Contents

Preface
Acknowledgments

1 From Real to Arfificial Ants
1.1 Ants’ Foraging Behavior and Optimization
1.2 Toward Artificial Ants
1.3 Artificial Ants and Minimum Cost Paths
14 Bibliographical Remarks
1.5 Things to Remember
1.6 Thought and Computer Exercises

2 The Ant Colony Optimization Metaheuristic
2.1 Combinatorial Optimization
22 The ACO Metaheuristic
2.3 How Do I Apply ACO?
24  Other Metaheuristics
2.5 Biblicgraphical Remarks
2.6 Things to Remember
2.7 Thought and Computer Exercises

3  Ant Colony Optimization Algorithms for the Traveling Salesman
Problem
3.1 The Traveling Salesman Problem
3.2  ACO Algorithms for the TSP
33  Ant System and Its Direct Successors
34  Extensions of Ant System
3.5 Parallel Implementations
3.6  Experimental Evaluation
3.7 ACO Plus Local Search
3.8 Implementing ACO Algorithms
3.9 Bibliographical Remarks
310 Things to Remember
3.11 Computer Exercises

4 Ant Colony Optimization Theory
4.1 Theoretical Considerations on ACO
4.2 The Problem and the Algorithm
4.3 Convergence Proofs

xiii

WD o] e e

21
22
23

25
25
i3
38
46
60
6l
63

65
65
67
69
76
82
84
92
99
114
117
117

121
121
123
127



Vil

44
4.5
4.6
4.7

ACO and Model-Based Search
Bibliographical Remarks

Things to Remember

Thought and Computer Exercises

5  Ant Colony Optimization for A"P-Hard Problems

3l
52
53
54
515
3.6
5
38
39

Routing Problems

Assignment Problems

Scheduling Problems

Subset Problems

Application of ACO to Other A"P-Hard Problems
Machine Learning Problems

Application Principles of ACO

Bibliographical Remarks

Things to Remember

5.10 Computer Exercises
6  AntNet: An ACO Algorithm for Data Network Routing

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.3
6.9

The Routing Problem

The AntNet Algorithm

The Experimental Settings

Results

AntNet and Stigmergy

AntNet, Monte Carle Simulation, and Reinforcement Learning
Bibliographical Remarks

Things to Remember

Computer Exercises

7 Conclusions and Prospects for the Future

7.1
72
7.3

What Do We Know about ACO?
Current Trends in ACO
Ant Algorithms

Appendix: Scurces of Information about the ACO Field
References

Index

Contents

138
149
150
151

153
153
159
167
181
190
204
211
219
220
221

223
223
228
238
243
252
254
257
258
259

261
261
263
271

275
277
301



	Ant Colony Optimization_Page_008
	Ant Colony Optimization_Page_009

