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B.E.
Fourth Semester Examination, May-2006
THEORY OFAUTOMATA AND COMPUTATION

Note : Atiampt any five qusstions. Part of tre question mog be atempted together.
0. 1. {a) Construct FA equivalent tp following regular expression

{B+1)*{0a +11)0+ 1>,
Aas,

q o d{q.2)
9a a 40
a0 h 1
g ' a qy -
Y b 9z
4a 4 o
az b 13
935 a 13
43 . h : 43

The ahove diagram shows, Stale diagram ;
Hexe 2 tends o Zer

and b ends to one

T MizinstateOor 1. .

Here qg is initial stale & final state is g3 but nol is transition diagram above. So atawe - is called dead
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Q. L. (b) If x and y are regular sets over T, then prove that XNy is ako = regular setover T .
Ans, If X and Y are regular set our T, then XMy is also regular.

So, M) =T(M)" .

Here T[M}T is regular,

The transition system M’ is constructed as follows :
I. The initigl state of M" are g and q; .
2. The (only) final state of M' is q .

3. The direction of the directed edges is ravened. M is given in above figure.

Q. 2. What is Moore machine? How FA can be converted into Moore machine? Explain wiﬂ-l the
help of one exampie,

Aus. Moore Machine : Moore M/C has six wple (Q,Z,4,58,1,9;).
Where Q is finite set of siates.

T is i'p alphabet

A is o/p alphabet.

& is the transition function

A 15 the o/p mapping Q into A qg s initial state.
The m/c is which we remove the restriction of finite automata, and consider the model where the o/pscan .
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be chosen from same other alphabet. The value of ofp function 2(t) in the most general case is a function of the
present state q(t) and the present ifp x(t)

ie. Z(t) = a{q(x). X(1))

A is called Z{r) = a{g(t))

This restricted model is called Moore Machine.

FA can be converted into Moore Machine, the FA, we consider here, would accept the string or do not
accept the string. This acceptability was decided on the basis of leachability of the final state by the initial
state. .

MNow one remove this restriction and consider the model which is called Moore Machine.

For example :
Present state " Next state § olp
a=0 a=1| A
—+ Qg Q3 qy 0
q; q) 9z 0
9 qQ 93 0
q3 93 do 0

For i/p string g1 ] . the transition of states is given by,

Qo939 > 9 *492-

Do/pis00010se | o/pisMgy)=0].

Q. 3. (a) Find context sensitive grammar (C.S.G.) generating the language.
{ssisefa,b}"}.

Ans. Find C.5.G generating the fanguage

[ss/sefa,b)"}

The language generated by a type | grammars is called type —1 or C.5.L—Context sensitive language.
The production of form ¢A y — vy is called type | production if o » 3 .
In type | productions erasing of A is not permitted.
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If G ={{s).{a}".{b}".{s - 55}.5)

L{G) = ¢ . since the only production §— SS in G has no terminal are right hand side.

Q. 3.(b) Explain Chomsky hierarchy of Grammar. What is difference between languages of classes?
Ans, Chomsky Classification of Language

I. Type—) grammar '

2. Type-| grammar

3. Type-21 grammar

4. Type—3 grammar

Typt O Grammar : A type O grﬂmmm- is any phase structure without any restrictions,

Fai s PAY— pay Right context
1 ! .
Variable l—b Left context

$a y replacing string.

Type-I Grammar : A production of the form ¢ Ay -» gay is called a type-1 production if -.
In type | productions erasing of A is not permitted.

Type-2 Gramumnar : If it contains only type 2 production. It is also called a C.F.G.—Context free gram-
mar. -

Type-3 Grammar : A grammar is called a type 3 or regular grammar if all its productions are type 3
productions, A production § — 3, is allowed is type 3 grammiar, but in this case S does not appears on the right
hand side of any production.

Q. 4. (a) Suppose M, and M, are PDA's accepting L; and L, respectively. Describe a proce-
dure for constructing a PDA,; accepting each of the following languages :

(i) LIUL2 )

(i) LIL2

(i) LI*.

Ans. Let G =(V,E,R,S} beacontext free grammar, we must canstruct a PDAM such that L{M) = L{G),
The m/c the construct has only two states.

1. Pand 2. qand remains permanently is state q after its first move. Also, M uses V, the set of terminals
and nonterminals, as its stack alphabets.

We set M= I{[p,q},z.v.ﬁ,p, Ea}]
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Where 4 comain following ransitions.

1. (I.-F - ﬁ'}+ [ﬂs 5)}
2. (g.e,Ad(g. x)foreachrule A — = inR.

3. {(g.a 2h{q ciforeache ¢35 .

Are of above languages LILILE, LILZ. LI* are accepted by above produce used to design PDA.
Q. 4. {t) Give transitiot tables for PDAs, recognlzing each of the following langunages :
¢i) Language ol All Palindromes over {1, b}

(i) {a'ble" i, j. bz Oamd § = Oor | = k).

Ans. (i)

Siate -

UipRead 1P

Stack

Transitien

Comnacnits

L

abhbabaa
abbbabaa
bbbabaa
hbahaa
habaa
abna

baa

a8

a

-]

=

Rk R g B LA = R

Initial

Bottom Marker
Starting of stack for a's
Femove one a

Starl stack

of ar The b's. .

Agcepls

g™ &L 4L &L L Lo oo a8 S D
-—r

Sinte

UinRead I/F

Srack

Tramsition Used

- Fm emoW

ebbebba
bhebbi
bobba
cbba
bba

b

€

bba
br

W ST N L
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Q. 5. {a} State and prove Myhill-Nerode theorem. How it is nseful in minksization of finite An-
tomata T

Ans, Myhill-Nerode Theorem :

[ {a+b}(b +aa)*b) *alb +aa) *a |

q=qE+qh+4
Q=g +A3p =aA2a
Q3 =Qoy -

I 1s necessary W reduce the No. of unknown by repested substitution. By subRinging q; is q; —&qua-
lion are get. '

Y T

Qz =qup +Q2p + 92
=q)q +22(b+aa}
= ay, (b +aa)*

How apply Myhili-Merode theorem we gel substitulion g4 is 4, ., we get,

Q1= g +aa{bram)*b+)
=qy(z+alb+aa)* b)+2

Hence by theotem, we get -

q =Ma+ a{ﬁ+aa]")l:r*-

qz =(a+alb+=a)* h)*alb +aa)*
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q3 =(a+a(b+aa)*b)a(b+aa)*a

Since q3 is final state, the set of strings recognized by the graph

E (a+a(baa)*)b*)a(b +aa)*a

Q. 5. (b) Prove Pumping Lemma for regular sets. What are applications of pumping lemma?

Ans. Let M =(Q,E,g.qq,F) be F,A with n states. Let L be regular set accepted by M. Let o <L and

j@{=m. ¥ m>n then there exists X, y, z much that jw =xyz | [@ = xyz |y= L and x'zeL for each

iz0.

Application of Pumping Lemma : * This theorem can be used (o pure that certain sets are pot regular
we need some steps o pure that given set isnot regular. '

Step 1 : Assume L be Regular and n is No. of states in F.A.

Step 2 : Choose a string w such that [w(z n. Use pumping lemma to unit @ = Xxyz with {xyls n and
[yi>0.

Step 3 : Find a svitable integer | such that xy'ze L, so L is NOT regular.

Q. 6. {a) Design & Turning Machine to accept the language

L={I"0"rn21},
Ans. The following transition take wsed bhere :

Present Tape symbol

State 1] I X ¥y b

—+ 4 xRq; bR gy

92 ORg, . ylay - ¥Ry,

a3 OLq, XR,, ¥Lqs

- Q4 OLg, XRq,

"qs YRqs bR g
Gs
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Here (he processing nsed for strings are
{a) 011

{h) 0011

Y RLLY

Mow the sirngs ecepied by M are :

(a) qp 901 XR g Thigaxy LiX g vileygg
Az ﬁ[q _5.|:] i5 not defiped,

 So Mhalts, so Vp atring 01 | is not necepted.

Where ac (01 1 iz accepted by M as :

qp 00 1K 02 L: Mgz Li: Mg, Oy

1qq X0y 33q, By XX qzyy: XXy, |
are stat;ts are defined.
Q. 6. (b Desipn a Turing Machine to perform the addition p + 4.
Ams. The Turing m/c can be designed by using,
— Instanizmecus descripiicn saing awde relalion,
— Transition table.

—» Transition diagram.

'{ b |34 o, 32|f| “?-Jﬂz 1“4}‘2 blp }

|.
Cal

L3

Head
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Prescnl stame is g

ag & o W Il1| b a’l 84 4
< Laft | , i R:-')
Sojuare : Tg{ﬁ
Print Symbol sequence
der BAw head .
state un _
MNow iransition sable

P.S Take symbol

— b [ |

q) tLg3 O g,

3 OR 44 6R gy

0

(). 7. (») Dexcribw itwo Lemmns reguired (o convert 8 grammar fo Chmlsl-q.r Normal farm.

Ans ‘We nsed pumping lemma for repualar sets.
Let M ={Q,Z.5,9;.F) beo F.A with n states, Let L be the regular set accepted by M,

Let w <L and |af{<=m,

If ;= n then there exists %, v. Z such that

y=i and xyz el foreach jz0.
The following steps are requirsd for conversion :

Siep 171 Assume L is repulay. Let o be the No. of states in FA
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Step 2 : Choose a string @ such that |@|< n . Use pumping lemma to unite W = XyZ with |xylS n and
I¥i>0. '

Step 3 : Find a suitable integer i such that xy'z e L, Here L is not regular.

Q. 7. (b) Describe difference between context-free and context-sensitive grammar. Also describe
basic defects of contexi-free grammar.

Ans. Context Free gn'mnlr (C.F.G.):

A finite set of variables each of which reference a language, and they reference language as recursively is
terms of each other & the primitive symbols are called terminals. The rules are called prudnmm

The notation used to describe PLs is called Backus-naur form.
Foreg:
1. <exp> — <Mexp>+ <exp>
2. <exp> —» <exp>* <exp>
1. <exp> = (<exp>)
4. <exp> —» id
Coniext Sensitive Grammar (C.5.G) :

The grammar generated by C.5.L called context sensitive grammar.
A production of form

called context wnsilivcgl-'anmarif.
Every Monotoni¢c grammar G is equivalent to type | grammar or C.5.G. for eg. :
If every production is P is of form
o —+ B with
lef<JB| or
S—p .
Q. & Write short notes on the following :
(a) Primitive recursive functions
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(b) Griebach Normal Form (GNF)

{c) Application of PDA.

(d) PCP Problem.

Ans, (a) Primitive recursive functions :

A No. of theorem are proved by reducing one problem to another. These ricurve functions integrate many
terming unlcss into ope composite machine.

The state of the composite TM has a component for each individual m/c. Similarly the composite m/c are
not tedious.

One algorithm which is given can be recursive for another, but sometime we can't used if for another
_ problem, it is only used for one algorithm. '

1. The Recursive function complement is also recursive, this is the properties of Recursive function.

, D
% M Y> _xYes
|:: 3N 4 No
2. The UNION of two Recursive functions is Recursive,

Yes —aYes
Yes S=—3Mo

3. Ifalanguage L & its component | are both Recursively enumerate then L is also recursive & | also.

oy Yes aYes
W M |_»Yes
M1 . Q
Nl]_ o
{b) Griebach Normal Form (GNF) :

A context for grammar G =(V,L,R,S) is called GNF, if any rule is of the form of A — w for some
wel (V-I)*. )
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ic} Application of MDA @

A finite putomatives can of accept the langunga L, where the sirings are of the form ;7p% as it has te

remember the Wo's ol 2's & b's. This difficulty is reducdd by adding auxiliary memeocy is form of #ack. The a's
& b's can be added inlo stack, First emove a's md add b's inlo s, .

So this type of arranee ment where F A, has & stack leads to generation af a pushdown automata (PDA)

{d} PCP Problemn :,

Post's cornespotulence problem An instancs of PCP consises of owa lists A = iby...8, and B=X;...x,
of sirings over some alphabel ¥ . Thia instance of PCP has 2 solution if thers 35 any sequence of imepers iy,

iz.,......, i“ with m=l| sch that wll:wrg! """" wllm Exll!xiz‘xijpmmis it sohetion of PCE



