B.Tech.

FOURTH SEMESTER EXAMINATION, 2007-08

THEORY OF AUTOMATA & FORMAL LANGUAGES

(TCS-405)
Time : 3 Hours] {Total Murhs : 100

Note: 1) Attempt all quetions.
(2} All questions carry equal marks.
(3/ Be precise in your answer.
Q. 1. Attempt any four parts of the following : : 5x4=20
(a) Prove or disprove that
Ly Ly *=Lyuly
where L, and L, are languages.
Ans. (L Ly = L; u Ly is not true. We can disprove it by taking a counter example : Let
regular expression 01 associated with L, and 10 is assotiated with L.
As we know :
Lin+n)=L(n)wly(n)
but by given relation [(1 UL2)’ = L; ) L“gl
: 01+10) =01 + 10
but above relation is not true because (01 + 10¥ will give 0110 but 10" + 10° will never give
0110, hence above relation is not true. _
Q. 1. (b) Given a trangition diagram for the language L. Show how to build a

transition diagram for the language L *.
Ans. Let transition diagram of L is as follows :
Where ¢, is initial state and gy is the final state. Now we can make a transition

diagram for L'

v —

Step 1:

Step 2:

__.@ -
g

Now, we can remove * by *-moves techniques.

o B - B

This is the final transition diagram of L corresponding to transition diagram L.
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Q. 1. {¢) Define nondeterministic finite automata ? How does it differ from
deterministic finite autemata ?

Ans. Non-deterministic finite Automata : A Non-deterministic finite Automata 15 a
3-tuple (@, Z, 8, ¢, F) where;

{1} @ is a finite non ¢mpty set of states ;

(ii} T1is a finite non »mpty set of inputes;

(iii) §is a transaction function mapping from

Q x Tinto 29 which is the power power set of @ the set of all subset of @ ;

(iviqp € @ is the initial state and

(v F €@ is the fina’ states.

The difference between the deterministic and non deterministic automata is only in 8. For
deterministic automata (DFA), the outcome is a state, i.e. an element of @, for non deterrmm‘;»lc
automata the outcome is @ subset of @.

Q. 1. (d) Deseribe in words the language accepted by the following finite

auatomata :

|

Ans. The language accepted by the given finite autematon are the strings given by
t«ah + ba) . As any of such stringsis a string of ab' s and ba’ s. We get an equal number of a and b.
19 a prefix x of a sentence accepted by the finite automata has an eve® number of symbols, then it
should have an equal nuriber of an e and . If the prefix x has an odd number of symbols, then we
can write ¥ as yu or yb. As y has even number of symbols, ¥ has an equal number of «' s and &' 5.
Thus x has one more ath.an b or vice-versa.

Q. 1. (e) Suppose that the language L ¢ (a, b} * is defined as follows :

Rulel:aeclL

Rule 2:anyfora cl,axisin L.

Rule 3:foranyax eL, xbisin L.

Rule 4 ;: No other strings are in L.

Describe the language L in terms of set,

Ans. Language L :: set of all strings (expects ~) started with a and ending with b.

Q. 1. (D) Explain the Chomsky classification of languages.

Ans. Chomsky classified the grammars inte four types in terms of production (types 0-3).

Type - 0 - A type-0 grammar is any phrase structure grammar without any restriction. In
a producticn of the form 3 A w — ¢ = v whore A is a variable, ¢ is called the left context y the right
context, and ¢ « w the replacement string.

Type-1 — A graiamar is called type-1 or context sensitive context department if ail its
production are type-1 production. A production if a = *. In type-1 productions, erasing of A is not
permittad,

Type-2 - A type-2 production in a production of the form A -«, where A eVy and

x &Vy w =) . In other words, the LHS has no left context or right context.
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by 3.

Type-} -+ A grammar is calle:d a type-3 or regular grammar if all its preduction or type-3
production. A production 8 — ~ is allowed in type-3 grammar, but in care 8§ dees not on the right
-hand side ot any production

Q. 2. Attempt any two parts of the following :

10 % 2 =20

(a) (i) Design a DFA which accepts the set of strings over alphabet £ =11, 2, 3, 4)
such that string when interpreted as decimal numbers, sum of their digits are divisible

Ans, = =il, 2,38, 4

Let No. of states @ = gy, ¢3. g3
TFransition diagram ;

[.
@
~

4 3
Q. 2. {a} (ii) Simplify the following regular expressions
Al ey r o+ )4y

"I'-J

ot

(Bllry + ry + ryro + rary)*

Where r; and ry are regular expressions

Ans.[A] r{': It can be seen by transition diagram.

[B}ir + ry . It can be seen by transition diagram.

[Alr i +n)+ rl

3 1 + 7 means set of strings cither formed by ' n orby n
A=A e

noENRLEl

8o to:al string formed by ;f 71 + f is same as total strings formed by

Ho= R, T e Hence, Lo nen =y 1

Now fromdi} equation : 5 (.*{; g+ rl*) + rih = "'1-"1* + 1 =by {1}
= -by - Gi)

Hence Rl R+RY+R = "1*

(Bl + 1o+ rpn + 155 1" we simiply it by the help of transition diagram

(ry ¥ 1yt rs T )
- -

Fp+ 0+ 1 Es + sl
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rit Remove * between g; & ¢4 by *-move technique
_.@

11 Now remove * between ¢4 and gs by * move technique.

R AT

£ H N T

\ N LT L

(e

f ¥l bRl 6

q3 & ¢ both are initiz] state. So final transition diagram is.

S R S R 1 ¢___.

Hence simplified regular expression = (s + m 457 + 1p7y)
We can say the given expression in question is all ready simplified.
Q. 2. (b) (i) Write regular expression corresponding to the following languages
in {0, 1} *, '
{(a) The language of all strings in which every 0 is followed immediately by 11.
(b) The language of all strings that has at most one pair of consecutive 1's.
Ans. (210110
(b)(0 +1+10 +01)°

Q. 2. (ii) Convert following NFA to equivalent DFA and hence minimize the
number of states in the DFA. '

Ans. State table_ of NFA :

State/Z | A a b ¢
Q0 | n:q2 - ¢ q2
U] ‘ - do . qz q0: 92
s - - - -
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For DFA states are subset of (gg, g1, 9ol Now, 8is defined for DFA as follows :

State/Z A a b ¢
(g0l (. g2l - loy) lgal
g - lgo) ;] (g0, 42!
lgs) - - - -

(g1, g2] - (qo) lgo} 90, g2)

[l?o, QQ? {g1, (123 ‘ - [Q]i IQQI

We can reduce the number of states in the state table when two rows are identical in the
successes tabte. But it is not possible in this table. Hence we cannot minimize the number of
states as shown above.

Q. 2. {e) (i) Let M; and M, be the FA recognizing the languages L, and L,
respectively.

Draw finite automata which recognize the (lja?guage Lo - L.

potic

Ans. The finite automaza which in recognize the language Ly ~ Ly will be design by FA M,

with given rule.
Rule — Make non final state of M, and vice-versa

So, our resultant F.A will be .
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Ans, Transition table of given Mealy machine

Next state
Present Input a Input b
state State Output State Output
- q q ! 9 0
a2 q4 1 q4 1
a3 g2 1 a3 1
G4 73 0 gy 1

Now we can sphit g; into several states. The number of such states being equsl to the
rumber of different cutputs associated with g,.
Now new table is constructed as given below

Next state
Present Input a. Inputb
state State Output State Output
- g 0 1 920 0
20 Q4 1 94 1
921 94 1 a4 1
¢30 da1 1 a31 1
431 721 1 431 1
g4 430 0 ) 1

The pairs of states and output in the next state column can be rearranged as —

Present s:ate Next state Cutput
a b
> ] & 920 1
420 4 _ q4 0
da1 - 94 94 1
430 g21 31 0
q31 21 q31 1
T4 430 Q 1

Here we ohserved that the initial state ¢ is associated with output 1. This means that with
output ~ we get an output 1, if the machine starts at state q;. Thus Moore machine accepts a
zero-length sequence which is not accepted by the Mealy machine. Te over-come this situation,
either wwe must neglect the response of a Moor@machine to input A or we add a new starting state
go, whose state transition identizal with ¢; but whose output is 0
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Presen! state Next state Qutput

a b

P ) 720 0
0 q 420 1

g2y qs qs 0

q21 s Q4 1

Q10 I g3 0

qz1 91 g1 1

A 430 1 1

Q. 3. Attempt any two parts of the following : 10 x 2 =20

{a) {i) State pumping lemma for regular expression.

(ii) Prove or disprove that the language L given by

L ={a™b"™ | m = n, m and n are positive integers } is regular,

Ans. 3a (i) Pumping Lemma : Let M = (@, TS, g, F) be a finite automata with n states.
Let L be the regular set accepted by M, Let w € L and jw{= m. If m 2 n then there exist x, y, z such
that w=xyz y # A and xyfz el foreachi20.

Ans. 3a (ii} L ={a™b") m # n, m and n are positive integer ) is regular, We can prove it by
contradiction.

Letm=n

thenL =" 3" {n>0

18(qg, " )in 20! in a subset of @ and hence finite. So s (gg, a™) = 5(gg, &™)

for same m and n; m = n. 5o

3ga. a™ "1 =8(8(gg, &™), ") = 8(S5(gg, a™), b") =81gp, @™ B)

As «"D" e L, 8tgy, " 5") in a Binal state and s0 is 8{(gg, a’ ™). This means ¢"' b" ¢ L with
m = n. [t mean given languaze is regular if and only if m = n.

Q. 3. (b) (i) Define context free grammar, Find a context free grammer for the
following language :

L<la b e |jzi+ kii, j, B} are nonnegative integers.

Ans. A grammar is called context free grammar if it contains only type-2 production. A
type-2 production in a production of the form A — « where A e Viy and ag (Vy w sy

The CFG for the given language L is

G =V, £, P,S)where P is

§ —» AB

A—aAb|r

BobBc|n

Q. 3. (b) (i) Obtain regular expression for the language accepted by following

| [
— i

automata .
—{ 4 Q{J b
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Ans. The given question i3 wrong because transition from ga to gp is not labelled by any
elernent. .
Q. 3. (¢) (i) For the given CFG, find an equivalent CFG with no useless variables
S - AB| AC
A—-aAblbAala
B - bbAjaaB| AB
CoabCalaDb
DobD|aC
Ans. Given production of CFG (Viy, %, P, 8) where production P are as follows :

§ - AB|AC

A—saAblbAa|a

B -5 bbA |aaB | AB

C—aabCajaDb

D-sbDlaC

Construction of P'- Now we can change the production of A as :|A - aab/ baa / «

Now, we can change the p-oduction of B as :

B o bba/aabb A/ aB

B - bbut aabba f a bb A.

| B - bba / aabba / a bb aah / abbbaa / aq] _

Now, we can make any change in variable C and D and it is also not terminated so it will
not include in Ve ’

Hence our final CFG is as follows.:

P

S » AB/ AC

A—saublbaala

B - bba / aabba ! abbaab / abbbaa I aa.

Q. 3. (¢) (ii) Explain Chomsky normal form and Greibach normal form. Convert
the following CFG to equivalent Griebach normal forms.

S - AA

A — S8

S—a

A-b

Ans. The given grammar is in CNF. S and A are renamed as A; and A, respectively. So the

productions are A; = AjA; / a and Ay » AjA; / b. As the given grammar has no null production
and is in CNF we need not carry out step 1. So we proceed to step 2,
Step-2: (i) A;-Production are in the required form,
They are 4y - AsAs/ @
(:i) A9 —> b is in the required form. Apply
Lemma 6.1 to Az = Ay 4.
The resulting production are Ay = AgAgA;, Ap — ad;.
Thus, the Ag-production are :
A2 - A2A2A1, A2 b GA]_, Az —b.
Siep-3 : we have to apply Lemma 6.2 to Ag production as
we have Ay - AgAq4,. Let 25 be the new variable, The resulting production are :
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Ay s Ay Ay - b
.'13 -3 uAl, ;"312 S St 3}32
o-or Asdy L = AA T
Stepd 14 The A-proidvction are 3, = ad || blad ) bz
vie Anvang the Ap-productions we retain Ay o o and climinared; > Axds using Lemie a
foy N7, The resuiting prodacton is
Ay = o lady Aol b Lo AyzaAalb apA,
Step-5 : The zo-productins to be modified are zy — A, Ay 2y - AyAyz,. we apply Lemma
6.1 and et :
Ty -0 Ay O0AY T o Ay Ay L2,
-t ‘41 1; z! }.:‘1.. ]ﬂ “'.I.I Ty A; .‘.’-_?:ihz:}A]&'g
Henee. the eq: u\ dl! Nt gEammar s
Goatledy, Ay o e bi, By Ay
where F um,«u-t,\ of
A o la A D A o A A4,
Ay o adpiieia Apls b
Fo —> At Aq.‘%p !1‘!4‘11‘ *ﬁ' .4]33:‘1“'5!3-_3.41
Ly ."1 4] tbAiZ ,ilfA1I;A12 15z ;iklzn
Q. 5. Attempt any two parts of the following :10 . 2 =20
(a} Define push down autemata. Design a PDA for the following language :
L~la' 6/ c*i=jor j=hl.
Ans. A push down suterpata defined s
voa finde nenempty set of states denote hy @,
oo fimite asnempty 2t of inest symsbols denoted by -
Lt a finite non enpty ~etof push’ down symbols denotes by T,
via **;}‘.‘L'i’li viash rluwn wmbeleaiied the initial svrabol on the push dewn stere denctod by z,,
..... Ud ko — -

A
-
0
4')
‘_|
A
—
A
b
-
-
o

it =iate (!rrn-)(.orl L‘\ e R ll b . _E
oot of Binal sbite., oo T Mkatb . e emn o
subwset 0f @ 4 roteg by . pr— Lo B
i o Lansibon function & i stere__
trom & (2 {al D te the set of Loy I}—““—‘_’ I Stormy liicl\{l‘_\!!—l:—'
finite subset of @ =7 " — H_A; Lietian g AiTector
Lol bict li=jorf =k l ~
. : ) i *
o A= gIVen guosooen oither | . :
Pt R L_»
Lot i= ymeuns No. of 2 and . _
e T - Pusiy down store
i L ire equal. Model of 2 push down autemata

Now, we can design a PDA. A .
which 13 defined as fGllows
A =Ugp, gl e, Bia, zg), gy, 29, P €
i5 defined as toliows :
DO g, o, 20 = g, 2o
L 0ige, ¢, 2o =g, (2l
AR r_.'.-, i = gy,
H Jf”*{"}i‘r}

? o -‘“ [r in ‘“l!ll. A
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Rg :8{qy, ¢, 29} =l{qq, 20)}
Fy:8(q, ~, Zo) = [(ql, Al
Q. 4. (b} Consider the given PDA:
PDA M =({Q‘o}, {0, 1}, {a. b, zo’s & o Z¢» L]
where 3is defined as follows
5(gg. O 29) = lgg, @ 2y}
3{gqgy 1, zo) = {(qy, bz9)}
&lge 0, a@) = {gg, aa}
Egg 1, B = {(gg BB}
Elgq, 0, b) = {(qq €)}
& (qo; 1; a) = {(QO’ E)}
dlgg s 2p) = gy &)
Convert the given PDA M to the corresponding CFG.
Ans. PDA M =(lqq), 10, B.1a, b, 23, 8, 99, 29. §)
Let G ={(Vy,{0,1, P, S}
where Vy consist of Sy igy. a, o), [g0. b, 95, lgo: 20, gp)
The production are
Py :8 - lqq, 29, g0}
&gy, 0, o) ={(gg, azg)} Yields
Py :{gq, 2g. gol > 01gyg, a, gol [qg, ¢, gol
P3 :go, 29, gol ~» 0 [ap, 2001190, 20, 90!
(3((]’0, 1, 20] = {{QO, sz)} Yields
Py :lgo, 29, gol — 1 0. b, gol
P :(q0, 20+ g0l ->1lgq, 20, gol
8(qq, 0, a) ={(gy, a )] yields
PG :qu’ @, Q'()] =0 [QOT a, q0]
5(qp, 1, &) =1(qy, b )} yields
B? :[q{)! b! QO] -1 IQO; b- QO]
5(gp, 0, 5)=1(gy, ©} Yields
PS :[QO! 61 qol -0
5(qg, L a) ={(gy, ®) Yields
Ps :lqg, @, gol — 1
B(qy, & zg) ={(qg, ©)} Yields
Pyo :[g0, 29, a0) = A
P, - B, gives the production in P of CFG.
Q. 4. {¢) (i) Context free languages are closed under intersection. Prove the
statement or give a counter example.
Ans. We can show it by taking a counter example : Let L; in a CFL and it is generated by
grammar with productions.
S 3> ABC, A —»aAb|A,B->bB|bC >cC|A
and Lo in & CFL and it is generated by the grammar with production.
S AC, A eAc|B,BbB|AC—=cC e
Now for L; A Ly we cannot write any production which accept language generated by
Ly ~ g, So Ly n Ly is not CFL.
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Q. L. (¢} (1) Given a context free grammer . Suggest an algorithm which can bhe
used to devide whether language genrated by grammer G is empty or not.

Ans. Let L =L((G) Langunge generated by the grammar G =(Vy, Y, P.S. To decide
whether the fanguage generated by grammar G is empty or not we can eonstruct a PDA aceepting
L by enipty store.

Ashgr L Ve w &g S, d

where dix defined as ;

Ry:éiqor Alsftquifl s was inP}
Rostgoa, )y ={tg, i forevery ain L

Sugpeslions to write an algorithm to decide whether the Janguage generated by
grammar (7 is empty or not :

The push down symbol in PDA are variables and terminals. If the PDA reads a variable A
an the top of PDS, it makes a ~ more by planing the production (R.H.8. of variabler If the PDA
reads o terminal a on the PDS then erase it. If all the terminal erases by putting the production of
variable them languages generated by grammar is not empty. If variable not converted into any
production, means terminal string PDA will halts. In this-case language generated by the
grammar (7 ix empty.

Q. 5. Attempt any two parts of the following

(at (i) Design a turing machine for the following language

L - {www cla+ b)*)

10 < 2 =20

Ans. A turing machine (@, . 17, 8, ¢, b, F) for L={tow / w el + b s given below,
Traason table

it b Y

=0 YRy YRq, -
q aRq bRy Yiq,
42 alaqy blLqy YRq,

73 - - -

E] - - -

Q. 5. (a) (ii) Prove that if a Janguage L and its complement both are recursively
enumerable then L is recursive. _

Ans. Let M| and M5 be twoTMS such that L =TtMy)and L =T(M 41 we construct new two
type TM M that simulates M; on »ne tape and M, on the other.

If the input string W of M is in L, them M, accepts w and We declare that M accept w. If
we L, then M., accepts i and we declare that M halts without accepting. Thus in both cases, M
eventually halts, By the construction of M it is clear that TtM)=T(M ) = L. Henee L is recursive.

Q. 5. (b) Design a turning machine which computes function f: N — N defined as

fin) = 2",
Ans, As given finr=2" wheren e N
Y 2..':2:2* 1
2" =4=2x2
23:8=2x4
9t .16 =2x8
2 =32=2- 16
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We can caleulate i in the form of multiplication, We will denote every decimal number
as g unary rotation.,

For example 2» 2 = 4 will be denoted as ;

11T # 11 =1111++%:

- - B 1 i 1 R B .
Fina! transition tT';lln is o
ez 1 | X Y | - B
L 'y (1 X, }?H q L i - - - -
@ gL R g " L) - - - - ,
q qp Y. R - - - g6, =, L. -
43 q3. L B - - - g3, = R -
¢4 - bo- b - - g, L L
as g5 1. L i - I - Y. R g = L -
| G - l qg- " L ! qg. " R g5, 1, L - - i
IL_ @ - - g h, L - - Accept

Q. 5. tc) Write short notes on the following :

(1) Universal turing machine

2) Post correspondence problem.

Ans, Universal Tur-ng Machine : A general purnose turing Machine 15 usually colled
upiversal turing taachime waich s powerful cnough te simuiate the behaviour of any computor,
mmciuding any turing machoeatsell More precisely umiversal turing machine can simulate the
Lehovicw of an arbitrary turing machine cver any " T ,

This turing's greatest discovery that there i3 s wariny machine «nich = 2o aensitive in the
seapect that by properhs aeasting the (7 p represoabation, we can cguse i By compuier any
tarring computabic funevios 1o, anv other function that con be compated by iy otber turing,
maciine. The turinesmoch ne of the above capability 18 known as "TINIVERSAL TURING
MACHINE"

5,4r}. (2) The Po<t Coarrespendence Problem : The nost correspondence problem 1POPI
was firstintroduce by Fiadl .oet in 1808, Later, the problean was found te have many applicatio:
i the thaopof formal langu qges. The probiens and = staicd as follows :

Gonatder the twx list v =fvy Lo, 0 vy ooy, ol non anpty strings ot r ar alpbabot,
PR L 1

The PCE is to detorn i whother or ot there st o, in wheie 1207 2 ne sadd, thet
U ¥ S U SO

Example: Letx =10, aul. barand v =i#>, ba, arhave a solution ?

Ans. We have 1o deienmmine whether or not there oxist and the string formed by the
wequence of corresponding scbstrings of y are identical. The require sequence is given by
v Ly s b 2Rt 02, L, L8 and n = 4. The

Corresponding stvings are ; T T T M T ST YT TRy

- . ' . E \ . oy, = e : A Cod ,

Fheti the PUP has & sclutien, I._.i’h_.. _.i.'_. _._.h,_ 'L_..lz'}. L_':l._xl .].1._ ; !- h ' E_
A Ay N AN ¥ Yy o L
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