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AMBIGUITY in CFGs 

 
Definition: A grammar that produces more than one parse tree for some sentence (input string) is said 
to be ambiguous. 

In other words, an ambiguous grammar is one that produces more than one leftmost 
derivation or more than one rightmost derivation for the same sentence. 

Or If the right hand production of the grammar is having two non terminals which are exactly 
same as left hand side production Non terminal then it is said to an ambiguous grammar. Example : If the 
Grammar is E-> E+E | E*E | -E| (E) | id and the Input String is id + id* id 

Two parse trees for given input string are 
 
 

 
(a) 

 
Two Left most Derivations for given input String are : 

E => E +E E => E * E 

 
(b) 

=> id + E => E+E*E 

=> id + E * E => id + E * E  

=> id + id * E => id+ id* E 

=> id + id * id => id + id * id 

(a) (b) 
 

The above Grammar is giving two parse trees or two derivations for the given input string so, it is an 
ambiguous Grammar 
Note: LL (1) parser will not accept the ambiguous grammars or We cannot construct an LL(1) parser for 
the ambiguous grammars. Because such grammars may cause the Top Down parser to go into infinite 
loop or make it consume more time for parsing. If necessary we must remove all types of ambiguity 
from it and then construct. 

ELIMINATING AMBIGUITY: Since Ambiguous grammars may cause the top down Parser go into infinite 
loop, consume more time during parsing. 
Therefore, sometimes an ambiguous grammar can be rewritten to eliminate the ambiguity. The general 
form of ambiguous productions that cause ambiguity in grammars is 



 
 

CS 

A 
Aꞌ 

β A
α A

 
 

 

This can be written as (introduce one new non terminal in the place of second non terminal)

Example : Let the grammar is E 
can be written as 

E E+E 
E E-E 
E E*E 
E -E 
E (E) 
E id 

In the above grammar the 1st and 2

E-> E+E | E*E this production again can be written as
E-> E+E | β , where β is E*E
The above production is same as the general form. so, that can be written as E
>E+T|T 
T->β 

 
The value of β is E*E so, above grammar can be written as
1) E->E+T|T 
2) T-> E*E The first production is free from ambiguity 

production then it can be written
T-> T*T | -E| (E) | id this production again can be written as
T->T*T | β where β is -E| (E) | id, introduce new non terminal in the Right hand side 
production then it becomes
T->T*F | F 
F-> -E | (E) | id now the entire grammar 

The Unambiguous grammar equivalent to the given ambiguous one is

1) E E + T | T 

2) T T * F | F 

3) F -E | (E) | id 
 

LEFT RECURSION: 
Another feature of the CFGs which is not desirable to be used in top down parsers is left 

recursion. A grammar is left recursive if it has a non terminal A such that there is a derivation A=>Aα for 
some string α in (TUV)*. LL(1) or Top Down Parsers can
need to remove the left recursion from the gramm

 
 
 
 
 

A Aα |
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β Aꞌ 
Aꞌ| ε 

 

This can be written as (introduce one new non terminal in the place of second non terminal)

 E+E | E*E | -E| (E) | id . It is shown that it is ambiguous 

and 2nd productions are having ambiguity. So, they can be written as

this production again can be written as 
where β is E*E 

The above production is same as the general form. so, that can be written as E

The value of β is E*E so, above grammar can be written as 

The first production is free from ambiguity and substitute E
n it can be written as 

this production again can be written as 
E| (E) | id, introduce new non terminal in the Right hand side 

production then it becomes 

now the entire grammar turned in to it equivalent unambiguous,

equivalent to the given ambiguous one is 

Another feature of the CFGs which is not desirable to be used in top down parsers is left 
recursion. A grammar is left recursive if it has a non terminal A such that there is a derivation A=>Aα for 

. LL(1) or Top Down Parsers cannot handle the Left Recursive grammars, so we 
need to remove the left recursion from the grammars before being used in Top Down Parsing.

Aα | β 
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This can be written as (introduce one new non terminal in the place of second non terminal) 

is shown that it is ambiguous that 

productions are having ambiguity. So, they can be written as 

The above production is same as the general form. so, that can be written as E-

and substitute E->T in the 2nd 

E| (E) | id, introduce new non terminal in the Right hand side 

unambiguous, 

Another feature of the CFGs which is not desirable to be used in top down parsers is left 
recursion. A grammar is left recursive if it has a non terminal A such that there is a derivation A=>Aα for 

not handle the Left Recursive grammars, so we 
ars before being used in Top Down Parsing. 



 
 

CS 

A Aα | β

A  αA1 | αA2 | αA3 
αA4 |… | αA

A 
A′ A1|A2|A3|A4…|A

 
 

 
The General form of Left Recursion is

 

The above left recursive production can be written as the non left recursive equivalent :

Example : - Is the following grammar left recursive? If so, find a non left recursive grammar 
equivalent to it. 

 
E E + T | T 

T T * F | F 

F -   E | (E) | id 

Yes ,the grammar is left recursive due to the first two productions which are satisfying the 

general form of Left recursion, so they can be rewritten after removing left recursion from 

+ T, and T→ T * F is 

E TE′ 
E′ +T E′ | € 
T F T′ 
T′ *F T′ | € 
F      (E) | id 

 
LEFT FACTORING: 

Left factoring is a grammar transformation that is useful for producing a grammar suitable for predictive 
or top-down parsing. A grammar in which more than one production has common prefix is to be 
rewritten by factoring out the prefixes.
For example, in the following grammar there are n A productions have the common prefix 
which should be removed or factored out without changing the language defined for A.

 

We can factor out the α from all n productions by adding a new A
and rewriting the A′ productions grammar as

 

 

 

A βAꞌ
Aꞌ αAꞌ| €
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β 

αA1 | αA2 | αA3 | 
αA4 |… | αAn 

αA′ 
A1|A2|A3|A4…|An 

The General form of Left Recursion is 

The above left recursive production can be written as the non left recursive equivalent :

 
Is the following grammar left recursive? If so, find a non left recursive grammar 

Yes ,the grammar is left recursive due to the first two productions which are satisfying the 

general form of Left recursion, so they can be rewritten after removing left recursion from 

Left factoring is a grammar transformation that is useful for producing a grammar suitable for predictive 
down parsing. A grammar in which more than one production has common prefix is to be 

t the prefixes. 
For example, in the following grammar there are n A productions have the common prefix 
which should be removed or factored out without changing the language defined for A.

from all n productions by adding a new A production             
productions grammar as 

ꞌ 
€ 
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The above left recursive production can be written as the non left recursive equivalent : 

Is the following grammar left recursive? If so, find a non left recursive grammar 

Yes ,the grammar is left recursive due to the first two productions which are satisfying the 

general form of Left recursion, so they can be rewritten after removing left recursion from E → E 

Left factoring is a grammar transformation that is useful for producing a grammar suitable for predictive 
down parsing. A grammar in which more than one production has common prefix is to be 

For example, in the following grammar there are n A productions have the common prefix α, 
which should be removed or factored out without changing the language defined for A. 

            A αA′ 


