Contents

Foreword Xv

The Conceptual Background 1
Objectives and Methods 1.1 1

STRUCTURAL LINGUISTICS 1.1.1 1
MATHEMATICAL LOGIC 1.1.2 5
COMPUTATION 1.1.3 5

Basic Mathematical Concepts 1.2 3

SETS 1.2.1 8

STRINGS 1.2.2 14

*MONOIDS 1.2.3 15

POLYNOMIALS AND SERIES ON STRINGS 1.24 16



Applications to Natural Languages

BASIC PROPERTIES OF LANGUAGES
FACTORIZATION OF STRINGS
POLYNOMIALS ON PHONEMES

A NOTATION IN PHONOLOGY

Turing Machines

Definitions
THE MACHINE

COMPUTATIONS
DETERMINICITY

Definition of Languages
CHARACTERISTIC FUNCTIONS
WEAK ACCEPTANCE

FUNDAMENTAL PROPERTIES OF LANGUAGES
REMARKS

Extensions of Turing Machines

UNIVERSAL TURING MACHINES
GENERALIZATIONS OF TURING MACHINES

Formal Systems

Rewriting Systems

DEFINITIONS

REWRITING RULES AND BUILDING PROCESSES
AUXILIARY SYMBOLS

VARIABLES

EXTENSIONS OF REWRITING SYSTEMS

*Algebraic Systems

THE EQUIVALENCE RELATION <
THE CONGRUENCE RELATION <=

13

1.3.1
1.3.2
13.3
1.34

21

2.1.1
2.1.2
2.1.3

22

2.2.1
222
2.2.3
2.24

23

2.3.1
232

31

3.1.1
3.1.2
3.1.3
3.14
3.1.5

32

321
3.22

19

19
22
24
25

26

26

26
26
27

32

32
32
33
34

34

34
35

37

37

37
39
40
43
45

46

46
47



THE PRODUCT OF CLASSES
MORPHISM
REMARKS

Relations Between Turing Machines
and Rewriting Systems

Turing Machines and Rewriting Systems
Turing Machines for Substitutions

Formal Systems Simulating Turing Machines
Flowcharts

Generation Versus Recognition

Computing Systems and Natural
Languages

Natural Languages as Recursively Enumerable Sets
Special Properties of Natural Languages

Linguistic Motivation

LINGUISTIC FACTS
THE USE OF SYMBOLS
TERMINAL AND AUXILIARY VOCABULARIES

Grammar Rules

Rules and Computing Devices
DELETIONS

INSERTIONS
PERMUTATIONS

3.2.3
3.24
3.25

4.1

4.2

43

44

4.5

5.1

52

5.3

53.1
5.3.2
5.3.3

54

5.5

5.5.1
5.5.2
55.3

48
49
51

571

52
54
56

58

63

63
64

65

65
70
70

73

74

74
76
77



Finite State Processes

Finite Automaton

Other Interpretations

FINITE-STATE GRAPHS

PRODUCING AUTOMATON

FINITE-STATE GRAMMARS

A LANGUAGE THAT IS NOT A K-LANGUAGE
REMARKS ON INTERPRETATION

Regular Expressions

*Algebraic Systems Associated to a Finite Automaton

AUTOMATA AND MAPPINGS
THE MONOID OF AN AUTOMATON

Extensions of the Definition of Finite Automaton

Formal Properties of K-Languages

UNION
PRODUCT
STAR

Application to Syntax

Application to Morphophonology

Context-Free Languages
Constituent Analysis of Natural Languages
Examples of C-Grammars

Derivations and Trees

6.1

6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.4

6.4.1
6.4.2

6.5

6.6

6.6.1
6.6.2
6.6.3

6.7

6.8

78

78

80

81
81
82
83
84

85

87

87
91

94

95

95
96
96

9

99

700
100
102

103



Ambiguity

Description of C-Grammars

SELF-EMBEDDING GRAMMARS
CLASSES OF C-GRAMMARS
REPRESENTATIONS OF STRUCTURES
*ALGEBRAIC EQUATIONS

A Language That Xs Not a C-Language

Formal Properties

CLOSURE PROPERTIES
INTERSECTION

Push-Down Automata

DEFINITIONS
EQUIVALENCE WITH C-GRAMMARS
REMARKS

*Algebraic Characterization

DYCK LANGUAGES

ALGEBRAIC DEFINITION

EQUIVALENCE BETWEEN C-GRAMMARS
AND ALGEBRAIC SYSTEM

Linguistic Adequacy
of Mathematical Models

Natural Languages Characterized as Sets of Strings

NATURAL LANGUAGES AND K-LANGUAGES
NATURAL LANGUAGES AND C-LANGUAGES

Representation of Constraints

TREE STRUCTURES OF K-GRAMMARS
INADEQUACIES OF C-STRUCTURES

Context-Sensitive Languages

DEFINITIONS

OTHER FORMS OF RULES
FORMAL PROPERTIES
APPLICATIONS

7.4

1.5

7.5.1
7.5.2
7.5.3
754

7.6

1.7

7.7.1
7.7.2

78

7.8.1
7.8.2
7.8.3

1.9

7.9.1
7.9.2

7.9.3

8.1

8.1.1
8.1.2

8.2

8.2.1
8.2.2

83

8.3.1
8.3.2
8.3.3
8.34

105

107

107
108
109
110

112

112

113
114

114

115
116
118

120

120
122

122

124

124

125
127

129

129
129

132

132
133
135
136



Transformational Grammars

INADEQUACIES OF CONSTITUENT STRUCTURE
FORMALIZATION OF TRANSFORMATIONS
HARRIS® VIEW OF TRANSFORMATIONS

Conclusion
Selected Readings

Index

8.4

8.4.1
8.4.2
84.3

140

140
143
151

153

155

157



