kansas

If a minor- or immersion-closed family of graphs has bounded
treewidth, a finite-state tree automaton can be constructed

that recognizes its members in linear time. The automaton may
also be used to enumerate the elements of jta- obstruction set. =~
In this paper, a Myhill-Nerode approach is used to construct '
tree automata to recognize graphs with fixed cutwidth k.

The automaton can also be used to produce a cost k layout

when one exists. We explicitly construct the automata for two
families of graphs-~-trees and graphs whose only cycles have
length three. The automata are used to identify all graphs having
this structure in the cutwidth three obstruction set.

Loop and Cyclic Niche Numbars of Novas and Whasls

5}:1 Steve Bowser* and Charles A. Cable, Allegheny College
! |

For a class of digraphs, D, a graph, G, and a natural number m, let
p(G,m) be the set of digraphs in D having niche graph egual to the
graph G extended by m isolated vertices. Define n(D,6) to be
eithexr %nfinlty if D{G,m) is empty for every natural nugber m, or
the minimum m sqph that D(G,m) is non-empty, otherwise. For D =
the set of all digraphs, n(D,G) is called the loop niche number of
G; for D = the set of all loopless digraphs, n(D,G) is called the
cyclic niche number of G; and for D = the set of all acyclic
dxgyaphs, n(D,6) is called the (original) niche number of G.
various results are given concerning the cyclic and@ loop niche
numbers of certain classes of graphs. In particular, we give
exha:stive results for novas, wheels, and complete bipartite
graphs.
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On the Bxistenoe of Some Combinmorisl Armys

D.V. Chopra, Wichita State University

Anamay T with mmuuinh(mws).Nm(uml#combimﬁuuorml\m).udﬁﬂ:
3 lovels is marely 8 matrix of size (7 x N) with r symbals (say, 0,0,2,..., 5-1)- Fors =2 the
-amruy T is called a binary array. Imposing some combinatorial constraints on T leads us to some
ﬁuesﬁulndmeﬁﬂmuwhichmvﬂmbieindppﬁuﬁomhmﬁsﬁu-ﬂ
ootnbinatorics. lnlhilpnpu'momuidﬂmduudybin-ymysl' with some specified
combinatorial strocturc(s}. Wedudimﬂnuuofmhnnyswmﬁsﬁuldeﬁpnf
apuinu:ﬂ(lnpnﬁnﬂutofxwﬁoulhﬂnﬁlldni;m}.

Key Words: array, oconstraénts, runs, fractional factorial designa, levels of an array.

Vv
a‘g GENERATING PRIMES USING TABLES OF THE BENERALIZER
F1BONACC] POWER SERIES
by Joseph Arkin®, pavid C. Arney, Frank R. Giordano
and Rickay A. Kolb, United States Military Academy,
wWest Point, NY 10996—-1786. .

In this papar we discuss the generation of
primes using tables made up of k rows of
comfficients in the axpansions of the general ized
Fibonacci power series for the genarating function

{1 - ax — bxzx"‘

where a,b arw positive integers and k = 1,2,3,.-0 -
Simple manipulations and additions are used to
produce a prime number sisve for tha tables.

aﬁ MIXED DOMINATION IN TREES: A PARALLEL ALGORITHM
CHE N
Gur Saran Adlar® ‘ t

Dept. of Mathemalical Sciences . Shietung Peng .
Univ. of North Carolina at Distribitted Parallel Processing Lab.

Wilmington The Univ. of Aizu, Japan

A cet of vertices § in a graph G = (V, E) is talled a dominating set of G il every vertex in
the set (V | 5) is adjacent to some vertex in the set 5. For arbitrary graphs, the problem of
computing smallest dominating set is NP-complete. A wnore general version of this problem
in called “mixed domination™ problem.

In this paper we ptesent new parallel NC algorithm to find smalbest mixed dominating
set in trees. The model of parallel computation used is the CRCW P-RAM {Concurrent
Itead Concurrent Write Parallel AM), where more than oue provessor can concurrently
read from or‘writv into the saine memory location dnring the same memory cycle. Writing
conflicta are resolved in a non-tdetrrministic fashion. The algorithn requires ({n) processors
and runs in O(logn} time on a CREW P-RAM.

Keywords: NC algorithm, domination, irce, graph

pipartite faterval Tolerumos Sraphs . .
X. P. Bogart, Dartamcuth Collage, *Larry Langley, University of
colorado, Dasnver

We show that any bipartite graph that is a cocomparability
graph is an _interval tolarance graph. This complataly
characterizes bipartite bounded tclerance graphs. We give a method
of constructing a representation for all such graphs.

Interval tolerance graphs wars introduced in two papers by
Golumbic and Monma, and Columbic, Monma and Trotter. There is no
known characterization of interval tolerance graphs that glves an
efficient means of recognition. We address the problem by
consldering classes of graphs, in this case bipartite

raphs. .

g p'rhe mathod uged to construct a repregentation for bipartite
interval graphs involves considering the associated interval
tolerance order. In the case of bipartite graphs the associated
order is width two, and this leads to an interval reprasentation.

935 Crapo‘'s beta invariant for gresedoids

Gary Gordon, Lafayette Collega '

The beta invariant is a well-studied and important
integer invariant for matroids. We define a beta
_invariant for greedoids and compute it for saveral
greedoid classes. These classes include trees, rooted
graphs, rooted digraphs, posets, triangluated graphs and
convex subsets of a point set. When the greedoid is an
ant}matroid, the bata invarint can be determined from the
semi-lattice of free convex sets.
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Graph-Maiching Neural Networks for Antomated Fingerprint Identification
Carol G. Crawford, U. S. Naval Academy

This talk presents resuits of a collaborative research effort with Bric Mijolsness,
Cemer for Theoretical and Applied Neural Science at Yale University, to design
algorithrns for searching and mawching Fngerprints in a large data. base.
Specifically, the approach makes essential -use of inexact graph-matching
formulations and neural petworks for handling maiching and classification of
fingerprints. Given a sparse set of minutia from a fingerprint image, together with
their locations in the plane and other labels such as ridge counts to nearby
minutia, the first goal is to construct a graph-like representation of the minutia
map and then to design matching algorithms which can be implemented as neurai
networks. An overview of the general approach , including relevant graph
Tepresentations, will be presented,

This ongoing rescarch program is an outgrowth of an initial investigation for the
Federal Bureatt of Investigation and has received funding from the FBI and from
the Office of Naval Research.

3_8'7 ON A PARTITIONING PROPERTY OF MAXIMAL ANTICHAINRE

Niall Graham, University of Alabama in Huntsville

In a boolean lattice B, it is always possible to partition any
paximal antichain A into two subsets X and Y such that the union
of the upset of X with the downset of ¥ yields the entire lattice
B. An alementary proof of this result is presented. For arbitrary
posets, this partitioning property is found to be NP-hard, s0 a
nice charactarization theorem is unlikely. Finally, these results
inspire a new sufficient condition for the satisfiability of
conjunctive boolean formulas.

gs Constant-Time computation of Minimum Dominating Sets
Marilynn L. Livingston* and Quentin F. Stout
Southern Illinois U-Edwardsville 4 U Michigan

Let ¢ be a graph and let P{n) denote an element from a
one-parameter family of graphs, such as a path of length n, a cycle
of length n, or a complete binary tree of height n. We are
concerned with determining minimum dominating sets of graphs of the
form G x P(n). Using finite state automata and dynamic
programn_ling, we show a constant time algorithm to produce a minimum
dominating set of G x P(n), for fixed ¢ and all n, for the
one-parameter families mentioned:. Previous researchers had used
similar techniques but obtained only linear-time algorithma. “Ne
a}sg show how a closed form expression can be obtained for :he
minimun domination number of G x P(nj.

Results of the implementation of the algorithm are given. We
diS(_:uss extensions of the algorithm to the determination of all
minimum dominating sets for 6 x P(n), and to the related problems
of  coverings, packings, and codes, In addition, we discuss
algorithm extensions to perfect domination and to several different
types of domination.

m A Kind of Domsin tion Method for the Fluid Mechanics
Wu Yunhai, Zhongs University, Guangrhou, P.R.C.

This paper considers {wo—dimension steady Navier—Stokes equations with
Direchlet boundary condition for viscous incompressible flows on a bounded region
€1, which can be written a8

—aU + (U-9U+wp=t in 0

div U =0 ic 1

U =g . on N
It presents a kind of domain decomposition algorithm which has much better
paralle]l character and can be used on MIND computer.

We divide §t into more than two parts and set up & series of subproblems
with equations in each subdomain. The communications among suhdomains are
going on in the overlapping areas. The difficulty of the compatibility condition,
whici ariges when subdomain problems are not solved exactly al each iteration, is
overcome by adding artificial compressibility constants to the continuity equation.
The convergence under certain sense is proved and the relation between over apping
domains and convergent rate is discussed. The efficiency of the algorithm has been
ghown by the numenical experiment for the flows in a channel with a facing step.

Q?O Recursive E-Graphs
Robert Hon* and Gregory A. Sr.:_h?per
Fast Tennessee State University

E-Graph construction allows for invariants.of large gr%phs to
be determined from the values of the invariants of their
smaller component graphs. In this paper the construction of E-
Graphs is generalized by Recursive E—Gra?hs {RE-Graphs) - The
chromatic number, clique number, vertex 1ndepen§ence number,
and vertex cover number of RE-Graphs are determined. A c}ass
of RE-Graphs which may be suitable for use as communications
networks is identified.

Keywords: E-Graph, graph invariants, networks.
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\ The Analysis of Neural Network Structure
q Stan Klasa®, Yin Hougleng, Tac Td
Concordin University

are aualyzed in this paper. First, the

Several kinds of evolution of nuural network stracture : :
approach of pruning copneetion from conenrrent network 1s'prowded. T.]u:n, an improved
back-propagation algerithu is proposcd in this paper. By using t!m algoritlun, ll_uidcn nen-
rone in the nrelwork can be removed hoth statically and dynamically. “Aun alding neuron
method is also piven for nonlineardy separable problems. Uow o (‘.(‘f]lsi.l‘lll',f- a global neu-
el network from several lucal networks is disenssed. The relationship between 1.l|n. nenral
nelwork structure and knowledge stocbnre is analyzel. Numnegical examples are given Lo
ilnstrale the ulilily of the propesed methods. Fhe algeritlone and 'mr:f.h(»rls ]jropost‘.d in the
paper are applicable fot solving problems snch as patten resognilion, firnction approxima-
Lo, image compression. knowledge representation, ele

on the Btructure of Maximum 2-part Sparner Families

9.‘\7’ Shahriar Shahriari, Pomona College, Claremont, CA 91711

M3

color the elements of a finite set 5 with two cotors. A
collection of subsets of § is called a 2-part Sperner family if
whenever for two distinct sets A and B in this collection we have
A contained in B then B-A has elements of 5 of both co}ors. all
2-part Sperner families of maximum size were gharacterlzed by P.
L. Erd“os and G. O. H. Katona in 1986. In this paper we provide
a different, and gquite elementary proof of the structure and number
of all maximum 2-part Sperner families, us}ng only some elementary
properties of symmetric chain decompositions of the poset of all
subsets of a finite set.

vizing's conjecture on Domination and Related Problems
B.Hartnell*, Saint Mary's University,Nova Scotia
D.Rall, Furman University, South Carolina

A conjecture (1963} of Vizing states that the cardinality of
avery dominating set of the Cartesian proeduct G X H is at least
as large as the product of the domination numbers of the graphs
¢ and H. Besides being fascinating in its own right, there are
a number of related questions that arise in attempting to fesolve
the conjecture. This talk will indicate several of these and
their relationship to the authors' attempts to settle this problem.

Qg\‘\

ALGORITHM AND COMPUTATIONS IN FREE LIE SUPERALGEBRAS
Alexander A Mikhalev, Andrej A . Zolotykh,
Department of Mechanics and Mathematics, Moscow State University.
We present a number of results in combmatorial theory of Lie
superalgebras: bases, subalgebras, composition technique automorphisms, primitive
elements, Fox differential calculus and others. These results include a series of
effective algorithms for solving combinatorial problems in Lie superalgebras. We have a
package of programs with computer realizations of these algorithms. Some of the results
were published in mathematical journals, some were included in the monograph
"Infinite dimensional Lie superalgebras™ by Yu.A. Bahturin, A. A Mikhalev,
V.M Petrogradsky and M.V Zaicev, Waiter de Gruyter Publ.,, 1992; some of new results
and algorithms will be included in a new book "Combinatorial aspects of Lie
superalgebras” by A. A Mikhalev and A A Zolotykh, CRC PRESS, Boca Raton, FL, in
preparation.

aalg Transition-Restricted Walks and a Generalization of Menger’s Theorem

Kenneth A. Berman* and Jerome L. Paul
Department of Comput®r Science, University of Cincinnati, Cincinnati, OH
Let G = (V,E) be a multi-digraph with a set § of sink vertices and a set T of
source vertices. A fransition-restricting function of depth d is a mapping p
from E'GEMULUE 10 25 A walk W = Jelulezuz...u?_lepl is p-restricted if e
< P(ei-j'ei-hl""'ei-l]' 22igp | <£j< min(di-l]). Let uk(p) denote
the maximum number of p-restricted walks from § to T such that no two walks
Let B (p) denote the minimum
cardinality of a set B of walks of length & such that every p-restricted walk

have a subwalk of length & in common.

from § to T contains as a subwalk at least one walk from B. Clearly, p.k(p) <

. Bk(p). We show that ut(p) = Bk(p) when k2 d. However, uk(p) and Bk(p) are
not necessarily equal when k < 4. We present an algorithm that is polynomial
in the size of G for computing np) for &, d fixed and ¥ = 4. On the
other hand, we show that the problem of computing uk(p) is NP-hard, even for
fixed k and d, when k < d.
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annsaling
Luc T. Willa, Department of Physics, Florida Atlantic University

Qﬂé Datermioation of 3- and 4-colored Ramsey numbers by simulated
Simulated annealing has been employed to construct
triangle-free colorings of complata graphs. Starting frxom a
randomly colored complete graph on n vartices, K_n, a randomly
gelected edge is given a new color arbitrarily selacted from those
available. Using the number of triangles as the cost function,
the naw graph is accepted with a temperature-depandant probability.
If a triangle—free coloring of K n with m colors is found, n
constitutas a lower bound on tha m-color Ramsey number R m(2).
Ffor m = J this algorithm rapidly finds a coloring of K_{16}, but
fails to converge for n = 17, in agreement with the known fact that
R_3(3) = 17. Form = 4 all solutions found are congiderably balow
the astablished lower bound of 5i. This failure of the annealing
approach is rather unexpected. Inspection of the simulations shows
that the system ends up in a situation in which all remaining
triangles are of thé same color, a configuration from which the
algorithm is unable to make further prograss. This behavior is
intarpretad in terms of the theory of critical phanomena f{rom
atatigtical physics.

Fibres 1ﬁ width 3 orxdered ssts

é?fi Zbigniew Lonc, Warsaw University of Technology
Warsaw, Poland

A fibre in an ordered set is its subset intersecting
every maximal nontrivial antichain. Let, for an
ordered set P, m(P) dencte the ratio: the cardinality
of the smallest fibre in P over the cardinality of P.
It is an open problem to establish how large m{P) can
be. It is known that m(P) can not exceed 2/3. In this
paper we improve this bound to 11/18 for ordered sets

of width 3.

298
On Graphs With A Unique Gamma Set
G. Gunther*,Sir Wilfred Granfell College,Nfld.
B. Hartnell,Saint Mary's University,N.S.
L. Markus & D, Rall,Furman Univeraity,S5.C.

We prasent some preliminary investigations into properties
:: 2;;?h:.h:vi?g nIa::ly one minimum dominating set. In addition,
cient algorit to detarmine if a t
ganma set will be outlined. ree has a unique

4:00 p.m.

aﬂq Cﬂ'ﬂlﬁﬂcﬂw;\wmdamm’@im“ﬂ

Ortrud R Oellermutsr, Brandon University,

A = (V,Bis if for every indoced connected
subgraph H of G and every pair u,v of vertices of Hibe distance betweoen o and v in H is
fclumelnuw het :;ndvin_ﬂil avermge distance of a graph is the
in d
vumgniuuue:FE:rn pairs of vertices in () algarithen for computing the

lhy“kndn[lqunzhnmdhny,mnnueduhmaufilnpulﬁu.rﬁmg

SENSITIVITY ANALYSIS FOR THE COMPLETE BIPARTITE WEIGHTED MATCHING

PROBLEM -
H. Arsham, University of Baltimore, Baltimore, MD 21201-5779

A complete graph G(N, EN) is said to be bipartite if its node V
can be partitioned into two disjoint subsets N1 and N2 such that
each of its edges e ¢ EN has one endpoint in N1 and the other

in N2. %hen a non-negative weight Ce is assigned to each edge e,
the result is a complete bipartite weighted matching (CBWM) graph.
An interesting problem in CBWM is to find a perfect match i.e, a
match with optimal sum of its weights. The existing sensitivity
analysis for CBWM problem is limited to one-change-at a-time in any
weights. This paper sets forth a general approach for constructing
sensitivity range for 411 weights which allows simultaneous
{dependent, or Iindependent) variations in all or some of the
wejghts while preserving the current perfect match. The proposed
stability analysis is based on a linear program formulation and
an efficient solution algorithm. The results are encouraging and
of immediate relevance, since they can be put to use by a
practitioner who has to deal with uncertainties in the estimated

weights.
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prricient algorithms for mome one-dimensional peg solitaire
problems .
B. Ravikumar, University of Rhode Island, Kingston, RI 02881

pPeq solitaire is played on a board containing holes which can
hold some pegs. If three holes on a line have pegs on the first
twe, then a move can remove them and introduce one on the third.’
The goal is to reduce a given starting position to one in which
only one peg is left. If such a move sequence exists, we say that
the starting position is winnable. We consider the following basic
questions on a one-dimensional board: (i) How many winnable
positions are there on a board of .aize n? (ii) Given two positions
p and q, is there an efficient (e.g. polynomial time hounded)
algorithm to deteramine if g can be reached from t? We consider
geveral related problems and present couplete or partial sclutions.
A basic idea behind our solutions is the use of a special kind of
Turing machine (called a Hennle machine) .

Scheduling Rooted Forests with Communication Delays

30’]’ Garth Isaak, Lehigh University -

We consider winimizing makespan when scheduling unit time
tasks on two machines with unit communication delays.

When the precedence constraints are a rooted forest, a
greedy algorithm (which can also be viewed as a list
scheduling algorithm), is optimal. The makespan for forest
F is (F+Q)/2 vhere Q maximizes over non-leaf elements v,
the number of elements incomparable to v plus one ninus
the path length from the root to v. Possible sxtensions

will also be discussed.

5‘03 BEYOND CHORDAL GRAPHS

Terry McKee, Wright State University, Dayton Ohio 45435

Much as chordal graphs are precisely the intersection graphs with
tree hosts, "ekachordal” graphs are the intersection graphs with
chordal hosts. Continuing inductively (i.e., next using ekachordal
hosts) builds up a family of *chordal-type" graphs, all of whom share’
certain combinatorial features. Ekachordal graphs, the first stap
beyond chordal graphs, aiready (rather trivially) include all graphs that
have a dominating vertex. Ekachordal graphs have a recursive
definition analogous to perfect elimination orderings and even appear
in the statistical and database applications of chordal graphs.

Gary E. Stevens, Hartwick College, Oneonta, HY

The Partitioned Graph Isomorphism Problem, which asks
if it is possible to color the edges of a graph red and
green so that the subgraphs induced by the coloring are

3{0* SOME CATERPILLARE ARE 2-8PLITTABLE

' isomorphic, is known to be NP-complete. It is just as

dirficult when restricted to trees. Graphs which can
be colored in this way are called 2-splittable. It has
been tshown that for some classes of trees, namely Fibo-
naccl trees, binary heaps, and spiders, the question is
decidable. The question has not been answered for
graphs known as caterpillars. This paper defines a
subclass of caterpillars, called shoelaces, which have
all their "legs" at the front and rear and then shows
that the Partitioned Graph Isomorphism Problem is de-
cidable for this class. First the set of all shoelaces
is partitioned into ten subsets. Five of these subsets
?ontain laces which are 2-splittable and specific color-
ing schemes are described. The other five subsets are
shown to contain only shoelaces which cannot be split.

3 Oxg On the total One:factorization of Graphs

Guo-Hui Zhang
Department of Mathematical Sciences
University of Alshama in Huntsville

" Hunisville, AL 3589%

A total one-factor of  simple graph G is a matching M in G, together
with an independent set I of vertices in G, 0 that each vertex not in I is incidem with an
edge in M. A fotal one-factorization(TOF} of G is a partition of E(G) \ V(G) into total
one-factors. Clearly, for a graph to have TOF, it is necessary that G is regular. In this
talk, we investigate the total one-factorization of a (K, n)-graph, which represents a
k-regular graph of order n.
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-30 (’ The Four Post Cyclic Tower Problem
Paul K. Stockmeyer, College of William and Mary

Among the games introduced in [1] is a variation of the
Tower of Hanoi puzzle in which there are four posts, labeled
&, b, o, and d. The only allowable moves for the disks are
from post a to post b, from b to ¢, from ¢ to 4, and from 4 to
a. Also, as usual, a disk can never be places on top of a
smaller disk. The problem is to move a tower of n disks from
post a to post e.

The algorithm proposed in [1] makes 3"-1 moves. While this
algorithm does in fact move the tower as required, it does not
do so in the minimum number of moves. In this paper we
present a new algorithm for this problem, and conjecture that
it is optimal.

[1] Scorer, R. S., P. M. Grundy, and C. A. B. Smith, "Some
Binary Games,™ The Mathematical Gazette 280 (1944), p. 96-103.

e Antichains im the Paxtitioa Lattlce.
:frg; canfield(*), U. of Georgia, and L. H. Harper, UCR.
The collection of partitions of an n-element set foinstz .
poset under the relation of refinewent. The subcollectio
of partitions having exactly k blocks constitutes an .
antichain, that is a collection no two of whose ?1&.?“ z
are related by refinement. The size of this ant;chain ] .
sS{n,k}, a Stirling number of the second kind. 1In this pap:
we étove that, as a function of n, the ratio of the ia:gas
antichain in the partition lattice to the largest Stirling
numbar S(n,K_n) is unbounded. Keywords: Sperner theory,
partition lattice, asymptotic normality.
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3 03 SPHERE OF INFLUENCE GRAPHS
T.S. Michael*, U.S. Naval Academy & Thomas Quint, Yale

Let X = {X1,... ,Xn} be a set of points in the metric space M. Let
r; denote the minimun distance between X; and any other point in
X. The sphere of influence B; is the open ball with center X; and
radius r;. The sphere of influence graph SIG(M, X) has vertex set
X with distinct vertices X; and X; adjacent provided B; N B; # b.
A graph G is an M-SIG provided it is isomorphic to SIG(M, X) for
some X. The class of M-CSIGs is defined similarly using closed balls.
We work in the general metric space M and obtain resulis that are
surprisingly stronger than those of Harary, Jacobson, Lipman, and
McMorris, who assumed M to be the Euclidean plane. For instance,
every M-CSIG has a {K;, Ky}-factor. Also, if the metric is induced
by a norm on R?, then every non-planar M-SIG or -CSIG contains
a triangle. Moreover, there are connections to Ramsey theory.

4:40 p.m.

h

3 01 Graph Algorithms Experimentation Facility

J. Abello” and D. Soncm, Texas A&M University

We present a software fadllity to experiment with Graph Algorithms. The
fadility Is Implemented as a client to XAGE, a software environment
developed under the direccion of James Abelio. XAGE allows a user to
animate and record algorithmic actions. Diversz graph generation and
representation .methods are offered. Several mechanisms allow a user to
configure graph experiments. These inchide heuristics for NP-complete
problems and recognition algorithms. We will describe our experiences
with GEF and similar software tools. !

: 3\0 On a Conjecture concerning Graphical Partitions

Firasath Ali* Cecil Roussean
Memphis State University

For n an even positive integer, denote by g(n) the sumber of graphical partitions of n. It
bas been conjectured that Lim, ., ﬂ:* = 0, where p(n) is the total number of partitions of
n. Let ¢4 = limp., B, whera g3(n) denotes the number of partitions of n that aatiafy the
first & Erdfs-Gallai conditions, Erdfis and Richmond have shown that £, can be computed
from a certain (2k)-dimensional integral. It ia easy to soe that o = %. We obtain exact values
for £; and cy, and prove that limy..., &3 < } Let oy = lime .00 !,it‘;'i}, wheze Au(n) denotes the
oumber of partitions on n in which the first & successive ranks are all negalive. We prove
that ay = ﬂ')ﬂ" for cach £. .




