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B.Tech.
Fifth Semester Examination
Theory of Automata Computation (CSE-305-F)

Note : Attempt any five questions,
Q. 1.{(a) Prove that every primitive recursive function is a computable total function.
Ans. A total f{n) rom x to v is a nule which assign to every element of x a unique element of y.

For Example : If R denote the set of all real number is, the rule 1" from R to uself given by f(r) = +ris
aparnal f{n)since f{r)is not defined as a real number when '’ is negative. But g{r) = 2r is a total f{n)frcm
‘R to itself,

In this, we consider total f{n)from X* to X Where X ={0, 1, 2.....} or A" = {a, b} . So a primitive
recursive f{n) is a total f{n) '/ from X" to X is also called a f{n) of ‘K" varighle and denoted hy
fix, %5, %, ) Forexample, fix,. v, }=2x +x, isa f(n)of two variables f{I, 2)=4, 1 and 2 are
called arguments and ‘4 15 called a value.

gl wa )=wyws 15 a f(n) of '2' variables. (wy. w. e X"} glab,aa)=abaa, ab, aa are call=d
arguments and abaa 1s a value.

Q. 1. {(b) Prove that proper subtraction is a primitive recursive function.

Ans. (1) Scarching restrict for 2 0, M encounters a blank. Then the no's is 0™ 10" have all been changed
'stoisand n + 1of the mO's have heen changed to 8. M replaces the n+ 1 1's by a0 and n8%, Leaving m—n ('s
on ils, tape.

{if} Beginming the cycle, M cannot find a 0 to change to a blank, because the I m 0's already have been
changed. Then n 2 m so m—n ={} u replaces all remaining I's and 0's by B.

(i) Slgp. Oh=1(q,, B. R)
(1) g, 0)=(q .0 R)
ey, =gz, L R)

{iti) Mg, 1) =(q;. L R)
8., 0)=(g,,1, L)

(iv) 8g., 0)=(q;, 0, L)
By, D=lgy, L L)
&gy, 13)=1(q,. B, R)

(v) : &gy, B)=(44,8.L)

gy, U)=(qy, B, L)
g, 0)=(q4, 0, L)
&gy, 8)=1(q,. 0, R)
(i) Mg, 1=(qs. B, R)
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Hgs, 0)=(gs, B, R)
&qs. 1)=(qs, B, R)
8qs. B)=(g,, B, R)
A sample computation of g on input 0010 s :
qo 00101-8q, 010~ B0g, 10}=B01g, 0 |- B0g, 11| Bq2011
g BOL=Bg, 011 A8g, 11~ 88lg,1- 8811,
- BB1lq,11-BBq, 1| Bq, |-B0q,
On input 0100, u behaves as follows ;
90100 |- Bg, 100 |- Blg, 00 |- Bg, 110} ¢, 8110
|~ By, 110|-B8g,10 |-BH8Bg. 0 |- BEERq,
\-BBBBBg,
Q). 2. (a) Write the unrestricted grammar for generating the language
L={a't'c'fiz1}

Ans, Before designing the required wring machine Ay, Letus evolve a procedure for processing the
input string aabbee. After processing, we require the [D to be of the form &bbbbbg . The processing is done by
using tive steps : :

Step 1 : ¢, is the initial state. The R/w head scan the leftmost a, replaces 1 by b & moves to the rights
enter .

Step 2 : On scanning the leftmost 2, the Rfw head replaces 2 by b & moves 1o the right M enter g,.

Step 3 : On scanning the leftmost 3, the R/w head replaces 3 by b & moves to the night M enter 4.

Step 4 : After scanning the rightmost 3, the Rfw heads moves to the left until it find the leftmost | Asa
result, the lefimost 1, 2, and 3 arc 1eplaced by b,

q, 112233} bq, 12233} blg, 2233} blhg, 233
k- blb2g, 33| blb2hyg, 3 blb2qg.h3 1 blbg. 263} blg, h2h3
b by 16263} g, b1b2b3 | bg, 16263} bbg,b2b3 | bbg, 2b3
- bbbbq, b3 bbbbbg, 3} bbbbhby bt bhbbby ,bb

Thus, ;112233 1" g, bbbbbb
3
P.S 1 2 3 b

= g bRg, bRy,

s 1Rq; bR, bRg,

iy 2Rqy bRy, biq,

EA 3Lgs bLg,

s ILg 2Lgs blg,

" ILg blys

bRg,
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Q. 2. (b) Show that if L % is a context sensitive language, there is a linear bounded automation
accepring L.

Ans, (1) The set of contexi-sensitive language is accepted by the model.

(i1) The infinite storage is restricted in size but not in accessibility to the slorage in comparison with the
wring machine mode!, It is called Linear Bounded Automaton (LBA) because a lincar f{n)is used to restrict

o the length of the tape.

{ii) A LBA is 2 non-determunistic, turing machine which has a single tape whose length 15 not infirite

but bounded by a linear f(n)of the length of the input string.
M=(0.ET, 5 g, b &, 5 F)

+—— noells ———

& s

— R head move to rt only

Finite control »

RIW Working
head tape

T )

Q. 3.(a) What is undecidability? Show that the problem "Given an Arbitrary Turing machine M
and arbitrary string w, does M halts on w" is undecidable,

Ans. Undecidability : A problem whose language is recursive 15 said to be decidable. Otherwise the
problem is undecidable. That is a problem is undecidable if there is no algorithm that takes as input an instance
of the problem and deterrnines whether the answer to that instance is "Yes' or "No' :

(i) The theory of undecidability is concerned with the existence or
" non-exisience of algorithms for solving problems with an infinity of J’__‘_,,YES

instance. L a
i1} L 15 undecidable if uring machime halts on applying input symbol—

W,

K, cells

I

If'w' accepts then it produce answer 'Yes', If W' does not accepts then
it halts forever,

. 3. (b) Design a TM for accepling the set of strings with an equal number of 0° 5 and 1° 5,

Ans. Design a TM for the Following language :

L=a"b"nz1)

We are poing to design TM which accepts a set of strings in which every string start with “a’ followed
by any number of a's every string ends in equal number of b's as a's. Mumber a's 15 encountered after first ' is
read. :
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€, a, aa, bb, abb, gabb, agabbb and so on
T, ={0, E.I', 8, gy, A}
Q=q0: 91+ 92, 43, h}
E={a, b}
U=la, b, #}
gy = Initial state
h = Halt state

The moves which also unaddressed, reads towards rejecting states :
1]

wep 2y
g

fabg, & Hag, #

F#gqoftHag, #
FHERG R gy #
FEYR#

Q. 4. (a) Construct a Finite Automata which will accept those string of binary number which are
divisible by 3.

Ans.
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Test this finite automata with taking a string as example.

Process the siring, if it reaches 1o the final state by processing the input string then the number 1s
divisible by 3

Q. 4. (b) Remove the c-moves from following NFA @
0 1 2

Ans. Apply € - closure of initial states

& —closure (g, ) =g, ¢ 4214
Apply input symbols on set 4,

e—closure(8( 4, 0)) =e—closure(qy )= {75, q;, g2}~ 4
e—<losure(&{ A, 1)) = —closure(q, )=, . gq,}-8
& —closure{&{ A, 2}) =€ —closure(q, } = —closure{q, } ~C
Apply input symbol on set "B, d
& —closure( & 8, 0)) == —closure(o =y
€ —closure(&(8, 1)) =e -closurelq, } = [g,, 92} - B

€ —closure(¥ 8, 2)) == —closurelq, | = g, } -C
Apply input symbol on set C

& —closure(HC, 0))=p
€ —closure{ &, 1)) =
e —closure(&(C, 2))=1{g,1-C

A

] 1 2
A a8 8
2] p B C
(1] @ C
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). 5. (a) Convert the following mealy machine to Moore machine :

ly
Ans.
- a=0 a=]

Stwte State __Output State Output |
o P & Fa £
Py Py ¥ m I
B i & B ¥

- q 20 sl

Hite State Ourput State - Qutput
0 Pot x | P x
By | A ¥ J P x
Pod Pul ¥ | P *
B Put ¥ [ Ay ¥
Ay Pt x 1 py ¥

State Baes e Output
a=40 a=1
W T__h Fon e X
Po¥ Poy P x
=% Py P ¥
Py Pt my x
ny Por By ¥

Q). 5. (b) What are the limitations of FSM.

Ans, The lemitation of finite state machine is the word finite, The memory of finite automata is fnie &
the counting ability 15 also finite.

It cann't recognise all the siring of upto v’ number of times.

For Example : (1) Suppose we have a string of d L:a”h" : The automata corresponding to this R. E is
impossible because finite automata cannot recognise any numnibe: of 0's and any number of ('s because FA

have limuted memory.
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(i) It cann’t recognise all the string.
(). 6. Show that if there are strings x and y in the language L so that xis a prefix of y and x # y, then
no DPFDA can accept L by empty stack.
Ans. L= " " m# ni
Suppose we pass the string aaabh
. Pass this string to stack one 'a’ remain in the stack, so this string is not accepted by PDA,
{ns it 2)=lgg, az)
(gn. b 2)={gy.b2)
(o, 22y =(q,. aaz )
(G0 0z y=(gg. 23]}
(o, @ bz)={qq, 27)
{ga- B bz =gy, bz}
{(qp. A 2)=lgp.2)
Rut by these transition thers is one 'a’ remam in the stack 1,

Sn this DPDA does not exist for this type of string,
Q. 7. {a) Write and explein the algorithm for minimizing the number of states of on DFA.

Ans, In the minimizing of FA we use munimizing algorithm :
{1} 7, = |Final state} {all state except final state}

ju) Construct m, from m,

(1ii) Construct 7, fromm, upton =03, 2, ... ........ .1

{1v] Repeat this procedure uptont, =7,
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P B 8 G V2 | 2— 12
& l i g 21 21 21
y s i 224 43— 43
g i @ & 21 21 29
&, i s 8 22y 22 2 2
& [ f % 124 | 12— |2

Ty = 42 ios Gye @30 Gar G5y Gso 9}
1 3
T ={‘T'IJH".|'U1 ‘F;- 4st rj'?'r:' :l.'l"srq"?s}
T =g g Ga i q21095, G5 tigel
2 3 F] 5

I 2
My ={g2) 06 dor @1y 97} g5 )
IR ] 4 3

a b
= [y 4] (5044 (9.5
[y a1 (3] (%]
(950 a5] (%] [4:1
[4:] [g:] (9. 4.
(] (94 ] (%]




