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Finite control

nIat
stack

more powerful

than d PDAs

g a A g b

e.g unk x e 0,13 3 is a CFL



theorem L is a CFL iff L is recognized by a PDA

why are NPDAs
we will prove

more powerful
I know it as a fact than dPDAs

but NFA DFA

Given L is a CFL Tiablesterminalries stats

a CFG G v T R S

sit L G L

0101011 1112

Idea Use stack to non determi

nistically uniformly at random slosile



Manage
9 e 5 9gg

order

Σ 0.1

5 0,1 S R 1

problem we have to Vu T

remove 0 and

store it somewhere no other place

Solution terminals in stack won't change

match partially

9.0.0 g E



90 E 1 go.se 90 0 0 91 E

go E S go 051 91 1 1 9 E

90 E S go E 9o 0,1greE
90 E S 9 R 90 E 1 accept E

90 E R 9 E 191 ES go.s

91 E R go R

91.0 0 9 E

IPT IT 1 v1 19.1.11 9 e



Closure properties

Pumping lemma for CFL

Membership problem

chompkyfmy.fm
and other normal forms

A a



modular terms1517am proof by yourself once

in

start

generation

end matching
Things we know

From an arbitrary PDA

CFG PDA you can
construct an

equivalentPDAwithonly

onestateIfA.isregular then A is a

CFL

PDA which does not use a stack

Det PDA C PDA
there are languages that can be
recognized by a PDA but no dotPDA
eg RRR x Σ



What is contextfree about CFLs OAI BC

substitution does not

depend on context

Chapitathffetform

A BC A B C E V

A a where a E V

GriebachNormf.FI
p Br where k

and a Σ



Theme Let G be a CFG Then I a G in CNF and

Gr in GNF such that

L G L Ga L G E

Proof G v E P S

S aAb B C

A E rules

A b

A

Effortfft have these rules at every
in CNF G v E F s

step then you always make a measurable

progress



1 If a rule of kind

A α BY ap
and B E not needed

see next lecture

then add A of in
where α and r e EUV

like canonical cover in DBMS

2 if A a Br then add A acp
B c



11 L G L G

62 Consider any n e E and its shortest derivation

in G
Then

E rules
and unit rules

Introduce new variables Aa for each a E Σ

Aa a a e Σ

S a A bBc remove

S Aa A AbB Ac add



A ABCD

A a

A ABCD remove

A A

addEr BE

Ez CD

No of rules are still finite

This process will stop in finite time

right hand side length keeps reducing



IKI.to aBr and B e x and y can be

then add A of anything

2 A B and B y
d r e Σ UV

then add A r

keep applying these rules as long as the grammar stops changing

e.g G S 051 E

L G 0 i In 0



Get rid of E rules no unit rules

P s 051 S 051 throw

S E s 01
variables

S 01 add all rules

S ASB s AC AB

S AB C SB

A 0 A 0

B 1 B 1

replace
variables



e.g S s Ss balanced parenthesis

s s ss E 17

S s SS 1

S AS B SS AB

A

B

S AC SS AB

C SB
A B



S ASA OB

A B S

B 1 E

Remove E rule add all possible rules first

A B and B E

A E

S ASA OB 0 AS SA

A B S ASA OB 0 AS SA

B 1



Throw away E rules and unit rules

S ASA OB 0 As SA
handle ASA replace

terminals

A 1 ASA OB 0 AS SA

B 1



1,5114L then ns.os.t SEA

of 151 k a subdivision s noway and the

following holds

1 for all is 0 uv wa y e A

2 on 7 meaningful pumping

3 own k

If you have a long string s observe its parse tree



S parse tree for
1001

81 8
Chomsky Normal form

h

7 No of terminals 2h



height

151 27
stigatherives

h Wl

no of variables in the

path is at least Iv 1

But no of variables are v1
BYchomsky so by pigeonhole principle
Normal

Ft
tom at least one variable must

occur twice



lowal k start from the bottom find the first
repetition

must occur before V1 1 variables

met

Iowa 211 1

k


