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CONTEXT- FREE

LANGUAGES
push down automata

• With memory

Chomsky Hierarchy

recursively
enumerable

÷÷i÷:÷÷÷÷



context-freelanguag.es
. compiler design
. CFAS used for syntax analysis
° an bn → CFL

Aa b b → (( ))
^

Parenthesis matching

stack

boxzoama.tt
CFL

D context- free grammar
2) Push down automata

FA t memory → PDA

5 tuple
7 tuple

Q
E t stack a → state

of E → symbols
90 (T) → stack

F d → transition function

go
→ start state

Zo → bottom of stack

F → final state



Matelot
buffer

TH

÷ii::i::⇐ ¥O_0 ⑧ Zo

I
accepted
rejected

(FGs

D linear grammar → I non - terminal , any pos
2) Non- linear grammar

→ any no . of non- terminals

G = { V
, T , P, s }

↳ start

variables
/ / l variable

nfenr
-

minds
terminals Froude,

(uppercase)
(lowercase)

Question

LINEAR GRAMMAR

L = { anbnlnzo }

s → a Sbl X



Question

L -- L w w R I w E la , b3*3 (even palindrome)

= l X
,
aa , bb , Abba , . . .

}

s → asal bsb / X

Question

odd palindrome

s→ asa lb Sb In

Question

{Ww R
,
w E cab)

*
+ Cba)

*

I

s→ ab Sba) bas ab IX

Questions

I=L a
"wwkbn

,
we ca ,bit }

s→ a Sbl A

A → HaAal bAb

Question

L -- Lanwwkb
"

I w E la ,BHI

s → as b / A
A → a Aal b Ab I 7



Question

L -- Can bn
"
I nzo } E = la , b)

*

s → aSbl b

Questions

L= { an b
"

,
neo }

s → as bbl X

Question

f- fantom ,
n >m }

s→ as blat as

Question

f- fan bn -3 Inez }

n=3 3.a Ob

n -- 4 4a lb

n -- 5 Ja 2b

s -7 a Sblaaa



Question 11
#

f- fantom
,
atb }

s → AIB
A- → athblalaa
B→aBblblbB

Question

L={ anbm
,
n=2tCmmod3) }

M -- O n = 2 Aa

m -_ I n =3 aaab

m - 2 n -- 4 aaaabb

m - 3 n -- 2 aabbb

m - 4 n - 3 aaabbbb

m -- 5 n -- 4 aaaabbbbb

s-saah-faao.BA/aaaabbAA-7bbbAlX

Question

f- fan
"

bmlm > n
,
nzo }

5. → asblbslaab



Question

L = fanbmcmd" I n ,m 213

S→ aSd laAd
A → b.Acl bc

Question

L -- fan bmck l K -- ntm
, him ,K2 03

anbmcm.cn

s→ asc l A
A → b Acl x

Question

L= { an bm ok
,
k -
-
n-12M

,
n
,
m ,k 203

anbmedmcn

s → as c l A
A → b Acc 17

Question

L -- { Iwl mod 3 f Iwl mod 23 E -

- Eal
't

mod 2 mod 3

X O O X

a l l X

AZ aa o 2 ✓

as aaa I O V



all Aaaa O l
T

as aaaaa I 2 V

aaaaaa O O X

L -- f a' , as, a
4

,
a
5

,
as
,
a,8 a'

0

,
a
"

s -s aa At aaa Ala aaa Al aaaaa A
A → aaaaa a Al a

NON-LINEAR GRAMMAR
context - free

Question

L-- luv w VR
,
Iul = Iwl --2

,
V ZI
, f -

-
la ,b3*3

S → AB

A → aalbblablba
B → a Bal bBb I A

Question

L-- L naCw) = nbcw) , w E la ,b3*1

S→ as b / b sa l X c- does not

accept abba

s

a%)
won't

accept



S→ as b) b sa ISS

Is l
S s

abba

⑨
"
s

'

④ of Hao
l l
⑦ ④

Question

L= { naCw) = n btw) t l )

s → a Sb Ibsa labs I bas la

OR

s → AAA

A → a Abl bAal AA IX

Question

f- { nacw) = 2 * nbcw) 3

S -s b saSalas as b / as b sa ISS l X



Question

f- l naCw) s nbcw) I W E la ,b3*3

s → A a A

A → aAbl bAal a Al Aa I AA 17

Question

F- {naCw) t nbtw) , w E la , b1*3

S → A att l BbB

A → a Abl bAal a Al Aa / X

B→ aBb I bBa IbB l B b I X

Question

L-- { anbn U an b
"

}

s→ S
, l Sr

s
,
→ as

,
b IX

Sz → as zbb l X



COMPILERDESIGNCCl.HN#
① Properlvestingofparentheses

1) Simple nesting → ( CC )))

s→ (s) IX

2) Proper nesting → CC) C) CC )))

s→ Cs) Iss H

3) Multiple kinds of brackets

s → Cs) less 143 Iss Ix

② Arithmeticians

,

literal
,
variable

E = It
,
*
,
I , -, C )

,
mum

, Yo , identifier ,
^ }

E → EtE l E-El E * E IE IE IE Yo Et CE ) / En El id l num

③ Variablededarationintx
; int ca , b , c);

type ↳ list type ↳ list

D→ Type List
List → List

,
id l id

Type→ int I float I double / char



parse tree
for int a

,
b
,
c;

D

Typ
! list
t d l
int list id

int f f
c

list id

f
b

id
a

④ Nestedif-e.be

if (cond) {
statement E = { if

,
cand

,
statement

,
else
, 133

}

else {

if (cont) {
statement

2
'

statement

}

s → if cand s / if cond s else S I { statement3



⑤ Functionprototype

return - type name C type , type);
return- type name ( type name );
return- type name C ) ;

s → Ret name C Argo ;
Ret → void I Type
Type→ chart float l int / double

Args → at Arg list Ivoid
Arglist → Arg list , one Arg / One Arg
oneArg -7 Type name I type

Parse tree for

void name C int name
,
char names;

c- s
→ ;

←
Ret
/ \ )void

name

' ! ↳ Args

I
Argtlist

.

1 ! tone
ArgArg List

1
One Arg

typed ntame Ty
! Lame
L

char

t
int



Derivationsforivorrlinearcnrammars

D Leftmost Derivation ( LMD)
° always expand leftmost sentence

'

al form note :

cannot mix !

2) Rightmost Derivation (RMD) must do
° always expand rightmost sentenced form LMD or

RMD

Questions

s → asblbsalsslx (expand LMD Ee RMD)

w = abba

LMD

LM
s ⇒ Ss - s → ss

LM

⇒ asbs - s → asb each of
LM
⇒ abs - s → t these is a

t⇒ abbsa- s → bsa sentential form
LM

⇒ abba - s → X

←
sentenceRMD

RM
s ⇒ Ss - s → Ss

RM

Fm
) Sbsa - s → bsa

⇒ Sba - s→ x

⇒ asbba - s→ asb

⑤ abba - s → a

sentential ECVUT )
't

forms J tterminals
non

terminals



parsing g ambiguity
Ambiguousbr-ammar.tt

grammar is said to be ambiguous iff there exists a string
w that belongs to the grammar and there exist 2 diff .

LMDS or 2 diff RMDS for the string (or parse trees)

four- tuple
f J

terminals

c- production
° G = { V

,
T
,
P
,
s }

rules

I ← start

non - terminals
symbols

Question

Is the grammar ambiguous ? variable literal
l l

E = It
,
*
,
I , -, C )

,
var

, Yo , constant ,
^ }

E → EtE IE-El E * E IE IE IE Yo Et CE ) / En El var t constant

W = at b*c

Derivational
using

em

E⇒ Et E - E -7 ETE

at E - E → a

⇐ a tE*E - E → E* E

E) at b. * E - E → b
em
⇒ at bite - E→ c



⑤

⑤
/ !¥ ( evaluationat Heo
t t
b c

Derivation

E ET E*E E -7 E* E

ET Et E *E E → ETE

⇒ at E*E E → a

at b * E E → b

Em, at b *C E→ c

⑤

④
t !

evaluation / ⑤

f ! ) to

t t
a b

• This is not desirable (giving compiler a choice)
. Order of operations
. Should not retain such grammars



Note:
° there is no algorithm to prove that a grammar is

ambiguous .
• Must take an example and derive (start from minimal length)

Question

Find if the grammar is ambiguous or not .

S→ as I sat x

D length -- o
W -- X ; cannot derive further

2) length is 1

w = 1

⑤ ⑤ s as s → as

⇒ ax s → x

at t⑤ Ost ta s sa s → sa

l l
⇒ aa s → x

x
-

x

i
. the grammar is ambiguous



Question

s-sasbslbsas.lt

1) length -- O
w -- X ; unambiguous

2) length -- 2
w --ab or w=ba ; unambiguous

4) length -- 4
w -- abab

⑤
act s asbs s→asbs

*⇒⑤ → ⑤ X ⇒ abs

stay,
at * b

⇒ abasbs stabs

⇒ ababs s → a

⇒ abab s → X

t
x

⑤ s '⇒maSbs stabs

adf.li?Q=.::sa:sgss;;sas
① a ⇒ ababs six

b¥ !↳
⇒ abab six

t t
x x

the grammar is ambiguous



-

Question

R -312-11211212/12*1 alblc

w -- atbc

④
REF RTR R→RtR

④ fly t④ ⇒ ate R-' a

⇒ at RR R-' RR
⇒ at BR R→b

da ¥t④ ⇒ atbc R -' c

t t
b c

④ REF RR R-' RR
⇒ RTRR R→RtR④ 1④ ⇒ at RR R → a

⇒ atbk Rtb

I ⇒ atbc R→c

¥ !b④c
t t
a b

the grammar is ambiguous



Question

s→ ABI AaB
A-→ al Aa
B→ b

1) length -- 2
ab ; unambiguous

2) length =3
w -- AaB

⑤
I s EF AB St AB

④ ¥ ⇒ AaB n- → Aa

⇒ aa B A → a

¥ I d ⇒ aab B → b

a b

:
s EF AaB Staab

⑤ ⇒ aab B → b

at ta Tyo
b

Grammar is ambiguous



Question

s→ IS 111SIX

D length = o
unambiguous

2) length =/
unambiguous

3) length = 2

⑤
s Em is s-s is

,

I t ⇒ Ils s → is

⑤ ⇒ Il s → x

Y'⑤
t
x

⑤
s ET Ils s -7115

it ! l⑤ ⇒ n six

±



Grammarttmbiguousvslanguageambiguouso
Ambiguous language : all grammars are ambiguous

•

Inherently ambiguous → language is ambiguous

a! ! a

Question 32
c-heck for ambiguity
L -- fan bncm } U Lan bmcm } n

,
m Zo

Le Li U Lz

4 , S , → get A Gz Sz → aSzlB
A → aAb IX Bt BBCH

s → Sil S2
S
,
→ s

, c IA
A → aAbi
Sz → a Sal B

Bt bBelt

anbhcn → abc smallest



W -- abc

⑤ ⑤
t t

④ ⑤

soft at t④
alto! Itt

④
c

d l
.

× a

SIMS , s -is , s Sz S -ssz

⇒ s
,
C S

,
→ Sic ⇒ asz Sz→aSz

⇒ a Abc S,
→ aAb ⇒ ab Bc Sz→ BBC

⇒ abc A- → X ⇒ abc B → X

L is inherently ambiguous ( only one grammar)

Question

↳ = s → saslb

length l X

length 3 → baby



length 5 → babab

⑤ ⑤

flats so"a'so
⑤
"also ' ! !

I I
b

l l
b b b b

s Sas s → Sas SEF Sas s → Sas

⇒ sasas s -> Sas ⇒ bas s → b

⇒ babas s → b ⇒ basas s → Sas

⇒ babas s-Sb ⇒ babas Ssb
⇒ babab S -' b ⇒ babab Ssb

Gis ambiguous
L= Lb

,
bab

,
babab

,
bababab .

. . }

RE : b. Cab)* or Cba)*b

s -7 Ab
A- → battle ] unambigious



Question

s → aaslaaaslx

length O - X

length2 - X

length 3
- x

length 4
- X

lengths- aaaaa

⑤
s aas s -saas

at ⇒ aaaaas s -saaas

a ¥0
⇒ aaaaa s→ ,

×

⑤
s# aaas s→ aaasalla ⑤ ⇒ aaaaas s -saas

alla}
⇒ aaaaa s→×

x

L -- { X
,
aa

,
aaa

,
aaaa

,
aaaa

.
. . }



RE = Caat aaa)
't

= it aaat Can
,
n = O l n 22 )

G s → aaAlt
A → a A IX

EHMlNATINGAMBlGUlT

Questions Make unambiguous

E → Et El E - El E * El En El El E ICE) l id l num

o highest precedence : last production rule (bottom branch)
• left associativity : non - terminal at left (tree grows from
left side)

+
,
- → left associativity
*
, I → left associativity
^
→ right associativity

E → Et T I E - T l T
T → T * FI TI F l F ) unambiguous
F → M ^ F I M grammar
M → CE ) l id l num



W -
- atbxc

⑤
f J E ⇐ Ett

⑤ I ⑤ ⇒ Ttt

I ⇒ FTT
u ⇒ Mtt
① ¥t⑤ ⇒ att

t t i ⇒⇒aaI¥¥E
⑤ ⑤ ⑤ ⇒ atmxf

I d ⇒ at b*M

§ ④ c ⇒ at btc

d
t
b

a

Question

R -7 RTRIRRIR# lalblc make unambiguous

precedence : I low n left associative

* high / left associative

no associativity

R -7 Rt AIA
A → ABI B
B → 13*1 alblc



Question

A → A $13113

I ¥545
"asasoediaeiivies ?

@¥
- lowest

,
left

shiftiest
,
left

PPUUSSIHI AAU MAMA
° FAT stack

tape

⇐ Vesta.
automata



PDI

X- NFA t memory
→ PDA

M -

- ( Q
, 8,8 , go , F) t memory

← for

M -- CQ
,
E
,
8
, go ,

F
,
(Zo , t))
x t

stackbottom
of stack symbols

D Deterministic PDA CDPDA)
• input symbol , current state , top of stack - one move
• end of every string is x ; must show transition
. similar to DFA
o accepts only deterministic cels

8-- ax (EU x ) x T → Q x t
't

T T t t
pop) pushstate input top

symbol

2) Non - deterministic PDA CNPDA)
• X is a symbol
• end of every string is x ; must show transition
e more powerful than DPDA
. accepts any CFL

Q x Ttt

s -- ax (EU x ) x T → 2 T
pop) push

T T T
state input top

symbol



Configurationofmachinei
) Push Representation

④→④
Ca :Klan)
r ← old top of/ I [

new top the stack Ca:X-sax)input current of the
symbol top of stack Caja lax)

stack

2) Pop

④→④(a:X IX)

/ t t pop operation
input current

symbol top of
stack

Tracingoperation
• To trace operation of PDA , we keep track of the current

state
,
current stack contents

,
unread part of the input

string
- called a triplet Cq ,W ,

u) - instantaneous description
of machine / f

t
current

current
stack

state of set of contents
machine input symbols
q EQ remaining on

input tape



Acceptance

1) Final state acceptance
. final state when all inputs have been read
. in M -

- (Q
,
8
, go , 8

, Zo ,
t)

2) Empty stack
• stack empty when all input symbols have been read

(g. w, u)
= 'P' Y '

empty
empty stack
tape
(string)

. M = (Q
,
E
, go ,④, 8 , Zo , t)

Question 38
tho final state

L -- Lan bn In 213

S→ asb lab at b

of b

e push a
, pop b at b

Zo

Final state Acceptance stack

Cb : a IX)
go→ go- q ,

n r

U U
ca : Zola to) ( b :al x)
ca : alaa)



Empty stack Acceptance
ca : zolzo)

f) do not show
(b : a IX)

°

extra final
→ go- q ,

n r
State for empty

U U stack acceptance

(a. to lato) ( b :atx)
ca : alaa)

Transition Function

w -- aabb next state

L ← elements
of stackJ ( go , 9 , Zo) = (go , AZT (2)

Ngo , a , a ) = (go , aa)

8190 , b , a) = ( q , ,
Pop

8cg , , b , a) = Cg , x)

(a) 8cg
, ,
X
,
to) = Cgf , Zo) → final state

(b) 8cg, ,x , Zo) = Cq, ,zo)→ empty stack



Instantaneous Description

(q , w , U) t
't

: sequence of moves
Turnstile t : move

w = aabb notation

1

(go , aabb, Zo) t (go , - abb , azo)

1- ( go - - bb , aazo)

t Cq , , - - - b, azo)

1- Cg , , - - - - , Zo) g) same
1- (91 ,

X
,
Zo)

t Gf , Zo) - final state

Question 39

nacw) = nbcw) Corder unimportant)

( a :b I x)
ca : a Iaa)

(a : ZolaZo)

Q
(x : Zolzo)

y→ go

① ( b : ah)

Ef

(b : blbb)
(b : Zo l bZo)



Question 40 match age
Ms

f- lanbmcnln.MIL }
↳ no operation forb pop

d
(ai.to/azo7 (biala) pop cc:a1x)

Aca : alaa) Q d Q
Cb :a1a) cc :alx)

→ Go > 9 , s

no operation
(stack unchanged)

(X :ZolZo)

:
Question 41

f-

fanbncmln.ms/3b:alX
C
'.to/zo

→ go 7 q,- Ef

U U U
aizolazo b :alX C

'

.to/zoa:a1aa



Question 42
f

ifnimzo
,

go is acceptingL -- { anbmcmtn , n.ms , } state

A :ZolaZo
a.alaa
b : alba
b:b Ibb

c :b IX

A calx

→ go
c :b H

s q ,- gf
X :ZolZo

Question 43

L= fan ban 1h21 } abb
,
aabbbb

Solution 1

Push 2 a 's

b :alt

→ go 91

U U
a :zo/aa b :ah

a.alaa



Solution 2

pop at alternate b's

b :alt

b :ala I
→ Go > oh 92

n -
U b :ala
a :zolAZo
a.alaa

Question 44

f- fanb
""

I nz , }
final state accepting

b :alt

→ go q ,
b'-Zola

, q,
×:ZolZo

, q,

U U
a :zo/aa b :alX

a :a1aa

Question 45

f- fanbmtncm }

b:alx c :blX
→ go- q ,

b :ZolbZ°
, q2 , gz

r r n r

U U U U
a :zolazo bialx b :b Ibb c :b IX
a : alaa



Question 46

L={ amtnbmcn Im ,nzl )

b:alx calx X. Eolzo
, q,→ go 791- 92

U U U
as.to/azob:alXc:a1xa:a1aa

Question 47

L -
-
lnacw) > nbcw)}

→ go
data

, q,

r

U
ca:zo/aZo)
ca :alaa)
(b '

.to/bZo7Cb:blbb7Ca:blHCb:aX7
Question 48

L -- lnacw) tnbcw))



X. blb

→ go
data

, q,

r

U
ca:zo/aZo)
ca :alaa)
(b '.to/bZo7Cb:blbb)
(a:b ) x)
(biala

Question 49

L -- fwcwrlw C- La ,b3*l odd palindrome

abcba
T Tr

c:b lb X. Zolzo
→ go 3 91 7 off

c.ala

U U

(a:#azo)
b:bH

Ca :alaa)
a :aH

(a'- blab)
Cb :zolbZo)
( b:b Ibb)
(b : albb)



NON - DETERMINISTIC PDA

Question 50

f- {WWRIW C- la ,b3*} even palindrome

(b :b IX)

→ go
Ca : alt)

, q,
H'

-Zolzo)
, qf

U U
ca : Zolazo)

b :b IX

ca :alaa)
a :ab

(b : zolbzo)

Cb:b Ibb)

Instantaneous description

W - aaaa
- -

W WR

Cqgw , u)

(go , aaaa , Zo)

t

no centre
(90 , - Aaa , azo)

centre

(go , --aa , Zo) (9 , , - - aa , Zo)
X

halted



continuation

no centre
Goi --aa , aqzo,

centre

(go, - - - a , aaazo)
(9 , , - - -a ,AZo)

no centre centre
/

-

coho
,
- -- - ,aaaaZo) Cq, , - -- - ,aaZo) ( oh , - - - - , Zo)

x x

halted halted t

(off , X , Zo)

Question 51

f- { anbnuanb
"
In 21 } NPDA

(a :a/azo) (b :alX)

A
Cb :a/x)
A

90 3 9 ,
(aizolato) 7 (X :Zo/Zo)

u

→ s off
7

ca '.to/aazo) @iZolZDvCbi.a
93 ) 94
r r

U U
caialaaa) (b:alx)



Question 52

f- faibckdll i -- ka j --l ; i ,j , k , ez I }

nacw) -- necw) or nbcw) -- nd Cw)

(a :alaa) (biala) cc :alX)
(dizolzo)

A
Chala)
Q Q Q

go g q,
⇐ '

'alt)
, q,

Cdizotto? q,
7

(a : ZolaZo) (X '.to/Zo)

✓

→ f Ef

^

(X:#Zo)
(a :# to)

v

Cb :zolbZo) Cc :b lb) Cd :b ID
94 7 95 396 797
r n n n

U U U U
(aizolzo) (biblbb) (C :blb) (d:blx)



normal forms
• Standard rules to right CFG
• For efficient parsing
° Normalised form
• RHS of productions should become useful

Normal forms

Chomsky Greibach

Normal Form Normal Form

(CNF) (GNF)

• CNF is used by efficient parsing algorithm CCYK algorithm)

• GNF rules state that string of length n requires only n steps

CHOMSKY NORMAL FORM

• Restricts no . of symbols on the right side of a production to

be two

• Parse tree for derivation is a binary tree

° Every derivation of a string of n letters has exactly 2n- I

steps

• there can be more than one CNF for a CFG

• All LEGS can be converted to CNF



Rules

D A non- terminal generating terminal

X → x

2) A non- terminal generating two non- terminals

x -oxy

3) Only start symbol can generate X , only if a is a part
of the language

s→ a

cleaned Grammar

. Before converting to CNF
, the grammar must be cleaned c should

not have a X production except for the start symbol)

° If any variable produces X
,
it is called a nullable variable

° Should not have unit productions Cno useful operation)

• No useless productions (must remove)
1) Non - generating variables s→ asb Is ← never terminates

2) Unreachable variables s→ asbla ; A →al b
← unreachable

• the steps must be followed in order

1) Eliminate a productions
2) Eliminate unit productions

,

→ each step must increase length of

3) Eliminate useless production sentential form or no . of terminals



Question 53

Clean up nullable variables CNOTCNF)

s→ ASAI AB
A- → Bls
B → BIX

removed B → a

S -3 ASA laBla
A- → Bills

B → b

removed A -3 "

s → ASAI ASI SAIS laBla
A → Bls
B → b

Question 54

Clean up unit productions (NOT CNF) replace with RHS

S→ Aal B
B → A Ibb
A- → albcl B

Dependency graph

TODO : #
j

verify A

s → A B
-

S→ Aalbblalbc y
Replace B
with RHS of Bg

B -7 albclbb its dependencies
A-→ albclbb



Question 55

Clean up useless productions

ca) s→ a Sbl XIA
A → a A c- useless (cannot terminate)

s→ as b IX

Cb) s→ as I ABIX
A → BA

B -7 AA

s→ a SIX

Question 56

s → 131 bx
A → Bad I bsxla
B → aSBI BBX ← useless (no terminal)

X → SID label ad

s→ by
removing B

A → bsxla ← not reachable

x→ ad

S→ by
removing a

x → ad



Question 57

Convert CFG to CNF

s→ aAlaBB
A-→ aaAlt
B → BB I bbc
c → B

D Remove x productions

S→ aAla la BB ← account for X

A- → AAA Iaa ← (with Eewithout)

B→ BBL bbc
(→ B

2) Remove unit productions

S→ aAlataBB replace c-713 with

A- → AaAlaa B's RHS

B→ BBL bbc
C -7 b.B) bbc

3) Remove useless productions

s→ aAla remove B GC
A-→ aaAlaa (non- terminating)

4) convert to CNF

s →Bala introduce B

A → BBAIBB (non - terminal)

B→ a

not yet in CNF



S→ BA la
A → DAI BB

B→ a

D → BB

Question 58

s→ Aal Bl ca

B → aB lb

c → Dbl D

D → E Id

E → ab

D Unit productions
Dependency graph

S → B C → D → E

←
no RHS

S→ Aal aBl b I ca

B -7 aBl b

C→ Dbl ab Id

D → ab Id
E → ab ← unreachable



2) Useless productions

s → ABI BI ca

B -7913lb
c → Dbl ab Id

D → ab Id

3) Convert to CNF

s→ ABI b l CA

A → a

B → ABI b
C → DE IAEld
E → b

D → AEld

Question 59

s → ABA
clean

A → aab

B → Ac grammar

x -sa

X→ a y→ b

Y → b → 2 → c

z → c W→ AB

S → ABX V→ xx
A- → XXY s → WX

B → AZ A → XV

B → AZ



Question 60

s→ aSal bsbl A l X
A→ a lb IX

D Nallable variables
• language accepts x

s → X I aSal bsblaalbbl A
A → al b

2) Unit production

s→ at aSal bsblaalbbl al b
A → al b

3) Useless production

s → Nasal bsblaalbblalb

4) Convert to CNF

A → a

B → b

s → XI ASAI BSB I AA lBB) at

by
L

s → X l CA ) DB) AAI BB l al b
A- → a

B → b

(→ AS

D → BS



Question 61

s → al AA IB

A → aBB IX

B → Aal b

1) Remove X

s→ at aAl B

A → aBB

B → Aal b la

2) Remove unit

s → a laAI Aal b
A → aBB

B → Aal b la

3) Convert to CNF (no useless)

s → at XAI Axl b
x → a

A → X BB

B → Axl bla
Let BB ⇒ y

s → at XAIAX lb
x → a

A → Xy

y → BB

B → Axl b la



Question 62

s → ASAI AB

A → Bls

B → BIX

1) Remove X

s→ ASAI AB la
A → X IBIS
B → b

)
L

s → ASA IASI SA laBla IS
A → Bls
B → b

2) Remove unit

S → ASAI ASI SA laBla
A → bl ASAI AS ISAI ABI a
B → b

3) convert

s → XA IASI SAI Y Bla
x → AS

y → a

A- → b) XAIASISAIYBI a
B → b



Question 63

s → axbx

x → ay I b'll X
Y → x Ice terminal c

D Remove X

s → abxlaxb lab I axbx
x → a'll by

y → XI XI c

d

s → abxlaxbl abt axbx
x → a lay lbl BY
y → Xtc

2) Remove unit

S → a bxlaxblablaxbx
x → a lay lb l by
y → at aylblBY le

3) convert

A → a

B → b

s → ABX I AXB 1 ABI AXBX
X → al AY I bl BY

y → at All bl BY Ic

d



E → AX
D → BX

A → a

B → b

s → ADI EBI ABI ED
X → al AY I bl BY
y → at AY I b I BYIC

Question 64

s→ ABA

A-→ Aa IX

D Remove X

s → BAI Abl AbAl b
A → Aal a

2) Convert

B → b

s → BAI ABI ABAI b
A -7 AX la

x → a

2
y → AB

B → b

s → BAI ABI YAI b

A → AX la

x → a



Question 65

s → BAB

B → bba

A → B

D Remove unit

S → BbbAB

B → bba

A → bba → useless

2) Remove useless

s → Bbba B

B→ bba

3) convert

x → a

y → B

s → BY Y X B
B → yyx

d
x → a

y → B

w → yy

B → WX

z → X B

s → V2

✓ → BW



Question 66

s→ axl Yb

x → SIX

Y -7 BY lb

D Remove X

s→ axial Yb
x → s

y→ BY lb

2) Remove unit

S→ axial Yb
x→ ax lamb
y → by lb

3) Convert

s→ Axial YB
x → AxialYB
Y → BY lb
A-→ a

B→ b



CYK Algorithm
° Cocke

, Younger , Kasumi
° Also called membership algorithm ) parsing algorithm
° bottom- up parsing
° dynamic programming
° only works with CNF CFGS

Question 67

s→ ABIBC
A-→ BA la w -- baaba

B→ cc lb

c.→ ABIA

Triangle table

G) AC
← substring length 5

IWI-- 5 745

0 SCA ← substring length 4
" 14 125

0 B B ← substring length 3
743 7124 135

→ AS B SC As c- substring length 2
can apply 742 "23 434 145

ff%%t B AC AC B AC
← substring length 1

OR
X11 122 7133 444 455

use b a a b a

formula

Crow 2)

blalalbla xij = substring from position
1 2 3 45 i to position j



Substrings of length 1

toaaba e5 possibilities)
I 2 3 45

Substrings of length 2
- -

b a aba (4 possibilities)- -

I 2 3 45

Substrings of length 3

-

baa ba (3 possibilities)-
-

I 2 3 45

Substrings of length 4

baatsa L2 possibilities)

substrings of length

taaba CI possibility?

Filling the Table ,
square bracket :

cross product

Kij
= [Kisi X Kit , ,j ]

U [Ki
, it ,
X Kitz,j

] U

[ " i ,itzXKi+3
, ;]

U [ Kisi -13Xxi -14 , ;] U

-
. . [Ki

,j- IX Kj , j ]

• for first row
,
write all non- terminals that produce the

terminal



Using Cross Product

K ,z= BXAC

I
what non-terminals

= BA , BC produce ?

= A ,S

742 = AS S -7 ABIBC
A-→ BAIA

Using Formula B→ cclb

c.→ ABIA
"12=441,422] I -4

, j=2

= BX AC

= A
,
S

Kaz -- AC X AC

= AA
,
AC
,
CA
,
CC 745

= AA
,
AC
,
CA

, B

" 14 125
not produced

123
= B 743 764 "35

AS B SC AS

7h34 = X33×2144 " 12
"23 434 245

B AC AC B AC

= ACXB Kil 422 7133 144 455

= AB
,
CB

= S ,C

"45=144×155

= BXAC

= BA ,BC = A ,S



743=[241×123] U [242×2133]
= (BXBTUCASX ACT S -7 ABIBC
= BB

>
AA
,
AC , SA , SC

A-→ Bala
B -7 cclb

not produced c.→ ABIA
=p

124=[2122×7134] U [ KzzX 7144)

= CACXSCTU [13×13] as

= AS
,
AC
,
CS
,
CC

,
BB 0 SCA

= B " 14 "25

0 B B
7135 = ( K3zX 445 ] U [X34 X 155 ] 343 244 "35

AS B SC AS
= [ACXAS] U [SCXAC] 742 "23 "34 145

= AA
,
AS .CA , CS , 8A , SC , B AC AC B AC

= B Kil 122 7133 144 455

944=[241×424] U 42×134] Uf 343×7144]

= (BXBTUCASXSCTUCOXB]
-

- BB
,
AS ,SS,AC , SC ,0

=p

125=[742×135] UCKZZX 2145 ] U [244×75-5]

= CACXBTUCBXADUCBXAC]
= AB ,CB, BA , BS , BC

= SCA

' l l l
Sc A s



Xis ← if S is present in the cell,

string belongs to
grammar CSAC

His

0 SCA

245 = (X11 X 125] U [742×435] U " 14 125

[ 243×7453 U Calyx Kst 0 B B
743 7124 135

AS B SC AS
245

-
- [BX SCA] U [ ASXB] U an "23 "34 145

[ of XASTUCOXAC] B AC AC B AC

X11 122 7133 144 455

= CBS, BC , BATU CAB ,SBT

= BS, BC ,BA , AB , SB S -7 ABIBC
1 1 11 A-→ Bala
S A S C B -7 cclb

c.→ ABIA

shortcut method

s -7 ABIBC
A-→ BAIA 745

B -7 cclb

(→ ABIA " 14 "25

0
° first 2 rows

,
same 343 244 "35

AS B SC AS
X ,z=

draw 2 Arrows as 742

f
"

23$34 145

shown Boo AC AC B AC

take cross of Kit 422 7133 144 455

bottoms g tips

743=1313, AA , AC , SA , SC -01



S -7 ABIBC
A-→ BAIA 745

B -7 cclb

(→ ABIA " 14 "25

0 B B

224 = AS ,AC , CS , CC , BB = B
343 244 "35

1 AS B SC AS

B 742 "23

f
"34 45

B AC
.

AC B AC

X11 122 7133 144 455

"
25
-

- AA
,
AS ,CA

, ,
SA
,
SC

>
CA sfc

-
- B B

7115

0
" 14 125

0 B B"" ""is:
"?!!""

"
""

x.

you
.

AS B SC AS
= [13×13] ✓ [0×13] UCASXSC] 742 "23 434 7145

B AC AC B AC

= BB
,
AS , AC, SS ,

Sc Kil 122 "33 "44 "55

Nag -- [742×435] U Crkzux 7155 ]V 745

[743×745] 0 SCA
" 14 125

-
- CACXBIVCBXACJUCBXAST 0 B B

743 7124 7135

-
- AB , CB, BA,BCgBS

sachs
sits .is/.si.n..sL

.B AC AC B AC

X11 122 7133 144 455



GREIBACH NORMAL FORM

° In GNF
, only head of the production should be a terminal

•

Any number of non- terminals after the first symbol

A → at
-

L E V
't
(variables)

A → a

° No
.

of derivations = length of string CIWD
° Grammar should be cleaned ( just like in CNF)

Question 68

convert to GNF Ee derive "aababb
"

s→ ABI BA already in GNF

A- → alas lb AA

B → blbsl ABB

s ⇒ AB → I s ⇒ AB → I

⇒ a ABB → 2 ⇒ a ABB → 2

⇒ crabsB → 3 OR ⇒ aabB → 3

⇒ aab ABB → 4 ⇒ aabaBB → 4

⇒ aabab B→ 5 ⇒ aabab B → 5

⇒ aababb → 6 ⇒ aababb → 6

° length of string
-

- 6



Question 69

s-7 AB

A → aAlbB1b convert to GNF

B→ b (already cleaned)

Replace A with RHS

Ss aAB/bBB/bB
A-→ aAl BB I b
B.→ b

Question 70

S→ absblaa

convert to GNF Casing substitution rule)

A-→a

B →b

s → aBSB ) a A

Question 71

s→ ABBIA
A → aaa 1B
B -7 BAB

1) Remove useless 2) Remove useless

S -7 ABB la
A- → aaal BAB S→ a → in ↳NF

B.→ BAB



Question 72

s→ asblbsal SS IX

s→ xlasblablbsalbalssls

d

A- → a

B → b

s -7 Xl asB) aBl b SAI bA

Question 73

s → aAlbB
B → BB IX
A → AA IX

s→ a laAl b IbB
B→ bBl b

A→ a laA



EQUIVALENCE OF CFG Eg PDA

conversion of CFG to PDA

Skeleton of PDA
all productions

pushlpop
I all variables

→ 9.start- Goop→ ohaccept
(X ,Zo/SZo) (X

,
Zo )Zo)

compulsory !! I artificially to make s

push s to the bottom
stack of the stack

Algorithm

D convert CFG to GNF

2) Convert GNF to PDA ( productions)
]

eg : T-sau ← what to

j p push 7 Ca
, -11 Uzo)

top of
stack head of pop T from stack Eg
cues) prod: input then push U to

symbol the stack

← pop

eg : S → a ABC 7 Ca
,SIABCZD

← pop

eg : T→ a > Ca
,
TIX)



Question 74

convert CFG to PDA

f- LWWRIWE Laib's
't} even palindrome

s→ asalbsbtl

1) Convert to GIVE

A→ a

B → b
s → ASAI BSBIX

2) Convert to PDA

(X ,Zo/SZo) (x :Zolto)
go- oh- off

r

U
push Ca :S ISA)

push Cb :S ISB)

pop CX : six)
CNPDA)

pop ca : Atx)

W =
" abba's

POP Cb : BH)

s ASA using s → ASA

⇒ absBA s→ BSB

⇒ ab BA s → x

⇒ abba B→ b

⇒ abba A→ a



d(go
,
Abba
,
Zo)

1- 8cg, , Abba, Sto)

t 8cg, , - bba, SAZo)

t 8cg , ,
- -ba
,
SBAZO)

8cg , , - -- A, SBBAZO) 0cg, , - - ba , BAZo)

x t 8cg , , - - - a , A Zo)

1- 8cg
, ,
- - - - ,

Zo)

t Ngf , X , Zo)
Question 75

s→ aABC

A → aBla
B→ BAI b
( → a

go
(X : Zo l SZD

, q,
(X : ZOIZD
, qf

CNPDA)

U
(a :S I ABCZo)
(a : Al BZo)
ca : Al X)
(b :B : AZo)
(b :B :X)
ca:C : x)



W - aababa rejected
accepted

dcqo , aababa , Zo) neither

+ 84
, > aababqszo,

accepting path

pop
t 8cg , , -Ababa , ABCZO) push pop Ag

push
t B

1- 8cg , ,
- -baba ,BCZo) 8cg, -- baba > BBCZD

pop push Pop push

819 , , - - - aba ,Czo) 8191 , - - -Aba >BCZD 8cg, , - - -aba, ABCZD
×

tdlq , , - -- - ba ,Zo)
X 8cg

, ,
- - -Aba

,
Alto) POP push

push pop

8cg
, >
-
- - -
ba,BCZo) 8cg , ,- - - -ba,BBCZD

819, ) - - - -ba ,Czo) POP push pop

x
8cg, , - - - -- a.BAD

Koh , - -- -ba,BCzo) 8cg - - - - - a > Czo) X

pop push too
,,
- - - -

- -

,
Zo) 8cg , , - - - - - a > ACZD

8cg, , -- -- -a,ACZo)
t 84ft Ito) push pop

push pop ✓

oh > X > Bczo) 8cg,> X, Czo)
81913 XSBCZO) 8cg,> X, Cto)
x

X
x

x

push

dloh
,
-- -
- - a,CZo)

1- 8191
,
- - - -

- -

,
Zo) 8cg, ,---- -a > ABCZO)

pop push
1- Scoff Zo)

8cg , ,X,BCZo) 8cg, ,X,BBCzo)

x x


