CS341 Automata Theory
TA: Tazeen Siddiqui

Converting a Context Free Grammar to Chomsky Normal Form

In Chomsky Normal Form, only two kinds of rules are permitted: a single non-terminal going to a pair of non-terminals (A ( BC), and a single non-terminal going to a single terminal (A ( a).

Steps:

1. Remove epsilons

2. Remove unit productions (ex. A -> B)

3. Remove terminals in |RHS| > 1

4. Remove |RHS| > 2 

Example:
G = ({S, T, V, a, b c}, {a, b, c}, R, S), where R =

S ( aTVa

T ( aTa | bTb | ( | V

V ( cVc | ( 

Step 1: Remove epsilons
To remove A ( ε, check all rules that have A on the RHS. Add rules to the RHS that would result if A was epsilon. Remove A ( ε.
After removing T ( ε
S ( aTVa | aVa
T ( aTa | bTb | V | aa | bb
V ( cVc | ε
After removing V ( ε

S ( aTVa | aVa | aTa | aa
T ( aTa | bTb | V | aa | bb | ε 

V ( cVc | cc
After removing T ( ε

S ( aTVa | aVa | aTa | aa

T ( aTa | bTb | V | aa | bb

V -> cVc | cc

Step 2: Remove unit productions
If the unit production is of the form A ( A. Just remove it. If it is of the form A ( B where A ≠ B, replace B with the RHS of the rule B ( RHS.

After removing T ( V

S ( aTVa | aVa | aTa | aa

T ( aTa | bTb | aa | bb | cVc | cc
V -> cVc | cc

Step 3: Remove terminals in |RHS| > 1

If |RHS| > 1 and it contains a terminal such as a, replace the terminal with a non-terminal such as A,  and add the rule non-terminal ( terminal, such as A ( a in the grammar.

After removing terminals in |RHS| > 1

S ( ATVA | AVA | ATA | AA
T ( ATA | BTB | AA | BB | CVC | CC

V ( CVC | CC

A ( a

B ( b

C ( c

Step 4: Remove |RHS| > 2
S ( AS1 | AS2 | AS3 | AA

S1 ( TS2
S2 ( VA
S3 ( TA
T ( AS3 | BT2 | AA | BB | CT1 | CC
T2 ( TB
T1 ( VC

V ( CT1 | CC
A ( a

B ( b

C ( c

Note: When adding a new non-terminal, it doesn’t matter what it’s called as long as it’s not already in the grammar. In this example, I’ve tried to keep the names consistent with Dr. Rich’s solution to Homework 7 question 5.
