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Chomsky Normal Form Revisited

Suppose we have a context-free grammar with the following rules:

S—> AB
A—aAb | B e
B—>BA | e

We want to convert G into G’ in Chomsky Normal Form such that L(G") = L(G) — {e}.

Step 1: Eliminate e-rules
FindE={A | A *= ¢}
Here, E={A, B, S}
Add the following rules:
SH>A|B]e
A —ab
B—> A
Eliminate all e-rules:
S—>e
A—>e
B—oe
We get:
S>AB|A|B
A — aAb ‘ B ‘ ab
B—>BA|A

Step 2: Remove “singleton” rules (A — B)
Add the following rules:
S —aAb | ab | BA
A —> BA
B — aAb | ab
Remove singleton rules:
S—>A
S—B
A—>B
B> A
We get:
S— AB | aAb | ab | BA
A —>aAb | ab | BA
B — BA | aAb | ab
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Step 3: Convert all rules obtained at end of step 2 into Chomsky Normal Form
S — AB | X.Xa» | XXs | BA
X,—>a
Xb —b
XAb —> AXb
A > XoXap | XuXo | BA
B - BA | XuXao | XuXo

Applications of Chomsky Normal Form

With Chomsky Normal Form, a grammar has binary parse trees in which every internal
node on every path except the last one has exactly two children.

Suppose o = . Then ‘[3‘ > |oc‘

We can use this property to determine the following:

1. Membership problem:
Given a context-free grammar G and a string x, is x € L(G) ?
We can first convert G into Chomsky Normal Form G'. Then we want to know
whether x € L(G") if x # e.
Algorithm: Search tree
Each internal node is a sentential form.
S — o |02|03|G4

LR, AT DA A5

As soon as x is generated, stop and output “yes.”

If a sentential form in the search tree is longer than |x , then we cut off
the entire subtree with this form as the root. Since there’re only finitely
many sentential forms of length < | x| and there’re no singleton rules, this
process will stop. If x is generated, output “yes.” Otherwise, output “no.”

2. The emptiness problem:

Given a context-free grammar G, is L(G) = &?

Algorithm:
First convert G into Chomsky Normal Form G'.
If L(G’) # & then there must be a positive integer n (obtained from the
pumping lemma) such that L(G") contains a string of length < n.
We can use a for loop to loop through all possible strings x of length <n
and check whether x € L(G) or not.

3. The finiteness problem:
Given a context-free grammar G, is L(QG) finite?
Algorithm:
If L(G) is infinite, then there must be a positive integer » such that L(G)
contains a string w with n < ‘x | <2n.



