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m Which of the following definitions below generates
the same language as L
Where L = {x" y? In> 1}
G E—xEyl|xy
(i) xy|x"xyy®)
(i) x*ty*
(@ @ only
(¢) (i1) and (iii)

(b) (1) and (i1)
(d (i) only
[1995 : 2 M]

m A finite state machine with the follows state table
has a single input X and a single output Z.

present state | next state, z | next state, z
x=1 x=0
A D,0 B,0
B B,1 C 1
C B,0 D,1
D B,1 C,0

It the initial state is unknown, then the shortest
input sequence to reach the final state C1s

(@) 01 () 10

() 101 (d) 110 [1995 : 2 M]

m Which two of the following four regular
expressions are equivalent?
@ (00)* (e+0) @ (00)*
(i) 0 * @v) 0(00) *
(@ (1) and (i1) (b) (i1) and (ii1)
() (1) and (i11) (d) (i1) and (iv)

[1996 : 1 M]
I Let Lo 3% where = {a, b}, which of the following
is true?
(a) L={x | x has an equal number of a’s and b’s}
is regular

®) L={a"b”|n> 1} is regular
(© L={x | x has more a’s than b’s} is regular
(d) L={amb" | m >, n> 1} is regular

[1996: 1 M]

m Given X = {a, b}, which one of the following sets
is not countable?
(a) Set of all strings over
(b) Set of all languages over X
() Setof all regular languages over X
(d) Setofall languages over X accepted by Turing
Machines [1997:1 M]

Finite Automata : Regular

Languages

m Which one of the following regular expressions
over {0,1} denotes the set of all strings not
containing 100 as a substring?

(@) 0*(1+0)* () 0*1010*
(¢ 0*1*01* (d) 0*(10+ 1)*
[1997:2 M]

Ifthe regular set A is represented by A = (01 + 1)*
and the regular set ‘B’ is represented by
B=((01) *1*)*, which of the following is true?
(@ AcB
() BcA
(¢) A and B are incomparable
d A=B [1998:1 M]

m Which of the following set can be recognized by a
Deterministic Finite state Automaton?

(@ The numbers 1, 2, 4, 8, .......... 20
written in binary
(b) The numbers 1, 2, 4, .......... 20

written in unary
(¢) The set of binary string in which the number
of zeros 1s the same as the number of ones.

(d) The set {1,101,11011, 1110111, .......... }
[1998:1 M]
m The string 1101 does not belong to the set
represented by

(@) 110%(0+ 1)
() 1(0+1)*101
© (10)*(01)*(00+ 11)*
@ (00+ (11)* 0)*
[1998:1 M]

m How many substrings of different lengths (non-
zero) can be formed from a character string of

length n?
(@ n (b) n?
© @ n(n+1)

2
[1998:1M]

m Let L be the set of all binary strings whose last
two symbols are the same. The number of states
in the minimum state deterministic finite state
automaton accepting L is
(a) 2 (b) 5

(© 8 d 3 [1998:2 M]
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m Consider the regular expression (0+ 1) (0 + 1) ... (@) 8 (b) 14
n times. The minimum state finite automation (© 15 (d) 48 [2001:2 M]

that recognizes the language represented by this
regular expression contains

(a) nstates

(b) n + 1 states

(¢) n+ 2 states

(d) None of these [1999:1 M]

Let S and T be language over X ={a, b} represented
by the regular expressions (a + b*)* and (a +b)*,
respectively. Which of the following is true?
@ ScT ) TcS
(© S=T d SNT=¢

[2000: 1 M]

Let L denotes the language generated by the
grammar S—0S0 | 00. Which of the following is
true?

(@ L=0"

(b) Lis regular but not 0*

() Liscontext free but not regular

(d) L1is not context free [2000:1 M]

m What can be said about a regular language L
over {a} whose minimal finite state automation
has two states?

(a) Canbe {a"|nis odd}

(b) Can be {a™|nis even}

(¢) Canbe {a®|=0}

(d) Either L can be {a®| n is odd} or L can be
{a®| n is even} [2000 : 2 M]

m Consider the following statements:
S,: {o* |n> 1} is a regular language
S,: {om1nQmm lm>1andn> 1} is a regular
language
Which of the following is true about S, and S,,?
(@) Only S, is correct
(b) Only S, is correct
(¢) Both S, and S, are correct

(d) None of S; and S, is correct  [2001:1 M]

Given an arbitrary non-deterministic finite
automaton (NFA) with N states, the maximum
number of states in an equivalent minimized DFA

1s at least
(a) N2 (b) 2N
(¢) 2N (d) N! [2001 :1 M]

m Consider a DFA over X = {a, b} accepting all
strings which have number of a’s divisible by 6
and number of b’s divisible by 8. What is the
minimum number of states that the DFA will
have?

m Consider the following languages:

L, = {ww|we {ab}*
L, = {fww? |w e {a, b}*, wR is the reverse of w}
ES i {0122i | 1 %s an %nteger}

,=10 |iis an integer}
Which of the languages are regular?
(@ Only L, and L,
(b) Only L,, L, and L,
(¢) Only L, and L,
(d) Only L,

[2001: 2 M]

m The finite state machine described by the
following state diagram with A as starting state,
where an arc label is x/y and x stands for 1-bit
input and y stands for 2-bit output

(@) Outputs the sum of the present and the
previous bits of the input

(b) Outputs 01 whenever the input sequence
contains 11

(¢) Output 00 whenever the input sequence
contains 10

(d) None of the above

[2002: 2 M]

m The smallest finite automation which accepts the
language L= {x | length of x is divisible by 3} has

(a) 2states (b) 3 states

(c) 4 states (d) 5 states
[2002: 2 M]
m Consider the following deterministic finite state

automaton M.

1 0 ’
o 8"

Let S denote the set of seven bit binary strings
in which the first, the fourth, and the last bits
are 1. The number of strings in S that are

accepted by M is
@ 1 b) 5
(© 7 d 8 [2003 : 2 M]
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m Consider the NFA M shown below:

Let the language accepted by M be L. Let L, be
the language accepted by the NFA M,, obtained
by changing the accepting state of M to a non-
accepting state and by changing the non-
accepting state of M to accepting states. Which
of the following statements is true?

(@ L,={0,1}*-L (b L, =1{0, 1}*

(© L, cL (d L; =L [2003:2M]

Which one of the following regular expressions

is NOT equivalent to the regular expression (a +
b +¢)*?
@ (a* +b* +c)* (b) (a*b*c*)*
© ((@b)* + c*)* d) (a*b* + c*)*
[2004 : 1 M]

m LetM=(K, %, §, s, F) be a finite state automaton,

where

K={A B},X={a, b},s=A, F={B},

O8(A,a)=A,5(A,b)=B,5(B,a)=Band 8(B,b) =A

A grammar to generate the language accepted

by M can be specified as G=(V, Z, R, S), Where

V=KuZX andS=A

Which one of the following set of rules will make

L(G) =LM)?

(a) {A—aB, A—bA, B—>bA, B—aA, B—e¢)

(b) {A—aA, A—»bB, B—aB, B—bA, B—e)

(¢ {A—bB, A—aB, B—aA, B—bA, B—e)

(d) {A—aA, A—>bA, B—aB, B>bA, A—e)
[2004 : 2 M]

The following finite state machine accepts all
those binary strings in which the number of 1’s
and O’s are respectively

(a) divisibleby 3 & 2 (b) odd and even
(c) even andodd (d) divisibleby 2 & 3
[2004 : 2 M]

Which of the following statements is TRUE about

the regular expression 01*0?

(@) It represents a finite set of finite strings.

(b) Itrepresents aninfinite set of finite strings.

(c) It represents a finite set of infinite strings.

(d) Ttrepresents an infinite set of infinite strings.
[2005 : 1 M]

m The language {0* 1" 27| 1 <n < 10} is

(@ Regular

() Context-free but not regular

(¢) Context-free but its complement is not
context-free

(d) Not context-free [2005 : 1 M]

Consider the non-deterministic finite automaton
(NFA) shown in the figure.

State X is the starting state of the automaton.
Let the language accepted by the NFA with Y as
the only accepting state be Li1. Similarly, let the
language accepted by the NFA with Z as the only
accepting state be L2. Which of the following
statements about L1 and L2 is TRUE?
(@ L1 =12
() L1 c L2
© L2clLi1
(d) None of these

[2005 : 2 M]

m Consider the regular grammar:

S — Xa|Ya

X — Za

Z — Sale

Y - Wa

W — Sa
where S is the starting symbol, the set of
terminals is {a} and the set of non-terminals is
{S, W, X, Y, Z}. We wish to construct a
deterministic finite automaton (DFA) to recognize
the same language. What is the minimum
number of states required for the DFA?
() 2 b) 3
(© 4 d 5

[2005 : 2 M]
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m A language L satisfies the Pumping Lemma for

regular languages, and also the Pumping

Lemma for context-free languages. Which of the

following statements about L is TRUE?

(a) L is necessarily a regular language.

(b) Lisnecessarily a context-free language, but
not necessarily a regular language.

(¢) L is necessarily a non-regular language.

(d) None of the above [2005 : 2 M]

m Consider the machine M:

b a b
ﬁam
P

ab

The language recognized by M is

(@) {we {a,b}*|every ain w is followed by exactly
two b’s}

(b) {w € {a, b}* every a in w is followed by at
least two b’s}

(c) {w € {a, b}* w contains the substring ‘abb’

d) {w € {a, b}* w does not contain ‘aa’ as a
substring} [2005 : 2 M]

m The following diagram represents a finite state

machine which takes as input a binary number
from the least significant bit

0/0 01
Q 81/0
11
N
Qo Q,

Which one of the following is TRUE?

(@) It computes 1’s complement of the input
number

(b) It computes 2’s complement of the input
number

(¢) Itincrements the input number

(d) It decrements the input number

[2005 : 2 M]

m In the automaton below, s is the start state and

tis the only final state.

Consider the strings u = abbaba, v=bab, and
w = aabb. Which of the following statements is
true?
(@) The automaton accepts u and v but not w
(b) The automaton accepts each of u, v, and w
(¢) The automaton rejects each of u, v, and w
(d) The automaton accepts u but rejects
v and w [2006 : 1 M]

m Which regular expression best describes the
language accepted by the non-deterministic
automaton below?

a,b
a a,b b
G200
(@ (a+b)*ala+ b)b
(b) (abb)*
(¢ (a+Db)*a(a+ b)*ba+ b)*
(d) (a + b)* [2006 : 1 M]

Consider the regular grammar below:
S—bS|aA|e
A—aS|bA
The Myhill-Nerode equivalence classes for the
language generated by the grammar are
@ f{we (a+b)* | #(w)is even}
and {w €(a + b)*| # (w) is odd}
(b) {we(a +b)*|# (w) is even}
and {w € (a + b)*| #,(w) is odd}
© twe (a+b)*[# w) = #w)
and {w € (a + b)*| # (w) = #,(w)}
@ {e},{wa|we (a+b)*} and {wb|we (a+b)*}
[2006 : 2 M]

Which of the following statements about regular
languages is NOT true?
(a) Every language has a regular superset
() Every language has a regular subset
(c) Every subset of a regular language is regular
(d) Every subset of a finite language is regular
[2006 : 2 M]

Directions for Q.1.38 to Q.1.39:
Let L be aregular language. Consider the constructions
on L below:

I. repeat (L) = {ww | we L)

II. prefix (L) = {u | Jv:uv e L}

III. suffix (L) = (V|Elu cuv e L}

IV. half (L) = {u|v : |3v|=|uland uv e L}

m Which of the constructions could lead to a non-

regular language?
(@ BothIandIV (b) OnlyI
(¢ Only IV (d) Both II and III

[2006 : 2 M]



MADE EASY | Theory of Computation

| 131

m Which choice of L is best suited to support your

answer above?
(@ (a+ b)* (b) {e, a, ab, bab}
© (@b @ {amb?|n >0}

[2006 : 2 M]

m If sis a string over (0 + 1)*, then let n, (s) denote
the number of 0’s in s and n,(s) the number of
1’s in s. Which one of the following languages is
not regular?
(a) L={se (0+1)* | n,(s) is a 3-digit prime}
() L={se (0+1)* | for every prefix s' of s, | n,

() —n,(s) | <2
© L={se 0+1* || nys) —n,(s) <4}
(d) L={se (0+1)* | n,(s) mod 7=n;(s) mod 5 =0}
[2006 : 2 M]

m Consider the regular language L=(111+11111)*.
The minimum number of states in any DFA
accepting this languagesis
(@ 3 b) 5
© 8 @ 9

EEZE] Which of the following is TRUE?
(a) Every subset of a regular set is regular
(b) Every finite subset of a non-regular set is
regular
(¢) The union of two non-regular sets is not
regular

(d) Infinite union of finite sets is regular
[2007 : 1 M]

m A minimum state deterministic finite automation
accepting the language L = {w|w € (0, 1)*,
number of Os & 1s in w are divisible by 3 and 5,
respectively} has
(a) 15 states
(c) 10 states

[2006 : 2 M]

(b) 11 states
(d) 9states
[2007 : 2 M]

m Which of the following languages is regular?
(@) {(wwk| we {0, 1}"}
b) {(wwhix| x, we (0, 1)*}
© {wxwk|x, we (0,1)%}
@ xwwk| x,we (0, 1)*}
[2007 : 2 M]

Common Data for Q.1.45 & Q.1.46:

Consider the following Finite State Automation

The language accepted by this automaton is given
by the regular expression
(@ b *ab*ab*ab* (b) (a+b)*
(© b*¥a(a+b)* (d b*ab*ab*
[2007 : 2 M]

The minimum state automaton equivalent to the
above FSA has the following number of states
(@) 1 (b) 2
© 3 ) 4

The two grammars given below generate a
language over the alphabet {x, y, z}
G1: S — x|z|xS|zS|yB
B —y|z|yB|zB
G2: S —y|z|yS|zS|xB
B-y|yS
Which one of the following choices describes the
properties satisfied by the strings in these
languages?
(@ G1 : No y appears before any x
G2 : Every x is followed by at least one y
() G1 : No y appears before any x
G2 : No x appears before any y
(¢©0 G1 : No y appears after any x
G2 : Every x is followed by at least one y
(d) G1 : No y appears after any x
G2 : Every y is followed by at least one x
[2007 : 2 M]

Consider the following DFA in which s, is the
start state and s, s, are the final states.

[2007 : 2 M]

What language does this DFA recognize?

(@) All strings of x and y

(b) All strings of x and y which have either even
number of x and even number of y or odd
number or x and odd number of y

(¢) All strings of x and y which have equal
number of x and y

(d) All strings of x and y with either even
number of x and odd number of y or odd
number of x and even number of y

[2007 : 2 M]
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m Consider the grammar given below:
S — xB|yA
A — x|xS|yAA @
B - y|yS|yBB

Consider the following strings.

0 xxyyx () xxyyxy (e) None of the above [2007 : 2 M]
(111) xyxy @iv) yxxy Common Data for Q.1.51 to Q.1.53:
V) yxx (Vi) xyx Consider the regular expression:
Which of the above strings are generated by the R = (a + b)* (aa + bb) (a + b)*

rammar?
(ga) . G, and Gi) EE2] Which of the following non-deterministic finite
®) (i), (v), and (vi) automata recognizes the language defined by the
(© (iii; an;il (iv) regular expression R? Edges labeled A denote
@ @), Gii), and @v) transitions on the empty string.

[2007 : 2 M]

m Consider the following finite automata P and Q
over the alphabet {a, b, c¢}. The start states are
indicated by a double arrow and final states are
indicated by a double circle. Let the languages
recognized by them be denoted by L(P) and 1(Q)
respectively.

The automation which recognizes the language
LP) N 1(Q)is:

[2007 : 2 M]

m Which deterministic finite automaton accepts
the language represented by the regular
expression R?
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[2007 : 2 M]

E Which one of the regular expressions given below
defines the same language as defined by the
regular expression R?

(@ (a(ba)*+ b(ab)*)(a + b)*

(b) (a(ba)* + b(ab)*)*(a + b)*

(¢ (a(ba)* (a + bb)+ b(ab)*(b + aa))(a + b)*

(d) (a(ba)*(a + bb) + b(ab)*(b + aa))(a + b)*
[2007 : 2 M]

Which of the following regular expressions
describes the language over {0, 1} consisting of
strings that contain exactly two 1’s?

@ (0+1)* 110 + 1) *
®) 0 * 110 *
© 0*10* 10 *
d Oo+1)*10+1)*1@0O+1)*
[2008 : 1 M]

EEE] Let N be an NFA with n states and let M be the
minimized DFA with m states recogniz-ing the
same language. Which of the following in
NECESSARILY true?

(a) m <20
b) n<m
(¢) M has one accept state
(d m=2»
[2008 : 1 M]

m If the final states and non-final states in the DFA
below are interchanged, then which of the following

languages over the alphabet {a, b} will be accepted
by the new DFA?

A8

(@ Set of all strings that do not end with ab

() Set of all strings that begin with either an
a or ab

() Set of all strings that do not contain the
substring ab,

(d) The set described by the regular expression

b*aa*(ba)*b* [2008 : 2 M]
Which of the following languages is (are) non-
regular?

L, = {0170 < m < n < 10000}
L,={w | w reads the same forward and backward}
L, ={we {0, 1}* | w contains an even number
of 0’s and an even number of 1’s}
(@ L, and L, only (b) L, and L, only
(¢) L, only (d) L, only

[2008 : 2 M]

m Consider the following two finite automata. M,
accepts L, and M, accepts L,. Which one of the
following is TRUE?

0 0.1 0.1 0.1
8040 300
0o M, M,

@ L, =L,
(C) leL_zzq)

® L,NL,=0
@ L,uL,#L,
[2008 : 2 M]

m Given below are two finite state automata (—
indicates the start and F indicates a final state)

Y: alb Z: al|b
—11]1|2 —1121|2
2F) |21 2F) |11

Which of the following represents the product
automaton Z X Y?

@ al|b (b) al|b
—-P|S|R —-P|S|Q
Q [R[S Q |R|S
R(F)|Q|P R(F)|Q|P
s [Plq s [P|Q
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p

m Which of the following are regular sets?
1. {a"b**|n>0, m>0}
2. {a"b™ | n=2mj}
3. {a"b™|n#m}
P 4. {xcy|x,ye {a, b}*}
[2008 : 2 M] (@ 1and4only () 1 and 3 only
m Match List-I with List-IT and select the correct (©) lonly (d) 4only [2008:2M]
answer using the codes given below the lists: m Which one of the following languages over the
List-I: alphabet {0, 1} is described by the regular
expression: (0 + 1)*0(0 + 1)*0(0 + 1)*?
(@) The set of all strings containing the substring
00
() The set of all strings containing at most two
0’s
(¢) The set of all strings containing at least two
0’s
(d) The set of all strings that begin and end with
either O or 1 [2009:1 M]

m The following DFA accepts the set of all strings
over {0, 1} that

© @

—P

| RO T

R(F)

| 9| »| »n| o
D

>}
OO B O|

el -DIROIRGINY

(@) begin either with 0 or 1

(b) end with O

() end with 00

(d) contain the substring 00 [2009 : 2 M]

m Let L.={w € (0 + 1)* | ® has even number of 1s},
1.e., L is the set of all bit strings with even
number of 1s. Which one of the regular
expressions below represents L?

(@ (0*10*1)* () 0*(10*10%)*
(¢ 0*(10*1)*0* (d) 0*1(10*1)*10*
[2010:2 M]

m Let o be any string of length n in {0, 1}*. Let L. be
the set of all substrings of . What is the minimum
number of states in a non-deterministic finite

List-II automaton that accepts L?

£ +0(01 * 1 +00)*01* @ n-1 () n

£+ 0(10 * 1 + 00)*0 © n+1 (d 2n*1  [2010:2 M]

e+0(10*1+10)*1 m The lexical analysis for a modern computer

e+0(10* 1+ 10)*10* language such as Java needs the power of which

Codes: one of the following machine models in a necessary

A B and sufficient sense?

(a) 2 (a) Finite state automata

(b) 1 (b) Deterministic pushdown automata

1
3
©1 2 (¢) Non-deterministic pushdown automata
d 3 2 [2008 : 2 M] (d) Turing machine [2011:1 M]
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m Finite Automata : Regular Languages

1.1 (a) 1.2 (b) 1.3 (0 14 (d) 15 (b) 16 (d 17 () 1.8 (a) 1.9 (¢ d)
1.10 (d) 111 (b) 112 (b) 113 (0 114 (b) 115 (d) 1.16 (a) 117 (b) 1.18 (d)
119 (d) 120 (a) 121 (b) 122 (¢) 123 (b) 124 (c) 125 (b) 126 (a) 1.27 (b)
1.28 (a) 1.29 (a) 130 (b) 131 (d) 132 (b) 133 (b) 134 (d) 135 (a) 136 (a)
137 (o) 138 (b) 139 (a) 140 (¢ 141 (d) 142 (b) 143 (a) 144 (o) 145 (o)
146 (b) 147 (a) 148 (d) 149 (¢ 150 (b) 151 (@ 152 (a) 153 (c) 154 (c)
155 (a) 156 (a) 157 (d) 158 (a) 1.59 (a) 160 (¢) 1.61 (a) 162 (o) 1.63 (o)
1.64 (b) 1.65 (c) 166 (a) 167 (¢ 1.68 (b) 169 (@ 170 (b) 171 (o) 1.72 (d)
173 (a) 1.74 (d) 175 (c) 176 (@ 177 (b) 178 (@) 179 (a) 1.80 (3) 1.81 (1)
1.82 (o) 183 (a) 184 (3) 185 (b) 1.86 (d) 187 (c) 1.88 (b) 1.89 (2) 190 (b)
191 (4) 192 (d) 193 (8) 194 (b) 195 (o) 196 (d) 197 (2) 198 (b) 199 (d)
1.100 (2) 1.101 (a) 1.102 (¥) 1.103(6) 1.104 (a) 1.105 (@) 1.106 (256) 1.107 (a,b,c)1.108 (d)
1.109 (c) 1.110 (c) 1.111 (4) 1.112 (3,¢) 1.113 (44) 1114 (d) 1.115 (15) 1.116 (a)
Finite Automata : Regular Languages

@

L={"y*|n>1}

The language L produces all strings having equal

number of x and y and y follows the x.

1 E —xEy|xy: The language produced by
above grammar contain all strings having
equal no. of x & y and y follows x.

@) xyl|x*xyy*:Theabove can generate string
xxxxyy which doesn’t contain equal no. of
x and y

@i) x*y* : The above regular expression

generates all strings in which y follows x

and contain x and y greater than one. Above

RE can generate string xxxy which doesn’t

contain equal noof x & y.

So only (i) generates the same language as L.

®

The state diagram which represents the given
state table is

1/0

From state A toreach C, the shortest sequence is
A—L5B—5C
A—15pD—"5C

From B to reach C

B—2-C

B—L->B—2C
From C to reach C

c—2->p—25C

c—1>B—"5C
From D to reach C

D—25C

D—>5B—25C
So 10 1s the shortest input sequence to reach the
final state C, whatever be the initial state.

©

@ (00)*(c+0)
= (00)* & + (00)* 0 = 0*
Even number of 0’s and Odd number of 0’s
i.e., any number of 0’s

@) (00)* = Even number of 0’s

@11) 0* = any number of 0’s

@v) 0(00)* = Odd number of 0’s

So (1) and (ii1) are same.
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(a) L ={x|x has an equal number of a’s and b’s}
is context free language (since there is
comparison between number of a’s and
number of b’s).

(b) L={a"b"n>1}1is context free language (since
there 1s comparison between number of a’s
and number of b’s).

(¢) L={x|x has more a’s than b’s} is context free
language (since there is comparison between
number of a’s and number of b’s).

(d) L ={a"b"lm > 1, n > 1} is regular (since m
and n are independent and hence there is no
comparison). The regular expression is
aa*bb*.

IR (b)

(@ The set of all strings over X is X* which is
countably infinite.

(b) Setofalllanguages over £is 2*". According
to Cantor’s theorem if S be an countably
infinite set, then its power set 25 is

DI
uncountable. So 2 isuncountable because

>* 1s countably infinite.

() Set of all regular languages over X is
countably infinite.

(d) Set of all languages over X accepted by
Turing machine is the set of all RE languages
which is countably infinite.

@

(@) r.e. (regular expression) = 0*(1 + 0)* can
generate string 100, which contains substring
100

(b) r.e. (regular expression) = 0* 1010* can
generate string 10100, which contain 100 as
a substring. Also, this regular expression
cannot generate € which is in the given
language.

(¢) r.e.(regular expression)=0*1*01* generates
strings which doesn’t contain 100 as substring.
However, ¢ is the smallest string which
doesn’t contain 100 as substring but above
RE can’t generate €.

(d) r.e. (regular expression) = 0*(10 + 1)*
generates all strings which doesn’t contain
100 as substring.

@
(a*b*)* = (a +b)*

So, B=((0D)* 1%)*

So, A=B

@

The numbers 1, 2, 4, 8,...2" ... are represented
by 1, 10, 100, 1000,....

The pattern in the regular expression is 1 followed
by 0’s.

The regular expression for above is 10*

The DFA for above language is

So the numbers 1, 2, 4, 8, .... 2" ... written in
binary can be recognized by a deterministic finite
state automaton.

©d

(¢©) The string 1101 doesn’t belong to set
represented by (10)* (01)* (00 + 11)* because
once 11 appears in string then 1 and 0 only
appears in pairs.

(d) (00+ (11)* 0)* can generate only strings with
even number of 1’s and hence cannot generate
1101.

@

Number of substrings (of all lengths inclusive)
that can be formed from a character strings of

n(n+1)+1

Since we do not want to count the substring of
zero length (i.e. null string), the number of

length n is

substrings becomes M

®)

The number of states in the minimum state
deterministic finite state automation accepting
all binary strings whose last two symbols are
the same is 5.
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®

The minimum state finite automation that
recognizes the language represented by regular
expression (0+1) (0+1)...ntimesisn+ 1.
This language contains strings with exactly
length n.

(n + 1) states are required to count length upto
n. No trap state is required since we are making
minimal FA, not minimal DFA.

For example, for n = 2 the design is shown below.

. 0,1 .O, 1 .
i O

According to rules of regular expressions
(r; +ry)* = (ry +1,%*

Therefore  (a+b*)* = (a+b)*

So S=T

®
The language generated by the grammar
S— 0S0[001s
L={0%, 0%, 0%, 08, ...}
- {02n+2 | n>0}
= ={02"|n> 1} =00(00)*
So above language is regular but not 0*.

@

L = {a®|nisodd}

@\iﬁ

a

L = {a*|niseven}

a q,

So for two states minimal finite state automation,
Lcanbe {a®|nis odd} or L can be {a" | n is even}

@
L, = {0%|n>1}

L, produces language having even number of 0’s
which is regular language.

Regular expression for S, is 00(00)*
L,=1{0™1"0™"™|m > 1 and n > 1} is context free
language not regular. (m occurs in two places,
so there 1s comparison of count).

So, S, is correct but S, is not correct.

®
For an arbitrary NFA with N states, the

maximum number of states in an equivalent
minimized DFA is 2N,

@

A DFA over X = {a, b} accepting all strings which
have no. of a’s divisible by 6 and number of b’s
divisible by 8 is a grid machine (product
automata) having 6 X 8 = 48 states.

@
L, ={ww|we{a, b}*}
is context sensitive language (CSL) (since there
is infinite string matching in straight order).
L,={ww?|we (a, b)*, wk
1s the reverse of w}
1s context free language (since there is infinite
string matching in reverse order).
L,={0%|iis an integer} = (00)*
is regular language which contains all strings
having even number of 0’s.
L,= {Oi2 |iis an integer}
1s context sensitive language (CSL) (since the
power is infinite and non linear).

@

The state diagram represents the FSM which
outputs the sum of the present and previous bits
of the input.

State A represents previous bitis a 0 and B and
C represents previous bitis a 1.

®)

The minimal finite automation with 3 states
which accepts the language L = {x|length of x is
divisible by 3} is as follows:

oS

0,1

©

The given bit pattern can be represented as:
1—1——1

The four blanks can be filled in 2* = 16 ways.
Therefore there are 16 such strings in this
pattern. Not all of these are accepted by the
machine. The strings and its acceptance is given
below:
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accepted
1 0 O 1 0 0 1 v
1 0 O 1 0 1 1 v
1 0 O 1 1 0 1 v
1 0 O 11 1 1 v
1 0 1 1 0 0 1 v
1 1 0 1 0 0 1 v
1 1 1 1 0 0 1 v

Only these seven strings given above are
accepted. The other strings (9 of them) in this
pattern are rejected, since they dont reached the
final state.

.. Correct answer is (c).

®

The given machine M is

L0C3 0

Now the complementary machine M is

In the case of dfa, I(M) = L(M) but in the case
of nfa this is not true. In fact (M) and L(M)
have no connection.
= To find L, = L(M) we have to look at M and
directly find its language.
L, = L(M) =¢+ (0+1) (0+ 1)*+...
=O0+D*+..=(0+1)*

©

In choices (a), (b) and (d), inside the parenthesis
we can generate “a”, “b” and “c” seperately and
hence all three are same as (a + b + ¢)*.

In choice (c) the strings “a” and “b” cannot be
generated seperately since “ab” is always
together.

So, choice (¢) is not same as (a + b + ¢)*.

®)
8(A,a) = A=A — aA
3(A,b)=B=A — bB
d(B,a) = B=B — aB
d(B,b) =A =B — bA
Since B is final state, so we need to put B— €.

So the correct grammar is choice (b) which is
{A - aA, A—>bB,B— aB, B— bA, B — ¢}

@

The given finite state machine accepts any string
w € (0, 1)* in which the number of 1s is multiple
of 3 and the number of Os is multiple of 2.

®

Given regular expression is infinite set (because
of *) of finite strings. A regular expression cannot
generate any infinite string (since string is
always finite in length by definition).

@

Given language is finite. Hence it is regular
language.

@

Writing Y and Z interms of incoming arrows
(Arden’s method), we get
Y=X0+ Y0+ Z1
Z=X0+Z7Z1+ Y0
Clearly, Y=7

®)

The given grammar after substitution of X and
Y becomes

S — Zaa|Waa
Z — Sale
W — Sa
Which after substituting Z and W is equivalent
to S — Saaa|aalSaaa.
Which is equivalent to S — Saaa|aa.
So, L(G) = (aaa)*aa
So the language generated by the grammar

is the set of strings with a’s such that number
of @ mod 3 is 2.So the number of states required
should be 3 to maintain the count of number
of @’s mod 3.
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