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ε-relaxation, 123
k-cardinality assignment, 163
k-regular graph, 15

Ackermann function, 55
Adjacency matrix, 13, 16, 57, 174,

207–209, 227, 279, 282, 300
Admissible transformation, 75,

192–194, 233, 234
Algebraic assignment, 191, 194
Alt, Blum, Mehlorn, and Paul algorithm,

48, 52, 174
Alternating path, 36, 37, 77, 80, 92, 99,

102, 111, 114
Alternating path basis, see strongly

feasible tree
Alternating tree, 80, 83, 85, 92, 105
Ant colony optimization, 263
Applets

bottleneck assignment, 191
linear sum assignment, 128
quadratic assignment, 267

Assignment polytope, 24
Assignments, 1
Asymptotic analysis, 285, 286, 289

k-index assignment, 318
axial 3-index assignment, 311
bottleneck quadratic assignment,

291
cubic assignment, 293
linear assignment, 145, 146, 149,

286
linear bottleneck assignment, 187

quadratic assignment, 285, 286,
290

quartic assignment, 293
Auction algorithm, 119
Augmenting path, 36, 40, 80, 141, 178

b-shortest, 178–181
Augmenting tree, 85
Axial 3-index assignment, 8, 305

bottleneck, 307

Balanced assignment, 195
Bandwidth minimization, 281
Bases, 28, 31, 33, 106, 110, 111, 239,

307
Basic matrix, 28
Benders decomposition, 249
Benevolent Toeplitz matrix, 277, 278
Bipartite graph, 2
Biquadratic assignment, 291
Birkhoff theorem, 25, 28, 29, 67, 75
Bottleneck assignment

linear, 5, 172
applications, 188
asymptotic analysis, 187
augmenting path, 178
categorized, 190
dual method, 177
lexicographic, 198, 200
min-max theorem, 173
Monge, 186
software, 191
sparse subgraph, 185
threshold methods, 174
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quadratic, 210, 281, 282
applications, 281
asymptotic analysis, 291
bounds, 282, 284
complexity, 282
random graphs, 285

Branch-and-bound, 250
Branch-and-cut, 253
Bus driver rostering, 188

Campus planning, 205
Cardinality bipartite matching, 35

Alt, Blum, Mehlorn, and Paul
algorithm, 48, 52, 174

applications, 64
convex graphs, 52
doubly convex graphs, 53, 55, 56
Hopcroft–Karp algorithm, 42, 46,

48, 52, 88, 127, 184, 197
labeling algorithm, 36, 37, 39
matrix algorithm, 57
probabilistic algorithm, 58

Categorized assignment scheduling, 167
Chessboard matrix, 270, 274
Circulant matrix, 276, 278
Complementary adjacency matrix, 18,

20, 48, 211
Complementary slackness, 75, 121
Complete graph, 30, 31, 280
Complexity

axial 3-index assignment, 308
cardinality bipartite matching, 58,

127
bottleneck, 184

linear assignment, 77, 78, 88, 98,
127, 138

bottleneck, 174, 184
quadratic assignment, 210, 211

bottleneck, 274
Computer codes, see Software
Convex graph, 52, 301

algorithms, 53
applications, 55
doubly, 53, 55, 56

Cost scaling, 87

Cubic assignment, 291
asymptotic analysis, 293

Cyclic permutation, 1, 206, 211, 277,
278, 282

d-Monoid, 191
Dantzig rule, 106, 111, 118, 143
Data arrangement problem, 278
Density of an assignment, 55, 56
density of an assignment, 56
Depletion of inventory, 167
Diagonally structured matrix, 275
Diameter of a polytope, 31, 32
Didactic software, 128, 191, 267
Dijkstra algorithm, 80, 93, 98, 161, 182
Dinic–Kronrod algorithm, 89
Distribution matrix, 151
Double push, 125
Doubly convex bipartite graphs, 53
Doubly stochastic matrix, 24, 27, 67,

239
Dual algorithms, 112

Eigenvalues, 238, 244
Even-odd partition problem, 277

Fast matrix multiplication, 57, 174
Feedback arc set, 206
Flow, see Network flow
Ford–Fulkerson theorem, see Max-flow

min-cut theorem
Frobenius theorem, 16, 25, 173

Gale–Shapley algorithm, 15
Genetic algorithm, 261
Gilmore–Lawler bound, 225
Graph isomorphism, 209, 279
Graph packing, 210
Graph partitioning, 207, 270
GRASP, 262

Hall’s condition, 14, 17, 60
Hall’s theorem, see Marriage theorem
Hamiltonian cycle, 34, 211, 227, 282
Hamiltonian polytope, 34
Hankel matrix, 153
Hermitian matrix, 244, 245
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Hirsch conjecture, 33, 117
Hopcroft–Karp algorithm, 42, 46, 48,

52, 88, 127, 184, 197
Hung–Rom algorithm, 112
Hungarian algorithm, 77, 79, 85

Incidence matrix, 27, 74

König’s theorem, 16, 18, 21, 194, 309
Keyboard design, 205
Kuhn’s algorithm, see Hungarian

algorithm

Labeled rooted tree, 30, 31
Labeling algorithm, 36, 37, 39
Large matrix, 274
Large scale neighborhood, 265
Latin square, 10, 312–314, 316

orthogonal, 69, 317
Level matrix, 48
Lexicographic bottleneck assignment,

198, 200
Linear sum assignment, 4, 73

k-cardinality, 163
algebraic, 191, 194
applications, 165
asymptotic analysis, 145

algorithms, 149
expected optimum, 145

auction, 119
balanced, 195
Balinski algorithm, 116
benchmarks, 132
bottleneck, see Bottleneck

assignment
complementary slackness, 75, 121
cost scaling, 87
Dinic–Kronrod algorithm, 89
dual algorithms, 112

nonsimplex, 112
simplex, 114

experimental comparisons, 131,
133

history, 77
Hung–Rom algorithm, 112
Hungarian algorithm, 79, 85

lexicographic bottleneck, 198, 200
mathematical model, 74
max-algebra, 153
min-cost flow, 93, 94, 98
Monge matrix, 150
other algorithms, 126
parallel algorithms, 138

auction, 139
primal simplex, 142
shortest path, 141

preprocessing, 76, 99, 101, 102
primal algorithms, 104

nonsimplex, 104
simplex, 106

primal-dual algorithms, 79
pseudoflow, 123
ranking solutions, 158–162
rectangular cost matrix, 165
semi-assignment, 164
sequential algorithms (summary),

127
shortest path algorithms, 93–95, 97,

98
signature, 114
software, 127, 129

didactic, 128
sum-k, 195

Marriage theorem, 2, 13–17
Matching, see Cardinality bipartite

matching, Perfect matching
Matching theorem, see König’s theorem
Matrix (definitions)

adjacency, 13
complementary, 18

basic, 28
benevolent, 277
chessboard, 270
circulant, 276
diagonally structured, 275
distribution, 151
doubly stochastic, 24
Hankel, 153
Hermitian, 244
incidence, 27
large, 272
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level, 48
Monge (three-dimensional), 310
Monge (two-dimensional), 150
monotone, 276
ordered, 279
permanent of, 13
permutation, 1
product, 269
small, 272
sum, 268
Toeplitz, 275
totally unimodular, 29, 74
unimodular, 29

Matrix algorithm, 57, 174
Matroid, 3

intersection, 4, 7, 27, 307, 313, 314
Max-algebra, 153
Max-algebraic permanent, 156
Max-flow min-cut theorem, 18, 19, 21,

40
Maximum cardinality matching, see

Cardinality bipartite matching
Maximum clique, 208, 262
Mean flow time minimization, 166
Mendelsohn–Dulmage theorem, 22–24
Metaheuristic, 257
Military operations, 166
MIMD, 138
Minimum cost flow, 6, 87, 93, 94, 98
Minimum density matching, 56
Missile tracking, 189
Monge matrix, 150, 274, 277, 278, 310

algebraic, 195
bottleneck, 186

permuted, 187
inverse, 150
permuted, 152
weak, 152

Monotone matrix, 276–278
Multi-index assignment, 8, 305, 315

axial 3-index, 8, 305
general, 315
planar 3-index, 10, 312
polytope, 307

Multiple bottleneck assignment
problem, 167

Multiple shortest path arborescence, 142

Navy personnel planning, 168
Network flow, 3, 105, 301, 302

maximum, 3, 39, 93
min-cost, 6, 87

Normal form, 154, 156
Nurse schedule, 168

Object tracking, 189
Ordered matrix, 279

Parallel algorithms
linear assignment, 138, 139, 141,

142
auction, 139
complexity, 138
primal simplex, 142
shortest path, 141

quadratic assignment, 253
Parallel processors scheduling, 297, 298
Path relinking, 264
Path structure, 280
Perfect matching, 2, 3, 13, 15, 29,

31–33, 57, 58, 67, 174, 177,
196

min-cost, 73, 158, 159, 162, 174,
185

probabilistic algorithm, 58
random graphs, 59, 60, 62, 146,

149, 150
weighted, 6

Permanent of a matrix, 13, 156
Permutation, 1

cyclic, 1, 206, 211, 277, 278, 282
Permutation matrix, 1, 5, 8, 16, 24, 26,

69, 172, 242
Personnel assignment, 77, 165, 168
Planar 3-index assignment, 10, 312
Polytope

assignment, 25, 31
diameter of, 31, 32
multi-index assignment, 307

Copyright © by SIAM. 
Unauthorized reproduction of this article is prohibited.



book
2008/12/11
page 381

Index 381

planar 3-index assignment, 314
quadratic assignment, 223

PRAM, 138
Preprocessing, 76, 98, 99, 101–103, 163
Primal algorithms, 104
Primal-dual algorithms, 79
Principal submatrix assignment

problem, 157
Probabilistic algorithm

cardinality bipartite matching, 58
perfect matching, 58

Probabilistic analysis, see Asymptotic
analysis

Product matrix, 269, 274
Product rate variation, 189
Pseudoflow algorithms, 123

Quadratic assignment, 7, 203, 249
admissible transformation, 233, 234
applications, 205
asymptotic analysis, 285, 290
Bender’s decomposition, 249
bottleneck, 210, 281
bounds, 225, 233, 235, 238, 244,

245, 247
branch-and-bound, 250
branch-and-cut, 253
complexity, 210
eigenvalues, 238, 244
exact algorithms, 249
formulation, 211

concave program, 214
convex program, 214
Kronecker, 213
trace, 212

Gilmore-Lawler bound, 225
heuristic algorithms, 255, 256
Koopmans–Beckmann form, 203
Lawler form, 204
linearization, 217

Adams–Johnson, 221
Balas–Mazzola, 219
Frieze–Yadegar, 221
Higher level, 222
Kaufman–Broeckx, 218
Lawler, 217

mean objective value, 216
parallel algorithms, 253
planar, 290
polynomial cases, 267
polytopes, 223
quadratic programming, 247
random graphs, 285
reduction, 229
semidefinite, 245
software, 266

didactic, 267
Quadratic programming, 247
Quartic assignment, 291

asymptotic analysis, 293

Random graphs, 59, 285
Ranking solutions, 158–162
Rectangular cost matrix, 165

Scatter search, 264
School timetabling, 313
Semi-assignment

bounds, 301
linear, 164
polynomial, 300
quadratic, 293

Semidefinite programming, 245
Shortest path algorithms, 93–95, 97, 98
Signature, 114, 116
SIMD, 138
Simulated annealing, 259
Small matrix, 272, 274
Software

linear assignment, 127, 129
bottleneck, 191

quadratic assignment, 266
Sparsification, 98, 128
Stable marriage, 15
Stable matching, 15
Stirling’s formula, 59, 63
Strongly feasible tree, 106, 109, 114,

126, 142
Sum matrix, 268, 278
Sum-k assignment, 195
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Supply support for space bases, 295
Surveillance systems, 317
Synchronization in transit networks, 57,

296

Tabu search, 260
Task scheduling, 296
Terminal assignment problem, 55
Time slot assignment, 66
Time-cost assignment, 192
Toeplitz matrix, 275

benevolent, 277, 278
Totally unimodular matrix, 29, 69, 74,

93, 163, 301
Traffic matrix, 66, 67, 69, 197

Traveling salesman, 132, 206, 224, 254,
278

Triangulation of input-output matrices,
207

Turbine runner problem, 205, 276

Unimodular matrix, 29

Variable neighborhood search, 265
Vehicle scheduling, 65

Weak Monge property, 152
Wedge condition, 311
Weighted bipartite matching problem,

see Perfect matching, min-cost
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