
Module-3 

Context ï Free Grammars 

Context Free Grammar is formal grammar, the syntax or structure of a formal 

language can be described using context-free grammar (CFG). A context-free 

grammar is a formal notation for expressing recursive definitions of languages.  

 

Definition of Context-Free Grammars: 

The context-free grammar is defined by quadruple, 

G=(V, T, P, S) 

where, 

¶ V is a finite set of variables, also called sometimes non-terminals. Each 

variable represents a language i.e., a set of strings. 

¶ T is a finite set of symbols that form the strings of the language being 

defined. We call this alphabet the terminals or terminal symbols. 

¶ S is the start symbol, is one of the variables represents the language being 

defined. 

¶ There is a finite set of productions or rules that represent the recursive 

definition of a language. Each production consists of: 

a) A variable that is being defined by the production. This variable is 

often called the head of the production. 

b) The production symbol Ą 

c) A string of zero or more terminals and variables. This string, called 

the body of the production, represents one way to form strings in the 

language of the variable of the head. 

 

Example: Consider the grammar for arithmetic expression as follows: 

G= (V, T, S, P) with 
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V={E} 

T={+, *, id} 

P={  EĄE+E 

         EĄE-E 

         EĄE*E 

         EĄE/E 

         EĄ id         } 

and E is the start symbol. 

 

Derivations using a Grammar: 

ñThe process of obtaining string of terminals and/or non-terminals from the start 

symbol by applying some or all productions is called derivationò.  

 

 

 

Let us derive the sentence id+id*id from the grammar for arithmetic expression: 

 

E  => E+E 

   =>id+E 

   =>id+E*E 

   =>id+id*E 

   =>id+id*id 
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Leftmost and Rightmost Derivations 

LMD: 

In order to restrict the number of choices we have in deriving a string, it is often 

useful to require that at each step we replace the leftmost variable by one of its 

production bodies. Such a derivation is called a leftmost derivation, and we 

indicate that a derivation is leftmost by using the relations  and , for one or 

many steps, respectively. 

 

RMD: 

Similarly, it is possible to require that at each step the rightmost variable is 

replaced by one of its bodies. If so, we call the derivation rightmost and use the 

symbols and to indicate one or many rightmost derivations steps, 

respectively. 

 

Ex: Consider the string w=id+id*id. Let us derive w using LMD and RMD as 

follows: 

LMD: 

    E  E+E 

 id+E 

 id+E*E 

 id+id*E 

 id+id*id 

RMD: 

E E+E 

  E+E*E 

  E+E*id 

notesforvtu.in



  E+id*id 

  id+id*id 

 

 

The Language of a Grammar: 

 

If a language L is the language of some contex-free grammar, then L is said to 

be context-free language or CFL. 

 

Sentential Forms: 

 

Examples: 

Design Context free grammar for the given language: 

1. Construct the CFG for the language having any number of a's over the set 

×= {a}. 

Ans : 

                  SĄaS | Ů 

 

Therefore, G=(V,T,S,P) 

where V={S}, T={a}, P={SĄaS | Ů}, S is the start symbol. 
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