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Context-Free Grammars

Example:

sentence­ subject verb object

subject­ person

person­ John |  Joe |  Zacharias

verb­ asked |  kicked

object­ thing |  person

thing­ the football |  the computer

Á Nonterminal symbols: 

sentence, subject, person, verb, object, thing

Á Terminal symbols: 

John, Joe, Zacharias, asked, kicked, the football, the computer

Á Start symbol:  sentence

Á Example of derivation:  

sentenceÝ subject verb object  Ý ... Ý John asked the computer
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Formal Definition of CFGs

A context-free grammar (CFG) is a 4-tuple G = (V, S, S, P)

ÅV is a finite set of nonterminal symbols

ÅSis an alphabet of terminal symbols and V ÆS= Ø

ÅSÍV is a start symbol

ÅP is a finite set of productions

of the form A ­awhere AÍV and aÍ(VÇS)*
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Derivations

ÁñÝò denotes a single derivation step, where

a nonterminal is rewritten according to a production

ÁThus ñÝò is a relation on the set (VÇS)*

ÁIf a,bÍ(VÇS)* then aÝbwhen

Åa= a1Aa2  where a1,a2Í(VÇS)* and AÍV

Åthe grammar contains the production  A ­g

Åb= a1ga2
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The Language of a CFG

ÁDefine the relation ñÝ*ò as the reflexive transitive 

closure of ñÝò, that is:

aÝ* b iff aÝ ... Ý ... Ýb

ÁThe language of G is defined as

L(G) = { xÍS*  |  SÝ* x }

ÁA language LÌS* is context-free iff 

there is a CFG G where L(G)=L

0 or more steps
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Example 1

The language L = { anbn | nÓ0}  is described by

a CFG G=(V,S,S,P) where

ÅV = {S}

ÅS= {a,b}

ÅP = {S­ aSb, S­L}

That is, L(G) = L alternative notation:

S­ aSb | L
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Example 2

The language pal = { xÍ{0,1}* | x=reverse(x) }

is described by a CFG G=(V,S,S,P) where

ÅV = {S}

ÅS= {0,1}

ÅP = {S­L, 

S­ 0, 

S­ 1, 

S­ 0S0, 

S­ 1S1}

alternative notation:

S­L| 0 | 1 | 0S0 | 1S1


