Theory ot Computation
Chapter 2. Context Free Language

GATE CS Prevmus year Questions
Chaptel"\'/wse Solved By




6 GATE IT 2004,Q 40 : Let M=(K,=,T,A,s, F) be a pushdown automat&n WHers™
K=(s, f),F={f},X={a,b} ,I'={a} and

A={((s,a€), (s,a)), ((s.b.€), (s,8)), ((s,3,€), (f'€)) , ((T.,a,a), (f.€)), ((T.b,a), (£.€))}

e Which one of the following strings is not a member of L(M)?

(A)aaa (B)aabab (C)baaba (D) bab

L={Any odd length string having ‘a’ at middle}

et hane
a
(A) aaa (B) aabab (C)'baaba (D) bab
Accept Not Accept by  Aecept Accept
Empty stack

By Final state mechanism all string accept
While by empty stack mechanism option B not accept
{ AnS: (B) aabab https://www.youtube.com/@Monalisacy




# GATE IT 2005,Q 38: Let P be a non-deterministic push-down automaton (NPERA)aspde™
exactly one state, ¢, and exactly one symbol, Z, in its stack alphabet. State q is both the
starting as well as the accepting state of the PDA. The stack is initialized with one Z
before the start of the operation of the PDA. Let the input alphabet of the PDA be X. Let
L(P) be the language accepted by the PDA by reading a string and reaching its accepting
statek Let N(P) be the language accepted by the PDA by reading a string and emptying its
stac

e Which of the following statements is TRUE?

e (A) L(P) is necessarily X* but N(P) is not necessarily X*
(B) N(P) is necessarily £* but L(P) is not necessarily X*

(C) Both L(P) and N(P) are necessarily X* Z
(D) Neither L(P) nor N(P) are necessarily X%

e [tisALREADY inthe FINAL state \WWe,may not have ANY transition for any input
symbol. In this case string will be kejected as it will never finish reading the string

e |t may be the case that the string-has a dead configuration over the transitions of the
PDA i.e. PDA does not have a transition for a particular alphabet or string.

e Hence it does not accept all the strings over X*.
e AnNS :(D) Neither L(P) nor N(P) are necessarily X*

\ https://www.youtube.com/@Monalisacy




https://monalisacs.con?\

6 GATE CS 2010,Q40: Consider the languages
L1={0"1i!=j}.
L2 ={0'1|i=j}.
L3 ={0'1|i=2j+1}.
L4 = {01 |i!=2j}.
(A) Only L2 is context free
(B) Only L2 and L3 are context free
(C) Only L1 and L2 are context free
(D) All are context free
e Alllanguages L1, L2, L3 and L4 hagonty one comparison and it can be accepted by
PDA (single stack), hence all arexCohtext Free Languages
e Ans (D) All are context free

K https://www.youtube,com/@Monalisacy




6 GATE CS 2011,Q24:Let P be a regular language and Q be a context-free T&Hgli&ge"™
such that Q<EP. (For example, let P be the language represented by the regular
expression pxg* and Q be {p"g"IneN}). Then which of the following
IS ALWAYS regular?

* (A)PNQ (B)P-Q (C)x*-P (D)Z*-Q
e APNQ=0Q,asQ < P, hence context free but notregular.

e B.P—Q=PN Q #CFL.CFL is not closed gnde&r complement.
e C.X*—P=P, hence regular. RL is closed“nder complement
e D.Xx —Q=0Q #CFL. CFL is not closet under complement.

e Ans: (C)X*-P

\ https://www.youtube.com/@Monalisacy




& GATE CS 2011,Q26: Consider the languages L1,L2andL3 as given belovis/menaisaes.comn
L1={0P1%p,geEN},

L2={0P19%p,geN and p=qg}and

L3={0r190"|p,q,reNand p=q=r}.

Which of the following statements is NOT TRUE?

(A) Push Down Automata (PDA) can be used to recognize L1 and L2

(B) L1 is aregular language

(C) All the three languages are context free

(D) Turing machines can be used to recognize all the languages

L1: regular language

L2: context free language

L3: context sensitive language

A.RLcCFL,So PDA can be used\to recognize RL & CFL.True

B.True

C.False

D.RL cCFL cCSL cREL

So TM can be used recognize all Language.True

Ans: (C) All the three languages are context free ntpsihn youtube com@MonalisaCS

/.................




4 GATE CS 2013,Q32: Consider the following languages. hips imenalisacs.comm

e L,={0r190"p,q,r>0}

e L,={0r190p,q,r>0,p#r}

e Which one of the following statements is FALSE?

e (A)L, is context-free.

e (B)L,NL, is context-free.

e (C)Complement of L,is recursive.

e (D)Complement of L, is context-free but not.regular.

e |, =0*1*0* Regular Language .

e L, we have one comparison (i.e. p #r) sg{s CFL.

o (A)True

e (B)L,N L, is context-free. (by cloSuwe properties) True

e (C)L,is CFL and CFL is not closed under complement , complement L, = CSL .Every CSL is
recursive so Complement of L, is recursive. True

e (D)Regular language is closed under complement so complement of L, must be regular .False

e Ans:(D)Complement of L, is context-free but not regular.
K https://www.youtube.com/@Monalisacy




6 GATE CS 2014,Set-3,Q036: Consider the following languages over the "™

alphabet > ={0,1,c}

L,={0"1"[n>0}

L,={wcw'we{0,1}*}

L={ww'we{0,1}*}

Here, W' is the reverse of the string w. Which of-these languages are deterministic
Context-free languages?

(A)None of the languages (B)Only L;

(C)Only L;and L, (D)AM,the three languages

L, and L, are DCFL, as we can desig?\BPDA for them.

L5, we cannot make DPDA for ity &swe cannot locate the middle of string, so DPDA
for L, is not possible. It can bevaecepted by NPDA only, so L, is CFL but not DCFL.
Ans: (C)Only L, and L,

https://www.youtube.com/@Monalisacy




46 GATE CS 2015,Set-1,Q51: Consider the NPDA (Q = {q0, q1, g2}, = = {0, 1}, T"=40 113
0, q0, L, F ={0g2}), where (as per usual convention) Q is the set of states, X is the input
alphabet, I is stack alphabet, 0 is the state transition function, g0 is the initial state, L is the
initial stack symbol, and F is the set of accepting states, The state transition is as follows:

e Which one of the following sequences must follow the string 101100 so that the overall
string is accepted by the automaton? 1.7 -3 17 ~0,1Z > Z

. (A)10110  (B) 10010 /@ z 0z L0z 2

« (C)01010 (D) 01001 qk/ @ @

W\E Z - Z €, Ll— ¢

e |n g, state for ‘1°, a ‘1’ 1s pushed and\for a ‘0’, a ‘0’ 1s pushed.
e |nq, state, fora ‘0’ a ‘1’ is popped,-and for ‘1’ a ‘0’ is popped. 1

e L=wO(W")" Uwl(w) uw(w") Mw""is the complement of w'".

e |101100|= 6 letters and we are given 5 letter strings in option.

e S0 L=wO(w"", with w = 10110.

e (w)'=(01101)'=10010.

{ AnS: (B) 10010 https://www.youtube.com/@Monalisacy




6 GATE CS 2015,Set-3,Q032:Which of the following languages are context=fré&?"* <™
e L, ={am™"a"™|m,n>1}

e L,={amb"a™" |m, n>1}

e L;={a™"|m=2n+1}

e (A)L,and L,only (B)L,and L;only (C)L,and.L,only (D) L;only

e L,:can be accepted by PDA, hence CFL.

e L, First push all the a's in the stack then,plsh all the b's in the stack.

e Now again a's come which cannot bg-¢ca@mpared by previous a's in the stack because
at top of the stack's there are b’s,Soyiot CFL.

e L. can be accepted by PDA, hénee CFL
e Ans:(B) L, and L, only

\ https://www.youtube.com/@Monalisacy




# GATE CS 2015,5et-3,Q032:Which of the Tfollowing languages are context-free®s/monaisacs.con
e L,={am"a"b™ | m,n>1},L, ={a™b"am™o" jm, n>1},L, ={am™" |m =2n + 1}
e L,={am™"a"b™|m,n>1}

a,Z,—aZ, b,b—bb ab —€

a,d-aa A b,a —»€
6b,aﬁba aboe “JEZ z@

o Ly={am™" | m=2n+1}=a>"*pn

a,a —a b,a —€
a,Z,—Z a,Z,—al, . b,a—-€ e Z—~>Z

Stack

K https://www.youtube.com/@Monalisacy




6 GATE CS 2016,Set-1,Q42: Consider the following context-free grammar§®"™™**«™
e GIl:S—aS|B,B—b|bB

e (G2:S—aA|bB,A—aA|Ble,B—bB|¢

e Which one of the following pairs of languages is generated by G1 and G2,
respectively?

(A){amb"Im>0 or n>0}and {a™b"|m>0 and n>0}

(B){amb"Im>0 and n>0}and {a™b"|m>0 or n>0}

(C©){amb"Im>0 or n>0}and {a™b"Im>0 and n>0}

(D){amb"lm>0 and n>0}and {a™b"|m>0 or n>0}

B—b/bB =b*

S—aS|B=a*b*+b*=a*b*

L(G1)={a™b"Im>0 and n>0}={b)obbb,ab,aabbb.,...}

B—bB|e=b*

A—aA|Ble=a*+a*b*+b*=a*b*

S—aA|bB=a(a*b*)+bb*=a*b*+b*=a*+a*b*+b*

L(G2)={a™b"Im>0 or n>0}={a*,b*,aaabb,aaaabbbb,...}

‘e_Ans:(D){a™b"|m>0 and n>0}and {a™b"|m>0 or n>0} Ptpsi/youtube.com/@MionalisaCs /




6 GATE CS 2016,Set-1,Q43 :Consider the transition diagram of a PDA giv&h BEIGH ™
with input alphabet X = {a,b} and stack alphabet I' = {X,Z}. Z is the initial stack
symbol. Let L denote the language accepted by the PDA.

a,X /XX
a,Z/XZ b,X /e

e Which one of the following is TRUE? AELI’ X/e 8 : Z/Z

e (A)L={a"b"In>0} and is not accepted by any finite automata

e (B)L={a"In>0}u{a"b"In>0}and is not accepted by any deterministic PDA

e (C)L is not accepted by any Turing magchine that halts on every input

e (D)L={a"In>0}u{a"b"|n>0}and is deterministic context-free

e Since initial is final state, so it can‘adcept any number of a’s or € by using
Acceptance by Final State .L={fa%n>0}

e by second final state it accept equal number of a’s followed by equal number of
b’s.L={a"b"|n>0}

e L={a"|n>0} U {a"b"| n>0}.

Ans:(D)L={a"In>0} u{a"b"|n>0}and is deterministic context-free

https://www.youtube,com/@Monalisacy

/o




6 GATE CS 2016,Set-2,Q43 :Consider the following languages: Ppsiimonalisacs oM
L, ={a"b™c"™M:mn>1}
L,={a"b"c®":n>1}
e Which one of the following is TRUE?
(A) Both L1 and L2 are context-free.
(B) L1 is context-free while L2 is not context-free.
(C) L2 is context-free while L1 is not context-free.
(D) Neither L1 nor L2 is context-free.
e |, can be recognized by PDA, we have<{0d.push a’s and b’s in stack and when c’s
comes then pop every symbol from stack for each c’s. Hence, it 1s CFL.
e ButL, can’t be recognized by PRA.Jt has 2 comparison.
e 1St comparison:number of a’s =pumber of b’s
e 2" comparison:number of ¢’s must be two times number of a’s or b’s
e ItisCSL.
e Ans:(B) L1 is context-free while L2 is not context-free.

K https://www.youtube.com/@Monalisacy




46 GATE CS 2016,Set-2,Q45: Which one of the following grammars is free from left'reetisiom"

(A)S—AB (B)S—AbI|Bblc (C)S—AalB (D)S—Aal|Bbic
A—Aalb A—Bdle A—BDb|Sc|e A—Bdle
B—c B—e B—d B—Ace¢le

A has direct left recursion due to A->Aa.
B: doesn’t have any left recursion (neither direct nof indifect)
C: has indirect left recursion due to S-> Aa and As>Sc.
D: has indirect left recursion due to A-> Bd and-B-> Ae
Ans: (B)S—Ab|Bblc
A—Bd|e
B—e

K https://www.youtube.com/@Monalisacy




& GATE CS 2016,Set-2,Q46: A student wrote two context-free grammars G1 ariehG2'for<
generating a single C-like array declaration. The dimension of the array is at least one.
For example, int a[10][3];

The grammars use D as the start symbol, and use six terminal symbols int ; id [ ] num.
Grammar G1 Grammar G2

L—id[E L—idE
E — num] E — E[num]
E — num] [E E — [num]

Which of the grammars correctly generate.the-declaration mentioned above?
(A) Both G1 and G2 (B) Only G1 (C) Only G2 (D) Neither G1 nor G2

Gl. D GZ:/D/\ e Ans: (A) Both G1 and G2
,ntA\. Intsl®
L N
Id/ |\E d E\
m[/\\\ E/\[ num ]
nu ] [ E /R
TN [ num ]

& num ] https://www.youtube.com/@l\/lonalisacy




6 GATE CS 2017,Set-1,Q10: Consider the following context-free grammar &V&F HH&“™

alphabet ) = {a, b, ¢} with S as the start symbol:

S — abScT | abcT

T—bT|b

Which of the following represents the language generated by the above grammar?
(A) {(ab)"(cb)"|n=>1}

(B) {(ab)"cbmicbm2...cb™ | n, m;, m,, ....., my =1}

(C) {(ab)"(cb™)" | mn=>1}

(D) {(ab)"(cb™ | m,n>1}

e T—DbT|b=Db*

e S— abcT=abcbh*

e S — abScT — ab abScT cT—"ab'ab abcT cT cT=(ab)3cb* cb* cb*

e =(ab)"cb* cb* .....cb*[n time c]

o L={(ab)" cb(™) chb™2).. cb™) |n,m,m,,....m,>1}

e Ans: (B) {(ab)"cb™chb™2...cb™|n, m;, m,, .....m >=1

K hnps://www.youtube,com/@Monansacy




S — SaS|aSh|bSa|SS|e

by G?
e (A) abab (B) aaab
e S —aSh * S —>§S
e —S5aSS
e —abSab e —¢aSS
e —abeab e —aSaSS
° —ab ab ° —aeaSS
e —aacS
e —aaaSh
e —aaaeb
e —aaab

o L={n(w)=ny(w)| we(a+b) *}
e Ans: (D) babba

\_

6 GATE CS 2017,Set-1,Q34: If G is a grammar with productions

where S is the start variable, then which one of the following strings is not generated

(C) abbaa (D) babba
e S—5SS e S —bhSa

—ashs e —baSha

—aebS
SabPSa
“Habb SaS a
~>abbeaSa
—abbaca
—abbaa

https://monalisacs.corm\

S —SS
—bSaS

—beaS
—bhabSa

https://www.youtube.com/@Monalisacy




6 GATE CS 2017,Set-1,Q37: Consider the context-free grammars over the "4TpHaHat 4,

b, c} given below. S and T are non-terminals.

G.: S — aSh|T, T — cTle

G,: S — bSa|T, T — cTle

The language L(G,) N L(G,) IS

(A) Finite (B) Non-finite-but-regular

(C) Context-free but not regular (D) Recursive-but not context-free

Strings generated by G,:{e, c, cc, ccc, ... absaabb, aaabbb....acb, accb... aachb, ...}
L (G,) ={a"c™b"|m,n=>0}

Strings generated by G,:{e, c, cc, cc&;\ ba, bbaa, bbbaaa....bca, beca... bbcaa,...}
L (G,) ={b"cMa"|m,n=>0}

L (G,) N L (G,) ={¢, ¢, cc, cccnsy ={c™m=0}=c*

L (G)) N L(G,) is “Not finite but regular”.

Ans: (B) Non-finite but regular

https://www.youtube.com/@Monalisacy




6 GATE CS 2017,Set-1,Q38 :Consider the following languages over the alpaBet s <™
{a,b,c}.LetL, ={a"b"c™ | m,n>0} and L, = {a™ b" ¢" | m,n > 0}
Which of the following are context-free languages?

l.L,UL, I.L,NL,

(A) 1 only (B) Il only (C)land Il (D) Neither I nor 11
L, ={e, c,cc,...., ab, aabb,...., abc, abcc,..., aabbc/ aabbcc,...}

L, ={e, a, aa, ...., bc, bbcc,...., abc, aabc,... abbcc, aabbcc,....}

L, UL, ={e a,aa, .., C,CcC,. ab, bc, ..., aalb,bbcc,.., abc, abcce, aabc,...}
L, uL,={a"b"cmuamb"c" | m,n > 0LEFL.

L, N L, = {e, abc, aabbcc, aaabbbccg, "}

L, N L,={a"b"c"|n>0} CSL.

CFL is not closed under Interseetton and its closed under Union.

Ans: (A) | only

K https://www.youtube.com/@Monalisacy




6 GATE CS 2017,Set-2,Q4:Let L,,L, be any two context-free languages ant R Be 4§
regular language. Then which of the following is/are CORRECT?
l.L,UL, is context-free.

11.L, is context-free.

[11.L,—R is context-free

IV.L,NL, is context-free

(A)l, Iand IV only (B)land Il only (C)Hand IV only (D)l only
|.CFL is closed under Union ,So L, U L, isS6FL, CORRECT.

11.CFL is not closed under Complement;'So L, is CFL, INCORRECT.
l11.L, — R=L, NR ,Regular languageds.losed under compliment.

R =RL ,Regular language is closed.under intersection with any language,
LNR =L.So L, — R is context free. CORRECT

IV.CFL is not closed under Intersection.

SoL,NL,isCFL, INCORRECT

Ans: (B)I and Il only

https://www.youtube.com/@Monalisacy

e




6 GATE CS 2017,Set-2,Q16: Identify the language generated by the followifig™=*=™
grammar, where S is the start variable.

S—XY

X—aX]a

Y—aYble

(A){a™b"lm>n,n>0} (B){amb"|m>n;n=>0}
(C){amb"Im>n,n>0} (D){a™b"m>n,n>0}

X—aX|a=L=a'

Y— aYb|e=L={a"b" In>0}
S—XY =L={a*a"b" |[n>0}
#a >#b

L={a™b"Im>n,n>0}

Ans: (C){am™b"|m>n,n>0

K https://www.youtube,com/@Monalisacy




6 GATE CS 2017,Set-2,Q40: Consider the following languages: Ppsiimonalisacs oM
e L, ={aF | pisaprime number} L,={a"b™c*™|n>0, m>0}

L,={a"b"c? | n>0} L,={a"b" | n>1}
e Which of the following are CORRECT?
e |. L, is context-free but not regular. I1. L, is-not context-free.

I11. L; is not context-free but recursive. V. Lz IS.deterministic context-free.

Ans: (D) Il and IV only

e (A)Il,IlTand IVonly (B)IlandlIllonly (C).landIVonly (D) Illand IV only
e L,isaCSL.

e L,isa CFL as only one comparison, whigtr can be done by using PDA.

e L.isa CSL as more than one comparison ,So this cannot be done using PDA.

e L,isa CFL (as well as DCFL).

e |.False

o |l.False

e |ll.True

e I\V.True

\_

https://www.youtube,com/@MonalisaCy




4 GATE CS 2018,035: Consider the following languages: hitps:/imonalisacs.com

.K Ans: (B) I and ” Only https://www.youtube.com/@Monalisacy

I. {a™b"cPd% | m + p =n + q, where m, n, p, q > 0}

I1. {a™b"cPd? | m = n and p = q, where m, n, p, ¢ > 0}

[11. {a™b"cPd? | m =n =p and p # q, where m, n, p, q > 0}

V. {a™b"cPd9 | mn =p + q, where m, n, p, ¢ > 0}

Which of the above languages are context-free?

(A) land IVonly (B)land Il only (C)Iland Il only="(D) Il and IV only

l. m+p =n+g = M-n=(g-p =m >n and q >p

Push a’s in the stack then we will pop a’s after watChing b’s.Some of a’s might left in stack.
Push c’s in the stack and then pop ¢’s by watching d’s.

The remaining a’s will be pop by watchuig\séme more d’s.

This can be done by using PDA.So its(a'‘CFL.

I1. Push a’s in stack. Pop a’s watching'b’s.Now push c’s in stack.Pop c’s watching d’s.
So it is context free language.

[11. More than one comparison so not CFL

V. Comparison in stack can’t be done through multiplication .

So not CFL




6 GATE CS 2019,Q31: Which one of the following languages over =={a,B¥1§NOT™

context-free?

(A){wwrwefa,b}*}

(B){wa"b"wR|we{a,b}*,n>0}

(C){wa"wRb"lwe{a,b} * n>0}

(D){a"b'li€ {n,3n,5n},n>0}

A. CFL [push ‘w’,pop ‘w’ for ‘WR’]

B. CFL [push ‘w’,push ‘a™,pop ‘a™ for ‘b¥pep ‘w’ for wR’]
C. cannot be CFL.

push ‘w’,push ‘a", then ‘WR’, now We\cannot match ‘wR’with ‘w’ | because in top of
stack we have ‘a"’.

D. {a"b"U a"b®" U a"b>",n>0} CFL

Ans :(C){wa"wRb"|lwe{a,b} * n>0}

https://www.youtube.com/@Monalisacy




6 GATE CS 2020,Q10:Consider the language L = { a" | n>0 }u{ a"b" | n>0"¥ 41d the™

following statements.

I. L is deterministic context-free.

I1. L is context-free but not deterministic context-free.
[11. L is not LL(k) for any k.

Which of the above statements is/fare TRUE ?

(A) I only (B) II only (C) I and IILonly (D) III only
a,Zy—>aly Db,a—€

[.(True) L is DCFL. 6a,a a4 A
I1.(False) L is DCFL so CFL @) Fase —®ezs ZO@
[11.(True)

The language is a union of twaedanguages which have common prefixes so not LL(1)
Ex:{aa, aabb, aaa, aaabbb,....}

LL(k) parser cannot parse it by using any lookahead ‘k’ symbols.

Ans: (C) I and 111 only

https://www.youtube.com/@Monalisacy




L, ={wxyx|w,x,ye(0+1)*}
L,={xylIx,ye(a+b)*,IxI=Iyl,x#y}

Which one of the following is TRUE?

(A)L, isregular and L, is context- free.

(B)L, context- free but not regular and L, is context-free.
(C)Neither L, nor L, is context- free.

(D)L, context- free but L, is not context-free:
L,=(0+1)*0(0+1)*0+(0+1)*1(0+1)*1

L, is regular as it can represented inJegular expression and can be construct finite
automata.

L, ={ab,ba,aabb,abba,baab,bbag;aababa.....}

L,+ {aa,bb,aba,bbb,aaaa,abab,baba,aabaab,abbab,...... }
L, is complement of ww and |w|=o0dd

We can construct PDA for it.So it isa CFL

Ans: (A)L, is regular and L, is context-free

/ooooo

%4 GATE CS 2020,Q32: Consider the following languages. ips/monalisac comn

https://www.youtube.com/@Monalisacy




6 GATE CS 2021,Set-1,Q1:Suppose that L, is a regular language and L, is"8 ¢OHE=™
free language. Which one of the following languages is NOT necessarily context-
free?

* (A)L,NL, (B) L;L, (C) Li—L, (D) L,UL,

e (A)Regular language is closed under intersectionfwith any language
e L,NL,=RL N CFL=CFL

e (B)CFL is closed under concatenation, RLECFL .

e L,-L,=RL.CFL=CFL.CFL=CFL

e (C) CFL is not closed under compleinent.

e L,—L,=L,NL,=RL N not necessarily CFL #CFL

e (D)CFL is closed under union.

e L,UL,=RL UCFL=CFL UCFL=CFL

e Ans:(C)L,—L,

\ https://www.youtube.com/@Monalisacy
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6 GATE CS 2021,Set-1,051:In a pushdown automaton P=(Q,XI',8,q,,F), a traffSiticn™

of the form,  (p) axX>Y «(q) Where p,q € Q,a € = U{e}, and X,Y € I U{e},
represents (d,Y) € 8(p,a,X).Consider the following pushdown automation over the
input alphabet ¥={a,b} and stack alphabet I'={#,A}.

a, e —+ A b,A — €

€,.€— ## €.€E—E A=A =
start —{ do = 1 >\ 2 L

The number of strings of length 100 accepted-by the above pushdown automaton is

PDA with final state mechanism.
{a,aab,aaab,aaaaabbb,...}

L={a™b"|m>n,m,n=>0}

lw|=100

{al%p0 a%pl a%8p2,....a80b%0 ... a%p40 . ... adlh*°}
Number of string=49-0+1=50

Ans: 50

https://www.youtube.com/@MonalisaCy




language. Which of the following languages is/are context-free?
« (AL, NL,
* B)L, VL,
¢ (C) L, U(L,u L)
* (D) (L4NLy) U (L1 NL,)
e (A)L,;NL,=RL N not necessarily CFL=nothecessarily CFL
e (B)L,UL,=L;NnLy=L; N L,=RL ACFL=CFL
e (C)L,uU(L,UL,)=RLUX*=X%3RL=CFL
e (D) (L,NL,) U (L;NL,)=(RL NE€FL) U(RL NCFL)=CFL
e Ans: (B),(C),(D)

6 GATE CS 2021,Set-2,Q12: Let L, be a regular language and L, be a cont&Xt=feg=>"

https://www.youtube.com/@Monalisacy




4 GATE CS 202

free.

(A) {wxwRxR

(B) {fwwRxxR

(C) {wxwR |w,

example ,if w=01101 then wR =10110.which of the following language is/are context

1,Set-2,Q41:For a string w , we define wR to be the reversé'&f W 6™

w,X €{0,1}*}
w,X €{0,1}*}
x €{0,1}*}

(D) {wxxRwR

,Not CFL.

(A) Push for w,push for x,We can’t compare-W" with w ,as top of stack will contain x

(B) Push w,pop w for wR ,push x,popg™».for xR,CFL
(C) wxwR=0(0+1)*0+1(0+1)*14RL> CFL

(D) Push w,push x,pop x for xXpep w for wR.CFL
WXXRWR =(wx)(Wx)R

Ans : (B),(C),(D)

w,X €{0,1}*}

https://www.youtube.com/@Monalisacy




4 GATE CS 2022 | Question: 37 MSQ

Consider the following languages:

L,={a"wa"|\we{a,b}*}

L,={wxwR|w,xe{a,b}*,|w]|,|x|>0}

Note that wR is the reversal of the string w. Which of the following is/are TRUE?
(A) L, and L, are regular.

(B) L, and L, are context-free.

(C) L, isregularand L, is context-free.

(D) L, and L, are context-free but not regular,
L,={a"wa"\we{a,b}*}letn >0

If n=0 then (a+b)*,if n=1 then a(a+b)*a foxany n>1 a"(a+b)*a"
L,={wxwR|w,xe{a,b}*,|w|,|x|>0} RE:&(at+b)*a+ b(a+b)*b
L,=Regular , L,= Regular

(A)True.

(B)RLcCFL so True.

(C) L,=RL, L,=RL cCFL,So L,=CFL True.

(D)False L, and L, are RL and CFL so False.

/. e 6 o o o o o o o o o o o o o o

https://monalisacs.corm\

Ans: A, B y C https://www.youtube.com/@MonalisaCy




4 GATE CS 2022 | Question: 38 MSQ

Consider the following languages:

L,={wwlwe{a,b}*}

L,={@a"b"c™m,n>0}

L,={amb"c"|m,n>0}

Which of the following statements is/are FALSE?

(A) L, is not context-free but L,and L, are deterministic’context-free.
(B) Neither L, nor L, is context-free.

(C) L,, Ly and L,N Lall are context-free.

(D) Neither L, nor its complement is context-free.
L,={ww|we{a,b}*}is not CFL can be C3t\but L;=CFL.
L,={a"b"cMm,n>0} a"b"c* DCFL.

L,={amb"c"|m,n>0} a*b"c" DCFLs

(A) True.

(B) False as L, is context-free.

(C) False as L,N L;=a"b"c" not context-free.

(D)False as L;=CFL.

.K Ans :B,C,D

https://monalisacs.corm\

https://www.youtube.com/@ MonalisaCy
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4 GATE CS 2023 | Question: 29 hips:/imonalisacs.comn

Consider the context-free grammar G below S— aSb | X
X—-aX|Xb|a]|b,

Where S and X are non-terminals, and a and b are terminal symbols. The starting non-terminal

Is S. Which one of the following statements is CORRECT?

(A) The language generated by G is (a + b)*

(B) The language generated by G is a*(a + b)b*

(C) The language generated by G is a*b*(a + b)

(D) The language generated by G is not a regular-language

X—-aX|Xb|al|b

{a,b,aa,ab,bb,aaa,aab,abb,bbb,.....} REZaf(a+b)b*

S—aSh| X

{a,b,aa,ab,bb, aaa,aab,abb,bbb,aaah,aabb.,....}

RE=a"a*(a+b)b*b" +a*(a+b)b*

a*(a+b)b*

Ans : (B) The language generated by G is a*(a + b)b*

https://www.youtube.com/@MonalisaCy




4 GATE CS 2023 | Question: 30

e Consider the pushdown automaton (PDA) P below, which runs on the
input alphabet {a, b},has stack alphabet { L , A}, and has three states
{s, p, g}, with s being the start state. A transition from state u to state
v, labelled c/X/y , where c is an input symbol or €, X is a stack
symbol , and y is a string of stack symbols, representsihe,fact that in
state u, the PDA can read ¢ from the input, with X on the‘top of its
stack, pop X from the stack, push in the string y ornvthe stack, and go
to state v. In the initial configuration, the stack has only the symbol L
in it. The PDA accepts by empty stack.

* Which one of the following options correctly describes the language

accepted by P?

(@) {amb" [L< mand n<m} (b) {amb"|0 <n<m}

(c){a™b"|0 <mand 0 < n} (d{am [0 <m}u {b"|0 <n}

L={a,aa,a*,...aab,aaabb,...}

{an [l <m}uf{amb" |n<m}={amb"|1<m,andn<m}

Ans: (a) {am™ b" |1< mand n <m}

https://monalisacs.con?\

a/Ll/AL
alAlAA b/A/c

e /Ale

ellle
https://www.youtube.com/@l\/lonalisacy




4 GATE CS 2024 | Set 1 | Question: 49 hipsimonalisacs.comm

Let G=(V,%,S,P) be a context-free grammar in Chomsky Normal Form with 2= {a,b,c}
and V containing 10 variable symbols including the start symbol S. The string w=a%°b3¢% is
derivable from S. The number of steps (application of rules) in the derivation S—*w is :

The grammar is in CNF if every production in the form<V -VV/T
Number of derivation to generate a string of length #/7in ENF=2n-1

lw|=90 ,2*90-1=180-1=179 e
Ans :179 °

Let w=abc

S—AX ,X-BC
A—a B £b..C —c
Steps S—AX
Steps. 2 S—aX
Steps 3 S—aBC
Steps 4 S—abC
Steps 5 S—abc
2*3-1=5

https://www.youtube.com/@Monalisacy




4 GATE CS 2024 | Set 2 | Question: 42 hips:/imonalisacs.comn

Consider a context-free grammar G with the following 3 rules.
S—aS, S—aSbSs, S—c

Let weL(G). Let n (w),n,(w),n.(w) denote the number of times a,b,c occur in w, respectively.
Which of the following statements is/are TRUE?

(A (w)>n,(w) (B)ng(w)>n (w)-2

(C)n (w)=n,(w)+1 (D) n (w)=n, ()2

L={c, ac, aac, acbc, aachaac , achaachbc,.. .\

(A) Not mentioned about ¢ ,Where as c is'the minimum string
acbc number of a’s and b’s are equahse_always not greater than.
(B) aacbc ,2>2-2 true for any string\0f language

(C) True for any string of language

(D) ac ,1+0*2 , acbaacbc ,3 + 2*2 .False

Ans :(B),(C)

https://www.youtube.com/@Monalisacy
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