Table of Contents

Introduction. . . . . .. ... ... . ... .. ix
Gerd FINKE
Chapter 1. Linear Programming. . . . ... ...................... 1
Gerd FINKE and Nadia BRAUNER
1.1. Fundamental concepts . . . ... ............ ... ....... 1
12.Software. . . . .. ... .. 9
13.Indivisibleunits . . . .. ... ... L L 14
1.4. Modeling with integer variables. . . . ... .......... ... ... .. 22
15.Conclusion . . .. ... ... ... 27
1.6. Bibliography . . . . . .. ... ... e 28
Chapter 2. Graphsand Networks . . . ... ..................... 29
Wojciech BIENIA
2.1.Theconceptofagraph . .. . ... ... ... ... ... ... ....... 29
2.2. Sub-structures and exploration . . . ... ................... 31
2.3. Edge- and vertex-connectivity. . . . . ... ... ... L., 34
24.Directedgraphs . . . ... ... ... 36
2.5. Valued graphsandnetworks. . . . ... ... ... ..o o L. 37
2.5.1. The shortest spanning tree problem in a connected graph . . . . . . 37
2.52. Theshortestpath . ... ... ... ... ... . ... ........... 41
2.6. Assignmentandcoloring. . . . ...... ... ... L L. 46
2.6.1.Matchings . ... ....... ... .. ... . . 46
26.2. Vertexcolorings. . ... ...... ... ... .. ... . .. ... 48
27.Flowinnetworks . ... .. ....... ... .. .. . ... ... ..., 53
28.Conclusion . . . . ... ... 68

29.Bibliography . . .. ... ... 68



vi  Operations Research and Networks

Chapter 3. Classical Combinatorial Problems and Solution Techniques. . .
Clarisse DHAENENS, Marie-Laure ESPINOUSE and Bernard PENZ

3.1.Introduction. . . .. .. ...
3.2. Classical optimization problems . . . . .. ...... ... ..........
32.1.Introduction . . ... ... ... .. ...
3.2.2. Combinatorial optimization problems in graph theory . . . . . . ..
323, AssignmentProblems . . .. ... ... o Lo L L
3.24. Transportation problems. . . . .. ... .................
3.2.5.Locationproblems . . ....... ... ... ... ...
3.2.6. Schedulingproblems . . . .. ..... ... ... .. .........
33.Complexity . . . . . ..
3.4. Solution ofhardproblems . . . . .. ..... ... . ... .. ... ...,
34.1. Introduction . . . ... ... e

344 Improvementmethods . . . . ... ... ... .. ... ... ... ..
345 Exactmethods. . .. ...... ... ... ... . . . ... . .....

Chapter 4. Project Scheduling . . . . .. ... .. ... ... ... .........
Lionel DUPONT

4.1.Presentation. . . . . .. ... e
4.1.1.Conductingaproject . . . ... ..... ... ... . ...
4.12.Definitions . . . . . .. ... e
4.1.3.Schedulingmethods . . ... ........... ... . ... .....

4.2. Scheduling and graphs withoutcycles . . . . .. ...... .........

43.Fundamental problem. . . ... ...... ... ... . ... .. ...
4.3.1. Calculation of the earliestdates. . . . ... ...............
4.3.2. Calculation of the latestdates. . . .. ... ...............
433 . Margins. . . . ... e e e

44.Visualizations . . . . . . .. ... e
4.4.1. Representation on the graph PERT/CPM. . . . . ... ... .....
442 . Ganttchart. . .. ... ... ... ... e

4.5.1. Analyticsolution . . . .. ... .. ... ... ... .. .. ...

4.5.2.Solutionby simulation . . . .. ......... . ... .. ... . ...
4.6. Sequencing with disjunctive constraints . . . . ... .. .. ... ... ...
4.7. Sequencing with cumultative constraints: serial methods . ... ... ..
4.8. Time-cost trade-off problem . . . . ... ... ... ... ... ... ...
4.9.Conclusion . . . .. . ... e e
4.10. Bibliography . . . ... ... ...



Table of Contents Vil

Chapter 5. Operations Management in Transportation Networks. . . . . . . 137
Jacques DESROSIERS
S5.1.Introduction. . . . ... .. 137
S0 ADItOFRISIOTY .« . o oo oottt 137
5.1.2. University—industry: a winning partnership . . ... ... ... ... 138
5.2. Fundamentalnotions . . ... ... ...... ... ... ... ..., 139
S21.Acommonstructure . . . ... ... 139
5.2.2. The shortest path problem with time windows. . . . ... ... ... 140
5.2.3.Some mathematics . . . .. ... ... ... .. L L. 141
524. Agenericalgorithm. . . ... ... ... ... ... . . ..., 142
5.3. A mechanism of decomposition. . . . ... .................. 145
5.3.1. Local restrictions and global constraints . . ... ........... 145
5.3.2. The column generationmethod. . . . . .. ... ............ 148
5.3.3. Solutions satisfying the integrality constraints. . . . . .. ... ... 150
5.4. Diversity of the local restrictions . . . . . ................... 151
5.4.1. A few words on the extension functions . . .............. 151
542 Modelingexamples . ........ ... ... ... . ..... 154
5.5. Applications in large transportation networks . . . . ... ... ... L. 156
5.5.1. Urban transportation . . . . ... ... ... .. .. .. ... ..., 156
S.5.2. Airtransportation . . . . ... .. ... 157
5.5.3. Rail transportation . . . . ... ... .. ... 158
5.6. What does the future look ike? . . . ... ... ... . L L. 159
57.Bibliography . . . . . ... ... 160
Chapter 6. Pickup and Delivery Problems with Services on Nodes or Arcs
ofaNetwork . . ... ... ... .. .. .. ... 165
Alain HERTZ and Michel MITTAZ
6.1. Introduction. . . . . ... ... 165
6.2. Noderoutingproblems . . . . .. ....... ... .. ... ....... 166
6.2.1. The traveling salesman problem . . . ... ............... 166
6.2.2. Vehicle tours with capacity constraints . . . . ... .......... 170
6.3. Arcroutingproblems . . . . ... ... L L oL 174
6.3.1. The Chinese postmanproblem . . . . . ................. 174
6.3.2. Therural postmanproblem . . . . . ................... 177
6.3.3. Arc routing problems with capacity constraints . . . . ... ... .. 183
6.4.Conclusion . . . . ... .. 185
6.5.Bibliography . . . . ... ... ... 186
Chapter 7. Telecommunication Networks . . . . . .. ... .. ... ... ... 189
Alexandre CAMINADA, Jin-Kao HAO, Jean-Luc LUTTON and Vincent MARTIN
7.0.Introduction. . . . . .. ... 189
7.2. Optimal synthesis of backbone networks . . . . ... ... ... ... 190
7.3. Topology and dimensioning of the nominal network . . . ... ... ... 193

73.1.Descentalgorithm. . . . . ... ... .. .. . . L, 194



viii Operations Research and Networks

7.3.2. Simulated annealing . . . .........................
7.4. Dimensioning of spare capacities. . . . . ... ................
7.4.1. Non-simultaneous multiflow model and linear programming . . . .
7.4.2. Solution of non-simultaneous multiflows by decomposition. . . . .
7.4.3. Extension of the decomposition model for modular capacities . . .
7.5. Conception of celtularnetworks . . .. ... .. ... ... ... ... ...
7.6. Antenna positioning and configuration . .. ... ..............
7.6.1. Multicriteriamodel . . . . ... ... .. ... .. ... .. ...
7.6.2. A heuristic for positioning antennas . . . . ... ... ... .. ....
7.7. Frequency assignment . . . .. ... .. ... ... ...
7.7.1. Modeling by set T-coloring . . . ... ..................
7.7.2. Solution by evolutionary algorithms. . . . . ... ...........
78 Conclusion . . .. ... . ... .. e
7.9.Bibliography . . . . .. ... ..

Chapter 8. Mission Planning for Observation Satellites . . . . . . ... . ...
Virginie GABREL, Cécile MURAT and Vangelis PASCHOS

81.Introduction. . . . .. ... .. ...
8.2. Description of the problem of planning satellite shots. . . . ... ... ..
8.2.1. Context: image acquisitions — constraints of the satellite used . . .
822 . Problemsstudied . . .. ....... ... .. ... .. Lo L.
8.3. Models and formulations of induced combinatorial problems . . . . . . .
8.4. Algorithms forMSandMSO . . .. .. ....................
84.1.Solving MS . . . ..
8.4.2. Solving MSO in the discretecase . .. .................
8.4.3. Solving MSO in the continuouscase . . ................
8.5. Experiments and numericalresults . . . . ... ................
8.5.1. Performances of approximate algorithms proposed to solve MS . .
8.5.2. Performances of approximate algorithms proposed to solve MSO .
86.Conclusion . . ... ... ...
87.Bibliography . . . . ... .. ...

Listof Authors . . . . . . . .. .. . . e



