Contents

1 LCSsinaNutshell ........ ... ... ... ... .. i i 1
1.1 A Non-trivial Example Problem: The Multiplexer ............... 1
1.2 KeyElements...........oooiiiiiiiiiiiiiiii e, 4

1.2.1 Environment ...............uiiieiiiiiiiiiineeninnnn, 4
1.2.2 Rules, Matching, and Classifiers........................ 4
1.2.3 Discovery Component - Evolutionary Computation........ 6
1.2.4 LearningComponent ............ovviuuunuuennneennnn. 7
1.3 LCSFunctional Cycle.............cooiiiiiiiiiiiiinnnn... 7
1.4 PoSt-training. . ....ovtvruuriiieieeerer et ereeennnnennnnnns 10
1.4.1 RuleCompaction ...........ccvvviiiiiiinnennennnnn.. 10
142 Prediction .........ccovuiiiiiiiiiiiiiiiiiii i 11
143 Evaluation .............oiiiiiiiniiiin .., 11
144 Interpretation............c.cceeiiiviniiinineetienn... 12
1.5 CodeExercises (€LCS) . ...cuviiiiin ittt iiiiieanenn, 13

2 LCSCOMCEPLS ...oovitiiii ettt e 21

2.1 Learning .....ooununiiiii e e 22
2.1.1 Modeling withaRuleset ...................ocoiiitn. 23

22 Classifier ......coviiiiiiiiiiii i i e e 24
220 Rules ....oiiii e e 24

2.2.2 Representation and Alphabet .......................... 27

223 Generalisation...........cooiiiiiiiiiiiii e 28

0 B 1 1<) 1 30
2.3.1 InteractionwithProblems ............................. 30

2.3.2 Cooperation of Classifiers . ................oooiiiinan. 33

2.3.3 Competition Between Classifiers ....................... 34

2.4 Problem Properties ..........oiiiiiiiiiiii i 35
2.4.1 Problem Complexity ...........ccoviiiiiiiiiennannn.. 35
242 Applications OVerview .............ovvueiivveennnnnn. 37

2.5 Advantages...........iiiiiiiii i i e 39
2.6 Disadvantages ............eeiiiiiiiiiiiiii it 40
vii

Bibliografische Informationen
http://d-nb.info/1130266737 digitalisiert durch



http://d-nb.info/1130266737

viii

Contents

Functional Cycle Components ............................0vuunn. 41
3.1 Evolutionary Computationand LCSs .......................... 42
3.2 Initial Considerations ..............c.cvviriviiivnnnnnnennn.. 44
3.3 Basic Alphabets for Rule Representation ....................... 45
3.3.1 Encoding for Binary Alphabets......................... 45

332 Interval-Based............ccovriiiiiiiiiinininnnnnns. 48

34 Matching ..ottt e e e e 51
35 COVETiNg . ..ot e e 52
3.6 Form a Correct Set or Selectan Action......................... 53
3.6.1 Explorevs.Exploit..........ccoiiiiiiiiiiinnnnn., 54

3.6.2 ActionSelection............. oot 56

3.7 Performingthe Action ............coviiiiieeiniinennnnn.n, 57
38 Update ..ot e e e e 58
3.8.1 Numerosity of Rules ................ccoiiiiviinnn... 58

382 FitnessSharing ...ttt 59

3.9 Selection for Rule Discovery ............ccoviiviiiiinnnnnn... 59
3.9.1 Parent Selection Methods ..................cccvvunn... 60

3.10 RuleDiscovery ......ooiiiiiiiiii et e 62
3.10.1 When to Invoke Rule Discovery ........................ 63
3.10.2 Identifying Building Blocks of Knowledge ............... 64
3103 Mutation ....vviin i e e 65
3.10.4 CrosSOVET. .. vvvt ittt ettt iteiiiiiieiiieeeeeneenn. 66
3.10.5 Initialising Offspring Classifiers ........................ 67
3.10.6 Other Rule Discovery...........ccoviiieeinienennnn... 68

3,11 Subsumption . .....oiiii i e e e e 68
32 Deletion . .vvviviit it et e e e 69
313 SUMMATY ottt e e e 70
LCS Adaptability .............. ... i 71
41 LCSPIeSSUES . ..ottt ittt ittt ieiiiiiieieneeeeeeeennns 71
4.2 Michigan-Style vs. Pittsburgh-Style LCSs ...................... 74
4.3 Michigan-Style Approaches................c.coeiiiii.. 76
4.3.1 Michigan-Style Supervised Learning (UCS).............. 76
4.3.2 Updates with Time-Weighted Recency Averages .......... 78

4.3.3 Michigan-Style Reinforcement Learning (e.g. XCS) ....... 79

4.4 Pittsburgh-Style Approaches ............cvviviiiiiiiinnnnn. 87
44.1 GAssistandBioHEL ....................ccoiiia.t, 87
442 GABIL,GALE,and A-PLUS..............ccoovviinnn. 88

4.5 Strength- vs. Accuracy-Based Fitness.......................... 89
45.1 Strength-Based .......... ..ottt 89
452 Accuracy-Based ......... ...t 90

4.6 Niche-Based Rule Discovery ............oooiiiuiiveanna.. 90
4.7 Single- vs. Multi-stepLearning ..............oooiiiiii 92
47.1 Sense,Plan, ACt .....oviiiiit it i i 93

472 DelayedReward ..........covvviiiiiineninenenennnn. 95



Contents ix
4.7.3 Anticipatory Classifier Systems ........................ 97

4.8 Computed Alphabets. ...........ccoviiiiiiiiiiiiiiiieneann. 98
4.8.1 S-Expression and Genetic Programming ................. 98
4.8.2 Artificial Neural Networks ...................o0vnnn.. 99

4.8.3 Computed Prediction ...............cooviiiiii L 99

484 Computed ACHON .......vvviivirirrnrnnnnnnnnaannenn, 100

4.8.5 CodeFragments ...........ccvvviriruninnnnenennnennn 100

4.9 Environment Considerations ................ooveevveernnnnnn. 101
S Applying LCSs ...t e e 103
5.1 LCSStUD . .vvviitt ettt 104
5.1.1 Run Parameter ‘Sweet Spots’ ............cooivveinnnn.. 110
5.1.2 HybridiseorDie...........coiiiiiiiiiiiiiiiiin. 113

5.2 TURNE ..ttt ettt ettt et eenananaaaeeeneaaens 114
5.3 Troubleshooting...........covviiiiiiiiiiiiiiiii i 115
5.3.1 LackofConvergence ..............ccvvviuiineninnn. 116

54 Where toNOW? ... e 117
5.4.1 Workshops and Conferences ..............coviinnnn.t.. 117

5.4.2 Books, Journals, and Select Reviews .................... 118

5.4.3 Websitesand Software..............oooiiiiiiiiiii., 121
544 Collaborate .........coiiiiiiiiiiiiiiiiiiiiiii., 122

5.5 ConcludingRemarks. ..........cccoviiiiiiiiiiiiiiiininan. 123



