
Contents

1 Introduction 1
1.1 Maude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.2 Proving Termination of Maude Programs by

Transformation . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.3 Dependency Pairs and the DP framework . . . . . . . . . . . . 13
1.4 Innermost Context-Sensitive Rewriting . . . . . . . . . . . . . . 16
1.5 Rewriting Modulo Equational Theories . . . . . . . . . . . . . . 21
1.6 Plan of the Thesis . . . . . . . . . . . . . . . . . . . . . . . . . 23

2 Preliminaries 27
2.1 Abstract Reduction Systems . . . . . . . . . . . . . . . . . . . . 27
2.2 Signatures, Terms, and Positions . . . . . . . . . . . . . . . . . 27
2.3 Substitutions, Renamings, and Unifiers . . . . . . . . . . . . . . 28
2.4 Binary Relations over Terms . . . . . . . . . . . . . . . . . . . 29
2.5 Rewrite Systems and Term Rewriting . . . . . . . . . . . . . . 29
2.6 Innermost Rewriting . . . . . . . . . . . . . . . . . . . . . . . . 30
2.7 (Innermost) Context-Sensitive Rewriting . . . . . . . . . . . . . 30
2.8 Narrowing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.9 Rewriting Modulo Equational Theories . . . . . . . . . . . . . . 32

I Termination of Innermost Context-Sensitive Rewriting 33

3 Infinite Innermost Context-Sensitive Rewrite Sequences 35

4 Innermost Context-Sensitive Dependency Pairs and Chains 41

5 Innermost Context-Sensitive Dependency Pair Framework 47
5.1 Innermost Termination and Termination of CSR . . . . . . . . 49

5.1.1 Switching to Innermost Termination of CSR . . . . . . 49
5.1.2 ICSDPs and IDPs . . . . . . . . . . . . . . . . . . . . . 51



ii Contents

6 ICS Processors 53
6.1 Innermost Context-Sensitive Dependency Graph . . . . . . 54

6.1.1 Estimating the Innermost Context-Sensitive Graph . . . 55
6.2 Usable Rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
6.3 Usable Arguments for CSR . . . . . . . . . . . . . . . . . . . . 66
6.4 Narrowing Transformation . . . . . . . . . . . . . . . . . . . . . 69

7 Experiments on ICS Rewriting 73
7.1 Direct Techniques vs. Transformations . . . . . . . . . . . . . . 73
7.2 Relaxing Monotonicity Requirements . . . . . . . . . . . . . . . 75
7.3 Transforming CS-dependency Pairs . . . . . . . . . . . . . . . . 76
7.4 Termination Competition . . . . . . . . . . . . . . . . . . . . . 76

8 Related Work and Contributions 79
8.1 Related work . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
8.2 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

II Termination of A∨C-Rewriting 83

9 Infinite A∨C-Rewrite Sequences 85
9.1 Combination of Associative and Commutative Theories . . . . 86
9.2 Minimal E-nonterminating Terms . . . . . . . . . . . . . . . . . 87
9.3 A New Notion of Minimal E-Nonterminating Terms . . . . . . 90
9.4 Structure of (Stably) Minimal Infinite

A∨C-Rewrite Sequences . . . . . . . . . . . . . . . . . . . . . . 92

10 A∨C-Dependency Pairs and Chains 95

11 A∨C-Dependency Pair Framework 99

12 A∨C Processors 101
12.1 Preprocessing . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
12.2 A∨C-Dependency Graph . . . . . . . . . . . . . . . . . . . . . . 102
12.3 Estimating the A∨C-Dependency Graph . . . . . . . . . . . . . 102
12.4 F Usable Equations Processor . . . . . . . . . . . . . . . . . . . 105
12.5 Use of Reduction Pairs . . . . . . . . . . . . . . . . . . . . . . . 106

12.5.1 Usable Rules and Equations for A∨C Problems . . . . . 107

13 Experiments on A∨C-Rewriting 113



Contents iii

14 Related Work and Contributions 115

15 Termination Tools for Maude programs 119
15.1 mu-term 5.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
15.2 MTT: The Maude Termination Tool . . . . . . . . . . . . . . . 121

16 Conclusions 125

Bibliography 131

Index 147

III Publications Associated to the Thesis 149

17 List of Publications 151

18 Publications (full text) 153
18.1 Context-Sensitive Dependency Pairs . . . . . . . . . . . . . . . 153
18.2 Improving the Context-Sensitive Dependency Graph . . . . . . 166
18.3 Proving Termination of Context-Sensitive Rewriting with mu-

term . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
18.4 Termination of Innermost Context-Sensitive

Rewriting Using DPs . . . . . . . . . . . . . . . . . . . . . . . . 192
18.5 Improving Context-Sensitive Dependency Pairs . . . . . . . . . 208
18.6 Using CSR for Proving Innermost Termination of Rewriting . . 225
18.7 Context-Sensitive Dependency Pairs . . . . . . . . . . . . . . . 241
18.8 A Dependency Pair Framework for

A∨C-Termination . . . . . . . . . . . . . . . . . . . . . . . . . 289
18.9 Proving Termination Properties with mu-term . . . . . . . . . 307
18.10Innermost Termination of Context-Sensitive Rewriting . . . . . 316
18.11A Dependency Pair Framework for

A∨C-Termination . . . . . . . . . . . . . . . . . . . . . . . . . 371

19 Appendix A: Detailed Benchmarks on ICSR 421

20 Appendix B: Detailed Benchmarks on A∨C 427

21 Appendix C: Detailed Benchmarks on Transformed Maude Ex-
amples 431


