B.E. DegreW

Sy
Automata Theory g compatibme:y 2017 / Jan 2018

p Semester

Max. Marks: 80

rs. .
Tiﬂ‘e: } h Answer any FIVE full questions, Selecting
ole ? - each module.

ONE ull question from

Module - 1

ne the following terms with examples:
R Alphf‘bd (i) Power of an alphabet
(;;i) Concatenation (iv) Languages

il . 04 Marks)
: Alanguage consists of v; / . : (
L i alphabet: Al 521 1{51 . various symbol from which the words, statements
etc. can be obtained. 1es¢ symbols are called Alphabets. The symbol ¥ denotes the
et of alphabets of a language. ,
g r=labe.z ABi 2,0...94,.C,).) «.E1C}
~ jipower of an ‘alphzlbet : If 2 is an alphabet, We can epress the set of all strings of a
certain length from that alphabet by using the exponential notation.
Ex: £ =140,1} the
z'=1{0,1}, 2*={00.01,10,11}
iii. Concatenation : The concatenation of two strings u and v, is the string obtained
by writing the letters of string u followed by the letters of string v. |
u=a,a,a;....a, v=Dbb,b,..b
uv=2a,a,a;.....a, b b,b;....b.
iv. Language : A language can be defined as a set of strings obtained from £* where
Lis set of alphabets of a particular language. .
Ex:1¢,01,10,0011,1010,0101.0011,.....} .
b. Draw a DFA to accept strings of a’s and b’s ending with ‘bab’. (03 Marks)

Ans,
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AnS. Consider the state A
When input is a :

5(A,a) = ECLOSE(3 ¢ (A ,a))
— ECLOSE(; (0,a))
={1}>(B)

Consider thestate B:

When inputisa: ‘

5(B.a) = ECLOSE(S; (B.a))
= ECLOSE(S, (L:a))

-

Consider the state C :
When inputisa:

5(c.a) = ECLOSE (5, (c.a))

— ECLOSE (8, {2.3,4.6,9} .a)

=ECLOSE(5) ‘
={5,8,9,3.4,6}
© ={3.4.5,6.8,9} > (D)
Considerthestate D :

When inputis a:
3(D.a) = ECLOSE( . )

:ECLOSE(SE {3.4,5.6,8.9} a)

=ECLOSE({7}).
={7.8.9,3,4,6]
- ={3.4.6.5.8.9} - (D)
Consider thestateE :

When inputis a:
8(E,a) = ECLOSE(3, (E,a))

= ECLOSE(5, {3,4,5,6.7,8,9}.a)

~ =ECLOSE({s})
={5,8.9,3.4,6)

2{3.4,5,6.8.9} = (D)

When input is | ;'

(g2
—~
=4
(=)

Wheninputisb
5(B.b) = ECLOSE(
_ECLOSE( e (
_—ECLOSE( 2}) :
: :{2,3,4,6,9}~>(6)

T 5

When input is b :

5(A,b) = ECLOSE (3 A, 1)
= ECLOS(3, {2,3,4,6,9},b)
= ECLOSE({7})
={7.8,9,3,4,6)
={3.4.6.7,8.9) > (E) -

When input i.s b
§(B,b)=ECLOSE(5; (B,b))
= ECLOSE (SE{3,4,6859}1)
= ECLOSE(7,8,9,3:4,6)
={3,4,6.7,8.9} > (E)

When inputisb '
5(E,b) = ECLOSE (5 (B.b))
_ ECLOSE(5; {346
_ pcLOSE({S))

7, 87 5’9},b




DFSM to accept the language, |
fa, b} (0 = x abbaay) v (0 =x baba) (03 Marks)

1,4 praw a e
1= {o€ {& b}* : VX, YE

Ans.

Define distinguishable and indistinguishable states. Minimize the following

DFSM,
(s ol L
A B A
B A €
C D B
D | D A
E D F
F | G| E
G F | G P
H G¥l D
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Ans,

'(iii)(a+ b+c)*

k=2 : . .
o 0 RO[RY]RY R§E’=R§'3+R§':’[R‘z'3] R |
R$I)=R|'+Ru[ e g | =0+1(e+11%0)« ]
—1*+1*0(g+11%0)*L1* B )11 ,.
S TR =1(11*0)*| =
=l*+l*0(“ 0) 11 ) (1) (l)l: (1)
(1) Ry =Ry +RY RO« (1)
RS =RY +R[RY R : iy 2 ]*ro
Z1%0+1%0(11%0)*(s+11%0) ='+1(”*0)*(8+“*0)
) G _RO L RO T
R =RY +RY[RY] RY: Ra =R +R32[R22] RY)
137 03 & --
=+ 1%0(+11%0)*0 - =1Ro(xo)x
=(0+e)+1(11%0)*0

a . (1) (1)
R(Z-l) = R(le) + R(ZI:)[RZ::l* R,
=11*+ (e +11%0)(+11%0)*| | *

=11*+(e+11%0)(11*0)11*

R =Y RY[RY] Y

=(e+11%0)+(e+11%0)(e+ 11%0) (e +11%0)
=(e+11%0)+ (e + LE*0)(11*0)(e+11*0)
Final RE can be calculated as
RY <RE R RG]+

=100 *0+1%0(11%0) 0 (0 4 6) 4 L(11*0)*0]* (0 +£) +1(11%0)*0
Give Regular expressions for the
(i) all strings contain
(i) all strings cont
(iii) all strings th

following languages on /_= {a,b,c}
ing exactly one a
aining no more thay 3 a’s,

at contain at Jegst one occurance of each symbol in V.

(03 Mal'ks)

(i)Re=(b+c_)*'a(b+c)*

(i))R E:'(b+c)*(0+a)(b+c)*(a+‘a)(b+c)*

. —




Fig. Q3 (c;
: for each of the following regular expressions,
ate : ‘ .

whether it correcfly

pes L
d?SCrlU b"l) bb* a
i) (@ * q)
(l U b) a (bb a
(ll) (S qb*'.‘
(iii) b'ﬂ “ (bb*a)
(iv) (a U b‘l)
" .
P ivEs
ii. NO : -
i“YES
OR
5. Prove that the following language in not regular : | | |
L=t >0} (05 Marks)
us, Step 1: Let L i.e, regular and i be the number of states - :
) X= Onbn : .
Step 2 : Since [x| = 21 >n we can split x into uvw such that [uv| <m and [V| > 1 as
' n
| n
A —
: X=aaaaaa a bbbbbbbb
| — Y ~—
‘5 : u Voo w
- Step3:Ace

e ording to pumping lemma uvle € L for i =0,152.n
b heni= 0V’ doesn’t exist so L = {0" 1| n>0 } is not regular

b e '
- ML ang L, are regular languages then prove that L UL, L, . L, and L * are

B (
L Ifegf“'a' languages. (05 Marks)
¢ Qno.3(b) of MQP -2,
“lsth i ( "
\’E. r"“0?’\’lng srammar is ambiguous? (06 Marks)
4 1C tslict ses|a ‘
(06 Marks)
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LG (WTS) bes ,w.unn\m Thesteing ovobtained fron, e )
N called sentenee o peammae G Here, wy ghe Hring o

ey

ly
I ‘H||| “I'
T Ml

[f

Flenmiig, Iy
e Whatis CNEY Obtadu the followhing geammne in CN e (""I\I..”“)

S ASB |y

A aaAs | |

B ShS A e |
Anse Lot G- (VRS e o ( TG The pramme G iy sadd (o he in CONJ: 1 all I"‘"tlucllmu;

are of the tnnn

A BC A =

I-‘Iimiumc = production

O m M'roduetion
¢ |S—=s| S
) N -
VA are nillable variabley
Production Resulting production ("

S=ASE  [§SS5AR
A= aAs A=A |
i N TERST bJA[b | |

\

Given p roduction Action —
S — AR Already in CNT: S —AB
A=A

1
Replage y by A, A= AA |
A= A A,—a

. A(L", H| / '
\ 5 N ; B |a
B— SbSlpblbblA Replace |y by B, B — Sliw :
B
Replace Bog with B ‘uﬂbx . g
B—sB !

| ‘ _ '
B~BS |
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99('/
6555 , —
1- (vl T, P',S) 'S'isstart symbol
G |
1. (S A,B B()sBpA ) | .
p;{ S——)AB : B—)SB||BOS|SBO|aI
A’_”AOA BO —> b
C AR ,- : Bl—>BUS
o A-a
oo
| J
} Let G pe the grammar,
- 4aaS|bAA
L BablelaBB

~ For the string qa‘lblﬂbbba find a
| (i Left most derivation.
(iR Right most der lvatmn | |
- (i) Parse tree. L (04 Marks)
s Let most derivation | |
. $>aB | S
= aaBB ' /N
= a2aBBB a p
= aaaabbSB - ' )
= aaaabbaBB . y
= aaaabbabB a"
= aaaabbabbS
= aaaabbabbbA 7 \B
= aaaabbabbba . |

ii. Right most derivation | 0, b
$=aB

=.2aBB ;
ot BT AN

= aaaBbbA . . d /‘ -
= aaaBbba : | 71775 \S
| by /l\lB /T~
| D@aBbSbhy e BT
" = aaBbaBbba g : -
SwmBhibbia . /7N

= aaaabbabbbg ‘ K
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6. a.

Ans.

Ans.

10

Explain the following terms:

(i) Pushdown automata (PDA).

(ii) Languagces of a PDA.

(iii) Instantancous deseription of 2 PDA.

. Pushdown Automata (PDA) : A PDA is a seven tuple

M=(Q.2)d.9,.Z,. F)

Q is set of finite states

¥ is set of input alphabets

| is set of stack alphabets

Sistransiion Qx (ZUg)x|-Qx|[*

q, € Q is start state

Z. €| is initial symbol on stack

F <Q is set of final state

il. Language of PDA : The language LCM accepted. by a fin

LM) = tw [ (gpw.Z,) | *(Pe,00) -

lii. Instantaneous description : Let M = Q.E)8,q. . Z
12.,0,q, » Z,

(instantaneous description) is defined as 3-tuple or a triple (an) b)e * 0t !
_ ; »W, 0

«! <

al state ig defingq 5

aw the graphig)

S -
mll))lhe‘:n.mt_lon of this PDA. Show the moves made by this PDA 1

aabbaa. . s BUA Tor the strip
LM) = {wwhlwe{a,b)*} 0 M“”"sg)

M = (annlssaqO ?ZU ? F}.
Q = {qo’ql‘q:}

X ={a,b}

|={a,b,Z)

Bl »
(qO,G,ZU):(q”ZO)
5(%,3,20)2((10,320) -
5( 00,.Z)=(q,,bZ,
a(q‘“b’a):{(qwaa)a(q 8)}
B(QU,a,b)=(ql,,ba)

‘ 5(q(,,a,b)=(q,,,ab)
5(qu,a,b):(q0,ab) :
g(q“’b’bh{(qo,bb),(q,h)}

(ql.a,a)=(q”8) |
5(q,,b,b)=(q“8)

5(q,,¢,2 -




(y abbaa. az,) —> (q,» aabbaa, ;
d, [4)) — (q aabb
,» dabbaa, Z )
0

(g, bbad 48%) > (q,. bbaa, ;
1? (d, A‘)) —_— (q bb

2? Zlﬂ,z)

0

(q, D23 baaz,) —> (¢
0 (0 22, bbaaz)) —> (q,, a, abb
[4 ’ p-
0. &, abbaaz)

¥

(q,» 24 aaz,) .
v , (g, €, bbaaz )’
(q,- & azo) 0
(q, € abbaaz,)

P (ql’ 8’ ZO) -> (qzs €. Z )
3 Convert the following CFG to PDA
§— aABB[aAA
A— aBB|a
- bBBIA
c—a : |
s, Q= 10099 | j
S e

b3
r:{s,A.B,Cl,zo}
o:
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Module-4 N{)
context frcg languages then prove that L’ULp L1 Lz - b
| (04 .

ark‘)

y Semv (CSE/LSE)

. are
1. a IfL, ‘m(:-ljé ‘|-muuagt‘s-
context irce 1l

" )6, =V TRS)

G, =(V2,T3,P:,S:)
G: =‘(Vl UV, US,.T, UT..D,,S;)
S.Jisastart state G, andS, € (V, UV,)
é=nugu§f+gmg
L= Ly UL,
.(ii)‘Gdz(VIUVzUS“T[ UT?.PL,,S‘;) | |
S, isastartsymbol for the grammar G, and S, e(V, UV, )

P, =P, UP, U[S, »55,}
sLy=L.L,
(iii)G, =(V, US;.T,.P..S,)
S;1sathestart symbolof Grammar G,
P,=P U{S; > S,S; |}
‘TQ:Q '

b. Give a decision procedure to answer each-of the following questions:
() Given a regular expression a and a PDA M, the language accepted by Ms
subset of the language generated by a?
(i1) Given a context-free Grammar G
S,S,?
(iii) Given a context free
(iv) Given 2 Regul
Ans. i. Observe that this
' the question -
i. Eig_m a, build a PDA} M* 50 that LIM*) = L(a) _
= From Mand M*_ byild 4 PDA M** that accepts L(M) N L(M*)
3. IfL(M*+)

3 IS empty | return trye else return false. :
1. 1. Convert

. thup?
Gto chomsky normg forms2. Try all derivations in G of len8 ‘
2,S|82l lfany ofthem gener

. ates S’ S_ return lrue, else return false

ni. 1. Use CFG tq PDA topolown (G- ' : scepts L(G):
/ ; tacce

2, Build an FSM E (1 p n (G) to build a PDA P hta taccep

that acce ts all ev , N er the al habetza‘
3. Use insert PDA Pis all even length strings over the alp

L(E)
and FSM PE)t . . s L(G) N
4. Return decioleCFLemptyEp*)) ©builda PDA P that accep

~iv. i. Return Trye (Since every regular | j

and two strings Si and S2, does G generat

ings
Grammar G, does G generate any cven length ;;::l:s)
ar Grammar G, is L(G) context-free? (12

s
Is true if 1(M) N L(a) = ¢. So the following procedurclans“re

|
1

dnguage is context free)
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. with neat diagram, the workine . r .

) Exp'“g “:t‘;‘(ﬂ) of MQP - 2. & ofa Turing Machine moqe, (05 Marks)
b pefer Q0O ‘ |

‘l -

.ine machine to acce s e
ion 2 Turing m: ept the I.mgu

i
?
{
|

| :\ns. !

A4 age L= {an pn ¢n —
es — o o ) IM>=1). Draw the
. ?,«,,,.Eition diagram. Show the moves made by th‘ls-turing machine for the string

qabbec: _ . o ' (11 Marks)
zzR) (aal)

b’b’R) V (y7yaL)
(3} (R bbL)

(8820, () 2Ly

aabbcc
xabbecc
xabbcc
A
Xxay bcc
Xxaybcc
Xxay bzc
XX y b ZC
XXYYZC
| Module-5
Write short notes on:

a, Multi—tape‘turning‘ mgchiie.

c"Li(:ll;-dete.rministil.‘ turning machine. , _— _
by, Rep ar Bounded automata. : | (16 Marks)

b ¢ Q.no. 9(b) of MQP- 1. e | |
o e(\):: - deterministic turning machine : Ina non - determlmtc.tlc turning machl?;lz,
fansiti;y *te and symbol, there are a group of z}ctlons the TM ¢an ha\fe.. Sf’ here the
7 inen's are not deteljministic. ‘The computation of a non - deterministic tu:plzg
3 iﬂputlS: A tree of configurations that can be reached from the start copﬁgura ion.
) IS accepted if there is at least one node of the tree which is an accept

| “On i o ‘
e Uration, otherwise it is not accepted. If all branches of the computational tree

s, | o g
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10,

Ans. a. Refer Q.no.9(b) of MQP -2

- ¢ Refer Quno. 10b(i) of MQP -2

Audlomato T'heory &
C
hact on all inputs. the non - deterministic lumln;3 mudum

for some input, all branches are rejected, the MUt is alge I'eje
¢. Linear bounded antomata ¢ Refer Q.no, 10(b) of 48

MQP .
OR

5 e l'" d ‘
Ll Cide N
Ld dega \

Write short notes on;

n. Undecidable languages,

b. Halting problem of turning machine,
¢. The post correspondence problem,

b. Refer Q.no.10(a) of MQP - |




o gemester B.E. Degree l*]x:uninnlion, CBCS.

fi Automata Theory & Compatibil

June/ July 2018
ity
f,mf:3 hrj;lfwef any FIVE full questions, sefectiy,
e

Module - |

. neat diagram, explain a hierarchy of |
1

; with anguage classes in automata theory,
| (04 Marks)
v

Regular
language FSMS
Turing machines
Grammar | - Language Automaton
Type - 0 Recursively enumerable | Turing machine
Type -7 Context sensitive | Linear bounded
' ; Non - deterministic
Turing machine
Type - 2 Context free Non determinstic
: pushdown automata
Type-3 Regular finite state automaton

b, Define deterministic FSM. Draw a DFSM to accept decimal strings which are
divisipje by 3. : (06 Marks)
Sepl. - d={0,1,2,3,4,5,6,7,8,91 K=3

2 After dividing by 3, possible reminder are 0, 1, 2
= Compute transition |
3(q, a) = q, wherej=(r*i+d)modK
wihr=10and K =3
3,6, 9} leaves 0 as reminder)
»4, 7} leaves | as reminder)
»3, 8} leaves 2 as reminder)

; ;-i Scanner - _. | 15
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; (10 * 0 + O) MOd 3 0 S(qo-‘ O) j qo g(qo’ {0’ 3; 6‘, 9})§ ~
. 0 (10*0+1)M0d3' S(qo’ l):qt S(qu’{l:4;7})=qq0 “
([0* l+0) M0d3_ l 5((]], O)iql 6(q|1 EO, 3, 6, 9})= - j
0 (lo*l+[)M0d-’") a(qu l)—qg (qla |l,4’7})=qq| ‘,

S dorieaMoas=0 | 8@.2=q, [8G, s B))= ¢
0 | (10*2+0)Mod3=2 8(q,, O)j-flz 6(q,, {0,3, ¢, N~y ]
=" | ([O*2+I)M0d3"l . S(ql’ 1)—q0 8((]2’{1:4,7}):(] 2
1= 4 5 (lO *.2+2) M0d3=0 B(Cl-n 2)=q1 a(qz, {2, 5’ 8})2(]0 j
c¢. Convert the following NDFSM to 1ts equxvalent DFSM Rfer F FIU 1.c.
Start —>
Also write transition table for DFSM (06 Marks)

Ans.

Step 1 : - Identify start state QD =1{9,4
Step 2 :- Identify alphabet Z = {0, 1}
Step 3 :- Transitions
Input symbol = 0 '
6, = (19,1, 0) =3, ({q,}. 0)= tqy 4,
, For state {q,, q, |
6 _(lqmq”,O) SN(lqm(]mO)
. > S BN {qgs OJl v an(qp 0)
=19y 9, Y 19,0={q, q,, q;}
For state {q,} ‘
Input Symbol =
8 (1q,),0) = 8 (19,3, 0)
For state {q,, q,, g,}
Input Symbol = ¢
% = (19, 9, 9.}, 0= 3, (19, q, q,}, 0)
=8, 19, 0} UB,(q, ) U BG4, 0)

lqus q‘l 4 {QH ¢J - {qu q;s qo}
For state {q,, q,}

: 8 '_(|q|a qzjao) 8 (lqp ano)

16

SN qu OI v aN(qp 0)

Slgu= 19, }
For state {q,)

Input Symbol = 0
8 = (16;), 0)= 8, ({q,}, 0)= {4

%"

Input symbol = |
BDE({qQ:S l)=6N (qu()}’ l): {q[}

SD: ({qui q]}a ]) = 6N (qu(p ql}, l) ‘
=8, {q, 1) v (g, 1}
={q,} v 19,}= {9, %}

Input Symbol = 1
8D=({q|}s l)=8N({q|}, l)

Input Symbol = 1 ,
8 = (t4p 4, 0,3, 1) =3, (hay q.,qw')
=8, e, l)uSN(q,, YU B(ay 1) |
lq|} (& lq;_} U |q } {ql,qz

5= ({0 q.}. =8, (18, a5 1) -
B M _5:{‘(]:;)u3(q,,l}

= {qz} v {qzl = {q”

[nput Symbol = 1 .
8= (10,5, 1)=8,, ({q,}, )= {d

Sunsl%¥ Exam " :



he following finite automata (Refer Fig 2a.)

! Miﬂi“‘m t (06 Marks)

5 Stepl:
q,
q,
q,
q | X | X | X[X
9% 19 19|49,
Step 2 :- | >
5 | a. b
(p.q) | (©s) | (5s)
»q) | (q,9,) | @)
(9,9 | (@,q) | (4, 9,)
@y 9) | @9, | (g5 9,)
@, 9,) | (4 q) | @y 9)
a4y | (@9) | (q,9,)
(9,9, | @,9,) | @ 9,)
q | X
q, | X
q. | X
qQ | X[ X[ X]|X
stéD?):.. q,

Q1919

17
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| Automatow Theory <Sr C

b
Omp% R |
S a b w
(p, @) (rs) | (&s) \
(q; q,) (q, q) | (@, q,) 1
@y | @pq) | (49,
_ @,9) | @:9,) | (q,4q,)
None of the unmarked pairs (r, s) are marked in table.
Step 4 :- (q,) (q, 9, 9, (4,)
State a b
qy (4,9,9,) | (9, 9,9,
(q,9,9) | @,949%) (q,)
(q,) (q,) (q,)

b. Construct a mealy machine for the following
i) Design a mealy machine for a binary input sequence. Such th
101, the machine outputs A. if input has substring 110, the
otherwise it outputs C.

ii) Design a mealy machine that takes bmary number
complement of that number as input.

atifit hyg Substriy
machinpe Outpufs, g

as input aml Produces

Assume the string is read from LSB to MSB and end carry is discardeq, (06 Mark
- Ans. i) ‘ "
: 0/A I/A @
) qZ
I/A :
()/A
()7
i) :
0/1
1/1
1/0

c. Convert the following mealy machine to moore machine (Refer fig 2.¢.) (04 Mark)

-18

Sanstar Exar



Module - 2

pefine regular exprCS.Siﬂﬂ- Obtain a regular expression for the followihg language:
o=t [m s eveny

:g)L={n"b'“|m2 In=1,nm 23}

iL={W: |[W| mod 3 =0 where W € {a, b}*} (08 Marks)
. Definition :- Refer Q.No. 3.a. of MQP - | _
¥ ) Re=(@tb) (@+b) * or Re =(@a) * (b b) * +aaa) * bb by*
i) Re= aaaa*b + abbbb* + aaa* bbb*
iilRe =((a+b) (a+ b) (a+b))*

b, Design an NDFSM that accept the language L(aa*(a + b)) (04 Marks)

mt Convert the regular expression "(0 + 1) *1(0 + 1) to NDFSM (04 Marks)

{

Ly | :
classeogelg"l“" grammars define exactly the regular language, then prove that the
angy, ﬂnguage?, that can be defined with regular grammars is exactly the regular

1 Ve | (04 Marks)

e ) .
acCe?J:Z;ShO'W that any languages that can be defined with a regular grammar can be
Can ) ﬁy , S°m€f FSMand so is regular. Then we must show that every regular language
1 ey grned Witha regular grammar. Both proofs are by construction.
Mgrammar (?Tmar — FSM : The following algorithm construct an FSM M from a regular
e & = (., R,, S) and assures that LCM) = LCG ) :

" Seanes , .19
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omp

Ans.

- "Ans.

Auns.

20

~ 1. Create in M a scpar
- 2. Make the state corres

"Prove that the regular language are closed under complemepg, ;
sy 1N

- M,=(Q.Z8,q,F)-L,

- State and prove i
pumping
, Refer Q.No. 3b. ofMgP -bl

.. Define a context free

ammar) =

grammar to FSM (G : regular gr o
h non terminal in V.

ale state for cac
responding 10 S the start state. .1

3. If there are any rules in R of the form x — w, forsome w & ¥ (lye

state labeled #.

4. For each rule of the for
5. For each rule of the form x — W,
6. For each rule of the form X = &,
7. Mark state # as accepting. .
8 1f M is in complete, M requires a dead state. Add a new state D, Fop wy.
for which no transition has already been defined, create a transition fiq, Ny g, i)pa;,
i. forevery iin X, create a transition from D to D labeled ;. "4t Dlabeled

n Crcﬂt
Can w
A
g

m x — wy, add a transition from z (o y ahg| |
" e
add a transition from x to #f Izlhclcd( N
add a transition from x as accepting W.
' )

terscctionI

difference, reverse and letter substitution,
i) U{ldcr complement :- Let M1 = (Q.Z, 9, q, F) be a DFA which accepts t}(] BMarlu)
1. Sm;e the language is accepted by a DFA, the language is regular, Nog | elanguﬂgel
the machine M, = (Q, Z. 8, q,, Q- F) which accepts 1. Note that there j; g 1S dey
between M, and M, except the final states. " 10 diffre |
The.non - final states of M| = are th final state of M, and final stat of M_are |
states of M, so the language which is rejected by Ml is accepted by I\/II a?ulm'muﬁna[1
Thus we have a machine M, which accepts all those strings denoted by Izlhat a\;lce g |
erej

7 1 . N ‘\
by machine M. So regular language is closed under complement L

. ii) Intersection :-

M, = (Q,Z,.'SI. q,. F,) which accepts L, -

M,=(Q.Z, 5., q,. F,) which accepts L,

Q=Q,*Q, )

q=1(q,, q,) where q, and q, are the start stat i i

5 (a,m) <F and 3:( ) -GFQ, es of machine M, and M, respectively.
i.e..ifand only if w e .

il Differene z’ el n L, So the regular language is closed under intersection
M, =(Q, 2,81,-q|,Fl)_.>LI B |

Sl(qvqg)aw) /i\s inF _
(0,(a,w)eF and (5 (q. .
[ | ’ 2 wsW)EF
Le., regular language iSlClose A4, <F,
i - under difter
Iv) Reversal and letter substitution A
Refer ey L) = (LE)!
efer Q.No. 3b. of MQP - 2
)
lemma for regular language. (04M9 |

Module - 3 o ‘

o /4
ra - | ag
{W} 0, (W) =n;(w)} grammar. Obtain the grammar to generate ¢ Ia-([(l]%“wrbli

S=¢g .

S—asb |

¢

Suﬂs‘l'a; 5"“”.



(symbol
regular expression (OIT+H1)* (01)% abtain (he o

w‘ taf
l' thl‘

= t\r TR S)
‘u\' \, IS /\’

*P'L,.;|01|A|013

’\—)l |f‘
1
)

' start symbol.

S—ab | bA
A—as|bA
B—* bs | aBB | l)

ontext free grammar,
(04 Marks)

What is ambiguity? Show that the following grammar is ambigugous,

(08 Marks)

g, A grammar G is ambiguous if and only if there exists atleast one string w € T * op
i . which two or more different parse trees exist by applying cither LMD or RMD.

$=aB
$=aaBB
$=aabSB
$= aabbAB
$= aabbaB
§$= aabbal

S4B

§3 BB

S aabB
= aabbg
= aabbap
= dabbah

“’0 . . ‘V
S0 'ParSQ tree for same string

ambiguoys,

@”E"M.\ Sf-ﬂ Afer

/b\

) /l\

/\\

/\\
N

a

(

/\
a /I\
‘| b/\
b‘ / \b

I
b

21
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6. a.

Ans.

b.

Ans.

Ans.

22

il
Define PDA. Obtain to accept the language 1(M) = {w C wh) lw e 3

wRis reverse of w by a final state. (a, b)g}’ W
Refer Q.No. 6.. of MQP - | (08 MﬂrE
For the grammar ‘
S — aABB | nAA
A—aBB|a
B— bBB|A
C—na
Obtain the corresponding PDA. v
Refer Q.No. 6.c. of Dec 2017 / Jan 2018 | o gy
Obtain a CFG for the FDA shown below:
f(q, 2, Z) = (q,, AZ)
f(q, 2, A)=(q,, A)
f(q, b, A) =(q, ©) ,
f(q, & 2) =(q, 2). (04 Mg
“ For & of the form Resulting production
5(q,, , 2) = (q, &) (0,2q)—a
(9, a, A) = (q,, €) (q,Aq,) —a
5(q, b, A)=(q,, €) (@,Aq)—Db
Mape2)=(q.8) | (q,Zq)—¢

For 8 ofvthe form Resulting production
5(9,. 8,2) = (q, &) (q.2q)—a

6(qy a,A)=(qy,, &) |(q,Z ) = a(q, A q,) (q, Z q,) | a(q, A q,) (ih Zq)|
2(4,A Q) (4, Z q) | a(q, A q,) (, Z )
(9 Zq,)—a(q,Aq,)(q,Zq,)]a(q,Aq)(q,Zq)l
a(q,Aq,) (9,Z q)) | a(q, A q,) (4,2 4)
(%2 0,) — a(q, A q) (9, Z 0,) | a(q, A ) (0, 23]
a(q,A q,) (q,Z q,) | a(q,A q;) (0,20
(9,2 9,) ~ a(q, A 4,) (q, Z q,) | a(q, A ,) (0, )]
_4(9,Aq,)(q,Z2q)] a(q,Aq) (@29 —
(% Zq)) = (q,A q,) (9, Z q,) | (q,A q,) (@, 2]
(9,A q,) (9, Z q,) | (9,A ;) (% Z%)
149sZ29) > (q,Aq,) (q,Zq,)] (q,Aq,) @, Z q)l
(qu q2) (qz Z q|) I (qo A qj) (qs Z q') .
429) = (q,A q)) ,29q,)](q,Aq)@Z q,)|
(9,A0,)(q,Z )] (a,Ady) (@2 qz)l
(q3 Z q;) = (q, A.qo) (9,Zq,) | (4, Aq) (9 yAN,
(9AQ,)(@,Zq)] (@A qj)_ich,zlw/

8(a;, &, 2) = (q,, Az)

i 0t

Su;\s'l'ﬂ E"M‘ :



Module-4 |

(08 Marks)

M ar
ider the grammd
0
1 osAlll
| OS
B~ lll?tlflle grammar i CNF,
btd ‘
-
¥ 0 , " - =
b muctlon Action Resulting production
mg Replace O by B, |S— B,A|B B
B,—0 B,—0 '
Replace 1 by B, B, — 1
B — 1 B
‘mAM 1S Replace 0 by B, | A — B,AA|B S
B,—0 B,—0
Replace 1 by B, B, — 1
v B—1
{B— IBB|0S Replace 0 by B, ' |B— B,BB|B_S
B, — 0 B,— |
Replace 1by B, |B,— 0
B —1

Consider A— B,AA and B — B BB

A—BAA=A—BD,
D, —AA

B~BBB=B—BD,
D, — BB

— —

A

S
0,1}

B‘ BO’-Bl-‘ DP Dzl'
S—-»BOA‘|BIB
Ak—,BIS| llBODl
B~BS|IBD,
BD_—)O

Bl—-r l
D|—»AA

D2~—-) BB

tS, ist
o et symboy

LT, P, S)is in CNF where -

(08 Marks)

23
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ingr Xplai * working of g basic Typs
8. a. With a neat diagram,explain the y gof; urin
L] . . / )- f)
Ans, Refer Q:No. 9.a, of MQP-2

in a Turi achine to accept the
b. Obtain a Turing machine to ace l

l:mgungc L= {0 | n
Ans, Refer Q.No. Y.a. of I\'IQl? - |

\ Bricll\- explain the techniques for TM constructiop,
Ans. Refer Q.No. 9..(7) of MQP - |

Module-5 |
9. a. Obtain a Turing machine to recognize the language [, < {0”1"2"[1] 2y
A | | (OsMarhj
Ans, :
States 0 l 2 Z m’-}(\
q q, X, R 9, Y.R | ~ |
q, ql" 0, R (.],,Y,R : q"y.'\R \\
q 9 LR [ q,Z, L 0, Z, R — :
9 19.0,L|q,I.L W24 L q,v,L 0 X, R .
B | Z,R YR —|
9, \_—17?&\* —1
qs . 4s: £, q, B,R
I
9 : .
b.  Prove that ‘HALT

™ ={(M,\V)| the Turin

g machine M on input W
undecidable® - , v ' . (04 Marky
Ans. Refer Q.No. 10.a. of MQP- |
¢. With example, explain the quantum computation. s (04 Markg
Ans. Refer Q. No. 10.b.(ii) of MQP-2

OR
10 Write g short note op:
Multiple Turing machine
b. Non deterministie Turing machine
C. The moge] of linear boundeq automaton . ‘ (16 Mark &
d. The post torrespondence problem, | :
Ans. a) Refer Q.No. 9.b.(i) of MQP - |
b) Refer Q.No. 9.b. of Dec 2017/ Jan 2018
¢) Refer Q.No. 10.b, of MQPp. |
. @) Refer Q.No, 10.b, of MQP- 2

24




- B.E. Degree Examination, CBCS - Dee 2018 / Jan 2019
automata Theory and Compatibility
Max. Marks: 80

ks FIVE full questions, selecting ONE full question from each module.

Module - 1

g with example @

e the following Wit .
& Vt‘f“f, 0 i Language iii) Alph.nbct iv) DFSM. (i i)
e quence Of symbols obtained from the alphabets of a language is calle a string.
g ! «.qlh“'- astring is defined as a finite sequence of symbols from the alphabet 2.
mma ofsymbols from the alphabet Z.
!

g S = {O.l f .
an be defined as a set of strings obtained from s* where £ is set of

lar language. In others words, a language is subset of Z* which

Ex:
i) A language ¢

alphﬂbt" of a parlicu

i« denoted by LcZ*
gy les 0L 01,10, 1100, 0011 Tt
{ of various symbols from which the words, statements etc., can

jii) A language consis
he obtained. These symbols are called alphabets.

Ex:Z=1la,b, nzoABConZ G 156 )0 el
iv) Deterministic Finite Automata (DFSM) is 5 - tuple or quintuple indicating five
components M = (Q,%,8.q,.F) .
Where M is the'name of machine
Q is non - empty finite set of states
% is non - empty finite set of input alphabets
§ is transition function Q X £ — Q
q, € Q is start state
F c Q is accepting or final states

B _DeSign a DFSM to accept each of the following languages
) L={W e {0, 1}* : W has 001 as a substring}
L={W e {a, b}* : W has even number of a’s and even number of b’s}.
(08 Marks)




N

Automatow Theory and, ¢
v Sew (CSE/ISE) agy,
: b ; \d’ﬂq
O——C *
= b £ '
al [a aa
E 3 b P
q, )‘ ( q
- b
OR
2. a. Define NDFSM. Convert the following NDFSM to its equivalep Di*‘SM
. : * 03"
Ans. Refer Q.no.l(c)ofJuné/July 2018.. ' -
b. Minimize the fbllowing DFSM. (08 Marig
_ lark

- Ans.
0 |
—A | B F
. B G| ¢
Tl Al ¢
D ¢ |
G G E
H G [ ¢
. ‘\
26 /
, .smM't'

S Sunsﬁr's"‘“""
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Awlomatie Theoyy

Step 28
TR
C | NN
D N N\ X
| A
Z2EAEAE \

G N EY RS X ]
TTFIEAE IR EAFa|
AlBlCc|IDE]F
(AE) [ (B.H) | (EF)
(A.G) |(B,G) [(KE)
(B.H) 1(G.6) [(C.0)
(D.F) [(C.0) [(G.Gy
(E.G) |(H,G) | (RE)

Indistinguishable pairs : (A,E) . (H) & (D.I)

Distinguishable pairs : C & G
Minimize DFA:

Step 1 :
(AF) . (B,H) & (D.F) Indistinguishable pair C,G distinguishable pair.
Step 2:

States in minimized DFA

(A.E).(B,H),C.(D,F),G

28

Step 3 :

Step 4:

S 0 |
(ALE) | (B,H) | (D.F)
(B.H) G C

C (AE) C
(D,F) C G

G G (A.L)

(A.E) s start state & C s final state




. ’ S

o Module -

ar expression and write Regulyy

% Regul ar expression for the following

.”‘, I..‘ngllﬂg(!- m | n> 0 m > 0 }
i)l” . oD m>1,n21,nm >3}
¢ Q.N0- 3(a) of June/ July 2018 for definition and (ii)
- Rck a‘) (bb)*

nht‘ Rwulal expression for the following FSM,

"Q“”
. Sinc® q, 15

R.E= o1* 1(0+ [)*

(08 Marks)

i (08 Marks
p OB )

OR

|, Define Regular grammar. Design regular grammars for the following

unouJ“eS

j Strings of a ’s and b’s with at least one a..

ii) Strings of a’s and b’s having strings without ending with ab.

ii) Strings of 0’s and 1 ‘s with three consecutive 0. . (08 Marks)
i i)A grammer G is 4 - tople G = (V,T,P,S) where

Visset of variables or non - terminals

Tissetof terminals

Pis set of production

§is start symbol

=(S,A}
T-(Q)
P={  S—aS
S —_ g:.

|
]

S s star symbol
Il S_, aA' bs

B-)aA
iy {S'| bS|e

T={0,11

~{ $>A000A
: A— Qj\J l/\l e

s . )

Ny,




V Sewv (CSE/ISE) Automato Theoyy o, ]

b. State and prove pumping theorem for regular |
Ans. Refer Q.no. 4(c) of June / July 2018.
Module-3

a. Define context free grammar. Design a context free

I) L= {0n|1r1|2"||">(] ||>O) II)L {ll)|||¢]9i20 12

iii) L= {a" b™? | n > 3},
Ans. Refer Q.no. 5(a) of June/July 2018
i.S— AB V= {S,A,B}
A= 01/)Al T=10,1}
B —¢|2B S is start symbol
i. V=1SA. B 10l -

S — aSb
S—A
S—B
'A—>aA|a
B—>bB|b

]
}

S is start symbol
li. V=S A\

T = {a,b)

P={
S—aaaA
A—aAb|e

* S is start symbol

b. Consider the grammar G with production,

C Brammg for ¢ €l
: n

0} gllagh'

i

(08 Mnl'ks)

S — AbB
A— aA|e
B—aB|bB|e e string
Obtain leftmost derivation , rightmost derivation and parse tree for the
aaabab. - |
Ans. S= ABB I = ABB
= AbaB = aAbB
= AbabB = aaAbRB
~- = Abab = aaaAbB
= aAbab = adabB
= aaAbab = aaabaB
— aaaAbab = aaababB
=> aaabab = aaabab

30




B"“ﬁr

OR ;

efne DA. Obtain a PDA to accept

| &. " pr | W e {a, b}*}. Draw the transition dlagl

k for Q.no- 6(2) of June / July 2018 A (08 Marks).

Q {9y 1P qu
g= (a.0)
F= {E\,ZO}
:{ | |
- 8(qg,.a, z)=(q,.aZ)

d(q, - a,a) =(q, , aa)

8(q, . b.a)=(q;, &)

6(q| 2 b‘a) = (qt bl 8)
. 8q,.8.2)=1(q,.Z)
g eQis the start state of machine
Zelis the initial symbol on the stack
P (q,) is the final state

b,a/e - b.al/e

a,ZJaZ, | &Z/Z,
a,a/aa '

b Convert the following grammar into equw‘llent PDA.
- aABC
A~ aB|a
B-JbAlb : ' g
Csg, | (08 Marks)

‘ I, Stepl

l
Sy J=(q,SZ)

Fan " Seanner i
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Ans.

32

. State and prove pumping lemma for context free languages. Show th

-Case 1: To generate

| Case 2: The strin

5) = (q. . ABC)
. 5(q,.a.5) = (4, »
S.—aABC 5((1:..1./\)2(“1 +B)

A—'aB' 3(q, - a.A)=(q,.%)
‘A: ?1.‘\ S(q, b.B)= (q, .A‘)
g—lh d(q, boB)=(q, t)
C—a oy, La.c) = (g, .8

Sy, v Z )=(q, . Z.)
Step 3¢ o
M=(Q.%.I8.q,.2,. 1)
Q=19,.9-49,)
¥ =1ab}
I'={S.ABCZ |
J is transition in step 2
q_ € Q is the start symbol
.7_: ¢ 1 is initial stack symbol
F= 1q.! 1s final state

Module-4

at
L= {a"b" ¢"| n > 0} is not context free. (10 Marks) -
Statement : Let L be the context free language and is infinite. Let Z be sufficiently
long string and z L so that | z | n where n is some positive integer. If the string z can
be &ccompuscd into combination of strings z = UVWNY.

Such that [vwx| n. |vx] 1. then uv'w’y L for i=0.1.2........
Proof of Pumping Lemma:

By pumping lemma, it is assumed that st
language. We know th
of productions.

ng z L is finite and is context free
at z is string of terminal which is derived by applying series

a sufficient long string z, one or more variables must &
recursive. Let us assume that the language is finite, the grammar has a finite numbf |
of variables and each has finite length, The only way to derive sufficiently |ong 1
string using such productions i that the grammar should have one or more recurit ;
variables, Assume that no variable is recursjye.

s I " ‘ - . . ! ] ' : w
Sm.u NO non terminal i reeursive, each variable must be defined. Since t
variables are also non re

» - -. 3 1 i ' ‘ 0
| cursive, they to be defined in terms of terminal and
variables and s o,

From this we conclude that there g
}he start symbol S, (his contradict
Therefore, the assumption {|
This means tha this me
the proof.

. L] . ™. B .ﬂ o ’ e
1S a limit length of the string that is gnnu?tﬂ
. > ' e.
S Ourassumption that the language IS-ﬁl-“correc- 4
atone or more variable are non recursive 1S Inn "
ans that one or more variable are non recursive '
&2 Limplies tha after

of times, we get f;

§ - . e UM
_ applying some / all production So.m ;
inally String of te n

rminal and the derivation stops.

Suastar W ’
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,‘su'mcicmly long string and 50.(I1c.(lcrivminn must have involved recursive
' hon w,-minal A and the (It,:rwnlmn must have the form:
derivation should start from the start symbol S,
< ple oF dlli:ltl}plc: M=(Q. £, q,, I)

Sty fnte ¢ o st
Sty- finite state sct of mp.ul zn[phabcl. -
on. which is mapping from Q. X X to Q. for this transition function
i transt sers 10 be passed are state and input symbols. Based on the current stale
the l?"".ml cymbols, the machine may enter into ariother state. qo Q is the ¢zi state.
and ! :s.cl of accepting or final state. Note: for each input symbol a, from a given
N g exactly one iransition and we are sure to which state the machine enters.
slate lh“'“chine i< called Deterministic Machine '
Sothe"::“: b et n> 0} is not a CFL
F:;:ELSupPOSC La"br¢ is context-free. Let p be the pumping length.

— 4 b e € Latb"en. :

, Consider Z ‘
since |21 = P there ate u, v, W. X, y.such that z = uvwxy. lvwx| < p. [VX| >(and

wwx'y € L for all i >0.
, Since | vwx | SP. VWX cannot contain alf three of the symbols a, b. ¢, because there

e pbs. SO VWX cither does not have any as or does not have any bs or does not have
anlv cs. Suppose. (W log) vwX does have any as. Then Uvewxly = uwy contains more

s than either bs or €S- Hence uwy ¢ L.

me

-Cl
H n I'l . . .
|18 ion funcli

b, Explain Turing machine model. (06 Marks)

| Refer Q0. 8(b) of Dec 2017/ Jan 2018.
| OR

b3, Design a Turing machine to accept thel
| Aus, Step-1: o
. Replace 0 by X and move right, Go to state Q.l.
Step-Z:
Replace 0 by 0 and move right, Remain on same state
geplace Y by Y and move right, Remain on same state:
eplace | by Y and move right, go to state Q2.
Step-3: - o
Replac : o .
Rep:aw | by | and mbove right, Remain on same state
Regézef by Z and move right, Remain or same state
Step.4:e 2by Z and move right, go to state Q3.
tplace : ' ’
Replace (l) Ey 1 and move left, Remain on same state
ReplaCe 7 by 0 and move left, Remain on same state
Replae v by Z and.move left, Remain on same state
Y'Y and move left, Remain on same state

®place X
' .stEp.S: by X and move right, go to state QO.

anguage L={0" 1" 2" | n>1}.(08 Marks)

g, ;. : e
" Seanney | o
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Auwtomatv Theory ang, C 3
Omp :

I symbol is Y replace it by Y and move vight and Go to stgqe 04 '
Else po o step | :
Step-6e .

Replace 2 by 72 and move tight, Remain on same state

Replace Y by Yoand move rightc Remain on same state |

$ and move left, STRING 1S ACCE
. Clp

I symbol s § replace by |
FINAL STATE Q5 TED, G 1

b. Design a Turing machine to accept strings of a’s and b’s ending with ab orby,
(08 Marks
Ans. |

N.N/R
YoV

34




Module-5

¢ following :

e th : : -
jinistic Turing machine i) Multi - tape Turing machine.(06 Marks)
A% Ce 8!‘

in
detern

)EferQ.no. 10 (a),(b) o June/ July 2018, .
e the following : ,
pe 7 enumerable language ii) Decidable language (06 Marks)

€ L ’ ar q

] pc “I'Si‘ R
i) Re¢ P E"umcr:lhlc (RE) or Type -0 Language

or type-0 languages are generated by type-0 grammars. An RE

cclll'b
4 RE angu e . accepted or recognized '
L can be m?q?[ Lon ,Lc;g,mze( by Turing machine which means it will
‘:n(:‘r into final .stulc or the 5'“ ings flanguage and may or may not enter into rejecting
. for fhe Strings which are not part of the language. It means TM can loop forever
hich are not a part of the language, RE languages are also called as

strings W

tTL:,rr::; rccognizable languages.

[)ccidnblc J[anguage |

R e DeClda.ble or Recursive if there is a Turing machine which
;accepts and halts on every input string w. Every decidable language i
Acceptable. | .

Non-Turing acceptable languages

Turing
acceptable
languages .

Decidable
languages

A decision probtem P is decidable if the language L of all yes instances to P is

decidable. : .
For a decidable language, for each input string, the TM halts either at the accept or

the reject state as depicted in the following diagram -

Decision on Halt

/O_-» Rejected
Input O\’
- ' ©—+ Accepted
]

Turing Machine




V Senv (CSE/ISE) Automator Theory and, ¢

. an?
¢. What is Post correspondence problem?
. h 3 § R
Ans. Refer Qno. 106 ol June/ Juiy 2018,

OR

10. a. What is Halting problem of Turing machine?
A\t;s. Refer Qune. 10(h) of Dee 2017/ Jan 2018.

b. Define the following : i) Quantum computerii) Class NP,
\n\'. i) Quantum Computer: Refer Q. no 9 ¢ ol June/July 2018

i) Class NP : The class NP consists ol those problems (hyy

a1 i » class of decision problems for whig -“-rc vt"riﬁ&blc-
polynomial time. NP 1s the class © : | s neh it g ¢

? 10 Cheg
'Iﬂt[()n_ ”enc:
edin “Xpongngy

the correctness of a claimed answer, with the aid of a little extra infory “¥ o
we aren’t asking for a way to find a solution, but only to verify
solution really is correct. Every problem in this class can be soly
time using exhaustive search.

-
A

¢. Explain Church Turing Thesis. (04 Mnrlg,
Ans.
Ihe Church-Turing thesis concerns an eflective or mechanical methog in logje
and mathematics. g ‘ ®
A method. M, is called “effective’ or *mechanical’just in case:

M is set out in terms of a finite number of exact instructions (each instrution
being expressed by means of a finite number of symbols)

Mowill, if carried out without error, always produce the desired result in a finie
number of steps

M can (in practice or in principle) be carried out by a human being unaided by |
any machinery except for paper and pencil

M demands no insight or ingenuity on the part of the human being carrying itodt
Ihey gave an hypothesis which means proposing certain facts.

The Church’s hypothesis or Church’s turing thesis can be stated as:

. . L . : ions can be identifie
The assumption that the intuitive notion of computable functions can be ident!
with partial recursive functions.

Thic . e . ‘ ~01c and is usuall
Fhis statement was first formulated by Alonzo Church in the 1930s and s
referred 10 as Chureh's thesis, or the Church-Turing thesis.
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ter B.E. Degree Examination, CBCS - June / July 2019
Automata Theory and Compatibility )
Max. Marks: 80

FIVE full questions, selecting ONE full question Srom each module.

Module - 1
he following : i) string ii) alphabet iii) Ianguage. (06 Marks)
00 . of Dec 2018/ Jan 2019
7 pefer @ , _
A B q (lctcrministic finite State machine for the following language over Z =

p, Dosig™ |
th b}; (W[ W] mod 3,> |W| mod 2}
[ W ends cither with ab or ba}.

(10 Marks).

")Ls {“’

oy

| (W) ‘
ii)

b r’r iff! 4 note on finite state transducers. (07 Marks)
(orﬁlzgiejtilte fransducer essentially is a ﬁnite.state automaton that _works on two
» fﬂnsla(in?pe?' T!le ‘l’ll?Sl common way to th‘mk about transduFer is as a king o.f

i ins% m.lcl!me . They read from one of ll‘w. lapcs‘and write -on to the -othe:.
ance, 1s a transducer that translates aS into bS.

( )ab

E'"‘ Scanner . 37




' nator Theory oungd,
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Ans, A deterministic finite au

38

b. Define DFSM? Minimize the following FSM. [Re

Co—,m
but the arc means that in this transition the transducer rcadsafmm thep % |
a: but the ans
and writes b onto the second.

. lapg
ransducers can however, be used in other modes that the tfanslation
"lmlm‘: ,"\L:f;qli‘on mode Transducers write on b0|l|l lﬂ!)L‘S iln‘(l N the e
:;::)mr:c:cll :‘r‘om both tapes. Further mor.c.'lll\c |(‘l~ll‘cu(l|0|-][‘0-'1lr
around i.e., a : b can not only bg read as wdf al 1'0m‘ e ln.s--t ‘ i
second tape, but also “Read b from the scwn.( (dp‘L ?nﬂf \\‘n Ite a on (g the firgy tapthe
So, the above transducer behaves as follows in the dj erent mode.s, €,
® Generation mode : it write a string of aS on one tape and String bg o, the o
tape. Both strings how the same length. | ¢
¢ Recognition mode : it accepts when the word on_ the }‘ix st
as nm:w asS as the word on the second tape consist of bS.
® Tmnslahtion mode (left to right) : it reads a$ from the first tape and wrigeg anpp
every a that it reads onto the second tape. 0r
) Tran'slation mode (right to left) : it reads bS from the
for every f that ir reads onto the first tape,

a
COgnjy; swe"
anslatiop Ca

g
ape ang Write | t“fned

tape Consistg of ex

aCtIy

second tape g4 Write oy ,

fer Fig.Q2(b)] k.
cler Xig.Q2 (b)) (09 Maryy

" .

tomata (DFA) is described by five clement tuple:
(Q.L,8,q,F) |

Q is a finite set of states

Zisanon €mpty input alphabet
0 is a series of transition function
q, is starting state

F is final state

—
— *A

D

~|[o|5]<]

&
F ]
A |
B
C




Distinguish pairs
AB,C.D,E,F

B | X
clx|x]|
D | X X
E|X X
FIX| |X

AlB|cC|D

* *

a b

(B,D) | (C,E) | (E.A)
(B,E) | (C.P) | (E.B)
(B.F) | (C,E) [ (E,C)
(D.E) | (E.F) | (A, B)
(D,F) | (EE) | (AQ
(E,F) | (F.E) | (B.C)
B | X
cClx|X
D|x|X|X
Elx[x|[x[X
FIX[x|[X|X]|X

AlB|C|D|E

Since there is no in distinguishable pairs

Given DFA cannot be minimized its already in mi

Module-2

Ly s L.
Write the equivalent Regular Expression for the given Finite st
[Refer FingS(a)] i :

nimized state.

ate machine.
(08 Marks)



. nata Theory and, ¢
V Sewn (CSE/ISE) . di —%

: ) y transition for *r° r‘orth\‘
Ans. Since the problem given doesn’t have any " P o itcartl |
be solved. : input "0’ g0es 10 'q” we get far. .
: ition *r” for the input 0" g A Ve get follgy,;
ssuming the transition °r e ’ ngR
02041701 0)* 0[O+ 0+ (11 *0) O]*(O““E)Hmfo) 1
. i \
b. Write the Regular Expression for the following language. "
i) {w e {a, b}* with atmost one a}
i) {w e {a, b}* does not end with ba}
iii) {w € {0, 1}* has substring 001} »
iv) {w € {0, 1 }* [W]| is even). (08 Marl“)
Ans. i) (b+a)b*(e+a)
i) (a+b)* (aa|ab|bb)alb| e
iii) (0+ 1) * 001 (0 + 1)*
iv) ((a+b) (a+ b))*
OR
4. a. State and prove the pumping theorem for regular language, (08 Marks)
Ans, Refer Q.No. 4.c. of June / July 2018
b. Show that the language L= {a"b" | n > 0} is not regular, (08 Mark;)
Ans. Step I:-LetLis regular and n be the number of states in FA.
Consider the string x = g pn
n n
—_——— —_——
X=3aaaaa a bbbbbpp
—— ~— ~—————
u \% W
Step 2 :- Since | x | =2y Z 0. we can split x into yyw such that |uv| < nand |v|2|
as shown below,
Where luj=n- L and V] = | 50 that |uy| = M =n-1+1=nandw=n
A_ccordmg PUmping lemma uv'w ¢ [, for ; = 0.1.2...
Step 3 =1fi=0, v does oL appear and number of 4' will be less than b’s which s
Module-3 |
5. . ' Y .
. Define grammgy. Write the CFg for the following |

Ans,

40

i) L={we {a, b}
i) L= {a‘bi|i=j+l}
A grammar G = (V, T

. P, S =1 e 1
Tis input alphapet are ) where v _ Wy 9524, ...} s states of DFA

anguage.

Jwv) = n, (w)}

the terminals. i, th
b : € ure
.S —.qU 1s the start State of DFA s
‘P’ is the Productiong ¢p>

from the transitiong



/jbdy 2019

r

o

b
Define PDA? Design PDA for the language L= {

e
5965 f & ) V=18
1Y% bl T=tab)
= P={
p= §g—E& S— 0A
g—b Sa A—g
} o '
' art symbol § 15 start symbol
5 .
hat 8 inherent ambiguity? Show that the language given is inherently
‘ qnltrig“mlS? 1 n Rm n '
e [mem 20} o a7 b ¢ n,m 2 0} (08 Marks)

o iy €A5€S: when confronted with an ambiguous grammar ‘G’ it is possible to
:.onstrllCI - new grmmar and that generates L(G) and that fas less (or no) ambiguity
L o v . . .

it is not always possible to do this. There exist context free language

fortunately \ :
for which no unambiguous grammar exits. We call such languages inherently

ambiguous. L
Lz{aiblck:i,j,kZO,l:_]Ol‘_j:k}. | .
Analternative way t0 describe it is L= {a"b"c" [ n.m >0} U {a"b" ¢"| n.m 2 0}
Every string in L has either (or both) the same number of a’s and b’s or the same
umber of b’s and ¢’s. L is inherently ambiguous one grammar that describes it is
6=1{5,5.5,A,B,a b. ¢}, (a, b, c}, R, S} where
R=1S—S, ]S,

S,— S, c|lA

A—aAb|e

S,—aS,|B

B—bBc|e}
Now consider the strings in A" B" C" = {a" b"¢" : n 2 0} They have two distinct

fierivations one through S, and the other through S, it is possible to move that L is
”.‘f!erently ambiguous : Given any grammar G that generates L there is at least one
String with two derivation in G. '

OR
a" b™ a" | n, m > 0}. (06 Marks)

' a P=USh Down Automata is a seven tuple
Q[ ., Ay 2, F) |
Where Q is set of finite states
Z is set of input alphabets
I8 set of stack alphabets
8 - transition form Q(Zue)x [ to finite Suv set of Q x P*
Y, € Q is the start state
: lZTU € P_is the initial symbol on the stack
=Q s set of final states
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b.

Ans.

Ans.

1. a.
Ans.

2

;|
S(S.a.2) " (Avaz) \ :_

S8, ) =~ (S, aa)
S(A b ) = A
S(AL L az) © (Ae)

S(AL . 2) = (Quz)
AAE )= (& (a. 0/ an)

(a7, /0z) (b, a/¢)

~B—G—@

Convert the following language from CFG to PDA L= {ww* | we {0,

1
(06 Mari
0,e—0 b,0 —¢

l,e— | [.1 —¢
£, 68— £, 6—86 £,95—e
— M%) ALY >

Convert the following CFG to CNFE - E + E |E*E|(E)|id, (04 Marks)'
E - EE'|(E) .
E'— +E|*E
E—io|

V={E)

= {iid ~+E]

P

{
L
f
1

E — EE'| (E)
E' — +E | *E
E—id

|
J

Module-4

Prove that the language L= {a" br ¢ | n >0} is not context free. (08 Marks)
Suppose this language is contact free: then it has a context free grammar. L_EFK be
the constant associated with this grammar by the pumping Lemma. Consider the
string a*b*c*, which is in L and has length greater than K. | i
By the pumping Lemma this must be representable as uvxyz, such that all uvXyZ&*
also in L. This is impossible, since .o they
® cither vand y cannot contain a mixture of letters from {a, b, c}; otherwise ™
would be in the wrong order for uvixy-z . balaﬁce-
® if v ory contain just ‘a's, ‘b’s or 'c’s, then uv’xy*z cannot maintain the
between the three letters (it can, of course maintain the balance between two)




e ]W/szyzow

0 are not close .
(f ~ hat CFL are not closed unde interseetio
PI'O“' t _ (P
b

| Complement oy difference?
QNo. 7.a. of Dec 2017/ Jan 2018 (08 Marks)

[l OR

o Turing machine to aceept L= {an Iy
¢

<o ¢ n>0),
g Desis

2 VEF D No. 8.b.of Dec 2017 7 Jan 2018 (08 Marks)
S' . RL\]‘CI. O‘ Q.
Al quing machine. Explain the worki : ;
v turning mac I ¢ working of s turning machine bl
b I[,cgl:LQ No. 8. of Dec 2017/ Jan 2018 ! ng machine, (05 Marks)
- Refer Q- :
AR . .
‘ ; , Ititape machine
rite a notc on mu ' 03 M;
: :{\erferQ-NO' 9.0.0f Dec 2017/ Jan 2018 \5:Murice)
s' . H
¢ Module-5
,  Writea short notes on :
" 4 Growth rate of function (05 Marks)
b, Church-turning thesis (06 Marks) -
¢. Linear bounded automata, (05 Marks)

yis. 2. Growth rate of function : One of the most important problems in computer
. science is to get the best measure of the growth rates of algorithms, best being those

algorithms whose run times grow the slowest as a function of the size of thei: input.
Efficiency can mean survival of a company. For example, a sort of measure 0(2 n)
ona database of millions of customers may take several days to run, whereas one of
measure O(n - log n) may take only a few minutes!
However, the big O estimate, does not necessarily give the best measure of the growth
rate of a function. One can say that the growth rate of a sequential search is O (n?),
but one knows the number of comparisons is approximately proportional to n, n the
number of input items. We would like to say that sequential search is O(n) (it is), but
the notion of big O is not precise enough. Therefore, in this section we define theta
© notation to more precisely measure the growth rate of functions and big omega Q
notation. The most important of these is O . We also define o and @ notation.

b C.h.“l'Ch-tlirning thesis : Refer Q.No. 10.c. of Dec 2018 /Jan 2019

" Linear boundeg automata : Refer Q.No. 10.c. of June / July 2019

10, ' OR
- 4short notes on - '
’. °S|t ‘orrespondence problem (gg x:::;
Alting problem in turning machine | ( ‘

. LV k)
b, a Arlous types of turning machine. ‘ : (06 Marks)

. . ‘I "
By SPOMence problem : Refer QNo. 10 of Dec 2017/ Jan 2018
. "g problem jn turning machine : Refer Q.Na. 10.b. of Dec _

B | :
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¢. Various types of turning machine : '
1) Multiple track

2) Shift over Turing Machine
3) Nondeterministic
4) Two way Turing Machine
5) Multitape Turing Machine
6) Multidimensional Turing Machine
7) Composite Turing Machine
8) Universal Turing Machine
Refer Q. no 9.a. of Dec 2018/Jan 2019

4 : .
. . Sunstar EKM 3




