
NORMALFORMI



Recall: We showed that CFLs =
language

s

accepte

d
by PDAs

-

Used normal forms for Cfgs to show this equivalence.

Today: How to convert any grammar
into these normalforms.

We used Greibach Normal form, where every rule i s of theform

A →
c Be.... Br, where

K≥O, CET, A, B1, . . . , BRENT.

There i s another. Chomsk

y

Normal form, where
every

rule is

either of the form A →
c o r A → BC. where CET, A,B,CENT.

The: For every CFG G, there i s a CFG G, i n
Chomsk

y

Normal form,

and a
CFG G, i n Greibach

Normal form s . t.

α (G.) = α (G.) = α (g) \ {e}.



How do w e show this?

We begin by getting r id of rules of the form

A - E E - production and

A-
→ B unit-production.

We might need to replace these with other rules!

If I r e m o v e S - E from S-E/asb/bsa/Ss

without adding
any
other rules

i n its place,

what language does
my
resultant

grammar
generate?

How
c a n I fix this?



Claim: For
any

CFG
G:
(NT, T , R,s), there is a CFGG'

with n o E- o r
unit-

productions
such that α (g)=L(G)14}

Proof: Consider a set of rules Rst . RER, and

① if A → ✗BBER and B-EER, then A - αBe R and

② if A → B e & and B - 8 ER, then A → 8 e R .

Where
A, BENT, α . β,

8 € (NTUT)
*

- i t i s not the c a s e
thatboth

α a n dβ
a r e empty, and8≠ E .

* How do w e know that R does not keepgrowing infinitely large?

R is finite, and c a n be constructed inductively from R .

Now consider ⑤=
(NT, T , R,s). Easy to show α(G)=L (G)1 {&.

Exercise!



We n o w have to show that if k e Σ " is
derived using s o m e

sequence of application of rules i n &, i t does not u s e any
E- o r unit-productions. I f w e

show this, w e c a n throw out

those rules a n dget the desired G'.

Consider
a ≠ E , and

consider
a

shortest derivation for x in §.
i Suppose B → E i s used a t some point i n this derivation.

S - * α B 8 → ✗ 8 →

*

&

At least o n e of α and 8 must be ≠ E .

So, there must be s o m e 8,y.f. rs .
t . S IdyB.fr#LB8 → 2 8 ↳ a



But how do w e get OyBfr? Via s o m e ruleof the form A → qBf.
r

So, S # d A r →

dyB.fr#B8td8tx.i+j+1tk
S → S → a s b → a s b → a b → ab

But s i nce w e have A → yBf and B - E i n &, by①
.

A → of ∈ R .

So
w e c a n

construct
a
shorter derivationfor a , a s follows:

S i t 8 A -→ Info
↳ 2 8 h r . itj.tk

This cuts out at least o n e rule applicationfrom a
minimal on eforx.

Contradiction!



i i ,
Suppo

se
A → B i s

used at some point in a minimal
derivation ofx .

5 -
*

LAB → LBP →

*

x

Since
n e T

*

and BENT, B must have been dispose
d

ofv i a s o m e

rule, of the form B - 8. So,there must be 8, 8,ns.t.

S#LAB↳ day→ SBY →

dry↳ a i+1+j+1tk

But s i n c e A-
→ B e & and B. → PER, A-8 eR .

So, w e get a shorter derivation for a a s follows:

S → LAB→ An → 881 ↳ r . i t 1+jtk

which contradicts the minimality of the above derivation of a .


