
Formal Languages
Formal Grammars

Regular Languages
Formal complexity of Natural Languages

References

Formal Languages applied to Linguistics

Pascal Amsili

Laboratoire Lattice, Université Sorbonne Nouvelle

Cogmaster, september 2019

1 / 112



Formal Languages
Formal Grammars

Regular Languages
Formal complexity of Natural Languages

References

Definition
Automata
Properties

Overview

1 Formal Languages

2 Formal Grammars

3 Regular Languages
Definition
Automata
Properties

4 Formal complexity of Natural Languages

60 / 112



Formal Languages
Formal Grammars

Regular Languages
Formal complexity of Natural Languages

References

Definition
Automata
Properties

Definition

3 possible definitions
1 a regular language can be generated by a regular grammar
2 a regular language can be defined by rational expressions
3 a regular language can be recognized by a finite automaton

Def. 15 (Rational Language)
A rational language on ⌃ is a subset of ⌃⇤ inductively defined thus:

; and {"} are rational languages ;
for all a 2 X , the singleton {a} is a rational language ;
for all g and h rational, the sets g [ h, g .h and g⇤ are rational
languages.
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Metaphoric definition

$
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Formal definition

Def. 16 (Finite deterministic automaton (FDA))
A finite state deterministic automaton A is defined by :

A = hQ,⌃, q0,F , �i
Q is a finite set of states
⌃ is an alphabet
q0 is a distinguished state, the initial state,
F is a subset of Q, whose members are called

final/terminal states
� is a mapping fonction from Q ⇥ ⌃ to Q.

Notation �(q, a) = r .
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Example

Let us consider the (finite) language {aa, ab, abb, acba, accb}.
The following automaton recognizes this langage: hQ,⌃, q0,F , �i,
avec Q = {1, 2, 3, 4, 5, 6, 7}, ⌃ = {a, b, c}, q0 = 1, F = {3, 4}, and
� is thus defined:
� : (1,a) 7! 2

(2,a) 7! 3

(2,b) 7! 4

(2,c) 7! 5

(4,b) 7! 3

(5,b) 7! 6

(5,c) 7! 7

(6,a) 7! 3

(7,b) 7! 3
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Recognition

Recognition is defined as the existence of a sequence of states
defined in the following way. Such a sequence is called a path in
the automaton.

Def. 17 (Recognition)
A word a1a2...an is recognized/accepted by an automaton iff
there exists a sequence k0, k1, ..., kn of states such that:

k0 = q0

kn 2 F
8i 2 [1, n], �(ki�1, ai ) = ki
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Exercices

Let ⌃ = {a, b, c}. Give deterministic finite state automata that
accept the following languages:

1 The set of words with an even length.
2 The set of words where the number of occurrences of b is

divisible by 3.
3 The set of words ending with a b.
4 The set of words not ending with a b.
5 The set of words non empty not ending with a b.
6 The set of words comprising at least a b.
7 The set of words comprising at most a b.
8 The set of words comprising exactly one b.
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Answers
Université Paris Diderot – LI0636 – 13/14 Ch2. Automates
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ListeCpxAFDC

31
Soit A = {a, b, c}. Donner des automates déterministes complets reconnaissant les lan-

gages suivants :
1. L’ensemble des mots contenant au moins un a et dont la première occurence de a

n’est pas suivie par un c.
2. L’ensemble des mots comportant au moins 3 lettres et dont la troisième lettre à

partir de la fin est un a ou un c.ListeCpxAFDC-Answer
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 (p. 23) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Le premier est assez simple ; le second : seule méthode trouvée : passer par un automate
non déterministe (il vaut mieux qu’il ne soit pas complet), puis le déterminiser. Version
trouvée (à vérifier) :

a (et c) b
1 1,2 1

1,2 1,2,3 1,3
1,2,3 1,2,3,4 1,3,4

1,3 1,2,4 1,4
1,2,3,4 1,2,3,4 1,3,4

1,3,4 1,2,4 1,4
1,2,4 1,2,3 1,3

1,4 1,2 1exIntersection

32
Soit � = {a, b, c}.

1. Proposer un automate déterministe (pas nécessairement complet) qui reconnaît le
langage sur �⇤ de tous les mots qui commencent par c et se terminent par c.

2. Proposer un automate déterministe qui reconnaît tous les mots de �⇤ qui com-
prennent le motif abb⇤a.

3. Proposer un automate (pas nécessairement complet) qui reconnaît tous les mots de
�⇤ qui comprennent le motif abb⇤a et commencent et se terminent par c.exIntersection-Answer

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 (p. 23) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Soit � = {a, b, c}.

1. Proposer un automate déterministe (pas nécessairement complet) qui reconnaît le langage
sur �⇤ de tous les mots qui commencent par c et se terminent par c.

25
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