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Quiz 5

CS 341

Automata Theory

1. Convert the following cfg to Chomsky normal form:


S ( a S a


S ( B


B ( b b C


B ( b b


C ( (

C ( c C

Step 1: get rid of ( productions:


Nullable variables: C


S ( a S a


S ( B


B ( b b C 


B ( b b 

C ( c C


C ( c 

Step 2: eliminate unit productions:


S (* B


S ( a S a


S (  b b C

S ( b b 


B ( b b C 


B ( b b 

C ( c C


C ( c 

Step 3: eliminate terminals whenever the length of the right hand side is greater than 1:


S ( Ta S Ta

S ( Tb Tb C

S ( Tb Tb 

B ( Tb Tb C 


B ( Tb Tb 

C ( Tc C


C ( c 

Ta ( a


Tb ( b


Tc ( c

Step 4: Eliminate long rules:


S ( Ta S( 

S( ( S Ta

S ( Tb S((

S(( ( Tb C

S ( Tb Tb 

B ( Tb B(

B( ( Tb C 


B ( Tb Tb 

C ( Tc C


C ( c 

Ta ( a


Tb ( b


Tc ( c

Note that our algorithm retains the rules with B on the left hand side.  But they will never be used in any derivation because they are unreachable from S.  If you want, you can add a simplification step that removes unreachable rules, which would yield:


S ( Ta S( 

S( ( S Ta

S ( Tb S((

S(( ( Tb C

S ( Tb Tb 

C ( Tc C


C ( c 

Ta ( a


Tb ( b


Tc ( c

The most common mistake I’ve seen in reading the answers to the quiz is to have unit productions in the final answer.  Remember, in Chomsky Normal Form we do not allow any rules of the form X ( Y.  Double check your answers for that.

