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Theory of Computation

Q.51 Consider the following DFA:

If above DFA accepts the language denoted by the regular expression (0 + 1)*10(0 + 1), find the
missing transitions.
(a) 8(B,0)=A,d(E, 1)=C (b) 8(B, 0) =B, 8(E, 1) =B
(c) 8(B,0)=D,d(E, 1) =B (d) 6(B, 0)=A, 8(E, 1) =B
Q.52 Which of the following is a non-regular language?
(@) L={wxwy|x,y, we (a+b)} (b) L ={xwyw |x,y, we (a+0b)*}
() L=A{wxyw |x,y, we (a+b)} (d) All of the above

Q.53 Consider the following PDA:
PDA = (Q/ E, 8/ 1_‘/ q()/ ZOI qf)

a, any/a any b, b/bb c, anyl/e

& & &

q
2 paba b $,z47, @)

Identify the language accepted by the above PDA?
@) {a"b'lm=n=k m n, k>1) (b) {a"b'klm, n, k=1, m=n+k}
(©) {a"b'klm, n, k=1, m+n=4k (d) {a"b"cklm, n, k > 1}

Q.54 Find the grammar that generates inherently ambiguous context free language.

(a) S— ABICD (b) S — AB|CD
A — aAble A — aAble
B — dBle B — bBle
C—aCle C —aC|bCle
D — bDdle D — bBle
(c) Both (a) and (b) (d) Neither (a) nor (b)
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Q.55 Match the following groups:
List-I (Finite Automata) List-II (Regular Expression)

a

A, —(1) (2) b

b(a + ab)*a

©

2. a(a + ba)*b

l
S
ON
© © e

ba(a + ba)*
b
a a
D. —(1)—"—2 4. a(bay*b
b
Codes:
A B C D
@ 1 2 3 4
by 1 3 2 4
0 4 3 2 1
(d 4 2 3 1

Q.56 Assume (n + 2) languages are used in the composition with union operation as follows:
AvL UuL,u..L UB=Y
Resultant language is Y. If A = £* and B = ¢ then what is the language represented by Y? All
languages are defined over same input alphabet X = {a, b}

(a) Y is regular but not finite (b) Y is regular and finite
(c) Y is non-regular and infinite (d) None of these

Q.57 Which of the following CFG generates the language L = {a"b"|m >= n}?

(a) S—aAle (b) S — Able
A — Sb|Ab A — aS|aA
(c) S—aAble (d) None of these
A —aBlaAle
B — Bble
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Q.58 Consider the following Turing Machine:

(Y, Y,R)

(B.B.R) (Z,Z,R)

If the above TM accepts a language L = {a" b" " | n > 0}, then what are the missing transitions
at P and Q respectively

(@) (Y, Y, R)and (X, X, R) (b) (X, X, R) and (Y, Y, R)
() X, X,L)and (Y, Y, R) (d) (Y, Y, R)and (X, X, L)
Q.59 How many of the following CFGs generates a CFL but not regular languages?
() S— AB (i) S — AaB
A —aAlbAle A —aCle
B — aBble B — aB|bBle
C — aCble
(ii)S — AB
A —aAle
B — aBble

Q.60 Consider the following three languages:
e L ={wlwe {a b} and w = wk}
o L,={fwwklwe {a b}
o Ly={w(a+b)wkl we {a b))
What is the relation between L, L, and L,?
(@) L,cLjand L,cLjand L, = L,U L,
(b) (L,=L;)c L,
(c) L,mL, =1L,
(d)L,cLyand Lyc L, but L, # L, U L,

Q.61 The number of states in minimal NFA, which accepts all strings in which the 3 last bit is b is
. [Assume X = {a, b}]
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Q.62 Consider the following DFA:

The number of states in the minimal DFA obtained by applying minimization algorithm on the
above DFA is equal to

Q.63 Consider the following statements:

S, : Pumping lemma can be used to prove given language is regular.

1
, :Given a grammar, checking if the grammar is not regular is decidable problem.

:If L is a regular and M is not a regular language then L.M. is necessarily non-regular.

w

S
S
S, : The number of derivations step for any strings W of length n is grammar is CNF and GNF
form is (2n - 1) and (1) respectively.

Which of the following statement is correct ?

(a) Only S,, S, is correct (b) Only S,, S, is correct
(c) Only S, is correct (d) Only S,, S, is correct
Q.64 Identify the language generated by the following grammar where S is start variable?

s—s,ls,
S, —S,clA
A —aAble
S, - aS,|B
B — bBc | IS

(a) {a"b"c™ |n, m >0} (b) {a"b™c*|n, m, k > 0}

(@ {a"b™c™|n, m >0} (d) {a"b"c™|n, m >0} U {a"b™ c™|n, m > 0}

Q.65 Consider the following problems:

P, : {<M, x, k> |M is a TM and M does not halt on x within k steps}.
P,: {<M> |M is a TM and M accepts atleast two strings of different length}.
Py: {<M> | M is a TM and there exist an input whose length is less than 100, on which M halts}.

The number of problems which is RE but not REC is
Q.66 Consider the following CFG:
S—>aSa’ bSb‘ a ’b’s

For the above CFG, the total number of strings generated whose length is less than or equal
to 6 is
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Q.67 Consider the following languages:
L, :{<M, k> |Misa Turing Machine and | {w e L(M) : w € a*b*} | <kl
L,:{<M> | there exist a Turing Machine M’ such that <M> # <M’> and L(M) = L(M")}.

Which of the language is recursive?
(a) L, is recursive but not L,. (b) L, is recursive but not L,.
(c) L, and L, both are recursive. (d) L, and L, both are not recursive.

Q.68 We're given a grammar G which is in CNF form and a string w € L(G). If |w| = x, then the
number of steps in derivation of w in G has 41 steps. Then x is equal to
(a) 10 (b) 19
(c) 20 (d) 21

Q.69 Consider the following PDA given below where z, represent stack symbol:

a, zy, a
P a,a,aa

b,a, e
8 b, zy €
Which of the following represent L(P)?
(@) L(P) = {w € {a, b}*|in every w, n,(w) 2 n,(w)}
(b) L(P) = {w € {a, b}* |in every suffix of w, n,(w) 2 n,(w)}
(¢) L(P) = {w € {a, b}*|in every prefix of w, n (w) = n,(w)}
(d) None of the above

Q.70 Let M be a Turing Machine having Q = {q,, 4, 9, 44, q,} a set of states, input alphabet {0, 1}. The
tape alphabet are {0,1, B, X, Y}. The symbol B is used to represent end of input string. The
initial and the final states is g,and g, respectively. The transitions are as follows.

1. (94 0) = (g, X, R) 2. 9y Y) =5 Y, R)
3. (4, 0)=(q, 0, R) 4. (9, 1) =(q, Y, L)
5. (91, Y)=(q9, Y, R) 6. (95, 0)=(q,, 0, L)
7. 4y X) = (qy X, R) 8. (4 V) =(q, Y, L)
9. (35 Y) =(q5 Y, R) 10. (g5, B) = (9, B, R)

Which of the following is true about M?

(a) M accepts on L having 011 as substring
(b) M accepts on L having 010 as substring
(c) M accepts on {L =0"1", n > 0}

(d) M accepts on L not having 1100 substring

Q.71 Which of the following problems are undecidable?
I. (<G, w>|GisaCFG,we Y*andw e L(G)}.
II. {<G> |G is a CFG and G is ambiguous}.
1L {<M>|Mis a Turing Machine and M accepts €}.

(a) III only (b) II and III only
(c) L II and III only (d) I and III only
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Q.72 Which of the following languages over the alphabet X = {a, b, 0} is regular?
L,={a" 00" |n>0}
L, = {0ww® |w e (a, b)*}
L, = {w 0wk |w e (a, b)*}

L, = {w,w,R0lw e (a, b)*}

(@) Ly and L, (b) Only L,
(c) Only L, (d) Only L,
Q.73 Consider the ambiguous grammar given below:
S — aA|bB
A —aAA[bS|b
B — bBB|aS|a

The minimum length of string for which more than one derivation trees are possible

Q.74 Consider languages L, and L, over alphabet X = {a, b}.
L, is known to be a context-free language.
L,={w lw is prefix of w’e L}

Which of the following is true?
(a) L,need not be CFL (b) L, will be regular
(c) L, will be CFL (d) None of the above

Multiple Select Question (MSQ)

Q.75 Consider the two languages L, and L, where L, is regular and L, is DCFL.
Then the language L, = (L, N L,*)" is/are true about L,?

(a) CSL (b) CFL
(c) Recursive (d) Recursively enumerable
HEER
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51.  (¢)

RE = (0+1)*10 (0 +1)
Every string either end with 100 or 101.

52.  (¢)
(@) L={wxwy|x,y, we (a+b)’}
L =1[a(a +b)* a(a + b)*] + [b(a + b)" b(a + b)*] = L is regular language.
(b) L ={xwyw |x,y, we (a+b)'}
L=1[(a+b)"a(a+b)a] +[(a+Db)" ba+b)"b] = L is regular language.
() L={wxyw | x, y, we (a+b)"} = L is non-regular language.

53. (¢)
Given PDA can be redrawn as following;:
a, Zy/aZ, c, ble
a, alaa b, b/bb c, ale

1

@ b, alba @ c, ble @ $, 2,2, @

At g, all a’s are pushed.

At q,, all b’s are pushed.

At q,, all c’s are matched with b’s and a’s.
If #c's = #a’s + #b’s then goes to final state.
= L={a"b"|lm, n, k=1, k=m+n)

Option (c) is correct.

54. (a)
@) L ={a"b"c*lm=norn=k
(b) L= (a+b)"
Option (a) is inherently ambiguous language, because no equivalent unambiguous grammar
exist for the language.
Option (b) is unambiguous language, because many unambiguous grammars exist for the
language.
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55.  (¢)
A-4, B-3, C-2, D-1
a
b
@ —() (2) ©
b
Equivalent regular expressions are: (i) (ab)*ab and (ii) a(ba)*b ..(4)
a a
o — (O ©
b
Equivalent regular expressions are: (i) b(aa*b)*aa* and (ii) ba(a + ba)*  ...(3)
a a
(3,
@ —() (2) ©
b
Equivalent regular expressions are: (i) a(a + ba)*b and (ii) (aa*b)*aa*b  ...(2)
a a
@ —( : ©
b
Equivalent regular expressions are: (i) b(a + ab)*a and (i) ba*a(ba*a)*  ...(1)
56. (a)

Y=AuULuUL,u.L UB
Y =XuUL,uL,u.L U
Y = X*=(a+b?*

- Y is regular and infinite language.

57.  (b)
(a) S—aAle
A — Sb|Ab
= L= {a"b"|m <= n}
(b) S — Able
A — aS|aA
= L= {a"b"|m >=n}
(c) S—aAble
A —aBlaAle
B — Bble
= aabbb string is possible.
Option (b) is correct.
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58. (b)
P = (X, X, R); To find the left most ‘a’, state B will move left until X appears. When X appears,
it moves to the right position to read symbol ‘a” if exists.
Q= (Y, Y, R); If all a’s are written by X’s then A will find Y that indicates all b’s and all ¢’s are
written by Y’s and Z’s respectively. A = E = F path to read all Y’s then all Z’s, finally goes to
final state.

59. (1)
(i) S— AB
A —aAlbAle
B — aBble
= L= (a+b).a"b"= (a + b)* is regular.
(i) S — AaB
A —aCle
B — aB|bBle
C — aCble
= L =a(a + b)* is regular.
(iii)S — AB
A —aAle
B — aBble
= L = {a™b"|m > n} is non-regular but CFL. So only (iii) is CFL but not regular.

60. (a)
L, is even palindrome on {a, b}*
L, is odd palindrome on {a, b}*
L, is any palindrome on {a, b}"
Clearly, L,c L, and L,c L, and L, = L, U L,.

61. 4)
Minimal NFA:
,b
b /- N\ab /) ab
- -D=-D®
62. 4)

Partition-1: {4,,9,},190,93,94,95}

Partition-2: {LI1/‘]2}/{‘10143,44},{L]_5}
Partition-3: {41, 92},{90,94}{q:}Hgs}

Partition-4: {41, 92} {90,94} {95 a5}
Therefore 4 states will be required.
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63. (b)
S, : Pumping lemma can prove that language is not regular but can’t prove that the language is

regular. Hence this is false.
: We can check regular grammar by following productions V—>T* V+ T*or V— V T* + T*
S, : Consider ‘L’ to be ¢ and ‘M’ to {a" b" In < 0}
L.M. = ¢, which is regular
: In case of CNF, (n - 1) derivations are required to generate a string with (1) Non-Terminals,
since only one Non-Terminals is added during each derivation.
Further, (n) derivations are required to convert those Non-Terminals to terminals.
So, in total, to generate a string of n terminals:

(-1 + (m) = (@2n-1)

{ / '

To generate To convert Total
string with n NT —->T
Non-Terminals
However, in case of GNF: In a single derivation, we get a terminal in addition to our Non-
Terminals. S - T(NT)*
Therefore, no need for (n - 1) derivations to increase length.
Hence, only () derivations are required.

64. (d)
lesl—>Slc|A¢{a“bncm|n,m20}
A — aAb|e ={a“b“|n20}
L2:82—>aSZ|B<={a“bmcm|n,m20}
B—)bBc|e :>{bmcm|m20}
So,L=L,UL,= {a“b“cm|n,m20}u{a“bmcm|n,m20}.

65. (2

P, : T, : When machine does not halt on x until k steps.
Ty, : When machine halt on x within k steps.
So, recursive.

P,: T, : When machine accepts atleast two strings of different length.
Ty, : Not exist, since machine may go into infinite loop
So, Re but not REC.

P,: Ty, : Run all strings till 100 steps, if machine halt.
Ty, : Does not exist, since machine may go into infinite loop.
So, RE but not REC.
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66. (29)
The grammar generates the set of all palindromes possible over {a, b}.
Lets first find the number of even palindromes of length atmost 6 (0, 2, 4, 6 length respectively).

0 length palindromes = 2%/2=1
2 length palindromes = 2%/2=2
4 length palindromes = 24/2=4

6 length palindromes = 26/2=8
So total number of even palindromes of length atmost 6 =1+2+4 +8 =15
Similarly number of odd palindromes of length atmost 6 =2 + 4 + 8 = 14
So total palindromes = 29

67. (b)

e L, is not recursive but recursive enumerable since string from a*b* belongs to L(M) with
length less than K is semidecidable, we can say “yes” when machine halt within K steps but
if machine is in infinite loop, the we an not say anything. Hence not recursive.

* L,is recursive since for every language there are more than one Turing Machine exist, so it
is trivially decidable. Hence recursive

68. (d)
In CNF, [number of steps for |w| = x] = (2x - 1)
Given, 2x-1 = 41 = 2x =42

x =21

69. ()

(a) Generate string ‘bbaa” which is not accepted by PDA ‘P’
(b) Generate string ‘baaa” which is not accepted by PDA “P’.

(c) Generate string ‘a’, ‘aa’, ‘aaa’ ..... ab, aab, aaabb, etc. which is generate by PDA.
70. (o)
Drawing the equivalent Turing Machine we have
0,0,R 0,0, L
oxx QY,Y,R Y Y.L

& 1Y, L

This is a standard Turing Machine program for {0" 1" | n > 0}.
Hence (c) is the correct option.

71. (b)
I - membership problem for CFGs; decidable.
II — ambiguity problem for CFGs; undecidable.
I — {<M>|M is a Turing Machine, null string belongs to L(M)}.
* Applying Rice’s theorem, since this is a non trivial question on RE language, therefore
undecidable.
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72.  (b)

L,: is CFL since their is comparison between a and b. To make same number of b we have to
the remember number of a’s. So it is CFL (DCFL).
is CFL since their is comparison between w and w~.

is CFL more appropriately said DCFL.

L,:

L3:

73. 6)
Language contain string: ab, ba, aabb, abab, abba, baab, bbaa, baba
For string “aabbab” we get 2 derivation tree

S S
/ N\ / N\
a A a A
/1IN /1IN
a A A a A A

/NN /N
b S b b b S
/ N\ /N
b B a A
! !
a b
[Note: Grammar generate all strings that are of even length, so, check only for 2, 4, 6 ....]
74.  (c)
Let L, = INIT (L,)
Both regular and CFL are closed under INIT operation.

Therefore L, will be CFL.
Hence option (c) is correct.

75. (a, ¢, d)
Ly = (L, N Ly*)" = (DCFL* N Regular)’
= (Regular n CFL)’
= (CFL)" = CSL {using the closure property}
EEEE
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