5 Theory of Computation (276)

Theory of Computation (276)

Regular expressions and finite automata, Context-free grammars and push-down automata, Regular and context-free
languages, Pumping lemma, Turing machines and undecidability.

Mark Distribution in Previous GATE

Year 2019 | 2018 | 2017-1 | 2017-2 | 2016-1 | 2016-2 | Minimum | Average | Maximum
1 Mark Count 2 2 2 3 3 3 2 2.5 3
2 Marks Count 3 3 5 3 3 3 3 3.3 5
Total Marks 8 8 12 9 9 9 8 9.2 12

Closure Property (10)

Closure Property: GATE1989-3-ii

https://gateoverflow.in/87117

Context-free languages and regular languages are both closed under the operation (s) of :

A. Union

gate1989 easy theory-of-computation

B. Intersection

closure-property

C. Concatenation

D. Complementation

Closure Property: GATE1992-16

Which of the following three statements are true? Prove your answer.

i. The union of two recursive languages is recursive.
ii. The language {O" | nisa prime} is not regular.
iii. Regular languages are closed under infinite union.

gate1992  theory-of-computation

normal  closure-property

https://gateoverflow.in/595

Closure Property: GATE2002-2.14

Which of the following is true?

Saowm>

gate2002  theory-of-computation

easy

closure-property

Closure Property: GATE2006-1T-32

The complement of a recursive language is recursive
The complement of a recursively enumerable language is recursively enumerable

The complement of a recursive language is either recursive or recursively enumerable
The complement of a context-free language is context-free

https://gateoverflow.in/844

Let L be a context-free language and M a regular language. Then the language L N M is

A. always regular

C. always a deterministic context-free

language

gate2006-it  theory-of-computation

closure-property

Closure Property: GATE2013-17

easy

Which of the following statements is/are FALSE?

bl S

A. 1and4 only
C. 2 only

gate2013  theory-of-computation  normal

closure-property

B. never regular

D. always a context-free language

B. 1 and 3 only
D. 3 only

https://gateoverflow.in/3571

https://gateoverflow.in/1439 E h E

For every non-deterministic Turing machine, there exists an equivalent deterministic Turing machine.
Turing recognizable languages are closed under union and complementation.

Turing decidable languages are closed under intersection and complementation.
Turing recognizable languages are closed under union and intersection.

=]
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Closure Property: GATE2016-2-18 https://gateoverflow.in/39574 EI!@EJ |

Consider the following types of languages: L,: Regular, L,: Context-free, L3: Recursive, Ly: Recursively enumerable. Eﬁ
Which of the following is/are TRUE ?

I. L3 U Ly is recursively enumerable.
II. L, U Ly is recursive.
M. L; N Ly is context-free.
IV. L; U L, is context-free.

A. Tonly. B. Tand III only. C. Tand IV only. D. L II and III only.

gate2016-2  theory-of-computation  regular-languages  context-free-language  closure-property  normal

Closure Property: GATE2017-2-04 https://gateoverflow.in/118143

Let Ly, L, be any two context-free languages and R be any regular language. Then which of the following is/are []x
CORRECT?

I L; U L, is context-free

II. L, is context-free
III. L; — R is context-free
IV. L; N L, is context-free

A. I,ITand IV only B. Tand III only C. Il and IV only D. Ionly

gate2017-2  theory-of-computation  closure-property

Closure Property: GATE2018-7 https:/igateoverfiow.in/204081 fOk:3400|
E-E_ 2
The set of all recursively enumerable languages is: i'g;. 1
A. closed under complementation B. closed under intersection
C. a subset of the set of all recursive D. an uncountable set
languages

gate2018  theory-of-computation  closure-property  easy

Closure Property: TIFR2013-B-11 https://gateoverflow.in/25772 ﬁ
) =
Which of the following statements is FALSE? E?‘@

The intersection of a context free language with a regular language is context free.

The intersection of two regular languages is regular.

The intersection of two context free languages is context free

The intersection of a context free language and the complement of a regular language is context free.
The intersection of a regular language and the complement of a regular language is regular.

moOOw>

tifr2013  theory-of-computation  closure-property

Closure Property: TIFR2014-B-14 https://gateoverflow.in/27321 §O}& 10
r: =
Which the following is FALSE? = }

Complement of a recursive language is recursive.

A language recognized by a non-deterministic Turing machine can also be recognized by a deterministic Turing machine.
Complement of a context free language can be recognized by a Turing machine.

If a language and its complement are both recursively enumerable then it is recursive.

Complement of a non-recursive language can never be recognized by any Turing machine.

moOOw>

tifr2014  theory-of-computation  closure-property

Context Free Language (31)

Context Free Language: GATE1987-1-xii https://gateovertflow.in/80291

A context-free grammar is ambiguous if: [=;
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A. The grammar contains useless non-terminals.

B. It produces more than one parse tree for some sentence.

C. Some production has two non terminals side by side on the right-hand side.
D. None of the above.

gate1987  theory-of-computation  context-free-language = ambiguous

Context Free Language: GATE1987-2k https://gateoverfiow.in/80599 §O0}240J]
H r]
State whether the following statements are TRUE or FALSE: E;%

The intersection of two CFL's is also a CFL.

gate1987  theory-of-computation  context-free-language

Context Free Language: GATE1992-02,xix https://gateoverflow.in/572

02. Choose the correct alternatives (more than one may be correct) and write the corresponding letters only: [=

(xix) Context-free languages are:

A. closed under union B. closed under complementation
C. closed under intersection D. closed under Kleene closure

gate1992  context-free-language  theory-of-computation  normal

Context Free Language: GATE1992-02 xviii https://gateoverflow.in/576

. . . 1
Choose the correct alternatives (more than one may be correct) and write the corresponding letters only: O]

If G is a context free grammar and w is a string of length [ in L(G), how long is a derivation of w in G, if G is in Chomsky
normal form?

A 21 B. 21+1 C.21-1 D. I

gate1992  theory-of-computation  context-free-language  easy

Context Free Language: GATE1995-2.20 https://gateoverflow.in/2632 E.%E
I

Which of the following definitions below generate the same language as L, where L = {z"y™ such that n > 1} ? FE

. E—zEy|xy
IL zy | (x"zyy™")
L. zty™"

A. Tonly B. Tand II C. Mand III D. II only

gate1995  theory-of-computation easy context-free-language

Context Free Language: GATE1996-2.8 https://gateoverflow.in/2737 '%EI

If L; and L, are context free languages and R a regular set, one of the languages below is not necessarily a context free |i|
language. Which one?

A. Ly. Lo B. LinNLs C. L1NnR D. L1 U L

gate1996  theory-of-computation  context-free-language  easy

Context Free Language: GATE1996-2.9 https://gateoverflow.in/2738 O] .}E
r]
Define a context free languages L € {0,1}*, init(L) = {u |uv € L for some v in {0,1}*} ( in other words, @3
init(L) is the set of prefixes of L)
Let L = {w | wis nonempty and has an equal number of 0’s and 1’s}
Then init(L) is:

A. the set of all binary strings with unequal number of 0’s and 1’s

© Copyright GATE Overflow. All rights reserved.
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B. the set of all binary strings including null string

C. the set of all binary strings with exactly one more 0 than the number of 1’s or one more 1 than the number of 0’s
D. None of the above

gate1996  theory-of-computation  context-free-language  normal

Context Free Language: GATE1999-1.5 https://gateoverflow.in/1459 fOk =10
Context-free languages are closed under: E|
A. Union, intersection B. Union, Kleene closure
C. Intersection, complement D. Complement, Kleene closure

gate1999  theory-of-computation  context-free-language  easy

Context Free Language: GATE1999-7 hitps/gateovertiow:in/1506 WC1F-i 01

Show that the language %
L ={zcx |z € {0,1}" and cis a terminal symbol }

is not context free. ¢ is not 0 or 1.

gate1999  theory-of-computation  context-free-language  normal
Context Free Language: GATE2000-7 https://gateoverflow.in/678 JOEL={00]

=]

A. Construct as minimal finite state machine that accepts the language, over {0,1}, of all strings that contain neither the sub
string 00 nor the sub string 11.
B. Consider the grammar

where S, A are non-terminal symbols with S being the start symbol; a,b are terminal symbols and € is the empty string. This

grammar generates strings of the form a’b’ for some 4, j > 0, where i and j satisfy some condition. What is the condition on
the values of ¢ and 3?

gate2000 theory-of-computation  descriptive  regular-languages  context-free-language

Context Free Language: GATE2001-1.5 https://gateoverflow.in/698 JOl O}

Which of the following statements is true?

If a language is context free it can always be accepted by a deterministic push-down automaton
The union of two context free languages is context free

The intersection of two context free languages is a context free

The complement of a context free language is a context free

Sow>

gate2001 theory-of-computation  context-free-language  easy

Context Free Language: GATE2003-51 https://gateoverflow.in/940 JOFC=100}
Let G = ({S},{a,b},R,S) be a context free grammar where the rule set R is S — aSb | SS | € %

Which of the following statements is true?

A. G is not ambiguous

B. There exist 2,y € L(G) such that zy ¢ L(G)

C. There is a deterministic pushdown automaton that accepts L(G)

D. We can find a deterministic finite state automaton that accepts L(G)

© Copyright GATE Overflow. All rights reserved.
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gate2003  theory-of-computation  context-free-language  normal

Context Free Language: GATE2005-57

Consider the languages:

e L = {ww® |we{0,1}*}
e L, = {w#w" |we {0,1}*} , where # is a special symbol
o Ly={ww|we {0,1}*}

Which one of the following is TRUE?

A. Lj is a deterministic CFL B. L3 is a deterministic CFL
C. L3 is a CFL, but not a deterministic CFL D. L3 is a deterministic CFL

gate2005  theory-of-computation  context-free-language  easy

Context Free Language: GATE2006-19 https://gateoverflow.in/980 E| =
Let Fﬁ%
L, ={0"™1"0™ | n,m > 0} ,

L, ={0™™1™™0™ | n,m > 0} and
Ly = {omm1mtmQrt™ | p,m > 0} .
Which of these languages are NOT context free?

A. Ly only B. L3 only
C. Ly and Lo D. Ly and L3

gate2006  theory-of-computation  context-free-language  normal

Context Free Language: GATE2006-1T-34 https://gateoverflow.in/3573 O] ,}E
r
In the context-free grammar below, S is the start symbol, @ and b are terminals, and € denotes the empty string. IE%
e S—aSAb|e
e A bA|e

The grammar generates the language

A. ((a+b)*b) B. {a™V" | m < n}
C. {a™V" |m=mn) D. a*b*

gate2006-it  theory-of-computation  context-free-language  normal

Context Free Language: GATE2006-1T-4 https://gateoverflow.in/3543 Eg%@
r]
OF

In the context-free grammar below, S is the start symbol, @ and b are terminals, and € denotes the empty string
S—aSa|bSb|a|b|e
Which of the following strings is NOT generated by the grammar?

A. aaaa B. baba C. abba D. babaaabab

gate2006-it  theory-of-computation  context-free-language  easy

The two grammars given below generate a language over the alphabet {z,y, 2}
Gl:S—zx|z|zS|z2S|yB

B—y|z|yB|zB
G2:S—vyl|lz|yS|zS|zB

B—-ylyS

Context Free Language: GATE2007-1T-46 https://gateoverflow.in/3481 EI'EE'
=

Which one of the following choices describes the properties satisfied by the strings in these languages?

A. G1 : No y appears before any
G2 : Every z is followed by at least one y
B. G1 : No y appears before any =

© Copyright GATE Overflow. All rights reserved.
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G2 : No z appears before any y
C. G1 : No y appears after any &

G2 : Every z is followed by at least one y
D. G1 : No y appears after any @

G2 : Every y is followed by at least one

gate2007-it  theory-of-computation normal context-free-language

Context Free Language: GATE2007-1T-48 https://gateoverflow.in/3490

Consider the grammar given below: [5] ¥

S—zB|yA
A—z|zS|yAA
B—ylyS|zBB

Consider the following strings.

1. TTYYT
ii. TZTYYTY
iii. TYTyY
iv. yrzy
V. YyrT
vi. YT

Which of the above strings are generated by the grammar ?

A. i,1ii and iii B. ii, v and vi

C. ii, iii and iv D. i, iii and iv

gate2007-it  theory-of-computation  context-free-language  normal

Context Free Language: GATE2007-1T-49 https://gateoverflow.in/3491 @, E|
Consider the following grammars. Names representing terminals have been specified in capital letters. E%
Gl: stmnt —  WHILE (expr) stmnt
stmnt — OTHER
expr — ID
G2: stmnt —  WHILE (expr) stmnt
stmnt — OTHER
expr — expr + expr
expr — expr * expr
expr — 1D

Which one of the following statements is true?

A. G; is context-free but not regular and G, is regular

B. G, is context-free but not regular and G is regular

C. Both G; and G, are regular

D. Both G, and G, are context-free but neither of them is regular

gate2007-it  theory-of-computation  context-free-language  normal

Context Free Language: GATE2008-1T-34 https://gateoverflow.in/3344

Consider a CFG with the following productions. =

S— AA|B
A—0A|A0|1
B—0B00 | 1

S is the start symbol, A and B are non-terminals and 0 and 1 are the terminals. The language generated by this grammar is:

A. {0"10™ [n>1}

© Copyright GATE Overflow. All rights reserved.
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B. {0110710% [4,4,k > 0} U {0"10% | n > 0}
C. {0107 | 4,5 >0} U {0"10™ | n > 0}
D. The set of all strings over {0,1} containing at least two 0's

gate2008-it  theory-of-computation  context-free-language  normal

Context Free Language: GATE2008-1T-78

https://gateoverflow.in/3392 §Ok=10|
—= T

A CFG G is given with the following productions where S is the start symbol, A is a non-terminal and a and b are '
terminals.

e S—aS|A
e A—aAb|bAa|e

Which of the following strings is generated by the grammar above?

A. aabbaba B. aabaaba C. abababb D. aabbaab

gate2008-it  theory-of-computation normal  context-free-language

Context Free Language: GATE2009-12, ISRO2016-37

https://gateoverflow.in/1304

O]
S —aSa|bSb|a|b

The language generated by the above grammar over the alphabet {a, b} is the set of:

A. all palindromes

C. strings that begin and end with the
same symbol

B. all odd length palindromes
D. all even length palindromes

gate2009 theory-of-computation  context-free-language easy isro2016

Context Free Language: GATE2015-3-32

https://gateoverflow.in/8489

Which of the following languages are context-free?
L, : {a"V"a™V" | m,n > 1}

L, : {a"V"a™V" | m,n > 1}

Ly : {a™V" |m=2n+1}

A. Ly and Ly only B. L1 and L3 only C. Lo and L3 only D. L3 only

gate2015-3  theory-of-computation  context-free-language  normal

Context Free Language: GATE2016-1-16

https://gateoverflow.in/39640

Which of the following languages is generated by the given grammar?

S—aS|bS|e

. {a"v" | n,m > 0}

. {w € {a,b}* | whas equal number of a’s and b’s}
Ad | n>0}U{b" | n>0}U{a"V* |n>0}

. {a,b}*

Sowp

gate2016-1  theory-of-computation  context-free-language  normal

Context Free Language: GATE2016-1-42

https://gateoverflow.in/39705 J 1+ ¥101]
Consider the following context-free grammars; of

Gy:S—aS|B,B—b|bB
Gy:S—aA|bB,A—aA|B|e,B—bB|¢
Which one of the following pairs of languages is generated by G, and G, ,respectively?
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. {a™b" |m>0o0rn >0} and {a™b" |m >0andn >0}
. {a™V* |m >0andn >0} and {a™b" | m >0orn >0}
. {a™b" |m>0orn >0} and {a™b" |m >0andn >0}
. {a™b" |m>0andn >0} and {a™V" | m >0orn > 0}

Sowp

gate2016-1  theory-of-computation  context-free-language  normal

Context Free Language: GATE2016-2-43 https://gateoverfiow.in/39605 §Ok=R0]
Elz%

Consider the following languages:

L, ={a"t"c"™ :m,n > 1}

L, = {a"t"c¢™ :n>1}

Which one of the following is TRUE?

A. Both L; and L, are context-free.
B. L, is context-free while L is not context-free.
C. L, is context-free while L, is not context-free.
D. Neither L; nor L, is context-free.

gate2016-2  theory-of-computation  context-free-language  normal

Context Free Language: GATE2017-1-10 https://gateoverflow.in/118290 fOkA 10|
3 r]
Consider the following context-free grammar over the alphabet >, = {a,b,c} with S as the start symbol: %
S — abScT | abcT
T—bT|b
Which one of the following represents the language generated by the above grammar?
{(ab)"(cb)" | n > 1}
{(ab)"cb™ cb™...cb™ | n,m,,m,,...,m, > 1}
{(
{(

ab)"(cb™)" | m,n > 1}
ab)"(cb®)™ | m,n > 1}

Sow>

gate2017-1  theory-of-computation  context-free-language  normal

Context Free Language: GATE2017-1-34 https://gateoverfiow.in/118316 §Ok3100}

]
If G is a grammar with productions :|'E|

S — SaS|aSb|bSa|SS| €

where § is the start variable, then which one of the following strings is not generated by G?

A. abab B. aaab C. abbaa D. babba

gate2017-1  theory-of-computation  context-free-language  normal

Context Free Language: GATE2017-1-38 https:/gateoverfiowin/i18321 | O] O0|
E% .

Consider the following languages over the alphabet Y, ={a,b,c}. Let L, ={a"b"c¢™|lm,n >0} and
L, = {a™b*c"*|m,n >0} .

Which of the following are context-free languages?

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

A. Tonly B. I only C. Tand I D. Neither I nor IT

gate2017-1  theory-of-computation  context-free-language  normal
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Context Free Language: GATE2017-2-16 https://gateoverfiow.in/118243 §Ok:3 100} |

] ]

Identify the language generated by the following grammar, where S is the start variable. (O}

e §S— XY
e X—aX|a
Y —aYb|e

A. {a™V | m >n,n> 0} B. {a™b" | m > n,n > 0}
C. {a™V" | m>n,n >0} D. {a™b" | m > n,n > 0}

gate2017-2  theory-of-computation  context-free-language

Context Free Language: GATE2019-31 https://gateoverflow.in/302817 Jakk {01}
2

Which one of the following languages over ¥ = {a,b} is NOT context-free? m:

A. {ww® |w e {a,b}*}

B. {wa"b"uw? | w € {a,b}*,n > 0}
C. {wa"w?b" | w € {a,b}*,n > 0}
D. {a"¥ | i€ {n,3n,5n},n > 0}

gate2019  theory-of-computation  context-free-language

Countable Uncountable Set (2)

Countable Uncountable Set: GATE1997-3.4 https://gateoverflow.in/2235

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

C. Set of all regular languages over X

D. Set of all languages over ¥ accepted by Turing machines

gate1997  theory-of-computation normal countable-uncountable-set

Countable Uncountable Set: GATE2019-34 https://gateoverflow.in/302814 JOKEAO
Consider the following sets: [Of
S1: Set of all recursively enumerable languages over the alphabet {0,1}

S2: Set of all syntactically valid C programs

S3: Set of all languages over the alphabet {0,1}

S4: Set of all non-regular languages over the alphabet {0,1}
Which of the above sets are uncountable?

A. Sl and S2 B. S3 and S4 C. S2and S3 D. S1 and S4

gate2019  theory-of-computation  countable-uncountable-set

Decidability (27)

Decidability: GATE1987-21 https://gateoverflow.in/80603 L]
State whether the following statement are TRUE or FALSE. Ellal y
A is recursive if both A and its complement are accepted by Turing machines.
gate1987  decidability

Decidability: GATE1987-2m https://gateoverflow.in/80606 O} E|=
State whether the following statements are TRUE or FALSE: =R

The problem as to whether a Turing machine M accepts input w is undecidable.
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gate1987  theory-of-computation  turing-machine  decidability

Decidability: GATE1988-2viii https://gateoverflow.in/93948 JOFR=30J]
State the halting problem of the Turing machine. %

gate1988  theory-of-computation  descriptive  decidability

Decidability: GATE1989-3-iii https://gateoverflow.in/87123

Answer the following questions: O]
Which of the following problems are undecidable?

A. Membership problem in context-free languages.

B. Whether a given context-free language is regular.
C. Whether a finite state automation halts on all inputs.
D. Membership problem for type 0 languages.

gate1989 normal theory-of-computation  decidability

Decidability: GATE1990-3-vii https://gateoverflow.in/84835

Choose the correct alternatives (More than one may be correct). =
It is undecidable whether:

A. An arbitrary Turing machine halts after 100 steps.

B. A Turing machine prints a specific letter.

C. A Turing machine computes the products of two numbers
D. None of the above.

gate1990 normal  theory-of-computation  decidability

Decidability: GATE1995-11 https://gateoverflow.in/2647

Let L be a language over X i.e., L C 3*. Suppose L satisfies the two conditions given below. =

i. Lisin NP and

ii. For every n, there is exactly one string of length 7 that belongs to L.

Let L€ be the complement of L over X*. Show that L is also in NP.

gate1995  theory-of-computation normal decidability

Decidability: GATE1996-1.9 https://gateoverflow.in/2713 'g E

Which of the following statements is false? =

A. The Halting Problem of Turing machines is undecidable

B. Determining whether a context-free grammar is ambiguous is undecidable

C. Given two arbitrary context-free grammars G; and G, it is undecidable whether L(G,;) = L(G,)
D. Given two regular grammars G, and G, it is undecidable whether L(G;) = L(G,)

gate1996  theory-of-computation  decidability easy

Decidability: GATE1997-6.5 https://gateoverflow.in/2261

Which one of the following is not decidable? O]

Given a Turing machine M, a string s and an integer k, M accepts s within k steps
Equivalence of two given Turing machines

Language accepted by a given finite state machine is not empty

Language generated by a context free grammar is non-empty

Oowm>
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gate1997  theory-of-computation  decidability easy

Decidability: GATE2000-2.9 https:/gateoverflow.in/656 JOFI=101]
. . . I
Consider the following decision problems: %
(P1) : Does a given finite state machine accept a given string?

(P2) : Does a given context free grammar generate an infinite number of strings?

Which of the following statements is true?

A. Both(P1) and (P2) are decidable B. Neither (P1) nor (P2) is decidable
C. Only (P1) is decidable D. Only (P2) is decidable

gate2000 theory-of-computation  decidability normal

Decidability: GATE2001-2.7 https://gateoverflow.in/725

Consider the following problem X.

Given a Turing machine M over the input alphabet X, any state g of M and a word w € ¥*, does the computation of M on
w visit the state of q?

Which of the following statements about X is correct?

A. X is decidable B. X is undecidable but partially decidable
C. X is undecidable and not even partially decidable D. X is not a decision problem

gate2001  theory-of-computation  decidability normal

Decidability: GATE2001-7 https:/gateoverflow.in/748 §O}4101]
= ]
. £
Let a decision problem X be defined as follows: E%

X Given a Turing machine M over ¥ and any word w € X, does M loop forever on w?

You may assume that the halting problem of Turing machine is undecidable but partially decidable.

A. Show that X is undecidable
B. Show that X is not even partially decidable

gate2001  theory-of-computation  decidability  turing-machine easy descriptive

Decidability: GATE2002-14 https://gateoverflow.in/867 E'E':EE

The aim of  the following question is to prove that the language {M | M E

is the code of the Turing Machine which, irrespective of the input, halts and outputs a 1}, is undecidable.

This is to be done by reducing from the language {M',z | M' haltson z}, which is known to be undecidable. In parts (a)
and (b) describe the 2 main steps in the construction of M. In part (c) describe the key property which relates the behaviour of
M on its input w to the behaviour of M’ on .

A. On input w, what is the first step that M must make?
B. On input w, based on the outcome of the first step, what is the second step M must make?
C. What key property relates the behaviour of M on w to the behaviour of M’ on x?

gate2002  theory-of-computation  decidability normal turing-machine  descriptive  difficult

Decidability: GATE2003-52 https://gateoverflow.in/356 {01 EEE

Consider two languages L; and L, each on the alphabet X. Let f: ¥* — ¥* be a polynomial time computable [a].4
bijection such that (Vz)[z € L, iff f(x) € Ly]. Further, let £~ be also polynomial time computable.

Which of the following CANNOT be true?

A. Ly € Pand Ly is finite B. L1 €« NPand Ly € P
C. L is undecidable and L is decidable D. L is recursively enumerable and Ly is recursive

gate2003  theory-of-computation normal  decidability
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Decidability: GATE2005-45 https://gateoverflow.in/1375 O {10 |

[=
e Consider three decision problems P;, P, and P;. It is known that P; is decidable and P; is undecidable. Which
one of the following is TRUE?

P; is decidable if P is reducible to P

P; is undecidable if P is reducible to P,
P; is undecidable if P, is reducible to P
P; is decidable if Py is reducible to P,'s complement

oSowm >

gate2005 theory-of-computation  decidability normal

Decidability: GATE2007-6 https://gateoverflow.in/1204 §O1f10]
Which of the following problems is undecidable? E%
A. Membership problem for CFGs B. Ambiguity problem for CFGs
C. Finiteness problem for FSAs D. Equivalence problem for FSAs

gate2007  theory-of-computation  decidability  normal

Decidability: GATE2008-10 https:/gateoverflow.in/408 §OFI=101]

Which of the following are decidable?

I. Whether the intersection of two regular languages is infinite
II. Whether a given context-free language is regular
III. Whether two push-down automata accept the same language
IV. Whether a given grammar is context-free

A. TandII B. Iand IV C. ITand III D. Il and IV

gate2008  theory-of-computation  decidability easy

Decidability: GATE2012-24 https://gateoverflow.in/1608 JOk =10
Which of the following problems are decidable? g%

Does a given program ever produce an output?

If L is a context-free language, then, is L also context-free?
If L is a regular language, then, L is also regular?

If L is a recursive language, then, is Lalso recursive?

PO

A 1,2,3,4 B. 1,2 C. 2,3,4 D. 3,4

gate2012  theory-of-computation  decidability  normal

Decidability: GATE2013-41 https://gateoverflow.in/1553
Which of the following is/are undecidable? Ok SN
1. GisaCFG.Is L(G) = ¢?
2. GisaCFG.Is L(G) =X*?
3. M is a Turing machine. Is L(M) regular?
4. AisaDFAand NisanNFA.Is L(A) = L(N) ?
A. 3 only B. 3 and 4 only
C. 1,2 and 3 only D. 2 and 3 only

gate2013  theory-of-computation  decidability normal

Which one of the following problems is undecidable?

Decidability: GATE2014-3-35 https://gateoverflow.in/2069 §Ok,=101]
E%

A. Deciding if a given context-free grammar is ambiguous.
B. Deciding if a given string is generated by a given context-free grammar.
C. Deciding if the language generated by a given context-free grammar is empty.
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D. Deciding if the language generated by a given context-free grammar is finite.

gate2014-3  theory-of-computation  context-free-language  decidability  normal

Decidability: GATE2015-2-21 https://gateoverflow.in/8111
F
Consider the following statements. [
_ 1. istrue. The solution to a decision problem is either "yes" or "no", and hence if we can decide a problem, we have also decided its complement- just reverse"yes' and
“no". (Thisis applicable for decidability and not for acceptance)
Which of the above statements is/are true? 11, i false. Becauise NP classis defined asthe class of languages that can be solved in polynomial time by anon-deterministic Turing machine. So, none of the NP class

problemsis undecidzble.

A. Only Il B. Only III C. Only I and’ff™ ™™ ™ *b_ Only I and IIT

gate2015-2  theory-of-computation  decidability easy

Decidability: GATE2015-3-53 https://gateoverflow.in/8562 EIEE

Language L; is polynomial time reducible to language L,. Language L3 is polynomial time reducible to language L, [&]
which in turn polynomial time reducible to language L,. Which of the following is/are true?

I. if Ly € P, thenL, € P

. if L, e PorLs € P, then L, € P
II. L; € P,ifand only if Ly € P
IV. ifL4€P, thenL3€P

A. Il only B. III only C. Tand IV only D. Tonly

gate2015-3  theory-of-computation  decidability normal

Decidability: GATE2016-1-17 https://gateoverfiow.in/39651 §O 15100

H ]
;.
Which of the following decision problems are undecidable? Eqﬁ

I. Given NFAs N, and N, ,is L(N;) N L(N,) = @

II. Givena CFG G = (N,%,P,S) andastring « € ¥*,does € L(G) } ?
III. Given CFGs G and G,, is L(G,) = L(G,) ?
IV. GivenaTM M, is L(M) =& ?

A. Tand IV only B. II and III only C. Il and IV only D. T and IV only

gate2016-1  theory-of-computation  decidability easy

Decidability: GATE2017-1-39 https://gateoverfiow.in/118322 fO O}

1
Let A and B be finite alphabets and let # be a symbol outside both A and B. Let f be a total function from A* to B*. %
We say f is computable if there exists a Turing machine M which given an input & € A*, always halts with f(z) on

its tape. Let L; denote the language {m# f(x) |z e A* } . Which of the following statements is true:

A. fis computable if and only if L; is recursive.

B. fis computable if and only if Ly is recursively enumerable.

C. If f is computable then Ly is recursive, but not conversely.

D. If f is computable then L is recursively enumerable, but not conversely.

gate2017-1  theory-of-computation  decidability  difficult

Decidability: GATE2017-2-41 https://gateoverflow.in/118605 E%E
]
=

Let L(R) be the language represented by regular expression R. Let L(G) be the language generated by a context free
grammar G. Let L(M) be the language accepted by a Turing machine M. Which of the following decision problems
are undecidable?

I. Given a regular expression R and a string w, is w € L(R)?
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I. is true. The solution to a decision problem is either "yes" or "no", and hence if we can decide a problem, we have also decided its complement-  just reverse "yes" and "no". (This is applicable for decidability and not for acceptance)

 

II. is false. Because NP class is defined as the class of languages that can be solved in polynomial time by a non-deterministic Turing machine. So, none of the NP class problems is undecidable.

 

III. is true for same reason as II.
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II. Given a context-free grammar G, is L(G) = ()
I1I. Given a context-free grammar G, is L(G) = X* for some alphabet 3?
IV. Given a Turing machine M and a string w, is w € L(M)?

A. Tand IV only B. II and III only C. IL IIT and IV only D. Il and IV only

gate2017-2  theory-of-computation  decidability

Decidability: GATE2018-36 https://gateoverflow.in/204110 §Ok:1100|

=

Consider the following problems. L(G) denotes the language generated by a grammar G. L(M) denotes the language [&] 1
accepted by a machine M.

I. For an unrestricted grammar G and a string w, whether w € L(G)
II. Given a Turing machine M, whether L(M) is regular
II. Given two grammarG, and G,, whether L(G,) = L(G,)
IV. Given an NFA N, whether there is a deterministic PDA P such that N and P accept the same language

Which one of the following statement is correct?

A. Only I and II are undecidable B. Only II is undecidable
C. Only IT and IV are undecidable D. Only I, IT and III are undecidable

gate2018  theory-of-computation  decidability easy

Decidability: TIFR2010-B-25 https://gateoverfiow.in/18745 O]

]

Which of the following problems is decidable? (Here, CFG means context free grammar and CFL means context free [&]y31#
language.)

Given a CFG G, find whether L(G) = R, where R is regular set.

Given a CFG G, find whether L(G) = {} .

Find whether the intersection of two CFLs is empty.

Find whether the complement of CFL is a CFL.

Find whether CFG G; and CFG G, generate the same language, i.e, L (G;) = L(G,) .

monw>

tifr2010  theory-of-computation  context-free-language  decidability

Decidability: TIFR2011-B-25 https://gateoverflow.in/20404

Let Arys be defined as follows: =%
Ary = {(M,w) | The Turning machine M accepts the word w}
And let L be some NP — complete language. Which of the following statements is FALSE?

L e NP
Every problem in NP is polynomial time reducible to L.
Every problem in NP is polynomial time reducible to Az, .

Since L is NP— complete, Az, is polynomial time reducible to L.
Ary ¢ NP.

mYQw>

tifr2011  theory-of-computation  decidability

Finite Automata (37)

Finite Automata: GATE1991-17,b https://gateoverflow.in/544 §OF=10]
E%

Let L be the language of all binary strings in which the third symbol from the right is a 1. Give a non-deterministic
finite automaton that recognizes L. How many states does the minimized equivalent deterministic finite automaton
have? Justify your answer briefly?

gate1991  theory-of-computation  finite-automata  normal

Finite Automata: GATE1993-27 https://gateoverflow.in/2323

Draw the state transition of a deterministic finite state automaton which accepts all strings from the alphabet {a,b}, @]
such that no string has 3 consecutive occurrences of the letter b.

© Copyright GATE Overflow. All rights reserved.


https://gateoverflow.in/tag/gate2017-2
https://gateoverflow.in/tag/theory-of-computation
https://gateoverflow.in/tag/decidability
https://gateoverflow.in/204110/gate2018-36
https://gateoverflow.in/204110
https://gateoverflow.in/tag/gate2018
https://gateoverflow.in/tag/theory-of-computation
https://gateoverflow.in/tag/decidability
https://gateoverflow.in/tag/easy
https://gateoverflow.in/18745/tifr2010-b-25
https://gateoverflow.in/18745
https://gateoverflow.in/tag/tifr2010
https://gateoverflow.in/tag/theory-of-computation
https://gateoverflow.in/tag/context-free-language
https://gateoverflow.in/tag/decidability
https://gateoverflow.in/20404/tifr2011-b-25
https://gateoverflow.in/20404
https://gateoverflow.in/tag/tifr2011
https://gateoverflow.in/tag/theory-of-computation
https://gateoverflow.in/tag/decidability
https://gateoverflow.in/tag/Finite+Automata
https://gateoverflow.in/544/gate1991-17-b
https://gateoverflow.in/544
https://gateoverflow.in/tag/gate1991
https://gateoverflow.in/tag/theory-of-computation
https://gateoverflow.in/tag/finite-automata
https://gateoverflow.in/tag/normal
https://gateoverflow.in/2323/gate1993-27
https://gateoverflow.in/2323
https://gateoverflow.in

5 Theory of Computation (276) 213

gate1993  theory-of-computation  finite-automata  easy

Finite Automata: GATE1994-3.3 https://gateoverflow.in/2480 §O1H#101]
=
E%.

State True or False with one line explanation

A FSM (Finite State Machine) can be designed to add two integers of any arbitrary length (arbitrary number of digits).

gate1994  theory-of-computation  finite-automata  normal

Finite Automata: GATE1995-2.23 https://gateoverflow.in/2636 EME
B ]
A finite state machine with the following state table has a single input  and a single out z. %‘*ﬁ
present state | next state, z
x=1 x=0
A D,0 B,0
B B,1 C1
C B,0 D,1
D B,1 C,0

If the initial state is unknown, then the shortest input sequence to reach the final state C is:

A. 01 B. 10 C. 101 D. 110

gate1995  theory-of-computation  finite-automata  normal

Finite Automata: GATE1996-12 https://gateoverflow.in/2764 E|.§E|

Given below are the transition diagrams for two finite state machines M; and M, recognizing languages L; and L, []
respectively.

A. Display the transition diagram for a machine that recognizes L;. Ly, obtained from transition diagrams for M; and M, by
adding only € transitions and no new states.

B. Modify the transition diagram obtained in part (a) obtain a transition diagram for a machine that recognizes (L;.L,)* by
adding only € transitions and no new states.

(Final states are enclosed in double circles).

gate1996  theory-of-computation  finite-automata  normal

Finite Automata: GATE1997-21 https://gateoverflow.in/2281 E.

Given that L is a language accepted by a finite state machine, show that L and L*® are also accepted by some finite [a]
state machines, where

LP ={s| ss' € L some string s'}
L% = {s | s obtained by reversing some string in L}

gate1997  theory-of-computation  finite-automata  proof
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Finite Automata: GATE1998-1.10 https://gateoverflow.in/1647 §Ok;

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

A. The numbers 1,2,4,8,...2", ... written in binary
. The numbers 1,2,4,8,...2",... written in unary

B
C. The set of binary string in which the number of zeros is the same as the number of ones.
D. Theset {1,101,11011,1110111,...}

gate1998  theory-of-computation  finite-automata  normal

Finite Automata: GATE2001-5

https://gateoverflow.in/746

Construct DFA's for the following languages:

A. L={w|w € {a,b}*, whas baab as a substring }
B. L={w|w € {a,b}*, whas an odd number of a’s and an odd number of b’s }

gate2001  theory-of-computation easy descriptive finite-automata  normal

Finite Automata: GATE2002-2.5

https://gateoverflow.in/835 JOk 10|
The finite state machine described by the following state diagram with A as starting state, where an arc label is and o [=]s¥%4
stands for 1-bit input and ¥ stands for 2-bit output

0/00 0/01 1/10
&m 1/10 -
start —
L
0/01

outputs the sum of the present and the previous bits of the input
outputs 01 whenever the input sequence contains 11

outputs 00 whenever the input sequence contains 10

none of the above

Oowm>

gate2002  theory-of-computation normal Ffinite-automata

Finite Automata: GATE2002-21

https://gateoverflow.in/874 01| W’-I: =]

We require a four state automaton to recognize the regular expression (a | b)*abb 'Fg%

A. Give an NFA for this purpose
B. Give a DFA for this purpose

gate2002  theory-of-computation  finite-automata normal  descriptive

Finite Automata: GATE2003-50

https:/gateoverflow.in/939 JOF=10]
5 .
. . . . |
Consider the following deterministic finite state automaton M.

[=]
1 0 0.1
0

1

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

Al B. 5 C.7 D. 8

© Copyright GATE Overflow. All rights reserved.


https://gateoverflow.in/1647/gate1998-1-10
https://gateoverflow.in/1647
https://gateoverflow.in/tag/gate1998
https://gateoverflow.in/tag/theory-of-computation
https://gateoverflow.in/tag/finite-automata
https://gateoverflow.in/tag/normal
https://gateoverflow.in/746/gate2001-5
https://gateoverflow.in/746
https://gateoverflow.in/tag/gate2001
https://gateoverflow.in/tag/theory-of-computation
https://gateoverflow.in/tag/easy
https://gateoverflow.in/tag/descriptive
https://gateoverflow.in/tag/finite-automata
https://gateoverflow.in/tag/normal
https://gateoverflow.in/835/gate2002-2-5
https://gateoverflow.in/835
https://gateoverflow.in/tag/gate2002
https://gateoverflow.in/tag/theory-of-computation
https://gateoverflow.in/tag/normal
https://gateoverflow.in/tag/finite-automata
https://gateoverflow.in/874/gate2002-21
https://gateoverflow.in/874
https://gateoverflow.in/tag/gate2002
https://gateoverflow.in/tag/theory-of-computation
https://gateoverflow.in/tag/finite-automata
https://gateoverflow.in/tag/normal
https://gateoverflow.in/tag/descriptive
https://gateoverflow.in/939/gate2003-50
https://gateoverflow.in/939
https://gateoverflow.in

5 Theory of Computation (276) 215

gate2003  theory-of-computation  finite-automata  normal

Finite Automata: GATE2003-55 https://gateoverflow.in/943 JOF=100]
Consider the NFA M shown below. %

0,1

Let the language accepted by M be L. Let Ly 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 states of M to accepting states. Which of the following
statements is true?

A I = {0,1}* — L B. L1 = {0,1}* C. L1 CL D. Ih =L

gate2003  theory-of-computation  finite-automata  normal

Finite Automata: GATE2004-86 https://gateoverflow.in/1080 E . E

The following finite state machine accepts all those binary strings in which the number of 1’s and 0’s are respectively: [&]

A. divisible by 3and 2 B. odd and even C. even and odd D. divisible by 2 and 3

gate2004  theory-of-computation  finite-automata  easy

Finite Automata: GATE2004-1T-41 https://gateoverflow.in/3684 §Ok 10|

Let M = (K,X,0,8,F) be a finite state automaton, where pEAa
K ={A,B},¥ ={a,b},s = A,F = {B},

o0(A,a) = A,0(A,b) = B,o(B,a) = Band o(B,b) = A

A grammar to generate the language accepted by M can be specified as G = (V, %, R, S), where V=K UX, and S = A.

Which one of the following set of rules will make L(G) = L(M) ?

A. {A—aB,A—bA,B—bA,B—aA,B—e€)
B. {A—aA,A—bB,B—aB,B—bA,B—¢)
C. {A—bB,A—aB,B— aA,B—bA,B—¢)
D. {A—aA,A—bA,B— aB,B—bA,A—¢)

gate2004-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2005-53 https://gateoverflow.in/1376 Ok =101]
Consider the machine M: %%
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The language recognized by M is:

A. {w € {a,b}* | every a in 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}

gate2005  theory-of-computation  finite-automata  normal

Finite Automata: GATE2005-63

https://gateoverflow.in/1386 §O1:§10O]
The following diagram represents a finite state machine which takes as input a binary number from the least significant [u]#34
bit.

0/0 0/1
start H
1/0

Which of the following is TRUE?

A. Tt computes 1’s complement of the input number
B. It computes 2’s complement of the input number
C. It increments the input number
D

. it decrements the input number

gate2005 theory-of-computation  finite-automata  easy

Finite Automata: GATE2005-1T-37

https:/gateoverflow.in/3784 JO1RLAO]
Consider the non-deterministic finite automaton (NFA) shown in the figure. ;4.

0

State X is the starting state of the automaton. Let the language accepted by the NFA with Y as the only accepting state be L1.

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?

A L1=12 B. L1 C L2
C. L2CclLl D. None of the above

gate2005-it  theory-of-computation  finite-automata  normal
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Finite Automata: GATE2005-1T-39 https://gateoverflow.in/3786 § O 10| |
g'%ﬁj%ﬁ
R

Consider the regular grammar: O]

S— Xa|Ya
X — Za
Z— Sale
Y - Wa
W — Sa

where § 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?

A 2 B. 3 C. 4 D. 5

gate2005-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2006-1T-3

https://gateoverflow.in/3542 =]
In the automaton below, s is the start state and ¢ is the only final state. x|E| !

a

start

b

Consider the strings u = abbaba,v = bab,andw = aabb . Which of the following statements is true?

A. The automaton accepts « and v but not w B. The automaton accepts each of u,v, and w
C. The automaton rejects each of u, v, and w D. The automaton accepts u but rejects v and w

gate2006-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2006-1T-37

https://gateoverflow.in/3576 §Ok=101]
For a state machine with the following state diagram the expression for the next state S* in terms of the current state S[a]
and the input variables x and y is

x=1 y=1
x=0 E
y=0
A ST=8.49y+8z B. St =8.a.4+85 .y
C. ST =z.y D. St =8.y+8.2

gate2006-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2007-74

https://gateoverflow.in/1270 E. E
Consider the following Finite State Automaton: =

The language accepted by this automaton is given by the regular expression
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A. b*ab*ab* ab* B. (a+b)* C. b*a(a+b)* D. b*ab*ab*

gate2007  theory-of-computation  finite-automata  normal

Finite Automata: GATE2007-1T-47 https://gateoverflow.in/3489

Consider the following DFA in which Sj is the start state and S, Sy are the final states. =

What language does this DFA recognize?

All strings of ¢ and ¥

All strings of  and y which have either even number of z and even number of y or odd number of « and odd number of y
All strings of = and y which have equal number of  and ¥y

All strings of & and y with either even number of « and odd number of ¥y or odd number of Z and even number of y

Sow>

gate2007-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2007-1T-50 https://gateoverflow.in/3492 §Ok 10|
h%
[=]

Consider the following finite automata P and @ 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
L(Q) respectively.

(P) Q

gate2007-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2007-1T-71 https:/gateoverflow.in/3523 §O1:§101]
Consider the regular expression R = (a + b)*(aa + bb)(a + b)* &

Which of the following non-deterministic finite automata recognizes the language defined by the regular expression R?
Edges labeled A denote transitions on the empty string.

A. B. C. D.
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gate2007-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2007-1T-72 https:/gateoverflow.in/3524 §Ok=101]
Consider the regular expression R = (a + b)*(aa + bb)(a + b)* %

Which deterministic finite automaton accepts the language represented by the regular expression R?

; PN
5= e /J\A/ » -
dﬁ ? N
—( S0 )b al b a e \JZ\;/V
A. " B.

gate2007-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2008-49 https://gateoverflow.in/462 §OF=100]
Given below are two finite state automata ( — indicates the start state and F' indicates a final state) %
Y z

alb alb
=11 —1
2(F) |21 2(F) |11

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

a|b al|b a|b al|b

—-P|S |R —-P S |Q —-P QS —P |S|Q

A Q |R|S B.| Q R|S C Q |R|S D Q |S|R
R(F) | Q|P RF) | Q[P R(F) | QP R(F) | Q[P

S |Q|P S PlQ S QP QP

gate2008 normal theory-of-computation  Ffinite-automata

Finite Automata: GATE2008-52 https://gateoverflow.in/464

Match the following NFAs with the regular expressions they correspond to: =

1 1
0 0 0 0
P Q
1
D
0 1
0 1

R
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e+0
e+0
e+0
e+0

01*1 + 00)*01*
10*1 4+ 00)*0
10°1 +10)*1

)*1

=

10*1+10)*10*

—~ A~~~

A P-2Q-1R-3S—4 B. P—1,Q
C.P-1,Q-2,R—3,5—4 D. P—3,Q—

gate2008 theory-of-computation  finite-automata  normal

Finite Automata: GATE2008-1T-32 https:/gateoverflow.in/3342 %ﬁ@
]

If the final states and non-final states in the DFA below are interchanged, then which of the following languages over [w]
the alphabet {a,b} will be accepted by the new DFA?

b a
b
a
start — a
b

Set of all strings that do not end with ab

Set of all strings that begin with either an a or a b

Set of all strings that do not contain the substring ab,
The set described by the regular expression b*aa*(ba)*b*

A.
B.
C.
D.

gate2008-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2008-1T-36 https://gateoverflow.in/3346 E IIE
I%
EF'\"

Consider the following two finite automata. M; accepts L; and M, accepts L,.

M,
0,1 0,1
Jg L) é
M,
Which one of the following is TRUE?
A. In = Lo B. L1 C L»
C. LinLY =2 D. LiULy # Iy

gate2008-it  theory-of-computation  finite-automata  normal

Finite Automata: GATE2009-27 https://gateoverflow.in/1313

Given the following state table of an FSM with two states A and B,one input and one output. ==
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PRESENT | PRESENT Next State | Next State
STATE A STATE B | Input A B Output
0 0 0 0 0 1
0 1 0 1 0 0
1 0 0 0 1 0
1 1 0 1 0 0
0 0 1 0 1 0
0 1 1 0 0 1
1 0 1 0 1 1
1 1 1 0 0 1

If the initial state is A =0, B = 0 what is the minimum length of an input string which will take the machine to the state
A=0,B=1 with output = 1.

A3 B. 4 C. 5 D. 6

gate2009  theory-of-computation  finite-automata  normal

Finite Automata: GATE2009-41 https:/gateoverflow.in/1327 Ok =10]
1 0 E%
1
b= )
W

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

A. begin either with 0 or 1. B. end with 0.
C. end with 00. D. contain the substring 00.

gate2009  theory-of-computation  finite-automata  easy

What is the complement of the language accepted by the NFA shown below? iE|

Finite Automata: GATE2012-12 https://gateoverflow.in/44 E. E
Assume ¥ = {a} and € is the empty string.

A ¢ B. {e} C. a D. {a,€}

gate2012  finite-automata easy theory-of-computation

Finite Automata: GATE2012-46 https://gateoverflow.in/2159 §O 4|0
-
E%

Consider the set of strings on {0,1} in which, every substring of 3 symbols has at most two zeros. For example,
001110 and 011001 are in the language, but 100010 is not. All strings of length less than 3 are also in the language. A
partially completed DFA that accepts this language is shown below.

© Copyright GATE Overflow. All rights reserved.
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The missing arcs in the DFA are:

00 (011011 |q
00| 1|0
A. |01 1
10| 0
11 0
00 (011011 |q
00 1 0
C. |01 1
10 0
11 0
gate2012  theory-of-computation finite-automata

00 011011 | q
00 0 1
B. |01 1
10 0
11 0
00 011011 | q
00 1 0
D. |01 1
10| 0
11 0

normal

Finite Automata: GATE2013-33

Consider the DFA A given below.

Bu
E

Which of the following are FALSE?

bl

A. 1and 3 only

gate2013

0,1

theory-of-computation

B. 2 and 4 only

finite-automata

Complement of L(A) is context-free.

L(A) = L((11*0 4+ 0)(0 + 1)*0*1*)

For the language accepted by A, A is the minimal DFA.
A accepts all strings over {0,1} of length at least 2.

C. 2 and 3 only

normal

Finite Automata: GATE2014-1-16

D. 3 and 4 only

https://gateoverflow.in/1544 §Ok =10
r
=]

Consider the finite automaton in the following figure:

© Copyright GATE Overflow. All rights reserved.

0,1 1

0.1

1 m
—| qo q1 q2
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https:/gateoverflow.in/1782 §OX]0O]
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What is the set of reachable states for the input string 0011?

A. {qo,q1, ¢} B. {q0,q1} C. {q0,q1,%,q} D. {g3}

gate2014-1  theory-of-computation  Ffinite-automata  easy

Finite Automata: GATE2016-2-42

https://gateoverflow.in/39591 §OFR=10]
Consider the following two statements: %%
. If all states of an NFA are accepting states then the language accepted by the NFA'is > ", rgjse not necessary for dll

1. There exists a regular language A such that for all languages B, A B is regular.

A ={}, then this statemant will trueas{} intersection with B  isregular.
Wihichoheehteolowingis CORRECT?

A. Only Iis true B. Only II is true
C. Both I and II are true D. Both I and II are false

gate2016-2  theory-of-computation  Ffinite-automata  normal

Finite Automata: GATE2017-2-39

https://gateoverflow.in/118384 §O01}-1101]

]

Let & denote the transition function and § denote the extended transition function of the e-NFA whose transition table EIE%:
is given below:

1 € a b
— Qo {®} | {a} | {20}
¢ {2} | {e} | {s}
q> {90} 0 0
a3 0 0 {®:}

Then 5(q2 ,aba) is

A0 B. {q,q1,93}
C. {90, q,q} D. {q,q,q3}

gate2017-2  theory-of-computation  Ffinite-automata

Grammar (1)
Grammar: GATE2008-51

https://gateoverflow.in/463 01

Match the following:

E. Checking that identifiers are declared before their use P. L= {a"b"c"d™|n >1,m>1}

F.  Number of formal parameters in the declaration of a Q. X — XbX | XcX |dXf|g
function agrees with the number of actual parameters

in a use of that function

G. Arithmetic expressions with matched pairs of R. L ={wew|w € (a|b)"}
parentheses
H. Palindromes S. X — bXb| cXc |e
A. E-P,F-R, G-Q, H-S B. E-R, F-P, G-S, H-Q
C. E-R,F-P,G-Q,H-S D. E-P,F-R, G-S,H-Q

gate2008 normal theory-of-computation  grammar

Identify Class Language (34)

Identify Class Language: GATE1987-1-xiii

https://gateoverflow.in/80293 §O1N10O]
FORTRAN is a: Ok

A. Regular language. B. Context-free language.
C. Context-senstive language. D. None of the above.

gate1987  theory-of-computation  identify-class-language
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A ={}, then  this statemant will true as {} intersection with B  is regular.
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Identify Class Language: GATE1988-2ix

https://gateoverflow.in/93949 EEEI:E |
What is the type of the language L, where L = {a"b" | 0 < n < 327-th prime number} %ﬁ

gate1988 normal descriptive  algorithms  theory-of-computation identify-class-language

Identify Class Language: GATE1991-17,a

https://gateoverflow.in/26653 §O}=110]

]
Show that the Turing machines, which have a read only input tape and constant size work tape, recognize precisely the E.L 1
class of regular languages.

gate1991  theory-of-computation  descriptive  identify-class-language

Identify Class Language: GATE1994-19

https://gateoverflow.in/2515
(a) Given a set:

S = {x | thereisan x-block of 5’s in the decimal expansion of 7}

(Note: z-block is a maximal block of x successive 5's)
Which of the following statements is true with respect to S? No reason to be given for the answer.

i. §isregular
ii. S is recursively enumerable

iii. .S is not recursively enumerable
iv. S is recursive

(b) Given that a language L is regular and and that the language L; U L, is regular, is the language L, always regular? Prove
your answer.

gate1994  theory-of-computation identify-class-language  normal

Identify Class Language: GATE1999-2.4

2

https://gateoverflow.in/1482 Ok =10
Multiple choices may be correct:

If L1 is context free language and L2 is a regular language which of the following is/are false?

A. L1 — L2 is not context free B. L1N L2 is context free
C. ~ L1 is context free D. ~ L2 isregular

gate1999  theory-of-computation  identify-class-language  normal

Identify Class Language: GATE2000-1.5

https://gateoverflow.in/628
Let L denote the languages generated by the grammar .S — 050 | 00. [=:
Which of the following is TRUE?
A. L=0"
C. L is context free but not regular

gate2000 theory-of-computation  easy

B. L is regular but not 0"

D. L is not context free
identify-class-language

Identify Class Language: GATE2002-1.7

https://gateoverflow.in/811 JOK 0]
The language accepted by a Pushdown Automaton in which the stack is limited to 10 items is best described as [=l:

A. Context free

B. Regular
C. Deterministic Context free

D. Recursive

gate2002  theory-of-computation easy identify-class-language

Identify Class Language: GATE2004-87

https://gateoverflow.in/1081 |E|_ﬁ|I [=]

1 ]
The language {a™b"c™" | m,n > 1} is Opdc
A. regular B. context-free but not regular

C. context-sensitive but not context free D. type-0 but not context sensitive

gate2004  theory-of-computation normal identify-class-language
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Identify Class Language: GATE2005-55 https://gateoverflow.in/1378 §O k=0

Consider the languages:
L, ={a"V"c™ | n,m >0} and L, = {a"V"c™ | n,m > 0}
Which one of the following statements is FALSE?

otz

A. L, N L, is a context-free language
B. L; U L, is a context-free language

C. L, and L, are context-free languages
D

. L; N L, is a context sensitive language

gate2005 theory-of-computation  identify-class-language  normal

Identify Class Language: GATE2005-1T-4

https://gateoverflow.in/3748

Let L be a regular language and M be a context-free language, both over the alphabet 3. Let L® and M° denote the [&]
complements of L and M respectively. Which of the following statements about the language L U M€ is TRUE?

A. It is necessarily regular but not
necessarily context-free.
C. It is necessarily non-regular.

B. It is necessarily context-free.

D. None of the above

gate2005-it  theory-of-computation  normal identify-class-language

Identify Class Language: GATE2005-1T-6

https://gateoverflow.in/3751 EE@} E}

S

The language {0"1"2" | 1 < n < 10°} is

A. regular
C. context-free but its complement is not
context-free

B. context-free but not regular
D. not context-free

gate2005-it  theory-of-computation easy identify-class-language

Identify Class Language: GATE2006-30

For s € (04 1)* let d(s) denote the decimal value of s (e.g. d(101) =5 ). Let

L={sc(0+1)" |d(s)mod5 =2andd(s) mod 7 # 4}

Which one of the following statements is true?

A. L is recursively enumerable, but not recursive

B. L is recursive, but not context-free
C. L is context-free, but not regular

D. L isregular

gate2006  theory-of-computation normal identify-class-language
Identify Class Language: GATE2006-33

https://gateoverflow.in/996 §O}¢10]
x r]
Let Ly be a regular language, L, be a deterministic context-free language and L3 a recursively enumerable, but not E A
recursive, language. Which one of the following statements is false?

A. L; N L, is adeterministic CFL

B. L3 N L; isrecursive

C. Ly UL, is context free

D. L; N Ly, N Ly is recursively enumerable

gate2006  theory-of-computation normal identify-class-language

Identify Class Language: GATE2007-30

https://gateoverflow.in/1228 OOk

The language L = {0°21° | i > 0} over the alphabet {0,1,2} is:

A. not recursive B. is recursive and is a deterministic CFL

C. is aregular language D. is not a deterministic CFL but a CFL

gate2007  theory-of-computation normal identify-class-language
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Identify Class Language: GATE2008-9

https://gateoverflow.in/407 [=]
Which of the following is true for the language %

{a® | pisa prime }?

It is not accepted by a Turing Machine
It is regular but not context-free
It is context-free but not regular

It is neither regular nor context-free, but accepted by a Turing machine

Sow>

gate2008  theory-of-computation easy identify-class-language

Identify Class Language: GATE2008-1T-33 https://gateoverflow.in/3343

Consider the following languages. =
o Ly ={a'bc*|i=j,k>1}
o L, ={a'¥ | j=2i,i >0}

Which of the following is true?

A. L, isnota CFL but L, is

B. L, N Ly, = & and L, is non-regular

C. L, UL, isnota CFL but L, is

D. There is a 4-state PDA that accepts L, but there is no DPDA that accepts L.

gate2008-it  theory-of-computation normal identify-class-language

Identify Class Language: GATE2009-40 https://gateoverflow.in/1326 §Ok {0

Let L = L; N Ly, where L; and L, are languages as defined below: [=
L, ={a™b™ca™t" | m,n > 0}
L, ={d'¥ic" | 4,5,k >0}

Then L is
A. Not recursive B. Regular
C. Context free but not regular D. Recursively enumerable but not

context free.

gate2009  theory-of-computation easy identify-class-language

Identify Class Language: GATE2010-40

Consider the languages
L1= {0V |i#j},
L2 ={0'1 |i=j},
L3={0i17 |i=2j+1},
L4 ={0°17 | i # 25}

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
gate2010  theory-of-computation  context-free-l identify-class-l normal

Identify Class Language: GATE2011-26

https://gateoverflow.in/2128
Consider the languages L1, L2 and L3 as given below.

L1 ={0°19 | p,q € N},L2 ={0¢1% | p,q € N and p = q} andL3 = {0°190" | p,q,7 € Nandp=gq =r}.
Which of the following statements is NOT TRUE?

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

© Copyright GATE Overflow. All rights reserved.
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B. L1 is aregular language
C. All the three languages are context free
D. Turing machines can be used to recognize all the languages

gate2011  theory-of-computation  identify-class-language  normal

Identify Class Language: GATE2013-32

https://gateoverflow.in/1543 §Ok =10
. . i
Consider the following languages. =

L, ={0°190" | p,q,r > 0}

L, = {Oplqor | p,g,r > 0,p # ’I'}

Which one of the following statements is FALSE?

A. Ly is context-free. B. L; N Ly is context-free.

C. Complement of Ly is recursive. D. Complement of L is context-free but not regular.

gate2013  theory-of-computation  identify-class-language  normal

Identify Class Language: GATE2014-3-36

https://gateoverflow.in/2070 §O0} E|
Consider the following languages over the alphabet »_ = {0,1,c} %
L, ={0"1" |n >0}
L, = {wew" |w e {0,1}*}
Ly ={wuw" |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 Ly
C. Only L1 and L2 D. All the three languages

gate2014-3  theory-of-computation  identify-class-language  context-free-language  normal

Identify Class Language: GATE2017-1-37

https://gateoverflow.in/118320

Consider the context-free grammars over the alphabet {a,b,c} given below. S and T are non-terminals.
Gy:S—aSb|T, T —cT |e

Gy:S—=bSa|T, T —cT|e

The language L (G;) N L(G,) is

A. Finite B. Not finite but regular

C. Context-Free but not regular D. Recursive but not context-free

gate2017-1  theory-of-computation  context-free-language  identify-class-language  normal

Identify Class Language: GATE2017-2-40

https://gateoverflow.in/118615

Consider the following languages.

L, = {a? | pis a prime number}
L, = {a"t"c*™ | n > 0,m > 0}
Ly = {a"bt"c¢* | n >0}

Ly ={a"b" |n>1}

Which of the following are CORRECT?

I. L, is context free but not regular
II. L, is not context free
ITII. Ls is not context free but recursive
IV. L, is deterministic context free

A. I,ITand IV only B. II and III only C. Tand IV only D. I and IV only

gate2017-2  theory-of-computation  identify-class-language
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Identify Class Language: GATE2018-35 https://gateoverflow.in/204109 JOl-:N O} |
Consider the following languages: EEY

L {a™V"cPd? | m + p =n+ q, where m,n,p,q > 0}

I. {a™V"cPd? | m =nand p = q, where m,n,p,q > 0}
L. {a™b*cPd? | m =n = pand p # q, where m,n,p,q > 0}
Iv. {a™b"c?d? | mn = p + q, where m,n,p,q > 0}

Which of the above languages are context-free?

A. Tand IV only B. Tand Il only C. II and III only D. ITand IV only

gate2018  theory-of-computation identify-class-language  context-free-language  normal

Identify Class Language: TIFR2010-B-22 https://gateoverfiow.in/18622 §O}. 1400
r]
E%:

Let L consist of all binary strings beginning with a 1 such that its value when converted to decimal is divisible by 5.
Which of the following is true?

L can be recognized by a deterministic finite state automaton.

L can be recognized by a non-deterministic finite state automaton but not by a deterministic finite state automaton.
L can be recognized by a deterministic push-down automaton but not by a non-deterministic finite state automaton.
L can be recognized by a non-deterministic push-down automaton but not by a deterministic push-down automaton.
L cannot be recognized by any push-down automaton.

moOO®m>

tifr2010  theory-of-computation  identify-class-language

Identify Class Language: TIFR2010-B-35 https://gateoverflow.in/19247 §OEE 0]
]
Consider the following languages over the alphabet {0,1}. Ok
L1={z.2" |z {0,1}"}
L2={z.z|zc{0,1}"}
Where 7 is the reverse of string x; e.g. 011% = 110. Which of the following is true?

Both L1 and L2 are regular.

L1 is context-free but not regular where as L2 is regualr.
Both L1 and L2 are context free and neither is regular.
L1 is context free but L2 is not context free.

Both L1 and L2 are not context free.

moOO®m>

tifr2010  theory-of-computation  identify-class-language

Identify Class Language: TIFR2012-B-18 https://gateoverfiow.in/25216

Leta’ denote a sequence @.a...a withi letters and let X be the set of natural numbers 1,2,.... Let [
L ={d'¥’ |ieX} and L, = {aibi2 |ie N} be two languages. Which of the following is correct?

A. Both L, and L, are context-free languages.

B. L, is context-free and L, is recursive but not context-free.
C. Both L; and L, are recursive but not context-free.

D. L, isregular and L, is context-free.

E. Complement of L, is context-free.

tifr2012  theory-of-computation  identify-class-language

Identify Class Language: TIFR2014-B-13 https://gateoverflow.in/27320 E%E
9 ]

LetL be a given context-free language over the alphabet {a,b}. Construct L;,L, as follows. Let [z
Li=L—{zyz |z,y € {a,b}"} ,and Ly = L - L. Then,

A. Both L; and L, are regular.
B. Both L; and L, are context free but not necessarily regular.

© Copyright GATE Overflow. All rights reserved.
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C. L, is regular and L, is context free.
D. L, and L, both may not be context free.
E. L, is regular but L, may not be context free.

tifr2014  theory-of-computation  identify-class-language

Identify Class Language: TIFR2015-B-8

https://gateoverflow.in/29865 {1k §101]
Let >, = {a} be a one letter alphabet and ), = {a,b} be a two letter alphabet. A language over an alphabet is a set %‘-%
of finite length words comprising letters of the alphabet. Let L, and L, be the set of languages over ), and ),
respectively. Which of the following is true about L; and L,:

A. Both are finite.
C. L is countable but Ly is not.
E. Neither of them is countable.

tifr2015  identify-class-language

B. Both are countably infinite.
D. Ls is countable but L is not.

Identify Class Language: TIFR2017-B-14

https://gateoverflow.in/95825 {01 E_!
Consider the following grammar G with terminals {[,]}, start symbol S, and non-terminals {4, B,C} : %%
S— AC|SS| AB
C— SB
A—|
B —]

A language L is called prefix-closed if for every x € L, every prefix of x is also in L. Which of the following is FALSE?

A. L(G) is context free B. L(G) is infinite

C. L(G) can be recognized by a deterministic push down automatbh L(G) is prefix-closed
E. L(G) is recursive

tifr2017  theory-of-computation  identify-class-language

Identify Class Language: TIFR2017-B-4

https://gateoverflow.in/95680 §O}:3101]

1 2

Let L be the language over the alphabet {1,2,3,(,)} generated by the following grammar (with start symbol S, and %
non-terminals {4, B,C}):

S—+ABCA— (B—1B|2B|3BB—1|2|3C—)
Then, which of the following is TRUE?

A. Lis finite
C. Lisregular
E. L is context-free but not regular

B. L is not recursively enumerable
D. L contains only strings of even length

tifr2017  theory-of-computation  identify-class-language

Identify Class Language: TIFR2018-B-11

https://gateoverflow.in/179295 §O}<4 10|
s
Consider the language L C {a,b,c} " defined as EH

L={a’¥c":p=q or q=r or r=p}.
Which of the following answer is TRUE about complexity of this language?

L is regular but not context-free
L is context-free but not regular
L is decidable but not context free

The complement of L, defined as L = {a,b,c}* /L, is regular.
L is regular, context-free and decidable

mo 0w

tifr2018  identify-class-language  theory-of-computation
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Identify Class Language: TIFR2018-B-14 https://gateoverflow.in/179298 Ok {00}

Defificmtiemmanguage INFINITE pry = {(A4) | Aisa DFA and L(A) is an infinite language}, fieEe (A) %i' 1
denotes the description of the deterministic finite automata (DFA).Then which of the following about INFINITE - 4
is TRUE:

tifr2018  identify-class-language

Identify Class Language: TIFR2019-B-10 https://gateoverflow.in/280485 §Okt {01}
]
Y
Let the language D be defined in the binary alphabet {0,1} as follows: OESLE

D :={w e {0,1}* | substrings 01 and 10 occur an equal number of times in w}
For example , 101 € D while 1010 ¢ D. Which of the following must be TRUE of the language D ?

A. D isregular B. D is context-free but not regular
C. D is decidable but not context-free D. D is decidable but not in NP
E. D is undecidable

tifr2019  theory-of-computation  identify-class-language

Minimal State Automata (25)

Minimal State Automata: GATE1987-2j https://gateoverflow.in/80594 §OFk101]
r =
E%:

State whether the following statements are TRUE or FALSE:

A minimal DFA that is equivalent to an NDFA with 1 nodes has always 2" states.

gate1987  theory-of-computation  finite-automata  minimal-state-automata

Minimal State Automata: GATE1996-2.23

Input
0 1
Present State | A D,0 B,1
B AQ C,1
C AQ B,1
D Al C,1
Next state, Output

A 4 B. 3 C. 2 D. 1

gate1996  theory-of-computation normal Ffinite-automata  minimal-state-automata

Minimal State Automata: GATE1997-20 https://gateoverflow.in/2280 E""':E =]

[
Construct a finite state machine with minimum number of states, accepting all strings over (a,b) such that the number @]
of a's is divisible by two and the number of b's is divisible by three.

gate1997  theory-of-computation  finite-automata normal  minimal-state-automata

Minimal State Automata: GATE1997-70 https://gateoverflow.in/19700 §O}3400]
]
El:-?ﬁ.:

Following is a state table for time finite state machine.
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Present State | Next State Output
Input- 0 Input-1
A B.1 H.1
B F.1 D.1
C D.0 E.1l
D C.0 F.1
E D.1 C1
F C.1 C1
G C1 D.1
H C.0 Al

A. Find the equivalence partition on the states of the machine.

B. Give the state table for the minimal machine. (Use appropriate names for the equivalent states. For example if states X and
Y are equivalent then use XY as the name for the equivalent state in the minimal machine).

gate1997  theory-of-computation  minimal-state-automata

. . . .. I:
Let L be the set of all binary strings whose last two symbols are the same. The number of states in the minimal state [a]

deterministic finite state automaton accepting L is

Minimal State Automata: GATE1998-2.5 https://gateoverflow.in/1677 §O k=01

A 2 B. 5 C. 8 D. 3

gate1998  theory-of-computation  finite-automata normal  minimal-state-automata

Minimal State Automata: GATE1998-4 https://gateoverflow.in/1695 §Ok*=10|

Design a deterministic finite state automaton (using minimum number of states) that recognizes the following language: [&]

L={we{0,1}* |w interpreted as binary number (ignoring the leading zeros) is divisible by five }.

gate1998  theory-of-computation  finite-automata normal  minimal-state-automata

Minimal State Automata: GATE1999-1.4 https://gateoverflow.in/1458

Consider the regular expression (0 + 1)(0+1)... N times. The minimum state finite automaton that recognizes the fa]
language represented by this regular expression contains

A. m states B. n+ 1 states C. n+ 2 states D. None of the above

gate1999  theory-of-computation  finite-automata easy  minimal-state-automata

Minimal State Automata: GATE2001-1.6 https://gateoverflow.in/699

:I'-E_

Given an arbitrary non-deterministic finite automaton (NFA) with IV states, the maximum number of states in an [a]
equivalent minimized DFA at least

A. N? B. 2V C. 2N D. N!

gate2001  finite-automata  theory-of-computation easy  minimal-state-automata

Minimal State Automata: GATE2001-2.5 https://gateoverflow.in/723

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

A 8 B. 14 C. 15 D. 48

gate2001  theory-of-computation  finite-automata  minimal-state-automata
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Minimal State Automata: GATE2002-2.13

https://gateoverflow.in/843
The smallest finite automaton which accepts the language {| length of @ is divisible by 3} has

A. 2 states B. 3 states C. 4 states D. 5 states
gate2002  theory-of-computation

normal  finite-automata  minimal-state-automata

Minimal State Automata: GATE2006-34

Consider the regular language L = (111 4 11111)*. The minimum number of states in any DFA accepting this []§
languages is:

A3 B. 5 C. 8 D. 9

gate2006  theory-of-computation minimal-state-automata

finite-automata  normal

Minimal State Automata: GATE2007-29

https://gateoverflow.in/1227 §O1H101]
]
A minimum state deterministic finite automaton accepting the language mELE

L={w|we{0,1}*, number of Os and 1s in w are divisible by 3 and 5, respectively } has

A. 15 states B. 11 states C. 10 states D. 9 states
gate2007  theory-of-computation

finite-automata  normal  minimal-state-automata

Minimal State Automata: GATE2007-75

https://gateoverflow.in/43514 E E
Consider the following Finite State Automaton: O]

The minimum state automaton equivalent to the above FSA has the following number of states:

Al B. 2 C. 3 D. 4

normal  gate2007  theory-of-computation  finite-automata  minimal-state-automata

Minimal State Automata: GATE2008-1T-6

https://gateoverflow.in/3266 Ok

[=]
Let IV be an NFA with n states and let M be the minimized DFA with m states recognizing the same language. Which E| el
of the following in NECESSARILY true?

A m<2 .n<

C. M has one accept state

gate2008-it  theory-of-computation  finite-automata normal  minimal-state-automata

Minimal State Automata: GATE2010-41

https://gateoverflow.in/2342

Let w be any string of length 7 in {0,1}*. Let L be the set of all substrings of w. What is the minimum number of E| 0%
states in non-deterministic finite automation that accepts L?

A n—1 B. n C.n+1 D. 271
gate2010  theory-of-computation

finite-automata  normal  minimal-state-automata

Minimal State Automata: GATE2011-42

https://gateoverflow.in/2144
Definition of a language L with alphabet {a} is given as following.

L={a" | k>0, and nisa positive integer constant }
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What is the minimum number of states needed in a DFA to recognize L?

A k+1 B. n+1 C. ot D. 2kt

gate2011  theory-of-computation  finite-automata normal  minimal-state-automata

Minimal State Automata: GATE2011-45

https://gateoverflow.in/2147 §Ok 210
A deterministic finite automaton (DFA) D with alphabet 3 = {a,b} is given below. %

e
? 9

Which of the following finite state machines is a valid minimal DF A which accepts the same languages as D?

A. B. C.

ROTIOSIG . & @ac%—g; b

gate2011  theory-of-computation  finite-automata easy  minimal-state-automata

Minimal State Automata: GATE2015-1-52

b . a a '.
M: N @

a

Consider the DFAs M and N given above. The number of states in a minimal DFA that accept the language L(M) N L(N)
is .

gate2015-1  theory-of-computation  finite-automata easy numerical-answers  minimal-state-automata

Minimal State Automata: GATE2015-2-53

https://gateoverflow.in/8256

The number of states in the minimal deterministic finite automaton corresponding to the regular expression [&]Zeks

0+1)(10)is

gate2015-2  theory-of-computation  finite-automata normal  numerical-answers  minimal-state-automata

Minimal State Automata: GATE2015-3-18

https://gateoverflow.in/8415

Let L be the language represented by the regular expression %*0011%* where 3 = {0,1} . What is the minimum [a], %~
number of states in a DFA that recognizes L (complement of L)?

A4 B. 5 C. 6 D. 8

gate2015-3  theory-of-computation  finite-automata normal  minimal-state-automata

Minimal State Automata: GATE2016-2-16

https://gateoverflow.in/39562 E [=]
The number of states in the minimum sized DFA that accepts the language defined by the regular expression. %
(0+1)*(0+1)(0+1)*

is
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gate2016-2  theory-of-computation  finite-automata normal numerical-answers  minimal-state-automata

Minimal State Automata: GATE2017-1-22 https://gateoverflow.in/118302 E%E
T =

Consider the language L given by the regular expression (a + b)*b(a + b) over the alphabet {a,b}. The smallest [a] ¥
number of states needed in a deterministic finite-state automaton (DFA) accepting L is .

gate2017-1  theory-of-computation  finite-automata  numerical-answers  minimal-state-automata

Minimal State Automata: GATE2017-2-25 https://gateoverfiow.in/118160 JO}-4 10}

T ]

The minimum possible number of states of a deterministic finite automaton that accepts the regular language L = { m]a:3#!
wyaw, | wy,wy € {a,b}" , |w| =2,|wy| >3} is

theory-of-computation  gate2017-2  finite-automata  numerical-answers ~ minimal-state-automata

Minimal State Automata: GATE2018-6 https://gateoverflow.in/204080 %
2
[=;.

Let N be an NFA with n states. Let k be the number of states of a minimal DFA which is equivalent to /N. Which one i
of the following is necessarily true?

A k> B.k>n C. k<n? D. k<"

gate2018  theory-of-computation  minimal-state-automata  normal

Minimal State Automata: GATE2019-48 https://gateoverflow.in/302800 OO} == 0|
E%

et S beniensemonanbijecHonsaom {1,...,5) @ {l,...,5}
id(j) = j, Ve o denofMICOMPOSIHONMONINNCHORSMMECTINANISHINg © = .7, ... T, € X",n > 0 Wlel
n(z) = & 02, o- - o 7, IECHSMEHENANENAEE L = {z € =* | n(z) = id}
accepting Lis

Total number of bijection function = 5!
Gate2019Mnumericalsanswersitheory-of-computation  finite-automata  minimal-state-automata =120, so total states is 120

Non Determinism (7)

Non Determinism: GATE1992-02,xx

https://gateoverflow.in/577

02. Choose the correct alternatives (more than one may be correct) and write the corresponding letters only: [=]F

In which of the cases stated below is the following statement true?

"For every non-deterministic machine M, there exists an equivalent deterministic machine M, recognizing the same
language".

A. M, is non-deterministic finite automaton.

B. M, is non-deterministic PDA.

C. M, is a non-deteministic Turing machine.

D. For no machines M; and M,, the above statement true.

gate1992  theory-of-computation easy non-determinism

Non Determinism: GATE1994-1.16 https://gateoverflow.in/2459

Q:e_ A0
=
AeziE

Which of the following conversions is not possible (algorithmically)?

A. Regular grammar to context free grammar
B. Non-deterministic FSA to deterministic FSA
C. Non-deterministic PDA to deterministic PDA

D. Non-deterministic Turing machine to deterministic Turing machine

gate1994  theory-of-computation easy non-determinism
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Non Determinism: GATE1998-1.11 2 ] |

Regarding the power of recognition of languages, which of the following statements is false?

A. The non-deterministic finite-state automata are equivalent to deterministic finite-state automata.
B. Non-deterministic Push-down automata are equivalent to deterministic Push-down automata.

C. Non-deterministic Turing machines are equivalent to deterministic Push-down automata.

D. Non-deterministic Turing machines are equivalent to deterministic Turing machines.
E

. Multi-tape Turing machines are available are equivalent to Single-tape Turing machines.

gate1998  theory-of-computation easy non-determinism

Non Determinism: GATE2004-1T-9 https:/gateoverflow.in/3650 §O1k,=101]
Which one of the following statements is FALSE? %

A. There exist context-free languages such that all the context-free grammars generating them are ambiguous
An unambiguous context-free grammar always has a unique parse tree for each string of the language generated by it

B.
C. Both deterministic and non-deterministic pushdown automata always accept the same set of languages
D.

A finite set of string from some alphabet is always a regular language

gate2004-it  theory-of-computation easy non-determinism

Non Determinism: GATE2005-54 https://gateoverflow.in/1377 [=]

Let Ny and N, denote the classes of languages accepted by non-deterministic finite automata and non-deterministic a]
push-down automata, respectively. Let Dy and D,, denote the classes of languages accepted by deterministic finite
automata and deterministic push-down automata respectively. Which one of the following is TRUE?

A. DfCNfandeCNp B. DfCNfande:Np

C. Df:Nfande:Np D. Df:NfandeCNp

gate2005 theory-of-computation easy non-determinism

Non Determinism: GATE2009-16, ISRO2017-12 https://gateoverflow.in/1308

Which one of the following is FALSE?

A. There is a unique minimal DFA for every regular language
B. Every NFA can be converted to an equivalent PDA.

C. Complement of every context-free language is recursive.
D

. Every nondeterministic PDA can be converted to an equivalent deterministic PDA.

gate2009  theory-of-computation easy isro2017  non-determinism

Non Determinism: GATE2011-8 https://gateoverflow.in/2110

Which of the following pairs have DIFFERENT expressive power? [Of!

Deterministic finite automata (DFA) and Non-deterministic finite automata (NFA)

Deterministic push down automata (DPDA) and Non-deterministic push down automata (NPDA)
Deterministic single tape Turing machine and Non-deterministic single tape Turing machine
Single tape Turing machine and multi-tape Turing machine

Oowm>

gate2011  theory-of-computation easy non-determinism

P Np Npc Nph (5)

P Np Npc Nph: GATE2005-58 https://gateoverflow.in/1381 §OEX10]
E%

Consider the following two problems on undirected graphs:
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e a: Given G(V,E), does G have an independent set of size [V| - 4?
e (3: Given G(V,E), does G have an independent set of size 5?

Which one of the following is TRUE?

A. aisin P and 3 is NP-complete B. a is NP-complete and (3 is in P
C. Both o and 8 are NP-complete D. Both a and 3 are in P

gate2005 theory-of-computation  p-np-npc-nph  normal

P Np Npc Nph: GATE2006-31 https://gateoverflow.in/994 Eggm

Let SHAM3 be the problem of finding a Hamiltonian cycle in a graph G = (V,E) with |V| divisible by 3 and )%

DHAM3 be the problem of determining if a Hamiltonian cycle exists in such graphs. Which one of the following is
true?

A. Both DHAMj3 and SHAM3 are NP-hard
B. SHAMj; is NP-hard, but DHAM3 is not
C. DHAMg3; is NP-hard, but SHAM 3 is not
D. Neither DHAMj3 nor SHAM3 is NP-hard

gate2006  theory-of-computation  p-np-npc-nph  normal

P Np Npc Nph: GATE2009-14 https://gateoverflow.in/1306 §Ok=101]
Let 4 be a problem that belongs to the class NP. Then which one of the following is TRUE? =

A. There is no polynomial time algorithm for 7 4.

B. If w4 can be solved deterministically in polynomial time, then P = NP.
C. If my is NP-hard, then it is NP-complete.

D. m4 may be undecidable.

gate2009  theory-of-computation  p-np-npc-nph

P Np Npc Nph: GATE2012-4 https:/gateoverflow.in/36 {01 E
Assuming P 7 N P, which of the following is TRUE? E@

A. NP — complete = NP B. NP —completeN P = ¢
C. NP—hard=NP D. P = NP — complete

gate2012  theory-of-computation  p-np-npc-nph

P Np Npc Nph: GATE2013-18 https://gateoverflow.in/1440 E =
Which of the following statements are TRUE? iﬁ%
1. The problem of determining whether there exists a cycle in an undirected graph is in P.

2. The problem of determining whether there exists a cycle in an undirected graph is in N P.
3. Ifaproblem A is NP — Complete, there exists a non-deterministic polynomial time algorithm to solve A

A. 1,2and 3 B. 1and 2 only
C. 2and 3 only D. 1and 3 only

gate2013  theory-of-computation  p-np-npc-nph  normal

Pumping Lemma (2)

Pumping Lemma: GATE2005-1T-40 https:/gateoverflow.in/3787 01} 101]

A language L satisfies the Pumping Lemma for regular languages, and also the Pumping Lemma for context-free [u]H¥:
languages. Which of the following statements about L is TRUE?

A. L isnecessarily a regular language.

B. L is necessarily a context-free language, but not necessarily a regular language.
C. L is necessarily a non-regular language.
D. None of the above
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gate2005-it  theory-of-computation  pumping-lemma easy

Pumping Lemma: GATE2019-15 https://gateoverflow.in/302833 JObr={ 00|

B6i % = {a, b} iEHUSCORSIISTMENeEuamENENage L = {z | = = o orz = b"'% k> 0} IWCHIONEIONME [
following can be a pumping length (the constant guaranteed by the pumping lemma) for L ?

A3 B. 5 C.9 D. 24

gate2019  theory-of-computation  pumping-lemma

Pushdown Automata (12)

Pushdown Automata: GATE1996-13 https://gateoverflow.in/2765 Elgm

[
Let Q@ = ({¢1,9:},{a,b},{a,b,1},5,1,$) be apushdown automaton accepting by empty stack for the language [a]
which is the set of all nonempty even palindromes over the set {a,b}. Below is an incomplete specification of the
transitions §. Complete the specification. The top of the stack is assumed to be at the right end of the string representing stack
contents.

1. 6(q17 J—) {(qh J_Cl,)}
2. 6((]1, J—) {(qla J—b)}
&6@htn=ﬂ%ﬂ®}
4. 6(‘11’ a) = {(qlvab)}
5. 5(q17 b) = {(qlaba’)}
6. 5(q17 b) = {(qlabb)}
7. 6(q1,a,a) ={(...,...
8. 3(@,0,0) = {(-+,...)}
9‘ 6(‘127 a) = {(q276)}
10. 8(a>,b,b) = {(¢2,€)}
11 6(‘12’ ) {(‘h,e)}

gate1996  theory-of-computation  pushdown-automata  normal

Pushdown Automata: GATE1997-6.6 https://gateoverflow.in/2262 JO1 k=10
Which of the following languages over {a,b,c} is accepted by a deterministic pushdown automata? E%
A. {wew® | w e {a,b}"} B. {ww® | w e {a,b,c}*}

C. {a""c" | n >0} D. {w | wis a palindrome over {a,b,c}}

Note: w? is the string obtained by reversing 'w’.

gate1997  theory-of-computation  pushdown-automata easy

Pushdown Automata: GATE1998-13 https://gateoverflow.in/1727
Let M = ({0, },{0,1},{20,X},0,90,20,¢) be a Pushdown automation where d is given by [OFds A
6(0,1,20) = {(q0, X2)}
(90, €, 20) = {(20,€)}
6(90,1, X) = {(g0, X X)}
6(q1,1,X) = {(q1,€)}
6(40,0,X) = {(q1, X)}
5(‘10,0 ) = {(90,20)}

a. What is the language accepted by this PDA by empty stack?
b. Describe informally the working of the PDA

gate1998  theory-of-computation  pushdown-automata  descriptive
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Pushdown Automata: GATE1999-1.6

https://gateoverflow.in/377

Let L, be the set of all languages accepted by a PDA by final state and L, the set of all languages accepted by empty [=]
stack. Which of the following is true?

A L1 =1y B. In D Lo
C. L1 C Ly D. None

normal  theory-of-computation  gate1999  pushdown-automata

Pushdown Automata: GATE2000-8 https://gateoverflow.in/679 OO0
e
[=]

A push down automation (pda) is given in the following extended notation of finite state diagram:

qg_/

1.s/1s 1,1s/s

The nodes denote the states while the edges denote the moves of the pda. The edge labels are of the form d, s/s’ where d is the
input symbol read and s, 8 are the stack contents before and after the move. For example the edge labeled 1,s/1.s denotes the
move from state gq to go in which the input symbol 1 is read and pushed to the stack.

A. Introduce two edges with appropriate labels in the above diagram so that the resulting pda accepts the language
{x22" | € {0,1}",2" denotes reverse of x} , by empty stack.

B. Describe a non-deterministic pda with three states in the above notation that accept the language {0"1™ | n < m < 2n}
by empty stack

gate2000 theory-of-computation  descriptive  pushdown-automata

Pushdown Automata: GATE2001-6 https://gateoverflow.in/747 EE'-%E

Give a deterministic PDA for the language L = {a"cb™ |n > 1} over the alphabet ¥ = {a,b,c} . Specify the [j:
acceptance state.

gate2001  theory-of-computation normal pushdown-automata

Let M = (K,%,T,A,s,F) be apushdown automaton, where
K={(s,f),F={f},X={a,b},T={a} and
A ={((s,a,€),(s,a)), ((s,b,€),(s,a)),((s,a,0a), (f€)), ((f,a,a),(f,€)), (f, b, a), (f,€))}

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

Pushdown Automata: GATE2004-1T-40 https://gateoverflow.in/3683 O 4|01
E%

A. aaa B. aabab C. baaba D. bab

gate2004-it  theory-of-computation  pushdown-automata  normal

Pushdown Automata: GATE2005-1T-38 https://gateoverflow.in/3785 §Ok=101]
E%

Let P be a non-deterministic push-down automaton (NPDA) with exactly one state, g, and exactly one symbol, Z, in I

its stack alphabet. State g 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 state. Let N(P) be the language accepted by the PDA by reading a
string and emptying its stack.

Which of the following statements is TRUE?

A. L(P) is necessarily X* but N (P) is not necessarily X*.
B. N(P) is necessarily ¥* but L(P) is not necessarily 3*.
C. Both L(P) and N(P) are necessarily X*.

D. Neither L(P) nor N(P) are necessarily X*

gate2005-it  theory-of-computation  pushdown-automata  normal
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Pushdown Automata: GATE2006-1T-31 https://gateoverflow.in/3570 §Oky=10| |
i

Which of the following languages is accepted by a non-deterministic pushdown automaton (PDA) but NOT by a E‘%
deterministic PDA?
A. {a"b"c" | n >0} B. {a'b™c" |1 # morm # n}
C. {a™" |n >0} D. {a™V" | m,n > 0}
gate2006-it  theory-of-computation  pushdown-automata  normal

Pushdown Automata: GATE2006-1T-33 https://gateoverflow.in/3572 §Ok =10
Consider the pushdown automaton (PDA) below which runs over the input alphabet (a, b, ¢) . It has the stack alphabet %

{Zy, X} where Z; is the bottom-of-stack marker. The set of states of the PDA is (s,t,u, f} where s is the start state

and f is the final state. The PDA accepts by final state. The transitions of the PDA given below are depicted in a standard
manner. For example, the transition (s,b, X) — (¢, XZ,) means that if the PDA is in state s and the symbol on the top of the

stack is X, then it can read b from the input and move to state ¢ after popping the top of stack and pushing the symbols Z; and

X (in that order) on the stack.

(s,a,Zy) — (s, XXZ)
s,€ ZO) — (f,¢€)

(s,

(s,

(sz) (t €)

(t,b,X) = (t,€)

(t,c, X) — (u,€)

(u,c,X) — (u,€)
(u € ZO) - (fae)

The language accepted by the PDA is

A {dVc" | l=m=n} B. {a't"c" |1 =m}
C. {dv™c" | 2l =m+n} D. {a't™c" | m =n}

gate2006-it  theory-of-computation  pushdown-automata  normal

Pushdown Automata: GATE2015-1-51 https://gateoverflow.in/8357 Ok 2=101]
E%

Consider the NPDA

<Q = {q()aqlan}:E = {0,1},F = {0717J—}76’QO7J—7F = {QZ}>

, where (as per usual convention) @) is the set of states, X is the input alphabet, T is the stack alphabet, ¢ is the state transition
function qq is the initial state, | is the initial stack symbol, and F' is the set of accepting states. The state transition is as

follows:
1,Z =+ 12 0,12 = Z
0.Z > 0Z 1,02 —+ 2
0/1/e, Z = Z e, l—e

Which one of the following sequences must follow the string 101100 so that the overall string is accepted by the automaton?

A. 10110 B. 10010 C. 01010 D. 01001

gate2015-1  theory-of-computation  pushdown-automata  normal

Pushdown Automata: GATE2016-1-43 https://gateoverflow.in/39732 %
o ]

Consider the transition diagram of a PDA given below with input alphabet ¥ = {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

ﬁ@ b, X/e & €, Z/Z @

A. L=1{a"b" | n> 0} and is not accepted by any finite automata

Which one of the following is TRUE?
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B. L={a" |n>0}U{a"V" | n >0} and is not accepted by any deterministic PDA
C. L is not accepted by any Turing machine that halts on every input
D. L={a" |n>0}U{a"b" | n >0} and is deterministic context-free

gate2016-1  theory-of-computation  pushdown-automata  normal

Recursive And Recursively Enumerable Languages (14)

Recursive And Recursively Enumerable Languages: GATE1990-3-vi https://gateoverfiow.in/34833 O]
Choose the correct alternatives (More than one may be correct). [OE& e
Recursive languages are:

A. A proper superset of context free B. Always recognizable by pushdown
languages. automata.

C. Also called type 0 languages. D. Recognizable by Turing machines.

gate1990 normal theory-of-computation  turing-machine recursive-and-recursively- ble-l

Recursive And Recursively Enumerable Languages: GATE2003-13 https://gateoverflow.in/904 JOFT={ 00|
Nobody knows yet if P = N P. Consider the language L defined as follows. o]

I— (0+1)* ifP=NP
N ¢ otherwise

Which of the following statements is true?

A. L is recursive

B. L is recursively enumerable but not recursive

C. L is not recursively enumerable

D. Whether L is recursively enumerable or not will be known after we find out if P = NP

gate2003  theory-of-computation normal  recursi d-recursively ble-l

Recursive And Recursively Enumerable Languages: GATE2003-15 https://gateoverflow.in/120

If the strings of a language L can be effectively enumerated in lexicographic (i.e., alphabetic) order, which of the [];=
following statements is true?

A. L is necessarily finite

B. L is regular but not necessarily finite

C. L is context free but not necessarily regular
D. L is recursive but not necessarily context-free

theory-of-computation  gate2003 normal  recursive-and-recursively- ble-l

Recursive And Recursively Enumerable Languages: GATE2005-56 https://gateoverflow.in/1379

Let L; be a recursive language, and let L, be a recursively enumerable but not a recursive language. Which one of the [a]
following is TRUE?

A. L;'is recursive and L,'is recursively enumerable

B. L,'is recursive and L,'is not recursively enumerable
C. Ly'and L,' are recursively enumerable

D. L;'isrecursively enumerable and L' is recursive

gate2005  theory-of-computation  recursive-and-recursively-enumerable-l easy

Recursive And Recursively Enumerable Languages: GATE2008-13, ISRO2016-36 https:/gateoverflow.in/411

If L and L are recursively enumerable then L is

A. regular B. context-free C. context-sensitive D. recursive
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gate2008 theory-of-computation easy isr02016 recursi d-recursively ble-languages

Recursive And Recursively Enumerable Languages: GATE2008-48 https://gateoverflow.in/461 JOFT={ 00|
EI%

Which of the following statements is false?

A. Every NFA can be converted to an equivalent DFA
B. Every non-deterministic Turing machine can be converted to an equivalent deterministic Turing machine
C. Every regular language is also a context-free language

D. Every subset of a recursively enumerable set is recursive

gate2008  theory-of-computation easy recursi d-recursively-enumerable-|,

Recursive And Recursively Enumerable Languages: GATE2010-17 https://gateoverflow.in/2190 Ok

Let L; be the recursive language. Let L, and L3 be languages that are recursively enumerable but not recursive. Which [w] 2
of the following statements is not necessarily true?

A. L, — L, isrecursively enumerable.
B. L, — Ls isrecursively enumerable.
C. L, N Ly isrecursively enumerable.
D. L, U Lj isrecursively enumerable.

gate2010  theory-of-computation  recursive-and-recursively- ble-l decidability  normal

Recursive And Recursively Enumerable Languages: GATE2014-1-35 https://gateoverflow.in/1810

Let L be a language and L be its complement. Which one of the following is NOT a viable possibility? =

A. Neither L nor L is recursively enumerable (r.e.).

B. One of L and L is r.e. but not recursive; the other is not r.e.
C. Both L and L are r.e. but not recursive.

D. Both L and L are recursive.

gate2014-1  theory-of-computation easy  recursi d-recursively ble-l

Let A <,, B denotes that language A is mapping reducible (also known as many-to-one reducible) to language B.
Which one of the following is FALSE?

Recursive And Recursively Enumerable Languages: GATE2014-2-16 https://gateoverflow.in/1972 E%‘.E
=] =

A. If A <,, B and B is recursive then A is recursive.

B. If A <,, B and A is undecidable then B is undecidable.

C. If A <,, B and B is recursively enumerable then A is recursively enumerable.

D. If A <,,, B and B is not recursively enumerable then A is not recursively enumerable.

gate2014-2  theory-of-computation  recursive-and-recursively-enumerable-| normal

Recursive And Recursively Enumerable Languages: GATE2015-1-3 https://gateoverflow.in/3019

For any two languages L; and L, such that L; is context-free and L, is recursively enumerable but not recursive, [a]g%
which of the following is/are necessarily true?

I. L, (Compliment of L;) is recursive
II. L, (Compliment of L) is recursive
III. L, is context-free
IV. L; U L, is recursively enumerable

A. Tonly B. III only C. 1T and IV only D. Tand IV only

gate2015-1  theory-of-computation  recursi d-recursively ble-l. normal
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Recursive And Recursively Enumerable Languages: GATE2016-1-44 https://gateoverflow.in/39721 JO kO] |

Let X be a recursive language and Y be a recursively enumerable but not recursive language. Let W and Z be two [m]:3#

languages such that Y reduces to W, and Z reduces to X (reduction means the standard many-one reduction). Which
one of the following statements is TRUE?

A. W can be recursively enumerable and Z is recursive.
B. W can be recursive and Z is recursively enumerable.
C. W is not recursively enumerable and Z is recursive.

D. W is not recursively enumerable and Z is not recursive.

gate2016-1  theory-of-computation easy recursi d-recursively ble-languages

Recursive And Recursively Enumerable Languages: GATE2016-2-44 https://gateoverflow.in/39596

Consider the following languages. =

o L, ={(M) | M takes at least 2016 steps on some input} ,
o L, ={(M) | M takes at least 2016 steps on all inputs} and
o Ly ={(M) | M accepts e} ,

where for each Turing machine M, (M) denotes a specific encoding of M. Which one of the following is TRUE?

A. L, isrecursive and Ly, L are not recursive
B. L, isrecursive and L;, L3 are not recursive
C. L, L, are recursive and Ls is not recursive
D. L,,L,,Ls are recursive

gate2016-2  theory-of-computation  recursi d-recursively ble-l

Recursive And Recursively Enumerable Languages: TIFR2010-B-40 https://gateoverflow.in/19048 ORI
B
Of

Which of the following statement is FALSE?

All recursive sets are recursively enumerable.

The complement of every recursively enumerable sets is recursively enumerable.

Every Non-empty recursively enumerable set is the range of some totally recursive function.
All finite sets are recursive.

The complement of every recursive set is recursive.

mYQw>

tifr2010  theory-of-computation  recursi d-recursively- ble-l

Recursive And Recursively Enumerable Languages: TIFR2012-B-19 https://gateoverflow.in/25218

Which of the following statements is TRUE? O]

Every turning machine recognizable language is recursive.

The complement of every recursively enumerable language is recursively enumerable.

The complement of a recursive language is recursively enumerable.

The complement of a context-free language is context-free.

The set of turning machines which do not halt on empty input forms a recursively enumerable set.

moOn®m>

tifr2012  theory-of-computation  recursi d-recursively- ble-l

Regular Expressions (27)

Regular Expressions: GATE1987-10d https://gateoverflow.in/82455 O} 10
=

Give a regular expression over the alphabet {0, 1} to denote the set of proper non-null substrings of the string 0110. i‘j’

gate1987  theory-of-computation  regular-expressions
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Regular Expressions: GATE1991-03,xiii https://gateoverflow.in/527

Choose the correct alternatives (more than one may be correct) and write the corresponding letters only. =
Letr=1(1+0)*,s =11*0and ¢t = 1*0 be three regular expressions. Which one of the following is true?

A. L(s) C L(r) and L(s) C L(¢) B. L(r) C L(s) and L(s) C L(t)

C. L(s) C L(t) and L(s) C L(r) D. L(t) C L(s) and L(s) C L(r)

E. None of the above

gate1991  theory-of-computation  regular-expressions  normal

Regular Expressions: GATE1992-02,xvii https:/gateoverflow.in/575

Choose the correct alternatives (more than one may be correct) and write the corresponding letters only:

Which of the following regular expression identities is/are TRUE?

A ) = B. (r*s*) = (r+s)*
C.(rts) =r+s" D. r*s* =r* + s*

gate1992  theory-of-computation  regular-expressions  easy

Regular Expressions: GATE1994-2.10 https:/gateoverflow.in/2477

[z

The regular expression for the language recognized by the finite state automaton of figure is

gate1994  theory-of-computation  finite-automata  regular-expressions  easy

Regular Expressions: GATE1995-1.9 , ISRO2017-13 https://gateoverflow.in/2596 §Ok*={ 0
E%

In some programming language, an identifier is permitted to be a letter followed by any number of letters or digits. If L
and D denote the sets of letters and digits respectively, which of the following expressions defines an identifier?

A. (L+D)*" B. (L.D)* C. L(L+ D)* D. L(L.D)*

gate1995  theory-of-computation  regular-expressions easy isr02017

Regular Expressions: GATE1996-1.8 https://gateoverflow.in/2712 ;.,é}E'
H Fl
Which two of the following four regular expressions are equivalent? ( € is the empty string). E‘?ﬁ
i. (00)*(e +0)
ii. (00)*
iii. 0*
iv. 0(00)*
A. (i) and (ii) B. (ii) and (iii) C. (i) and (iii) D. (iii) and (iv)

gate1996  theory-of-computation  regular-expressions  easy

Regular Expressions: GATE1997-6.4 https:/gateoverfiow.in/2260 fO}& 00}
re -
Which one of the following regular expressions over {0,1} denotes the set of all strings not containing 100 as &
substring?
A 0°(1+0)* B. 0°1010* C. 0°1*01* D. 0*(10 + 1)*

gate1997  theory-of-computation  regular-expressions  normal

Regular Expressions: GATE1998-1.12 https://gateoverflow.in/1649

The string 1101 does not belong to the set represented by

A. 110*(0+ 1) B. 1(0+1)*101
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C. (10)*(01)* (00 + 11)* D. (00 + (11)*0)*

gate1998  theory-of-computation  regular-expressions  easy

Regular Expressions: GATE1998-1.9 https://gateoverflow.in/1646

If the regular set A is represented by A = (01 + 1)* and the regular set B is represented by B = ((01)*1*)", which [=]%3
of the following is true?

A. ACB B. BCA C. Aand B are incompardble A = B

gate1998  theory-of-computation  regular-expressions  normal

Regular Expressions: GATE1998-3b https://gateoverflow.in/2941 EI'%E'

Give a regular expression for the set of binary strings where every 0 is immediately followed by exactly k 1's and [a]
preceded by at least k 1°s (k is a fixed integer)

gate1998  theory-of-computation  regular-expressions  easy

Regular Expressions: GATE2000-1.4 https://gateoverflow.in/627 EIE-%E'

LetS andT be languages over X ={a.b} represented by the regular expressions (@ + b*)* and [
(a+ b)*, respectively. Which of the following is true?

A ScCT B.TcCS C.5=T D. SNT=¢

gate2000  theory-of-computation  regular-expressions  easy

Regular Expressions: GATE2003-14

The regular expression 0* (10*)* denotes the same set as

A. (1*0)*1* B. 0+ (0+ 10)
C. (0+1)*10(0+1)* D. None of the above

gate2003  theory-of-computation  regular-expressions  easy

Regular Expressions: GATE2004-1T-7 https://gateoverfiow.in/3648 JOk- =300
Which one of the following regular expressions is NOT equivalent to the regular expression (a + b+ ¢)* ? =
A (a* +b + ) B. (a*b*c*)*
C. ((ab)* +c*)* D. (a*b* +c*)*

gate2004-it  theory-of-computation  regular-expressions  normal

Regular Expressions: GATE2005-1T-5 https://gateoverflow.in/3749 Ol 4|0
Which of the following statements is TRUE about the regular expression 01"0? {5%

A. Ttrepresents a finite set of finite strings.

C. It represents a finite set of infinite strings.
D. It represents an infinite set of infinite strings.

gate2005-it  theory-of-computation  regular-expressions  easy

Regular Expressions: GATE2006-1T-5 https://gateoverflow.in/3544 JO1k~={ 0]
Which regular expression best describes the language accepted by the non-deterministic automaton below? g%
a,b
é I
- N 2/

A. (a+b)* ala+b)b B.
C. (a+0b)" a(a+b)* bla+b)* D. (a+b)*

gate2006-it  theory-of-computation  regular-expressions  normal
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Regular Expressions: GATE2007-1T-73 https://gateoverflow.in/3525 O {01
B
E.

Consider the regular expression R = (a + b)* (aa + bb) (a + b)*

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)*

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

. (a(ba)*(a + bb) + b(ab)* (b + aa))(a + b)*
. (a(ba)* (a + bb) + b(ad)* (b + aa))(a+ b)*

Sowp

NSNS

gate2007-it  theory-of-computation  regular-expressions  normal

Regular EXpl' essions: GATE2008-1T-5 https://gateoverflow.in/3265 O §0|
Which of the following regular expressions describes the language over {0,1} consisting of strings that contain exactly [a]d4
two 1's?
A (041)* 11(0+1)* B. 0* 110*
C. 0*10*10* D. (04+1)*1(0+1)*1(0 + 1)*

gate2008-it  theory-of-computation  regular-expressions  easy

Regular Expressions: GATE2009-15 https://gateoverflow.in/1307 §O k=00

Which one of the following languages over the alphabet {0,1} is described by the regular expression: [&]
(0+1)*0(0+1)*0(0+1)*?

A. The set of all strings containing the substring 00

B. The set of all strings containing at most two 0's

C. The set of all strings containing at least two 0's

D. The set of all strings that begin and end with either 0 or 1

gate2009  theory-of-computation  regular-expressions  easy

Regular Expressions: GATE2010-39

1s. Which one of the regular expressions below represents L?

A (0°10*1)" B. 0%(10*10*)*
C. 0%(10*1)*0* D. 0*1(10*1)*10*

gate2010  theory-of-computation  regular-expressions  normal

Regular Expressions: GATE2014-1-36 https://gateoverflow.in/1914 JO k-1 0]
Which of the regular expressions given below represent the following DFA? =
0 1
Gt o
1

I. 0*1(1 +00*1)*
II. 0°1*1+411*0*1
L (0+1)*1

A. Tand I only B. Tand III only C. II and III only D. I, T and IIT

gate2014-1  theory-of-computation  regular-expressions  finite-automata  easy

Regular Expressions: GATE2014-3-15 https://gateoverflow.in/2049 O]

The length of the shortest string NOT in the language (over X = {a,b}) of the following regular expression is [a]c48
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a*b* (ba)*a*

gate2014-3  theory-of-computation  regular-expressions  numerical-answers  easy

Regular Expressions: GATE2016-1-18 https://gateoverflow.in/39647 §O}4 10
rl

Which one of the following regular expressions represents the language: the set of all binary strings having two %
consecutive
0's and two consecutive
1's?
A. (0+1)*0011(0+1)* + (0+1)*1100(0 + 1)* B. (0+1)*(00(0+1)*11+11(0 +1)*00)(0 + 1)*
C. (0+1)*00(0+1)* +(0+1)*11(0 + 1)* D. 00(0+1)*11+11(0+ 1)*00

gate2016-1  theory-of-computation  regular-expressions  normal

Regular Expressions: TIFR2010-B-34 https://gateoverflow.in/19047 J OO
Let 7, s, be regular expressions. Which of the following identities is correct? E%
A (r+s) =r*s* B. r(s+t)=rs+t
C.(r+sy=r"+s D. (rs+7)'r=r(sr+r)*

E. (r*s)* = (rs)*

tifr2010  theory-of-computation  regular-expressions

Regular Expressions: TIFR2015-B-7 https://gateoverflow.in/29861 E‘@ﬁ
]
o
Let a,b, ¢ be regular expressions. Which of the following identities is correct? =
A (a+b) =a*b* B. a(b+c)=ab+c
C. (a+bf =a"+¥ Bl (ab+ a)*a = a(ba + a)*

E. None of the above.

tifr2015  theory-of-computation  regular-expressions

Regular Expressions: TIFR2017-B-9 https://gateoverfiow.in/95705 JOH

Which of the following regular expressions correctly accepts the set of all 0/1-strings with an even (poossibly zero) ' :

number of 1s?
A. (10*10%)* B. (0*10*1)*

C. 0*1(10*1)*10* D. 0°1(0*10*10*)*10*
E. (0°10*1)"0*

tifr2017  theory-of-computation  regular-expressions

Consider the following non-deterministic automation, where 87 is the start state and 84 is the final (accepting) state.

Regular Expressions: TIFR2018-B-2 https://gateoverflow.in/179286 JOkx {00}
. Il
Eig@
The alphabet is {a,b}. A transition with label € can be taken without consuming any symbol from the input.

Which of the following regular expressions corresponds to the language accepted by this automation ?

A. (a+b)*aba B. aba(a + b)*aba C. (a+b)aba(b+a)* D. aba(a+ b)* E. (ab)*aba

tifr2018  regular-expressions  finite-automata
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Consider the following non-deterministic automaton,where $; is the start state and 84 is the final (accepting) state. The [&]

Regular Expressions: TIFR2019-B-11 https://gateoverflow.in/280484 §Okt 100} |
]
s
alphabet is {a,b}. A transition with label € can be taken without consuming any symbol from the input.

Which of the following regular expressions correspond to the language accepted by this automaton ?

A. (a+b)*aba B. (a+b)"ba* C. (a+0b)*ba(aa)* D. (a+b)* E. (a+ b)*baa*

tifr2019  theory-of-computation  regular-expressions

Regular Grammar (3)

Regular Grammar: GATE1990-15a https://gateoverflow.in/86864 JObx=3100]
Is the language generated by the grammar G regular? If so, give a regular expression for it, else prove otherwise E%

e G:
o S —aB
o B—bC
o C—zB
o C—e

gate1990  descriptive  theory-of-computation  regular-l regular-g grammar

Regular Grammar: GATE2006-1T-29 https://gateoverflow.in/3568 O {001}
. ]
Consider the regular grammar below =

S—bS|ad|e
A—aS|bA

The Myhill-Nerode equivalence classes for the language generated by the grammar are

A. {w e (a+b)* | #a(w) iseven) and{w € (a + b)* | #a(w) is odd}

B. {we€ (a+b)* | #a(w) is even) and{w € (a + b)* | #b(w) is odd}

C. {we (a+b)" | #a(w) = #b(w)and {w € (a + b)* | #a(w) # #b(w)}
D. {e},{wa |w e (a+b)*and{wdb |w € (a +b)*}

gate2006-it  theory-of-computation normal regular-grammar

Regular Grammar: GATE2015-2-35 https://gateoverflow.in/8159 %}E
]
e

Consider the alphabet ¥ = {0,1}, the null/empty string A and the set of strings Xy, X, and X, generated by the
corresponding non-terminals of a regular grammar. X, X;, and X, are related as follows.

. X, = 1X,
L4 X]_ = OX]_ + 1X2
L4 X2 = OX]_ + {A}

Which one of the following choices precisely represents the strings in X?

A. 10(0* + (10)")1 B. 10(0* + (10)*)*1
C. 1(0+10)*1 D. 10(0 + 10)*14 110(0 + 10)*1

gate2015-2  theory-of-computation  regular-grammar  normal
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Regular Languages (35)

Regular Languages: GATE1987-2h https://gateoverflow.in/80589 §O}-10J]
r]
El:-%.:

State whether the following statements are TRUE or FALSE:

Regularity is preserved under the operation of string reversal.

gate1987  regular-languages  theory-of-computation

Regular Languages: GATE1987-2i https://gateoverflow.in/80590 JOfIO]
State whether the following statements are TRUE or FALSE: %

All subsets of regular sets are regular.

gate1987  theory-of-computation  regular-languages

Regular Languages: GATE1990-3-viii https://gateoverflow.in/84837

o

Choose the correct alternatives (More than one may be correct).
Let R, and R, be regular sets defined over the alphabet X Then:

A. R; N Ry is not regular. B. R; U Ry is regular.
C. ¥* — Ry isregular. D. Rj is not regular.

gate1990 normal theory-of-computation  regular-languages

Regular Languages: GATE1991-03,xiv https://gateoverflow.in/528 EE%E‘

Choose the correct alternatives (more than one may be correct) and write the corresponding letters only: O]

Which of the following is the strongest correct statement about a finite language over some finite alphabet 3 ?

A. It could be undecidable B. It is Turing-machine recognizable
C. Itis a context sensitive language. D. Itis aregular language.
E. None of the above,

gate1991  theory-of-computation easy regular-languages

Regular Languages: GATE1995-2.24 https://gateoverflow.in/2637 JOk*=10}
Let ¥ ={0,1},L=3%* and R = {0"1" | n > 0} then the languages L U R and R are respectively iE|
A. regular, regular B. not regular, regular
C. regular, not regular D. not regular, not regular

gate1995  theory-of-computation easy regular-languages

Regular Languages: GATE1996-1.10 https://gateoverflow.in/2714 §O k=00
Let L C 3* where ¥ = {a,b} . Which of the following is true? O]

a. L ={z | z has an equal number of a’s and b’s} is regular
b. L={a"V" |n>1} isregular

c. L = {z | z has more number of a’s than b’s} s regular

d. L={a™b" |m>1,n>1} isregular

gate1996  theory-of-computation normal regular-languages

Regular Languages: GATE1998-2.6 https:/gateoverflow.in/1678 §OX¥10]

2
Which of the following statements is false? =5

a. Every finite subset of a non-regular set is regular
b. Every subset of a regular set is regular

c. Every finite subset of a regular set is regular

d. The intersection of two regular sets is regular
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gate1998  theory-of-computation easy regular-languages

Regular Languages: GATE1999-6 https://gateoverflow.in/1505 OO
EI%

A. Given that A is regular and (A U B) is regular, does it follow that B is necessarily regular? Justify your answer.
B. Given two finite automata M1, M2, outline an algorithm to decide if L(M1) C L(M?2) . (note: strict subset)

gate1999  theory-of-computation normal regular-languages

Regular Languages: GATE2000-2.8 https://gateoverflow.in/655 JOFE=100|
What can be said about a regular language L over {a} whose minimal finite state automaton has two states? %

A. L mustbe {a" | n isodd}

B. L mustbe {a" | n iseven}

C. L mustbe {a” | n > 0}

D. Either L must be {a" | nisodd} , or L must be {a" | nis even}

gate2000 theory-of-computation easy regular-languages

Regular Languages: GATE2001-1.4 https:/gateoverflow.in/697 JOFI=101]
E%

Consider the following two statements:
Si: {02” |n> 1} is a regular language
Sy : {0™1"0™" |m >1andn > 1} is a regular language

Which of the following statement is correct?

A. Only S is correct B. Only Sy is correct
C. Both S7 and Sy are correct D. None of S7 and Ss is correct

gate2001  theory-of-computation easy regular-languages

Regular Languages: GATE2001-2.6 https:/gateoverfiow.in/724 JO}-¢10}

]

Consider the following languages: =:

Ll ={ww|w e {a,b}*}

L2 = {ww”® | w € {a,b}*,w" is the reverse of w}
L3 = {0”|iis an integer}

L4= {0"2 |iisan integer}

Which of the languages are regular?

A. Only L1 and L2 B. Only L2,L3 and L4 C. Only L3 and L4 D. Only L3

gate2001  theory-of-computation normal regular-languages

Regular Languages: GATE2006-29 https://gateoverflow.in/992 Eégm

If s is a string over (04 1)* then let 739(s) denote the number of 0’s in s and 1 (s) the number of 1’s in s. Which ]y
one of the following languages is not regular?

A. L={s<c (0+1)* | ng(s)isa 3-digit prime }

B. L={s<c (0+1)* | forevery prefixs’of s, | ng(s') — n,(s') |[< 2}
C. L={s€ (04+1)" | ng(s) —ny(s)|< 4}

D. L={se€ (0+1)"|ny(s) mod 7=mn,;(s) mod 5=0}

gate2006  theory-of-computation normal regular-languages
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Regular Languages: GATE2006-1T-30 https://gateoverflow.in/3569 {0} *={ 01
Which of the following statements about regular languages is NOT true ? %

Every language has a regular superset

Every language has a regular subset

Every subset of a regular language is regular
Every subset of a finite language is regular

OSow>

gate2006-it  theory-of-computation easy regular-languages

Regular Languages: GATE2006-1T-80

https://gateoverflow.in/3624 §Ok 10|
, , o
Let L be a regular language. Consider the constructions on L below: =

L. repeat (L) = {ww | we L}
I prefix (L) ={u|Jv:uv e L}
I suffix (L) ={v|3Ju:uwve L}
IV. half (L) ={u | Jv: |v| = |u|and uv € L}

Which of the constructions could lead to a non-regular language?

A. Bothland IV B. Only I C. Only IV D. Both II and III

gate2006-it  theory-of-computation normal regular-languages

Regular Languages: GATE2006-1T-81

https://gateoverflow.in/3637 Ok =101]
Let L be a regular language. Consider the constructions on L below: O]

I. repeat(L) = {ww | w € L}
1. prefix(L) ={u|Jv:wv e L}
. suffix(L) ={v | Ju:uv e L}
IV. half(L) ={u | Fv: |v| = [u]and uv € L}

Which of the constructions could lead to a non-regular language?

a. BothIand IV b. Only 1

c. Only IV d. Both II and III
Which choice of L is best suited to support your answer above?

A. (a+b) B. {€,a,ab,bab}
C. (ab)* D. {a"b" | n > 0}

gate2006-it  theory-of-computation normal regular-languages

Regular Languages: GATE2007-31

https://gateoverflow.in/1229

Which of the following languages is regular?
A {ww® |we {0,1}"}

©

R +

{ww z|ewe{0,1} } C. Any string which begins and ends
C. {wz'wR | z,we {0,1}"} D. {:L"wwR | z,w e {0,1}*}  with same symbol, can be written in
form of “wxwR”

gate2007  theory-of-computation normal regular-languages

Regular Languages: GATE2007-7 https://gateoverflow.in/1205 JO1 k=10
Which of the following is TRUE? FE%

Every subset of a regular set is regular

Every finite subset of a non-regular set is regular
The union of two non-regular sets is not regular
Infinite union of finite sets is regular

OSow>

gate2007  theory-of-computation easy regular-languages
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C. Any string which begins and ends with same symbol, can be written in form of “wxwR”
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Regular Languages: GATE2008-53 https://gateoverflow.in/476 §O}=¢10J] |

]

Which of the following are regular sets? Ok

L {a"t™ |n>0,m >0}
I {a"V" |n=2m}
1L {a™b™ | n# m}
Iv. {zcy | z,y,€ {a,b}"}

A. Tand IV only B. Tand IIT only C. Tonly D. IV only

gate2008  theory-of-computation normal regular-languages

Regular Languages: GATE2008-1T-35 https://gateoverflow.in/3345 §Ok=10|
Which of the following languages is (are) non-regular? %

e L = {0m1" | 0 < m < n < 10000}

e L, = {w | w reads the same forward and backward }

e Ly ={we {0,1}* |w contains an even number of 0's and an even number of 1's }
A. Lo and L3 only B. L and Ly only C. L3 only D. L only

gate2008-it  theory-of-computation normal  regular-languages

Regular Languages: GATE2011-24 https://gateoverflow.in/3429 E%im
=)=

Let P be a regular language and @ be a context-free language such that @@ C P. (For example, let P be the language i
represented by the regular expression p*q* and @ be {p"q" |n € N}). Then which of the following
is ALWAYS regular?

A. PNQ B. P-Q C.>*-P D. ¥*—-Q

gate2011  theory-of-computation easy regular-languages

Regular Languages: GATE2012-25 https://gateoverflow.in/1609 §Of 10O
|
E%

Given the language L = {ab,aa,baa} , which of the following strings are in L*?

abaabaaabaa
aaaabaaaa
baaaaabaaaab
baaaaabaa

PO

A. 1,2and 3 B. 2,3and 4 C. 1,2and 4 D. 1,3and 4

gate2012  theory-of-computation easy regular-languages

Regular Languages: GATE2013-8 https://gateoverflow.in/1417 JO k=10
2%
Consider the languages L; = ¢ and L, = {a}. Which one of the following represents L; Ly* U L, * ? =
A. {e} B. ¢ C.a D. {¢a}

gate2013  theory-of-computation normal regular-languages

Regular Languages: GATE2014-1-15 https://gateoverflow.in/1781 0] g' 1[=]

‘Which one of the following is TRUE? =5
A. The language L = {a™b" | n > 0} isregular.
B. The language L = {a" | nis prime } is regular.

C. The language L= {w | whas 3k + 1 /' s for some k € N with ¥ = {a,b}} is regular.
D. The language L = {ww | w € ¥* with ¥ = {0,1}} is regular.

gate2014-1  theory-of-computation  regular-languages  normal
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Regular Languages: GATE2014-2-15 https://gateoverflow.in/1971 §Ok=00}
IfL; ={a" |n > 0} and Ly, ={b" |n > 0} , consider O]

I. L. L, is aregular language
1L Ll.L2 = {a"b" |n Z O}

Which one of the following is CORRECT?

A. OnlyI B. Only II C. BothIand II D. Neither I nor I

gate2014-2  theory-of-computation  normal  regular-languages

Regular Languages: GATE2014-2-36 https://gateoverflow.in/1995 E%‘.E

LetL ={we{0,1}* |w  hasat least as many occurrences of (110)  sas  (011)" s}. Let IEI _
L, ={we€{0,1}* |w has at least as many occurrencesof (000)' sas (111)" s}. Which one of the following

is TRUE?
A. Ly is regular but not Ly B. Ly is regular but not Ly
C. Both L and Ly are regular D. Neither L1 nor Lo are regular

gate2014-2  theory-of-computation  normal regular-languages

Regular Languages: GATE2015-2-51

https://gateoverflow.in/8254 §Ok 10|
Which of the following is/are regular languages? %ﬁ%

Ly : {wzw® | w,z € {a,b}* and |w], x| > 0} ,w" is the reverse of string w
L, : {a"b" | m # nand m,n > 0}
Ls : {a*tc" | p,q,m > 0}

A. L1 and L3 only B. Ls only C. Ls and L3 only D. L3 only

gate2015-2  theory-of-computation  normal regular-languages

Regular Languages: GATE2016-2-17

https://gateoverflow.in/39542
Language L, is defined by the grammar: S; — aSb | € =
Language L, is defined by the grammar: S, — abS, | €

Consider the following statements:

e P: L, is regular
e Q: L, isregular

Which one of the following is TRUE?
A. Both P and @ are true. B. Pistrue and @ is false.
C. Pis false and Q) is true. D. Both P and Q are false.

gate2016-2  theory-of-computation normal regular-languages

Regular Languages: GATE2018-52 https://gateoverflow.in/204127 E%E
b B ]

Given a language L, define L¢ as follows: =|i|
L’ ={e}
L'=L"'eLforalll >0

The order of a language L is defined as the smallest k such that L* = L¥*1 . Consider the language L, (over alphabet O)

accepted by the following automaton.
0
~-O-0O_ 10
0

The order of L; is
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gate2018  theory-of-computation  numerical- s regular-l

Regular Languages: GATE2019-7

https://gateoverflow.in/302841 §O0F:1101]
]
If L is a regular language over ¥ = {a,b} , which one of the following languages is NOT regular? %

A LILE={zy|zeLyfel}

B. {ww® |we L}

C. Prefix (L) = {r € ¥* | 3y € £* suchthatzy € L}
D. Suffix (L) = {y € ¥* | 3z € ¥* suchthatzy € L}

gate2019  theory-of-computation  regular-languages

Regular Languages: TIFR2013-B-6 https://gateoverfiow.in/25667 01}t 01]

-~ ]
Let L and L' be languages over the alphabet X. The left quotient of L by L’ is Ei" 1
def

L/L' = {we X" :wzx € Lforsomex € L'}
Which of the following is true?

A IfL/ I is regular then I is regular. B. If L is regular then L/ I is regular.
C. If L/L is regular then L is regular. D. L/L' is asubset of L.
E. IfL /L' and L' are regular, then L is regular.
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Regular Languages: TIFR2013-B-8 https://gateoverflow.in/25670 §O1k:§101]

Which one of the following languages over the alphabet 0,1 is regular? [
The language of balanced parentheses where 0,1 are thought of as (,) respectively.

The language of palindromes, i.e. bit strings & that read the same from left to right as well as right to left.
L={0":3<m}

The Kleene closure L*, where L is the language in (¢) above.

{0m1"]1 <m < n}

mo O w>
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Regular Languages: TIFR2014-B-12 h

ttps://gateoverflow.in/27314 §ORL RO
Consider the following three statements: E%ﬂ .
iii. If L is regular and M is not regular then L o M is necessarily not regular.

A. true, false, true. B. false, false, true.
C. true, false, true. D. false, false, false.
E. true, true, true.

tifr2014  theory-of-computation  regular-languages

Regular Languages: TIFR2015-B-10 https://gateoverflow.in/30039 § O} 100

]

Erﬂ -

Consider the languages

L ={a™b"c? | m=nVn=p)Am+n+p>10}
Ly ={a™b"c? | m=nVvn=p)Am+n+p<10}
State which of the following is true?

A. Ly and Ly are both regular. B. Neither Ly nor Ly is regular.

C. L isregular and Ly is not regular. D. Lj is not regular and Ly is regular.
E. Both L; and Ls are infinite.

tifr2015  regular-languages
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Regular Languages: TIFR2015-B-6 https://gateoverflow.in/29860 %E
e
Let B consist of all binary strings beginning with a 1 whose value when converted to decimal is divisible by 7. Erﬁ
A B

B. B can be recognized by a non-deterministic finite state automaton but not by a deterministic finite state automaton.

C. B can be recognized by a deterministic push-down automaton but not by a non-deterministic finite state automaton.

D. B can be recognized by a non-deterministic push-down automaton but not by a deterministic push-down automaton.
E. B cannot be recognized by any push down automaton, deterministic or non-deterministic.

tifr2015  theory-of-computation  regular-languages

Regular Languages: TIFR2018-B-12 https://gateoverflow.in/179296 JOkA {00}
:.' r]
Consider the following statements: ﬁ%
i. For every positive integer n, let #n be the product of all primes less than or equal to n.
Then, #p + 1 is a prime, for every prime p.

il. 7T is a universal constant with value 7

iii. No polynomial time algorithm exists that can find the greatest common divisor of two integers given as input in binary.
iv. Let L = {x € {0,1}* | = is the binary encoding of an integer that is divisible by 31}
Then, L is a regular language.

Then which of the following is TRUE ?

Only statement (i) is correct.

Only statement (ii) is correct.
Only statement (iii) is correct.
Only statement (iv) is correct.
None of the statements are correct.

kv
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Turing Machine (4)

Turing Machine: GATE2003-53 https://gateoverflow.in/941 JOeA| O}
E%

A single tape Turing Machine M has two states g0 and g1, of which g0 is the starting state. The tape alphabet of M is
{0,1, B} and its input alphabet is {0,1}. The symbol B is the blank symbol used to indicate end of an input string.
The transition function of M is described in the following table.

0 1 B
q0 | q1,1,R | ql,1,R | Halt
ql | ¢1,1,R | ¢0,1,L | ¢0,B,L

The table is interpreted as illustrated below.

The entry (g1,1,R) in row g0 and column 1 signifies that if M is in state g0 and reads 1 on the current page square, then it
writes 1 on the same tape square, moves its tape head one position to the right and transitions to state g1.

Which of the following statements is true about M?

A. M does not halt on any string in (0 + 1)* B. M does not halt on any string in (00 + 1)*
C. M halts on all strings ending ina 0 D. M halts on all strings ending ina 1

gate2003  theory-of-computation  turing-machine  normal

Turing Machine: GATE2003-54 https://gateoverflow.in/355 JOF=1 00|
Define languages Ly and L, as follows : %

Ly = {(M,w,0) | M halts on w}
L, = {(M,w,1) | M does not halts on w}

Here (M, w,4) is a triplet, whose first component M is an encoding of a Turing

© Copyright GATE Overflow. All rights reserved.
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5 Theory of Computation (276) 255

Machine, second component w is a string, and third component % is a bit.
Let L = Ly U L; . Which of the following is true?
A. L is recursively enumerable, but L' is not

. L' is recursively enumerable, but L is not

B
C. Both L and L’ are recursive
D. Neither L nor L' is recursively enumerable
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Turing Machine: GATE2004-89

https://gateoverflow.in/1083 §O 0]
1
. . . . . 1
L, is a recursively enumerable language over X. An algorithm A effectively enumerates its words as @)%

Wy,Ws,Ws, . . .. Define another language L, over ¥ U {#} as {w;#w; | w;,w; € L;,i < j} . Here # is new symbol.
Consider the following assertions.

e S; : L; isrecursive implies L, is recursive
e S, : L, isrecursive implies L, is recursive

Which of the following statements is true?

A. Both S7 and S are true

C. Sy is true but Sy is not necessarily true

B. Si is true but Sz is not necessarily true
D. Neither is necessarily true

gate2004  theory-of-computation  turing-machine  difficult

Turing Machine: GATE2014-2-35

https://gateoverflow.in/1994 O} E|
Let (M) be the encoding of a Turing machine as a string over ¥ = {0,1}. Let E%‘

L = {(M) | M is a Turing machine that accepts a string of length 2014} .

Then L is:
A. decidable and recursively enumerable B. undecidable but recursively
enumerable
C. undecidable and not recursively D. decidable but not recursively
enumerable enumerable
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