
NORMAL FORMS

C PAR T I



Recall: Any context-freegrammar c a n be converted into either

Choms
ky

Normal Form and/or Greibach Normal Form.

1
Each rule is of the form A → c o r A → B)
Each rule i s of the form A→ CB1.... Br.

Neither form allows thegeneration of the empty string E .

We showed that to convert a given CFG into eithernormal form.

w e start by eliminating E - productions and unit-productions.

A-→ E
/ " A → B .



Consider a context-free languag
e

L .

We showed that there is a Cfg G whichgenerates L sit .

G does not contain any E - o r unit-productions.

So
every rule is of the form A → 818,... 8n, where
A- ∈ N T and 8; ∈ NTUT, for al l i e {1,. . . ,n}.

For Chomsky Normal form, w e said that every rule
must be of the form A → c , o r A → BC ,
where C E T , and A, B , C E N T .

Can w e obtain a G' s- t-α(G) = α (G) = α , where

G' is i n Chomsk
y

Normal form?



G'= (NT: T , R', s) , where

NT,--NT u {Ac/Ce T}
-

add a n e w non-terminal symbol

for each letter i n the alphabet

R, = {Act / CET}
Re: R) {

A
→ 81... 8i.ecHe... In/

CET,
and

fors o m e j≠i,
Jj≠E
}

U A → 81... DieAdite... In/
CET,

and{ fors o m e j≠i,
dj≠
E}

URI

All rules i n R, a r e of the form A → c (AENT, CET), o r
A → Be... Bu (A,B , . . . . . Be ∈ NT, K ≥ 2).



Consider a rule of the form A → Be... Bu. where

A, B , . . . . , Br E N T and k > 2 .
Need to convert this into a rule with only two non-terminal
symbol
s

o n the right.

For
every ruleof the above form i n R2.

choose
a n e w non-terminal symbol ( ∉ NT, and

replace this rule by the following two rules.

{A → B ,C , C → Be... Br}.
Do this repeatedly t i l l all such rules have exactly

two non-terminal symbol
s

o n the right.

NT' is the final set of non-terminals, and R' the final set of rules.



Example: G. ({s}. {a,b}, R , S), where

R:{S→ E , S → asb, S→bsa, s → Ss}.
Convert G into G', where G' does not contain E- o r unit-productions.

①{5→ E , S → asb}E R ⇒ S - a b e R'

② {S-E, S → bsa} E R ⇒ S → b a e R'

So R : R1 {S-E} U {s → ab, s → ba}

= {S→ a s b , S → bsa, 5 → SS, S → ab, s-ba}

We n o w convert G' into Chomsky Normal form.



Gang = (NT: T, Ris), where

NT'= {S, A, B, C1, C2}
T. . {a, b}

S → A G , S → B E .
R'= {s

→ SS , S → AB,S-
BA,}A → a , B - b ,

C, → SB , C2-SA,
S → E



So
n o w w e c a n convert a given CFG into Chomsky

Normal Form.

What about Greibach Normal Form?

Here,
every rule needs to beof the form A → CBI...Br.

where k≥ 0 , A, B,..... BRENT, and CET.

So the A - C kind of rules i n the Chomsky Normal Form isfine
But how do w e handle the A → BC kind of rules?

Suppo
se

w e have a grammar i n
Chomsk
y

Normal Form.

Enumerate the non-terminals a s N , . . . . . Nr s.t.INT/=k.

Modify the rules i n R such that if Ni-Nj8, then icj.



What if w e end up with something of the form N i → Nir?
Suppo
se

w e have a bunch of left recurs ive rules of theform

A → A81/A 82/ . . . /A8k
and s o m e other rules of the form A → α,/2) . . . He.
Then, w e add n e w rules of the form

A → Lj/LjB for 1≤j≤l, and
B → 8;/8:B for 1 ≤ i ≤ k . Then turn eachof these

into A→ CB1. _ . Br form.
Claim: This transformation preserves the language

generated by thegrammar. Exercise!



Example:

S→rA/BB A1=S, Az=A, Az-B

B. → r/SB Ae→rAz/AA
A- → t A,-MAIA, → problem: i f

Az→ t

AFFAIFA.AT/eftrecursive .

Ag→r/rB/rAzA,/rAzAzB B-AA,/AAB

At →rA,/AATE.no/-intheformA-
cB1...BKAz-r/rB/TAA,/RAABB - A⚠A⚠ B)



A, → rA,/rA /rB.az/rAzA,Az/rAzA, BA,
Az → t

A, → r/rB/rAzA,/rA,A, B
B → rA,/rBA,/rA.BA/rA.AzBAs/-

rAsB/rBAzB/rAzAsAzB/rAzA,
BA,B


