Contents

Foreword —V

Preface — Vii

1 Preliminaries ~—1

1.1 Sets ——1

1.2 Relations —3

1.2.1 Multiplace relations ——3
1.2.2 Two place relations — 4
1.2.3 Binary relations — 6

1.2.4 Equivalence relations —7
1.2.5 Closure of relations — 7

1.3 Mathematical induction —9
1.4 Graphs and trees —10
1.4.1 Graphs — 11

1.4.2 Trees ~— 11

1.5 Languages —13

1.5.1 Basic definitions —— 13
1.5.2 Operations on languages — 14
1.6 Grammars ~— 17

1.7 Problems — 19

Partl: Grammars and generating languages

2 Regular expressions and regular languages — 25
2.1 Regular expressions and regular languages — 25
2.11 Regular expressions — 25

2.1.2 Regular languages — 27

2.1.3 The Myhill-Nerode lemma — 29

2.1.4 The pumping lemma~— 30

2.1.5 Regular grammars —— 32

2.2 Problems — 35

3 Context-free grammars — 37

3.1 Context-free grammars - basics — 37

3.2 Simplification of context-free grammars ~— 42
3.2.1 Useless symbols — 42

3.2.2 Nullable symbols and &-productions —— 45
3.2.3 Unit productions — 48

Bibliografische Informationen
http://d-nb.info/1246960389

F HE
digitalisiert durch IONAL
FB IOTHE


http://d-nb.info/1246960389

XNl = Contents

3.3
3.3.1
3.3.2
3.4
3.4.1
3.4.2
3.5
3.6
3.6.1
3.6.2
3.7

4
4.1
4.2

Normal forms of context-free grammars — 50
Chomsky normal form — 50

Greibach normal form — 53

Pumping and Ogden lemmas — 57

The pumping lemma — 57

The Ogden lemma — 61

Context-free language membership — 63
Applications — 69

Translation grammars — 69

LL(2) grammars — 70

Problems — 76

Context-sensitive grammars and unrestricted grammars — 81
Context-sensitive grammars — 81
Unrestricted grammars —— 87

Part ll: Automata and accepting languages

5

5.1
5.1.1
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1.7
5.1.8
5.2
5.3
5.4

6.1
6.2
6.3
6.4
6.5

Turing machines — 93
Deterministic Turing machines — 93
Basic model of Turing machines — 94
Turing machine with the stop property — 100
Simplifying the stop condition —— 102
Guarding the tape beginning — 103
Turing machines with a multitrack tape — 106
Turing machines with two-way infinite tape — 108
Multitape Turing machines ~—— 111
Programming with Turing machines — 117
Nondeterministic Turing machines — 122
Linear bounded automata — 130
Problems —- 134

Pushdown automata — 139
Nondeterministic pushdown automata — 139
Deterministic pushdown automata — 145
Accepting states versus empty stack — 148
Pushdown automata as Turing machines — 150
Problems — 152

Finite automata — 156
Deterministic finite automata — 156



7.2
7.3
7.4
7.5

Contents == XI|}

Nondeterministic finite automata — 162
Finite automata with g-transitions — 171
Finite automata as Turing machines —- 180
Problems — 182

Part Ill: Revisited: languages, grammars, automata

8

8.1
8.1.1
8.1.2
8.1.3
8.1.4
8.1.5
8.2
8.2.1
8.2.2
8.2.3

9

9.1
9.1.1
9.1.2
9.1.3
9.2
9.3

Grammars versus automata — 187
Regular expressions, regular grammars and finite automata — 187
Regular expressions versus finite automata — 187
Regular grammars versus finite automata — 193
The pumping lemma — 197
The Myhill~Nerode theorem — 199
Minimization of deterministic finite automata —— 200
More grammars and automata — 201
Context-free grammars versus pushdown automata — 201
Unrestricted grammars versus Turing machines —— 205
Context-sensitive grammars versus linear bounded automata — 207

Around the hierarchy of languages — 208
More operations on languages — 208
Substitutions, homomorphisms — 208
Quotients — 211
Building automata with quotients — 212
Closure —- 214
The hierarchy of languages — 219

Bibliography — 227

Index — 229



