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Que2I. , What do you mean by regular expression 7
» OR
Write the formal recursive definition of a regular exDl‘essi0n

1. Regular expression is a formula in a special language that ;
specifying simple classes of strings. 18 Useq for
2 A string is a sequence of symbols; for the purpose of most ¢
search techniques, a string is any sequence of alphanumeri, CEXt"baSed
(letters, numbers, spaces, tabs, and punctuation). aractery
Formal recursive definition of regular expression :
Formally, a regular expression is an algebrai i 3
st g ic notation for characterizing .
L Any terminals, i.e., the symbols belon;
T 3.8y g to S are re ;
Null string (+ or ¢) and null set ( ) are also regular eiul.ar Sl
2 IfPand Q are two regular e i gesiion
: xpressions then the union of
regular expressions denoted by P i of the tw,
3. IfPandQare tworegularexprey o Qtllxs e roeler abicepon
g SSil i : :
by PQ e i ons then their concatenation denoted
% UPis a regular expression then the iterat: i
Fo by Pois ol e {teratxon (repetition or clos
5 ”",“’d 0 aregular ex el
. IfPisa : pression.
6. The e cssion then (P) j i
€xpressions got by et E ar _('-‘gular expression.
, over % are als , v expressionpp cation of the rules from (1) to (5)
mhvlm the

banico A
Perations and also write the operator

pri ¢
- mdﬂlﬂe A ohenla €Xpression,
Ba'il';:j;’é;;nom
on:If R €Xpression .
LR UR ) s 4o 9 R, are two ‘.eon v

Lir VRz)' : + gular €Xpressions over I then
me R, llannn‘fmmnior:}',t ‘ e
¥ Ting from R,

2-3 A (CS/IT-Sem-4)

Theory of Automata & Formal Languages

2. Concatenation : IfR, and R, are two regular expressions over L then
L(R, "R, is denoted by L(R, R,).
L(R, " R,) is a string from R, followed by a string from R,
L(R,R,) = L(R,) L(R,)

3. Closure:IfR, and R, are two regular expressions over £ then L(R*)is

a string obtained by concatenating n elements for n 2 0.
Operator precedence in regular expression :

l Precedence Operator l Description _\
Highest 0,29 anrenlheses and other grouping operam
+, %, lm,n) lRopelmon \
l A abe {Sequencc \
Lowest | ‘ Alternation \

Que 2.3. ' Discuss the identities for regular expression.

Answer l
Two regular expression P and @ are equivalent (P = Q) if Pand Q

i
represent the same set of strings.
The identities for regular expressions are useful for simplifying regular

2.
expressions.
L ¢+R=R
T ¢R=Ro=1¢
I eR=Re=R
15,2 e*=cand ¢* =¢
I R+R=R
Iis RtRt=R*
I3 RR*=R*R
I (R¥)* = R*
I, e+RR*=R*=¢+R'R
I,: (PQ)*P=P@QP*
I,: (P+Q*=(P*Q")*=(P*+ Q*")*
I,: (P+QR=PR+QRandR(P+Q) =RP+RQ

12°

Que 2.4. | Simplify the regular expression (r(r + $)*).

Answer l

= (r(r + s)*)

= rr* (sr*)*

= r(e +r) r* (sr*)*
= (r +rr) r* (sr™)*
= (r+rr)(r+s)*

Que 2.5. l From the identities of regular expression prove that

(r + 8)* = r* (sr*)*]

(e +r)r*=r¥)

[r + re and * distributes over +
((r + $)* = r* (sr™)%]
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2.4 A (CSAT-Sem
e 00+ 1090+ 109 =10% (04 194, ~Fy,
(1+100%) + (1 +100 +01D*

L0 oenr o=
i
e+ 100%) + (1 +1000(0 + m*i()gf 10%)%
b S =14 1000 [6+(0+ 1090+ 10 L
LS =« 100°K0 + 107 R
=(1+ A +RR‘
Z 1(e + 00°X0 + 10%) .
100+ 109* = RELS. L
i,  Take1* (011)* as P then the LHS becomes ¢ + pPp+
.

=P
Z#011)* = (1+01)* =RHS. s B+ gy _
)y

ue 2. ’ sition diagrams/transit; |
%3&, What are tran gr Sition g‘f‘aph“

A transition diagram/transition graphs is a graph which consistg
states and there is a successful path beginning at some start g tats of sen’esu’
at afinal. and e“de
Thus, we can describe the transition graph as collection of follow;
1 Afinite set of states, one of them designated as the start =5
of which are designated as final state.
2 The starting state is represented by a circle having an arrgy,
state is represented by two concentric circles. The djagT:;d fing
Matj;

representation is as follows :
Final state

Initial state
3 Fig.26.1.
4

State ang Son

;h; alphabet X of possible input letters from whic

1nite set of transitiong (labeled ed;
state to another state, base
letters ( Possibly even the p

. X ull string),
2 trn ‘ string may he Teépresented by ‘¢’ or <
. ‘ansition dj initj ‘
. agram the injtja] stateis represented as and find
state ag .
For €xample ;

Theory of Automata & Formal Languages

PART-2

Kleene'’s Theorem.

2-5 A (CS/IT-Sem-4)

Questions-Answers

x|
} Long Answer Type and Medium Answer Type Questions |
ST

Que 2.7. | State and prove Kleene’s theorem with example.
AKTU 2016-17, Marks 10

Answer :
Kleene’s theorem states that any regular language is accepted by an FA
and conversely that any language accepted by an FA is regular.
Theorem 1 (Part 1 of Kleene’s theorem) : Any regular language is
accepted by a finite automaton.

—() accepts ¢
0
-0 accepts (g
Y a
+>(O———>0 accepts (a)
0 1
Fig. 2.7.1.

Proof :

Basis step : As shown in Fig. 2.7.1 the languages ¢, (¢} and la} for any
symbol a in ¥ are accepted by an FA.

Inductive step : We are going to show that for any languages L, and L, if
they are accepted by FAs, then LL,,LL,andL* are accepted by FAs.
Since any regular language is obtained from (&} and {a} for any symbol a in
2 by using union, concatenation and Kleene star operations, that together
with the basis step would prove the theorem.

Suppose that L, and L, are accepted by FAs M, =<@Q,. %, q, . §,,A, >and M,
=<Q,7%, q,, 9, A,>, respectively. We assume that @, N @, = ¢ without loss
of generality since states can be renamed if necessary.

Then L, U L,, L, L, and L * are accepted by the FAs M =< @Q, 1.9,
A >M=<Q,%3, 5“0, 5,A > and M, =< Q,.%,q, ,» 5,. A, >, respectively,

3,
ie.,

ForM, =<Q,3,q,,5,4 B :
Q,=Q,uQ,ulqg,,), where g_ is a state which is neither in Q‘ nor in Q,
5, =8,U8,0l(q, & (q (D) thatisd (q, ,, &) =g, (2,0 )- 1€, 8,09, @)
=¢forallainX.

A, =A VA,

ForM =<Q,%,q.,9, A >:
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|
5.4 (CSNT-Semd) : LQ”%
Q-= Q. Q, »

Q0= %o

A
5 =5 v ullags g MO € S
L= 9

|=A: vq 'S.,A.>: . : !
For M, =< Q‘; :h;;e 0188 state which is n[;)t inQ
Q§=‘;‘Ql"l(qq.£ ‘, 'q“‘”lu‘{(q.s,[qk'o})lqg 1]

5, 8 vige &%

“l“iz:s‘e(&;’]m are illustrated in Fig 2.7.2.

O [ baka ey
L7 efian
TR S
3 X s
¢ 1,m,/ Qo f 3 RN
e ‘\--@{-’ R /o0 OR
LAY
i N f. :
-2~ ofa R Tl
Q0 » R M\\ len
@f"n /I M, 2~

Kleene star of FA M,
Fig. 2.7.2.
It can be proven, that these NFA-¢, M, M and M,, in fact accept L U |
and L * respectively. LNl
Example :

An NFA-c that accepts the language re

presented by the regular expressi
lea + b)* can be constructed as follow: 3 gt

S :
S a
a: ) 2 O—° a
b: b O ©

(2a + by .

Comtruction of (aa 4 b
Fig. 213,

Theory of Automata & Formal Languages

2-7 A (CS/IT-Sem-4)

Que 2.8. I For the given languages L, = ¢,L, = ¢, and L, = (0, 1)*.
Compute L. L, and L, U L,.

Answer

[4136\.[,-,:(“[‘}2“).” ;
Concatenation : L.L,=¢.¢=e
Union : L,oL;=¢v{0,1)* ={0, 1)*

Que 2.9. | Let L = {0, 1) (0, 1)%; construct NFA with e-moves that
accept L%

Answer I

Fig.2.9.1.

Que 2.10.| Draw finite automata recognizing the following

language :
1(1+10)* + 10(0 + 01)*

Answer ‘
Step 1: 1(1 + 10)* + 10(0 + 01)*
(e g

Step 2 : 1(1 + 10)°

1000 + 01)*
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Theory of Automata & Formal Languages 2-9A (CSAT-Sem-4)

ry = (00°1)*1
Set of string = (1,011,0011,00011,010101011, ..}
r,=1+0(0+ 100 11
Set of string = {1,011,0011,01011, 010101011,
Since both regular expressions produce same set of string

So, F1= 7

,m at least two 0%:::;:“"\
o y

.14, | State and prove Arden’s theorem. Explain its application.

Arden’s theorem Let P and Q are two regular expression over alphabet £
for each of the fouow.“' P does not contain null string ¢. Then equation R = Q + RP has a unique
solution given by

3 R=QP* '
of adjacent zerg's apa  Proof : Let us consider the equation R=Q+RP .(2140)
: Put value of R in equation (2,14.1) . %
1 as substring. R=Q +(Q + RPP - .(2142)
y Put value of R in equation (2.14.2)
R=Q+QP+RP* S (2143)

: ‘When we put the value of R and again we get the following equation :
ﬁxn.!ts zero, one, tWo,..  p_ Q+QP+ QP+ QP + ... agam 88
; R=Qe+P+P+P+..) [Since & +a +a* +... =c‘l
I . R=QES [By definition of closure opemtion for regular
becomes clear that siné Appbcahon 4
erever one is encour Arden’s theorem is used to ds&emmﬁﬂ{ﬂea@ﬂwn"m
are like 00000 by transition diagram.
2.
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of Automata & Formal La

s 2-11 A (CS/IT-Sem-4)
Find the regular expression

using Arden’s theorem of

ql-e
4 Qg +q,a#qa
braprabd
q,=q,a
a, =qb+q3b+q,ab q,b +q,(b + ab)
denstheorem, q,=q,b (b +ab
=a+q,a+q,aa a*q,atq,bﬁwu
& =a+q,(a+b(b+ab)*aa)
s theorem, g, =a(a+b (b+ab)* aa)*
: 9,=g,a=ala+b(b+ablaa)*b(b+abl*a
state, the RE corresponding to given FA is,
a)* b (b +ab)* a.
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2-12A (CS/IT-Sem-4) Regular Expressions and Langyqg,
es

v

Reeursiveeﬁn‘t' i
Vs ition of regular expression : Refer Q. 2.1, Page 2 9 A

Numerical :
% =00+e 2.17
¢ (217
q,=¢,0+q,0 (2.17.9)
q,=q1+q,1+gq,1 +(2.17.3)

Put the value of ¢, and g, in equation (2.17.3)
9,=q,1+(q0+¢,01+gq,1

=q,1+g,01+q,01+g,1
=q,1+q,01+(g0+q,001+q,1
= q,1 +q,01 +g,001 +q,001 + g,1
=q,(1+01+001) +q¢,001 + qzl2
i :Ilog : 3: + gg:)) +1(g,0 +¢,0001 + g,1

e =9 + +4,0001 + ¢,0001 + g,1

i tse"::‘of;‘;:he' we get g, in every step. So, we cannot lﬁnd theqvfalue of

Hence, question cannot be solved.

Que 2.:8. ' Explain the condition in which two machines M and M
are said to be equivalent. i ; ;
2 "eq valent. Show that t!ls following automatas are

1 1
& §

(a) L
Fig. 2181,

Comparison method :
3 lz(ll,mdM,betwoﬁnitem&omatawﬂ-
table consisting of n + 1 columns, whe
symbols.

2. The first column consists of pai
pairs of ve
g=M, andg M, '

vertices g, ¢, of M, and M, in the firs|
The first elements in the subseg it
“nd . are reachable by a-paths
6. We repeat the construction by con
subsequent columns which are

@

Theory of Automata & Formal Languages 2-13 A (CS/IT-Sem-4)
\

7. The row-wise construction is repeated. There are two cases :
that g is a final state of M,, and ¢', is

Case 1 : If we reach a pair (g, q',)such
a non-final state of M, or vice versa, we terminate the construction and
conclude that M, and M, are not equivalent.

Case 2 : Here the construction is terminated when no new element appears
columns which are not in the first column

in the second and subsequent
(i.e., when all the elements in the second and subsequent columns appear
in the first column). In this case we conclude that M, and M, are equivalent.

Numerical :
Let M, and M, be the following automatas :
1
. 1 ‘ 1 G ' . 0
—>‘—>—. © _>.——>—.—‘>—. C——=0©
q; 0 92 LN q5 9
M, Fig. 2.18.2. M,

The initial states in M, and M, are g, and g, respectively.
lumn in the comparison table must be

Hence, the first element of the first co!

(q,, q,)-
Table 2.18.1.
(¢,9) (1Y) (q,,q')
(g, q) (g, 95) (g, 95
(g, g5) - (g, q,)
As g, is final state in M, and g, is non-final state in M,, so M, and M, are not

equivalent.

| From the given NFAs, decide whether the two accept the

same langimge.

(a)

In Fig. 2.19.2(a) the NFA accept all string which is combination of
alphabets
$=10,1)
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-14A (CHIT-Sem-d) Mm«m and Languag,,

3 h’“m,_ n “‘m w ‘ .u : .v know that e-transition i<
 aull transition. So we can consider state 4, 4, and A, as same sta;):;_:, a
Aand weget i Sam 3

L, (ol

L, and L are regular languages, thei

G Bio ok e the sepas Lo

Proof : By De-Morgan's law for sets of any kin
: LinL,= (L +Ly)

s?g@nhejusﬁfyhymwmdiagmmmr&
, it is clear from Fig. 2.20.1(a) and Fig. 2.20.1(b

Liol,= (G +Lp

—_ U W—— -

Theory of Automata & Formal Languages 2-15 A (CS/IT-Sem-4)

Complementntion $
If L is regular then complement of L that is [ i¢ also regular. In other words,
the set of regular languages is closed under complementation.

Proof :
1. Toshow closure under complementation, let M =(Q,%,5,q, F) be DFA

that accepts L, then DFA accepts i
M =(Q.%,84y,Q-F)

In DFA M accepts the language . In which some of the states of FA are

final states and some are not.

3. InDFA M status of each state is reversed, that is if it is final state, make
it a non-final state, and if it is non-final state, make it a final state.

4. Ifaninput string formally ended in a non-final state, it now ends in a
final state and vice versa.

5. Thisnew machine accepts allin]

original FA (all the strings inL)
FA used to accept (the strings in L

the language L . So, L is also regular language.

State whether following statement is true or false.

put strings that were not accepted by the

and rejects all the input strings that the
). Therefore, machine accepts exactly

b

Justify your answer :

If L and M are non-regular languages then intersection of L

and M is also non-regular.
ii. If L and M are regular languages

language.

H
then L - M is also regular

True
Proof : Let L and M are two non-regular language.
The intersection of L and M is represented by L 0 M.

By De-Morgan’s law L "M = LuM
We know that complement of a non-regular language is non-regular
and union of two non-regular languages is non-regular. Therefore
L UM isnon-regular.
Here L n M is non-regular language.
ii. True
Proof:L -L,=L N 5,

[Replace L, by L and L, by M)
know that complement of a regular language is regular and we also

ow that the intersection of two regular languages is regular.
.~ L, will be regular.
re L, - L, is regular.
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3. Regular languages are closed

2-16 A (CS/IT-Sem-4) Regular Expressions and Langy,,,
Beg

- Prove that the complement, homomorphism and iny,
homomorphism, closure of a regular language is regular. i

1. Regular languages are cl;vsed » i
4 T i under complementation : Ref,
:legulnr In'::ums :::‘ c:o.sed Iv:nder homomorphism, i.e., if L jg
regnln; guage is a homomorphism, then k(L) is als,
Proof':
We will use the representati anguage
; m"m e ion of regular I s in terms of regular
the regular expression for L
m each symbol in E. i
of resulting RE is h
hnple 3 G (L)
II:HM):“; A(l)=e.
t L be the language of regular
Then A(L) is the language of »
abe® + elab)* can be simplified.
€* = ¢, s0abe* = abe. el
£ is the identity under concatenati v
Thus, abe* + e(ab)* = abe + e(ab)'h:?b"
Finally, L(ab) is contained in L((ab)*),

expression 01* + 10*.
sion abe* + e(ab)*.

ie., if L is regular and k i -
: L is a homq
Proof:
a  We will use the i
e tllirpresentaﬁ:wn of regul;
4 FSf.artwiﬂlaDFAAforL.
. For agivena DF, izi y
o a DFA M recognizing L, const) :
Construct a DFA B for h- (L) wi same
) with th
ut;ir:hm,thelameﬁnalmm;put ha
c aemkhi;mhappﬁea). 3
/ i r B are computed by applyi
; ;a:.a:“neemgvvhcreAmml(!goolileqmal::ll(;,:l:»8
ly, b,(q, @) = 8,(q, hia)).
Example :

N 5

AR X
Ay

AR O

Theory of Automata & Formal Languages 2-17 A (CS/IT-Sem-4)
1 Since
1 ‘ @ h(l)=¢
0 0
0 @ Since
h(0) = ab
h(0) = ab ' i
h(1)=¢
omorphism construction.

Fig. 2.22.1. Inverse hom:

Que 2.23. l Discuss closure properties i.e. concatenation,

union,

.iniersection, complement of regular languages.
rmmtgx_a.mﬁﬁ]

ot
Union :
L1 U L2 will also be regular.

For example :

Let L1 =(a"|n20) and L2 = {b"|n 20}

[3=LluLl2={a"vb"|n >0) is also regular.

Concatenation : If L1 and if L2 are two regular languages, their
concatenation L1.L2 will also be regular.

For example :
Let L1 = {a"|n>0} and L2 = (b"|n 20}
{@".b"|m>0andn>0lis also regular.

If L1 and if L2 are two regular languages, their union

L3=L1L2=
Intersection : If L1 and if L2 are two regular languages, their intersection
L1~ L2 will also be regular.
For example :
>0) and L2 = {a”b" Uba™|[n20andm 20}

Let L1 = {a”b"[n 20 and m
L3=L1nL2={a"d" | nZOandmZOHsalsoregular.

Complement : If L(G) is regular language, its complement L'(G) will also
be regular. Complement of a language can be found by subtracting strings
which are in L(G) from all possible strings. For example :

L(G) = la"|n >3}
L'(G) = {a"|n <=3
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2-1B A (CSIT-Sem-4) Regular Expressions and Languag
ey

“ Write short note on Pigeonhole principle.

£ S g
* states that “If n pigeons are assi
one pigeonhole 2 assigned to m pigeonho
2. The Dieeonbot opniaigs '."Om'm‘ovepvigem'm(m<n)”,lmw‘wnatleast
5 useful in counting methods.

be
2  Beginning with the pigeon 1, each o
- % ) L rs : ough m.
pigeon is assigned in order to the

3 Smeem<ni ige
: g ~”.‘e;u:e Tl:::ﬁ of gngeonhole_is less than the number of
pigeons. geon. 'nhout_havmg assigned a pigeonhole,

g e e : igned to a more th, i
note tha pigeonhole principle tells us nothing ‘:tl)g:te if:og)'

7. To apply the princi 4
v principle one has to decide whi ‘ i
of pigeon and which objects will play m'.'lf,h,‘;"““ wnll] play the role

k2 M\O €es,

Sta
b fad prove ke Pumping lemma for regul
ular

1. Pumping Lemma i
2 is a powerful tool for i
- y Pproving certain kllguag
y € non-

2. It is also useful i
- in the development of i :
i ; € algori answ
questions concerning, finite automata, sugn a:?:n — °F certain
Statement : !lLyta given FA is finite or infinite, Yies ‘l’é!inm
Hgiomen 'nd L be a regular language. Then there exigt i
Thies, "epecan ;rzl;kL) such that for every string 4 in
il w into three substrings, w = zyz, | 4
;- l!-“y l=n
3 orall i >0, the stri 'z i
; >0, ing xy'zis also in L.
;I?;t":a v:e a]vlv’:yL find 2 non-empty string y not too far
4 can be “pumped”; that is ti be
e resulting string in the language i Sl

‘fheory of Automata & Formal Languages

proof :

1

2.

3.

4.

2-19 A (CS/IT-Sem-4)

Suppose L is regular. Then L = L(M) for some DFA, M. Suppose M has

n states.
Now, consider any string w of length n or more. Let

W=ay,0p0 Gy where m > n and each a, is an input symbol, for i =0,
1,2 g 1T define state p,, to be 6 (g, a,a,...a)), where 6 s the transition
function of M, and g, is the start state of M. That is p, is the state, M is
in after reading the first i symbols of w.
By the Pigeonhole principle, it is not possible for the n + 1 different p/s
fori = 0, 1, ... n to be distinct, since there are only n different states.
Thus we can find two different integersiandj, withO<i<j<n, such
that p, = p;- Now we can break w = xyz as follows :

1. x=0,05..- 9 2. y=0,,10,,9-9

3. z=ga, 1949 %

That is x takes us to p, once; y takes us from p, back to p;(sincep, is also
p),and zis balance of w.

’Ilhe relationship among the strings an

Fig. 2.25.1.

d states are discussed in

y=2a,1--8

S p)
"_’_ it b, Z_=_ B 2 “.ﬂ:,@
Fig. 2.25.1.

in the case that i = 0. Also, z may be empty ifj=n=m.

x may be empty,
since i is strictly less than j.

However y cannot be empty,
6. Now consider what happens if the automaton M receives xy'z for any

i>0.1If i =0, then automaton M goes from the start state g, to P, on
input x. Since p; is also p, it must be that M goes from p, to the
accepting state in Fig. 9.20.2 on input z. Thus, in accepts xz.

7. Ifi>0,then M goes from p,top on input string x, circles from p, top,,
i times on input y, and then goes to the accepting state on input z.
Thus, for any i > 0, xy'z is also accepted by M; that is, xy' 2 isin L.

ﬁ 1e 2.26' Explain the application of pumping lemma.

e
Application of the pumping lemma are :
The pumping lemma is extremely useful in proving that certain sets are
non-regular, The general steps in its application are :

Step 1: Assume L is a regular. Let n.be the number of states in corresponding
FA. ‘

Step 2 : Choose a string W such that |w|zn. Use pum
w = xyz, with |yz|<n and |y| >n.

Step 3: Find a suitable integer i such that xy

assumption. Hence, Lis not regular.

ping lemma to write

Scanned by CamScanner
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2-20 A (CS/IT-Sem-4)

Regular Expressions and Langy, ag,
e

_ State Pumping lemma for re

— gular languages, Usq
Eon g ;mma to prove that the language L, defined as follows, ;,
L={0™1" |m and n are Positive integers and m # n}

Pumping 1,
ey € lemma for regular language : Refer Q. 2.25, Page 2-184,

Proof:

LetL={0™1"|m =n}be a

consider following case - language. Assume that L is regular language. Noy,
Case1: ;

g?::l:;ping ; i 2=0001111¢ L

: emma if 2 = ypw then if we i

i I © pump some string to mak
wuv‘w thenifz € L then such a language is called regular. 3

z2=0
OOIIL_II
: i { 3
ﬂz:uafwmdiﬁ=2thenz=uuuw ’
z=0 (0011
)(0011)\1_3[
i 4 1 &
u v w
2203120214 om g g,

w

Case 2:
Assume L < 2 such that

S AR

i
By pumping lemma, z = wv'w € L for o .
P ug: ,2 regular language. If; = 9 then,

z= 0 .
00080.000.3 11 1.3

fe ©

s
1 —_—
u v i lf)

2 o Z= 051550"‘1"becaus =
these cases, we get z ¢ L. Thus our assumptio: gf’i ﬁéing regular j
ar is

{L= 01" m 2 ) i
NOt regular,
Prove that the 3

wrong.
Hence given language

&LL = m'tn, 19 Driktar s
State Pumping Lemma for : u nﬂtleguh.-,

p is a prime) is not regular,

Theory of Automata & Formal Languages

Answer l

Pumping lemma : Refer Q. 2.25, Page 2-18A, Unit-2.
Numerical :

Step 1 : We suppose L is regular. Let ¢ be the number of states in the finite
automaton accepting L.

Step 2 : Let p be a prime number greater than p. Let w = a%. By pumping
Jemma, w can be written as w = xyz, with |xy | <gand|y|>0.x, y, z are
simply strings of a’s. So, y = a™ for some m > 1 (and <g).
Step3:Leti=p+1.Then|xy'z|= |xyz| + |y |=p+(i—1m=p+pm.By
pumping lemma, xy'z € L. But |xy'z|=p + pm =p(1 + m), and p(1 + m) s not
a prime. So, xy'z € L. This is a contradiction. Thus, L is not regular.

Que 2.29. | Prove that following are not regular languages :
{0" | n is perfect square}.

15
ii. The set of strings of form 0/ 1 such that the greatest common
divisor of i and j is 1.

2-21 A (CS/IT-Sem-4)

OR
Using Pumping lemma for regular languages prove that language

L=0",n>=1isnot regular. [AKTU 2018-19, Marks 10 |

i. {0"|n is perfect square).
1. Let us suppose L be a regular, let p be a constant provided by
pumping lemma. Let w be the string of 0~
2. This string is in L and its length is at least p. So we can write
|xy | <p and y # ¢ and each xy*z also in L.
3. Since |xy| <p,y consists of no more than p0’s and y # ¢, so there
is at least one ‘0" iny.
Now choose % to be 2 and the resulting string is xyyz.
We have to prove that the length of xyyz is not perfect square. In
fact we have to show that it lies most strictly in between two
consecutive perfect squares, namely p* and (p — 1)*.
6. Let ‘q’ stand for length of y. Then the length of xyyz is p* + ¢. So
pP<p*+qg<(p+ 1% 3
7. The first inequality holds since g > 0. For second inequality, we
compute (p + 1)*=p*+2p + 1 >p* +q.Since ¢ <p, therefore xyyz is
notinL.
8. This contradicts the pumping | S0 our
regular is incorrect.
ii. Let L= 0% such that ged (i,/) = 1. y
We assume that this igs a regular language. Now consider three cases
Case 1: Let 2= —— —— lbeastnngeb.

AR GB ; .
ording to pumping lemma if z = uvw is a string € L, then z = uv'w,

o

ption, that ‘L'is
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Regular Expressions and
L&nguﬂgek

&nt means even if we pump some substring the stringz € L,
3 e lnapz. = uvw as this is a case in which v consists of substring 01
Yy pumping lemma z = uv'w if i = 2, z = uwvw :

Then we get z= 0“"‘(01)’"11”" eL=(0" 1/)
i J
Case 2: Let, 2=0...01...1¢L
e

uv w
By pumping lemma z = uo'w, Ifi = 2 then,
i J

e U

2=0.0.0 1.1.1

P
z u v w
2 = uvvw

ie., z=0my
But, ged (i+m, j) = 1.
Hence, z€ [L=(01))
Case 3: Let,
i J
—r— —-—
e R el oo
Bt iy
o ’ u o
'y pumping lemma, z = uv'w. If i = 2 then,
; z = uvow
R z=0 Yy
But ged (i, j+m) = 1.
Hence ze [L={01)]

From these. 3 cases, = )
: 4 » We can prove that L = 07 ged(G, j) = 1 is not a regular

N e om

- Let usassume L is regular, let p be i
gular, let p acomtantprondpdbythepumping

Let w be the string 0°°. This string isin Z, and

w can be written as xyz Withtrx:ﬁs o aﬁézn:o? oflength at least . 5o
Pumpmgle;nma}tates_thatifxyzeLchma&:i”.

least one 0 in y since y is not ¢, o mf'-}‘contains at
lctmanumeforksz,theremﬂmg e A
We have to show that the Imm@q’m‘m ZET
the length of y, then the length of gy i«
So it suffices to show that p? < p*
since g > 0 (since y was not ¢).
For second inequality, we com
is greater than p’ + ¢ since g -

Theory of Automata & Formal Languages

8.
)

2-23 A (CYIT-Sem-4)

The claim is established, so xyyz is not in L.
This contradw?s the pumping lemma, so our original assumption, that
L was regular is not incorrect.

‘qng 2.31. I Explain decision problem and decidability properties in

regular language.

Answer |

1

2

3.

4.

A decision problem is a restricted type of an algorithmic problem where
for each input there are only two possible outputs.

A decision problem is a function that associates with each input instance
of the problem a truth value true or false.

A decision algerithm is an algorithm that computes the correct truth
value for each input instance of a decision problem. The algorithm has
to terminate on all inputs.

A decision problem is decidable if there exists a decision algorithm for it.
Otherwise it is undecidable.

Decidability properties of regular languages :

L

DFA membership: Let M =(Q, %, 5,q,, F) denote a deterministic finite

automaton and x is a sequence of finite-domain variables (x1,x2,...,xn)

with respective domains D1, D2, ..., Dn < £. Under a regular language

membership constraint regular (x, M), any sequence of values taken by

the variables of x must belong to the regular language recognized by M.

DFA emptiness : DFA is said to be empty if there is no path from initial
state to final state.

DFA equivalence:Let M, =(Q.%,5,q,, F)and M, = (@, X', 8, g/, F')are
two DFA. M, and M, are said to be equivalent if and only if
L(M)) = L(M,).

DFA finiteness: Let M = (@, £, 3, q,, F) be a DFA. String accept by M is
said to be finite if and only if there is no cycle between any two state

q,and q,.

Following questions are very important. These questi

e

e

Q.1. State and prove Kleene's theorem with example.
Ans. Refer Q. 2.7.

Q.2. State and prove Arden’s theorem. Explain its application.

‘Ans. Refer Q. 2.14.
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Context Free Grammar ... 4-15A to 4-17A
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Two Stack Pushdown Automata .......... 4-18A to 4-21A
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Theory of Automata & Formal Languages 4-3 A (CS/IT-Sem-4)

ii. The head moves from left to right.

iii. The input sc ads . ,
of the %DA, anned by the reading head is sent to the finite control

¢. Finite control :
i.  Finite control can be considered as a control unit of a PDA.

ii. The rfeading head scans the input from the input tape and sends it
to finite control.

il D6pend'ing on the input take from input tape and input from stack
top., finite control dgcides in which state the PDA will move and
which Stac}{ symbol it will push to the stack or pop from the stack
or do nothing on the stack.

d. Stack:

i A stack is a temporary storage of stack symbols.

ii. Every move of PDA indicates one of the followings to the stack.
1.  One stack symbol may be added to the stack.

2 One stack symbol may be deleted from the top of the stack.

iii. Stack is the component of PDA which differentiates it from finite

automata.
iv. In stack there is always a symbol z, which denotes the bottom of
the stack.

Que 4.2. ' Explain definition of push down automata and why it is

named push down ?

,Anyswer I
which is mathematically defined as

A push down automata is a system,

follows :
P= (Qp Z) r) 6’89}?)

non-empty finite set of states

. non-empty finite set of input symbols
bols

Where,

- is the initial state, s € @
al states and F < Q

. is the set of fin _
v ition relation which maps.

Q:

>

[ - is finite set of pushdown sym
s

F

B nction or transitl

g is a transition fu
(QxZ*xF*)—)(QxF*)

Why push down : ‘
1. Push is an operation related to stack. By thi
added to the stack top.

2. In finite automata, states act as a
memorize the non-termmals encoun

a string.

s operation one symbol is

form of primitive memory. States
tered at the time of derivation of

r-r‘}wgul.. \
e

at

15 -

=yl

i

e s
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What are the condition to decl

a string pted by
i OR
Pushdown Automata (P’

DA). Differentiate PDA by empty stack
al state by giving their definitions. sl

Refer Q. 4.1, Page 4-2A, Unit-4.
aie two ways to declare a string accepted by a PDA :
_ Accepted by empty stack (store) :
a Ineach PDA, there s a stack attached.

In the stack at the bottom there is a symbol called stack bottom
symbol. 1
In each move of the PDA, one symbol called stack symbt?\ is either
pushed in or popped from the stack. But the symbol z, still remains
in the stack.

string w may be declared accepted by empty stack. aﬁzrpr.ocesamg'
:\l tlk-::s symbol of w, if the stack is empty after reading the rightmost
input character of the string w.
mati i ={Q,E.T,8,0,2¢
athematical notation, we can say M=1Q,%, o Zo
‘PBD?, the string w is declared accepted by empty stack if

i 1/ (gg w, z)* = (g, & ©) for some g Q).
E*&e}ﬁ'ql, we can say that astring is accepted by a PDAby eqptx

Flbea

both the following conditions are fulfilled.
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4-6 A (CSIT-Sem-4) P,
o Gl ush l)(,wn A
— WD 4,
'—, i,
to‘.h '“._ Define Push Down Automata (PDA)., Deu,'g" Theory of Automata & Formal Languages 4-7 A (CS/IT-Sem-4)
e following lan, : apr e o s S e T T
g ianguage : Ay,
L=la'¥e | i=jorj=k) AKTU 2014 i Que4,7. |CnnutmctaPDA that accepts L = (ww” |w=(a+b)*)
49, Marins-
Answer | L [AKTU 2016-17, Marks 10
PDA : ; z
Nume:::f:lr $ohFap o it Answer |
We ha ] From analysis of problem we find that we have to design a PDA which
va PDA M as follows : accepts all palindrome of even length. The string (palindrome) must content
i =g, g, 9 93 900 9, 4,), (0, b, ), e only a,band & the strings accepted by PDA wAillvh(: like bb, aa, abba, baab etc.
given by * o 9 19, q,)) Now we can define PDA and the & given by
8g, 6 2)= Q=19,9y9) 8(q,, a, X) = (g, AX)
qu £2) ((qx‘ 2,), ‘Qz- zo), (q;; z,)l By g da 5 /
q:"'"n'”q,,za) v =la,b,e 8(q,, b, X) - (q,, BX)
olg,, a, 2,) = (g, xz,) q, = la,) 8(q,, a,A) - (g, AA)
0lg, a,x) = (q,, xx) Z, =X olq,, a,A) > (q,,e)
?“11. b,x):(q‘,b_x)g(q 5y r=(X A, B 8(q,, @, B) — (q,, AB)
o‘qd' £2)= (qx. z,) 4 F= ‘(l.,, 8(q, b,A)— (g, BA)
:“»- a,2,)= (g, z2) 8(qy, b, B) > (q,, BB)
i;’"' bb'zo) = (g, xz)) 8(q,, b, B) = (q,, %)
9 b,x)= (g, xx) &( A)=» (g, ¢
» q, a, )= (q,,€)
:q”(’l): “Iu, (‘,X)e(q.l €) . é(q‘,b,B)—, (9,8
Y 22, = (q,, 1) ~» Accepted 8(q,, 5, X)— (g,,2) —» Accepted

Que 4.6, , How R 1
& many types of pPp, A Que 4.8. | Show that if L is a language of Deterministic PDA (DPDA)
em. are there 7 Explain each of
*h o

and R is regular then LN R is a language of DPDA.

An
T", Answer |

Th(’r(n are .

1 an l“? types of PDA : To run the PDA for L and the DFA for R in parallel, we construct a DFA

A “lerministic PDA (DPDA) : for the intersection of two regular languages by running both their
a. APDAissaidto A DFAs in parallel and accepting only if both machines accept.

—

single move. be a DPDA ¢ all del'ivationg in 9. Formally, suppose the PDA for L has finite states @, stack alphabet I,
b.  IfaPpa Defils fo st o the design give only transition function §,, and accepting states F,, and the DFA for R has
gives a single move, the With a singlo T gimilarly @, 8,, and F,.
2 Non-determim‘ctic PD'A (NI;";:PDA is ‘v'lﬂeda];‘: t:mxle stack symbol 3 Assume for simplicity that the PDA for L reads a input symbol on every
a. APDAisc e TMinistic PDA. step.

more thanag:g ::’:‘:ﬁwmlinjnic ifone o i 4. Then the PDA for L ~ R will have states = @, x Q, and transition

b. IfaPDA S et hede,'i"ﬁtlom 3 function 8 : @ x € x ‘I‘ - Q x I“, where tlhe new state is (3,(q,, @),
ives mors ther o?x :':‘:v\:;‘th asingle i“Mw Rigrates 5€(q€ a)) and we use d, to determine what, if anything, we push on the

the PDA is orany ofjgg . 1 stack,
called non-determinijggje ;’bﬁ"‘m‘;"k symbol | 5. Our set of accepting states is F = F, x F, ¢ Q. The resulting PDA is
ons, then %;‘rl‘n.\;xlis_tic if t}lxe original PDA for L is regular,so L "R is a CFL or
if L is regular.
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which every string has a
unique path.

A deterministic PDA is one for

E %:’-k‘; 2%
A non-deterministic PDA is
one for which at certain time,
we may have to select a
particular path among the
existing ones.

2 There is at most one legal | There can be more than one
sequence of transitions that | sequence of transition that can
can be followed for any input. | be followed for any input.

3. | DPDA contains one-stack. Non DPDA has two-stack.

4. There is only one-stack in | Every state hasits own stack.
DPDA for energy state.

5. | The example of DPDA is PDA | The example of NDPDA is a

accepting string like wcw®
where ‘w’ is a string and w” is

PDA accepting string like ww?
where w? is reverse of w.

reverse of string.

™

T

’ n, n>= 1)
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Theory of Automata & Formal Languages

A1 A CRNT Sem-4)

‘ i —
8lgy, a, Z(»’ = (qq, aZg)
8(qy, a, a) = (q,, aa)
i : Now we will rea " Wa

tting them on the stack. Ay, . step 2 : No h L ad single c. We will not perform any push or pop
stack. N 3 er it | opcrnllon at this step.

on . Now again we ap . by : ;

stack is d fi € regg; gy €, a) = (g, a)

1 po‘m’m .01‘ pazy single ¢ 8 is step the state is changed
e 1SN0 ‘@ on input tape a’ op At this step € ged to q,

Step 3 : Being i"As‘“'-" q, if we read input symbol b then we will read two
com‘.ecutlve b’s without pushing or popping anything, simply read two b's
and

5(q1,b,u) = (qy,a)
8(q,, b,a) = (g4, a)

Then read the third consecutive b and pop single a from the stack. This
means checking presence of two b’s against single a.
A for the given language 3(gy, b.a) = (gy¢)
gstart with ‘0’ followeq Step 4 : When the input read is a blank character and stack is empty
2 ﬁemAMw ho ot o). Then we reach to accept 8(q4.€, 25 ) = (q,, ©).
vll, 00011 ...... and reject The state g, is accept state.

Construct a deterministic PDA for the following

Qe did:
language :

L= {x = {a,b)*|n (x) # n, (x)}
where n,(x) : number of a’s in the string x
n,(x) : number of b’s in the string x

P=(lg, q,q,, {0, 1, q,

), 5.Z.q,) |
G i o : E The tuples will be :
B ‘i Q = gy 91 92 93 9995, E= 10, b
r=1(4,2z T= {ZQ,I},q0={qo}‘z():(zo}_F:{q‘,qa}
Y% 8(gy 20 = @120 (@2 (@3 Z)
Z,=27 8(qy, @, 29) = (1,32
fade 3 (qy, @, x) = (g, )
ruct 3 5(qy, b, x) = (gy b, x) = (g3, €
m Const PDA for followi 1 S
L"a"cb&‘,n>'l' e 1 3 S(Q3,5,20 4y 20
i ¥ ;
over alphabet 8y 8,29 = @20
- b i speci‘y the o S (Q2y b, 20) = (114» xzo)

: ‘ 5(g, b, x) = (qpx®) =y €)
o'];lu?‘]?D:hasinput set [a, b, c) and the number of b's f 3 (g5, & 2) = (qy g)
Btea ;ﬁ ouble and the a’s and b's are separated by sing WeWR, W < (@,b)"

P 1: Initially we will read string of a’s and push thog | Design PDA for Language \
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=@Q.Lr,35 .

Q-1 92, F)

I = (a,b)

L= {S"Abﬂ, a,b)
9,=lal
= Z = (S}

E F=lq
m‘llbe defined as -
|1 8lq, £, S) = (q,aSa)

8(g, £, 5) = (g,ad)

8lg, €, 8) = (q, Bb)
8g, £, A) = (q,ad)

8lg, &, A) = (g,a)
&g, & Bl = (g, Bb)

struct a PDA from the following CFG.
1 Bl} P, S) where the productions are :
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2 CFG will be :

P=(QLT35,4q,z 1
Q=(g),L=(a b) T
L= (S Fa | @)

&g, e, 8) = (g,aAA)
dlg, e, A) = (g,a8)
Blg, e, A} = (g, bS)
&g, £, A)=(g,a)
8lg, £, a) =g, &)
8lq,e,b) = (g, ¢)

ert the given PDA M to equivalent context free
fined as M (g, g}, (0, 1), 1X, Z,), 8,9, Z,s
llows :
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1,2) = gy, bz,))

. 0, 2) = (g, aa))

- Bt 1. b) = gy bb))
| ot Pl b) = “Qp &)l
o b @) = (lgy,2))

M to corresponding CFG,

S = gy 25,9,

@4 2g) = (6, az) we get the following production

2g) = (g, bz;) we get the following production
o) = Llay, 2,950 gy, b, )
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_,\ move of movliank PDA includes -
@ Change staf

b. Theinput lmbol read.

¢ Replace the symbol of each stack with i
ke A string of zers or more

‘There are certain languages which be 4 ik

asutomata as there laonlymsmk.nuuw hen we want
perform two checks on the input string. vy F

But if we use two stacks there then those languages can be accepted
by PDA.

For example :
1. Let consider a language L = la"d°¢* | n = 1) Now if we use one

stack here then the languag he pted by FDA

2. Suppose with one stack we will push all a's onto the stack on
reading them. Then on reading b's we will pop each a. 'l‘huheip\n
‘making a check on equal number of o’s and b's.

@

[Push(1)a] @ 4@) (Accept)

.

b
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o [AKTU 201819, Marka 10]
eterministic PDA (DPI
s Dﬂu‘m
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voand v, let p
leaf has only

423 A (CBAT-Sem-4)

T, are two sublrees taking
; égﬂle yields ()'f‘.l"l :nd S0k aay;
‘?am:e:;ﬁih:ns?‘n:ﬁ:el::f ‘,}h“ longest path of T, and its

almo: 3 i i :
the yield of Tand T, 154 \yield of T e, f2. {2,

s Proper sub ; ;
s as:iuz J’t‘reeof"l‘, Yieldof T, is 2, So
4.

yield of 7, and T, is a pro - )
of T, i.e., 2, can be < 31::::1:::7 of T\, Yield of T, is w.

is a proper subtree of T, 80 Jvwz | >|w]. Sa |oxl21,
& can write 2 = upuzy with |uwz|<nand |px| > 1.

and u, res
T:"“M'wely, ‘s Tespectively. Let

Fi i1,
‘ee with root S(S tree) and T, T, are tree with root BB tree),

write S=uAy, A=vAr and, A=w.

mmummmhmm

i T
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—

lox| = r. Then |uvtwxsy| = q + qr = (1 + r). This is r.mt'. prime as j; has
factors ¢, (1+ r)including 1and g(1 +r). So uv’twx'y ¢ L. Thisisa mnt.r:.ujmt“,n .
Therefore L is not context free. I|

Que 4.30. | Find out whether the language L = (x"y"z" |n > 1) i
context free or not, AKTU 2016-17, Marks (3

Answer |

The language L says that ‘x’ cannot appear after ‘y’ and 2" cannot appe,
before 'y’ and so on.

Step 1 : Assume L is context free and we get a contradiction. Let n be the
natural number obtained by using pumping lemma.

Step 2 : Let Z = x"y"2", then |Z| =3n >n. We can write Z = abcde,
where |bd| > 1 (i.e., both b and d cannot be ¢).

Step 3 : abede =x"y"z". As we have assumed 1 < |6d | <n, then b or d cannot
contain all three symbols x, y and z. Therefore,

:

1. bord is of the form x'y (or y'2’) for some i,Jsuch thati +j<n,or
.  bordisastring formed by the repetition of only one symbol amongx,y,z.

When b or d is of the form x'y, so x? = b? = x'yx'y. As b2 is a sub-string of
ab’cd’e so ab’cd’e cannot be of the form x™y”2" . Therefore ab?cd’e ¢ L.

When both b and d are formed by the repetition of a single symbol, for
example d =x' and b = y for some i and j, where t,J < n then the string uwy
will contain the remaining symbols, say ¢. Also, ¢” will be a sub-string of ace
as d does not occur in b or d. The number of occurrence of one of the other

two symbols inace is less than n, and # is the number of occurrence of e, Therefore
ab'cd’e =ace ¢ L.

Thus, for any choice of b or d we get a contradiction. Hence, L is not context
free language.

Que 4.31. ] Given context free grammar, how do you determine that
grammar as

i: Empty or non-empty
ii.  Finite or non-finite

iii. Whether a string X belong to language of grammar,

‘o determine whet : , there is an algorithm
empty or not, her or not it can generate any word or not, or it i8
Proof :

' We already know abo
ut nullabl, . . o
Whether the stary symbol S is nd;a:lt:en: terminals, and how to decide
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Ctigy, ) %_“‘““——-—————%i{'_(_:?”'r “Sem-4)
4 S =¢9 T et
2. We alsolknow that every Cpg that does
1) i production. S Not generate ¢ can be conve
8 3, Now let us assume that ¢ js not a ! onvert j.
@ 4, In this case we can conyert the g;'g fengrated by CFG.
lrmg‘uagg. o CNF, Preserving the entire
5. [Ifthere is a production of the form
S a
Pear where a is terminal, then ¢ .
. . is w : .
production, we then propose then;‘:zlm the ldng‘{agﬁ" if there is no such
th Step1: ollowing algorithm :
the
a. For each non-termi
v 1‘312&1 N that has some productions of the form
where a i ' : :

e eu{: e ?er“;lmal Or string of terminals, we choose one of them
oot 1@ put @ In all other productions having V_at right side, this
no eliminating non-terminal V_altogether.

b. ::emhslwe changed the grammar so that it no longer accepts the
e language.
V2. ¢. It may no longer be in CNF,
of d That is fine with us.

> e. Every word that can be generated from the new grammar could

have been generated by the old CFG.

for f. Ifold CFG generated any words, then the new one does also.

wy | tep2:

Ezi Repeat step 1 until it eliminates S or it eliminates no new non-term.inals.

s If S has been eliminated, then the CFG produces some words, if not

o
then not.

o ii. Finite or non-finite : ok o
There is an algorithm to decide whether a given gener
infinite language or finite language.

e Proof :

i i . < no e-productions (if there is any
L We assume that grammar :ontaall‘;;ar th]:n we have to remove those
useless or g-production in the BTAHE 0 5 o1 es symbols.
~ productions) or no unit-production, duction like
- cti ,
% Now, let us assume that grammar s praet
| e ¥
X = xXy y unit
un . d to have no g-production and no
is Since, grammar is ﬂsaut“;zth be simultaneously empty.
Productior canno ve !
. F andl y a useless symbol, we 28
ge § HuXv=>W
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of Automata & Formal Langua

e - T Lo

ﬂ Discuss the decidability property of CFG
OR |

. context free i
- grammar G. Write an algorithm (if it exist) to

Given
Mine whether L(G) is infinite or not

Tower |
Decidability property : Following are the decidability properties

ide whether grammar i
page 4-24A, Unit-4. ar is empty or non-empty : Refer Q. 4.31,
Decide whether grammar is fini 5
Page 4247, Um't-fr ar is finite or non-finite : Refer Q. 4.31,
.. pecide whether a string X belong to 1
Refer Q. 4.31, Page 4-24A, Unit-4. g to language of grammar :

F"N__ . 427 A (CRAT-Bem-4)

Algorithm :
1. Make tll:e grammar sim plified by removing unit productions and useless
2 Check whether there is any self-embedded non-terminal or not by
following steps :
‘a. Underline some non-terminal say X which is at L.H.S of production
rule.
hich are at RH.S throughout the

l,,l‘ b. Then put dot over all the X' w
T grammar. The dotted X and under

‘symbols.
¢. Putdot over any
~ dotted symbols. Dot t

If underlined X gets do
it is not self-embedded.

grammar contains an
enerates infinite languages othe

lined X are treated as two different

H.S whose R.H.S contains any
| throughout the grammar.

d self-embedded otherwise

nan-terminal at L.
his non-termina

tted then Xis calle

.terminal then it

embedded non
finite languages.

it generates
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4-28 A (CS/IT-Sem-4) Push Down Ayt

Q.2.

Ans.
Q.3.
Ans.
Q. 4.
Ans,
Q. 5.

Q.6.

Ang Refer Q. 4.20.

Define Push Down Automata (PDA). Design a PDA ¢, the

following language : | e~
L=labec*|i=jorj=Fk}

Refer Q. 4.5.

Obtain PDA to accept all strings generated by the languag,
{a"db™a", m,n >=1). '
Refer Q. 4.11.

Convert the following CFG into PDA :
S - aSal/aA/Bb, A - aAla, B — Bb/A
Refer Q. 4.17.

Construct a PDA from the following CFG.

G = ({8, X) {a, b}, P, S) where the productions are :
S > XS | g, A > aXb |Ab|ab

Refer Q. 4.18.

Consider the CFG (S, A, B) (a, b), (P, S)) where productions
P are as follows :

S— aABB/aAA, A— aBB/a,
grammar to PDA that acce
stack.

Refer Q. 4.19.

B— bBB/A. Convert the given
Pt the same language by empty

.7. Construct a PDA M equivalent to

productions : Brammar with following

S > aAA, A > aS|bS|a

Also, check whether the string ‘abagqq’ isin M
or not.

. Design atwo stack PDA for the language 7, -

n,m2=1. a"bmengm where

Ang. Refer Q. 4.27.

ES

State and prove pumping Lemma for CFp,
Refer Q. 4.28.

©OO

&L
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