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(8)

{c) Design a PDA to accept the language
L:_{muR |w belongs to (q b)) by
empty stack.

(d) ‘Prave using pumping lemma that the
folldwing language is not CFL :

. L={a'b'c' |i>=1}

9. (a) Design a TM over {q, b, ¢} to accept the
language L={ww® |w ‘belongs to

(a bB*}.

(b} Dé,_sign a Turing machine for the regular
expression 011 .

* &k
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FORMAL LANGUAGES AND
AUTOMATA THEORY

ime : 3 hours Full Marks : 70

nstructions: . _
(i The marks are indicated in the right-hand margin.

(i) There are NINE questions in this paper.
(iii) Attempt FIVE guesﬁﬂns in all.
(iv} Question No. 1 I.S compulsory.

i the following
1. Choose the correct option of 2xT=14

any seven) : :

l[’a)Y The output of the Moore machine
depends

(i only on present state L

{ii) only on current input symbnl .

@j}rboth on present state and- curren’

input symbol
(iv) None of the above

S

(b) The logic of pumping lemma is a good

example of L
\Wg pigeon-holc pnnmplﬁ‘

. {ii) the divide and conquer technique

(iii) recursion
(iv) iteration

i
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fg/ Recursively enumerable languages are

{g} Recursive languages are
nf:t clo.sed under E () a proper superset of CFLg
f?' lmt“ﬂ'ﬂ on (i) always recognizable -
fﬁj ::m © , (ii) also called type O languages
plementation . . . .
fi) concatenation v{;ﬂ) recognizable by Turing machineg
< g 'I‘hz lang:mfen (h} Choose the incorrect statement :
z ={a"b"a", where n =L23, -} ~ (1) Every subset of a countable set is
= is a countable
g fU regular language fii The class of DPDA is not countaple
A context-free lan g (iii) The class of TM
E {m} non-context-free language . (iv) The class of LBA is countahle
E v} None of the above
fe)] A language [ s denoted by 5 regular (i Which of the following statements is
expression true?
L=(xj*[x,'y.£*j | \)p‘ The language {a" |n is prime} is
Wm of the following is not 4 legal regular language
string within L7 ’(;‘i} The union of 2 recursive languages
W x is recursive
2 NI xyocyx . (i) Recursive enumerable languages
= (1) xyx _ : are closed under complementation
> (i} None of the abo (iv) Recursive lan es are not closed
= ve guag
= (7 Context-free languages are not closed | Under complementation
2 , under ' -
’g " f) unionp - 0) In case of TM, by reading input x, T™M
fIItEFBECﬁon

() may go to halt-final state
(i) may go to halt-non-final state
1AK—400 (iii) may go to infinite loop
/696 .
( Continued ) () All of the above .
14AK—400/696¢ ( Turn
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2. (@] Obtain the regular €xpression for the

2x5=10
={a b} with at

(b) Differentiate hetween Moore and Mealy
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(4)

following sets :

i} Set of strings over ¥

least one g and at least one b

?«Set of strings over Z=1{0,1} of

alternate 0’s and 1's
(iv) Set of strings over ¥ =

multiples of three

}a] Set of all possible strings of length

four over ¥ = {0, 1}

machines.

Dfifferen—ﬁate between NFA and DFA.

Construct NFA equivalent tb the

following regular expression :
10|©]11)0*1

Construct an NFA for the following set :

Set of all strings over Z ={0, 1}0

containing at least two O’s

Construct NFA for the set of strings over

¥ ={0, 1} of alternate O’s and 1’s.

14AK—400/696

{a, b, ¢} where
all runs of a’s have lengths that are

hﬂh
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4. (a) Construct a DFA for the r
expression r=[ablbq)"aa(nb|bq

.
(b} Find out the regular :
eXpres
following FA : ion for the "
I/P Symbol |
Current States ool
a b
= P. q
q r 4 p
r q

" Here, ris the final state.

(@) Constrict a Moore machine mﬂcﬁ‘t_&
to the following Mealy machine : 5
PS =N I"fm Symbol ]
©=0 ] a=1
NS o/p NS ofp
ql g3 0 q2 0
q2 gl 1 q4 0
a3 q2 1 ql 1
g4 g4 1 q3 0
{b) Prove the following two properties :
2Vax2=5
(il Regular sets are closed over the
union operation
14AK—400/696 -.{ Turn Over )
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i} Regular sets are .t:!osr.d over the
intersection operation

fc) Show with the help of pumping Llcmma

that the following language IS not

egular : -

L ={a” |pis prime number}

4

6. (@) Give 'the CFG for the following
languages : Ix2=6
{l} L={a"p™a" In>=0 m>= 1}
(i} Set of strings over I={a b} with
exactly twice as many a’'s and b’s

(b) Find a CFG.for the following regular

expression : 4
r =(baa | abb)*
fc) Let G be a context-free grammar, which
is defined as
S~ aSh|ab
Find the CFL generated by G. | 4

7. (a) Find a regular grammar for the following
regular expressjon -

r = (abbb | ba)* ab
9

14AK—400/696 { Conti
ontinued )
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(b)  Determine a CFG withoyt
production equivalent to the Crg ng
below : A

S — ABCD 3
A->a 3
B-Clb

C—D

D¢

() Find the CNF (Chomsky Norm. al
for the following CFG - Form)

S~ aAbB 3
A - Ab|b . :
B -3 Bala o i
(d) Eliminate the null producti -
following CFG : oS from the
' 4
S—aBa | s5pnp) 8\ MBA
A=adle &—>ad
B — bB | \Q ]
B>up .

8. (a) Prove that the CFL’s are not closed

under intersection.

(b) Design a PpA
to accept the }
L= {g"p?n |n>= ° anguage

1} by empty stack.
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2015
ster Exam.,
B.Tech 6th Seme " }/,‘,) Design an FA that accepts set of strings
FORMAL LANGUAGES AN contuning exactly four 1's n every
AUTOMATA THEORY string over alphabets L = {0, 1} 7
rks : 70
— Full Ma (b) Design an NFA for the language L = all
Time . strings over {0, 1} that have at least two
Instructions :ks i — p— consecutive O's or 1's. &
(1) The mar icated :
(ii) There are NINE questions in this paper: 3. (a) D;Sign a deterministic finite automata
. ; which accepts set of stri h the
estions in all. : ngs such that
(1xi) Attemptmqu cvery string containing “00" as sub-
(iv) Question No. 11 compulsory. string but not “000" as sub-string. 7
1. Define any seven of the following : er=12 (b)  Show that if L is regular, so L - (€} will
i i ——— be also regular. 7
_fa)~Applications of autom&
(@} Finite automata 4. (a) Write a regular expression over
(ld Transition graph alphabets {a, b, ¢} contains at least one
“a@" and at least one “b". 7

(d) Epsilon transition
(e) Regular expression (b) Prove that L={0"1™ln<=m} is not

regular language. 7
() Regular language
ﬂ/ﬂring acceptable 5/ (@) “ What do you mean by closer properties
/ﬂV/M ealy machine il f)f regular language? Define some
important closer properties. 7
() Reducibility
(b) _Prove that, if L1 and L2 is regular, then
7] Enumerable language / L1U L2 is also regular language. 7
AK15—820/596 ( Turn Over )
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| B ec
Explain ambiguities in context

6. (4
« grammar and languages.
mar for the
. Find context free gram
~(a+h" - 7
regular expression r = (a
’/(a) Show that the following grammar 1S 5
/ ambiguous -
S — AB [aaB ;
A-a/Aa
B-b
(b) Define parse tree with its applications in
finite automata. 7
8. (a) “What do you mean by push down
=3 automata? Explain its move. 7
Using pumping lemma, prove that
language L= (WW /| WE€{q b}} is not
y ¢

. context free.

ﬂ/ﬁxplam turing machine for computing
function. 7

- Write in brief about NP complete
problem 7

* k&
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Code : 051611
B.Tech 6th Semester Exam., 201¢

FORMAL LANGUAGES AND.
_ AUTOMATA THEORY

Time : 3 hours .- |
Instructions :

() The marks are indicated in t right hand margin
(a] There are NINE questions in this paper.
(@) Attempt FIVE questions in all.
{iv) Question No. 1 is compulsory,

Fldl_Mmks L 70

1. Choose the correct answer for any seven of

the following : 2xT7=14
(@) The output of the Moore Machine
depends

’_ﬂ/mﬁy on present state v
(i) only on current input symbol

(iii) both on present state and current
input symbol

(iv) None of the above

(b) The logic of pumping lemma is a good
- example of

(il the pigeon-hole principle \/
‘(@) the divide-and-conquer technique
(i) recursion

(iv} iteration
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( 2

. dmdundel’
ages are
Reguisr IS
o g union

‘d:_:? jamentation L /

@ All of the above

& The langusge L={a"ba"  where
n=123..})isa
g# context-free language

(@) non context-free Ianguage _{/-’
(fy) None of the above

el A Iax_lguage L'is denoted

. a
expression L = (ab | ba) abp, oty e

ssio; Which of
following is not a legal string withjnOL;he
() ababb

i abbaabp

{n} concatenation

/668
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(3

{g) Context-free hnguagea are’”

() a proper

Superset
languages o

Tegulay
(it} recognizable by PDA -

(i) also called type ‘2 languag,

_ WBE <. es

@Al of the above "

Choose the incorrect statements

() Every subscé of a

COo .
countable. Htable Sctis

. v
. ‘\. A

(i} The class of DPDA is not countap|e ‘
(@) The class of TMs js countable |
(iv) ‘The class of. LBA is .cou.ntabic-

()  Which of

true? a

@elrfolﬁowing statementy ;
) The language {a" |n s prime} g
regular language,

(@ The union of 2 recursive
18 recursive, "

’\\_\-.-.
(i) Recursive enumerable lan N

are closed under Complementatign,. ;

i) Recursive languages‘are not clogid "

under complementation.
AK16/668
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(4) {

(! Incase of TM, in which of the following
cases a string will be accepted?

JU~Entire string has been consumed

Led

and T™M halts in the final state
@ Entire string has been consumed
) and TM halts is the non-final state
fim) Entire string has pot- been

consumed and TM halts is in any
state

&_ -(;; Obtain the regular €xpression for the
following sets :

2Yax4=10
AU Set of strings over Z ={a, b} with x
exactly two g ' b

A Setof strings over T = {a b, ¢} where

all runs of a’s have lengths that ar&;
multiples of three

V{Eﬂ Set of strings over % = {a b ¢} such

that every string contains a
substring coc (bt

) L={a* | %' divisible by 3 or 5)
.@/'Show that (ab)® #a'b",

:3/'(3; Construct’ NFA equivalent to the
. - following regular expression : 4

r={ab{ba°" aalab|ba)*
AK16/668
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(5)

(b} Construct an NFA With € moves for the
regular expression r = ala+ 5",

y Construct an NFA for the
strings over ¥

H
)
=

5

]

4. (9) Construct a DFA for the Tegular
expression r =0"1%2*

(b) ~Find out the regular expression fn;ﬁe
‘./ following transition’ diagram - -y

9. (@) Prove the following two properties : 3x2=§

() Regular sets are closed over the
- concatenation operation

(@) Regular sets are closed over the
complement operation

(b) Show with the help of pumping lemma

that following language is not regular : 4
L={uw|we 1))

() Represent the language that contains
strings over % ={Q, 1} and has even
number of O's. 5 4

o b

urn Qver )
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—
( 6) ' ' (7)) ‘
Give the CF@G for each of the languages 8. (a) Find th
o 0 deined by the folowiog gl - for the the g CPomsky N,
\ expressions - ¢ following cpg, , 2l Fory,
W a'b S - ABA l
2 il (@’ A aq e '
4 ), (pag+abl)” B>bB|e
ao [abb/e | ] Eliminate g,
(& Construct a CFG for the t follow; - Produyctj
no-negative 0dd integes, set of ; OWing Cprg . 08 from the
' S - Xa
X ' S .
7. F oy —ax 9>
faj For the grammar G, whick ig defined as ¢/ Convye 12X le X . .l A
S-—>aB|bA Tt the fonoudngmm ;:L}” &Mi
A alaS|baa o Al—"Azda ‘ El‘toGN'F:
Bﬁbfbs;agﬁ v g-a,qullb
where § { . : A
leftmost di,ti,:mo ting symbol, show the o P74 e
and " tre 1, rlghtnlﬂst derivﬂ.tjon {(a) Dﬂslg:n ap t
¢ for the string ‘ahppge L= (R ;.. et accepts 7
9 we Oy, - ClAngueg
(®) Determine & CFG i () Design 4 PDA . 4 3
produmon i out unit L= {aﬂ B 1 a aCCL'pta th, |
below : “quivalent to the CFG given fc) @ Imn >0}, ¢ Suage 14
< - Desij i
£n
S-"“IX?JfaYa[bIaa ° Contajn'a ™ tha cogni !
Xoy ng equal nNumbe, g F’«:Es Strings
Y=bix | “Uandry g
LT
AK16/668 ;
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2
; SEHCTTONN ¢
2 Insirueih
B . , o
4) (i There are Nine Questions in this Paper
=
= " . .
= iy Adtempt Five questions in all
"
a Y] s "
= (it Question No. 1 is Compulsory.
(vl Uhe marks are indicated in the right-hamd marstin
I. Choose the correct alternatives forany seven ot the tollowing:
AR B
2 (1) The output of the Moore Machine depends
Z .
=
2 () only on present state
z
= (b} only on current input symbol
©
< (¢) both on present state and current input symbw|
=

{d) noneol'the above
(i) The logic of Pumping lemmais a good example of

(1) the pigeon-hole principle

PT.0,
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(o deadi e And vonguer techongpoe
TN AT
(o) dtebion
(i) Recursively enunmierable languapes are not closed under
(1) tmion
(b) intersection
(¢) complementation
(d) concatenation
(iv) The language L={a"b"a" wheren=1,2,3......} isa
(1) regular language
(b) context-free language
(¢) non-context-free
(d) noneofthe above
(v) A language L is denoted bv a regular expression:
L=(x)*(x| yx*)
(a) x
(b) xyax
(c) xw

(d) noneofthe above

(vi) Context free languages are not closed under

(a) union

Code : 051611 2

www.akubihar.com
(1) fernection

() concudenation
(vin) Recursive lunpuigesiane
(a1} u proper supersel ol Clhhs.
(b) Always recopnizable
(¢) Also called type 0 languages
(d) Rccognizable by Turing Machines
(viii) Choose the incorrect statements
(a) Every subsetofa countable setis countable
(b) The class of DPDA is not countable
(c) the class of TMs s cou ntable
(d) The class of LBA is countable
() Which of the following statements is true?
(a) The language {a"| nis prime} is regular language
(b) The union of 2 recursive languages is Recursive.
(c) Recursive enumerable languages are closed under
complementation.
(d) Recursive languages are not closed under

complementation

Code : 051611 PT.O.
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(x) Incase of TM. by reading input x, T™M

() may goto halt-final state
(b) maty go to halt-non final stute
(¢) may poteinfinitc loop

(d) All of the above
2. (n) Obtain the regular expression for the following sets:
4x3=]2

(1) Setofstrings over Z ={a,b.c} with exactly one c.

WO ABYIGNY B MMM

strings of length four.
@) Languageover ) ={0,I} containingall possible
combinations of 0's and 1's but not having two

consecutive 0's,
(iv) Languageover Y ={0,1} consistingofallstring w1 th
at Iehst two consecutive 0's. _
(b) Describe in simple English the language represen ted by
the regular expression r = (1+10)*. 2

3. (a) Construct NFA equivalent to the following Regular
4

WO ARYIgnY B MALAM

expression:
10/(0f1 )0 *1
Code : 051611 4

() Setofstrings over Z = {0.1} containing all possible -

* 5. (a) Prove the following two properties:

www.akubihar.com

(b) Constructa NFAwith & moves for the regular expression

F=(a*+b*). 5

(¢) Construct NFA for the Sctof all strings over 2-‘- (0,1
with alternate s and I's, 5

' - I
4, (a) Construct a DFA for the regular expression = {ﬂ\h )" aa
‘ 7

(abba ).

.(b) Find outthe regular expression for the following FA: 7

Current States I’p Symholj//%
a | b

P P9
A— ] -
T q

Here, r is the final state. _
3%x2=06
(i) Regular sets are closed over the union operation
(ii) Regularsetsare closed overthe intersection operation
(b) Show with the help of pumping lemma that following

languages are not regular: 4x2=8

@) L={0?|- iisaninteger,i>=1}

@ L={a"b"| n>0}

Code : 051611 S P.T.O.
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6. (1) Ciive the CFG foreachof the lanpuapes defined by the

following repular expressions: 1.1 0
oah*
no a*b*

i (bantabh)*
(b) Construct a CTG for the following lanpuage sel;

L= fa™ b nee=)

7. (a) Forthe grammar G, which is defined as:

S — aBlbA
A — alaSbAA
B — bbSaBB

Where S is the starting svmbol. show the leftmost

. - . - . . AT
derhation. fightmost derivation and parse tree for the stang
0

"hho b

ke

- ]_—. : ]
(b) Derermine 2 CFG without unit production equivalent
3

“’\. i__-rx‘",:;"“_'\" AL

.\
i

¥
s
—
-
2

[
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ay Dind e CNF (Chotieky Sornal 1 o) for the follovens
(GRY

¢, asubSbi tran b
: ¥ Wl |

(r lInnin'ttcnullI””d“tlirm'.Irnmthu following ClGe 4
JRE ‘
A > al3h bl
I3 — af3bBE
(c) Convert the following grammar to GNF: 5
c
arBAlAAIAL
A — aAa
B — bBb
9. (a) DesignaPDA that accepts all palindrome strings OVer
S‘: {&b} 2
(b) DesienaPDAthataceepisthelanguage L = “in> 0.
(¢} Show that L = {37 p Is prime} is not & contexi-1 free
T T
Code : 051611 7
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