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@ occasionally referred to as Chomsky—Schiitzenberger hierarchy

@ described by Noam Chomsky in 1956

@ hierarchy of grammars
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Alphabets and Languages

An alphabet is a finite non-empty set.
Let S and T be alphabets.

SeT={st|seS teT}
(We’ll often write ST for ST.)

A = empty string, string of length one

SP= fh

S1=8§

qu=S@De§ n>1]

SF=8LUSLUST

S*=80TJ §*

A language L over an alphabet S 1s a subset of S*.




Definition of a Grammar

A grammar Gis a 4 tuple G= (N, 2, P, S), where
N is an alphabet of nonterminal symbols
2. 1s an alphabet of terminal symbols

N and 2 are disjoint

S 1s an element of N; S 1s the start symbol or initial
symbol of the grammar

P 1s a set of productions of the form o -> [ where
a1sin (N U X)* N (N U 2)*
Bisin (NUX)*



Classes of Grammars

(The Chomsky Hierarchy)

Type 0, Phrase Structure (same as basic grammar definition)
Type 1, Context Sensitive
(1) o> B where aisin(NUZ)* N(NU X)*,
B is in (N U X)+, and length(at) < length(]3)
(2)yAd-> ypdwhere AisimN, pisin (N U X)*, and
yand & are in (N U X)*
Type 2, Context Free
A->pPwhere AisinN,Bisin (NUZ)
Linear
A->X orA->x By, where A and B are in N and x and y are in X*
Type 3, Regular Expressions
(1) leftlincar A->BaorA->a where AandBaremmNandaisin Z
(2) right lincar A ->aB or A->a, wherc Aand BarcinNand ais in X



Comments on the

Chomsky Hierarchy (1)

Definitions (1) and (2) for context sensitive are equivalent.
Definitions (1) and (2) for regular expressions are equivalent.

[f a grammar has productions of all three of the forms described in definitions (1)
and (2) for regular expressions, then it is a linear grammar.

Each definition of context sensitive is a restriction on the definition of phrase
structure.

Every context free grammar can be converted to a context sensitive grammar with
satisfies definition (2) which generates the same language except the language
generated by the context sensitive grammar cannot contain the empty string A..

The definition of linear grammar is a restriction on the definition of context free.

The definitions of left linear and right linear are restrictions on the definition of
linear.



Comments on the

Chomsky Hierarchy (2)

Every language generated by a left linear grammar can be generated by
a right linear grammar, and every language generated by a right linear
grammar can be generated by a left linear grammar.

Every language generated by a left linear or right linear grammar can
be generated by a linear grammar.

Every language generated by a linear grammar can be generated by a
context free grammar.

Let L be a language generated by a context free grammar. If L does

not contain A, then LL can be generated by a context sensitive grammar.
If L. contains A, then L-{A} can be generated by a context sensitive
grammar.

Every language generated by a context sensitive grammar can be
generated by a phrase structure grammar.



The Chomsky Hierarchy and the
Block Diagram of a Compiler
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