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B.Tech.

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

Short Questions :
(. 1. {a) Explain the terms alphabet and string.

Ans. Alphabet : An alphabet 1s defined as & Nnie, non-emply sel ol syimbals andfor characters, 1L
can be expluined with the fellowing examples

(i) A ={a b}isan alphabet,

Gid A =1{1,2,3.... Vis not an alphabet as it s infimne.

thiip A = | | 15 not an alplabet as 005 an empty sel.

iiv) 1T E is an alphabot containing all the 26 characters used in English fanguage,  is finie and
nop-emply seland X =la b ¢, zlorZ={A. 8 C,. D .7}

String : A stning is 0 Dote sequence of symbaols taken lrom some fised alphabet string 15 wlso
known as word,

Ex. For alphabet £ = [a. b}, fofalr’ s siring,

2. 1. (b} Define the Grammar.

A Gragnman @A ceamiman b baate sct of roles over some fised notations= and roles tha are
used T constireting Jegal sttements toe sonse lang age, & pramoar or phase siruciured pramimar 15
detined by S-tunles and 15 represented as

1 7=V, £ P& whew

P VLo a limie, non-cmply sei ol varanles or non-leominals, Ex, 0 A B . el

LI E i Hindte tom=cmpny el od lerminals, Ex. oo b, o dl ...,

1) F = e mon-empty sel of production ales,

dviSe V) und i Known s stant syribol

Q. L (e) What do yon understand by DEA (Deterministic Finite Automada) and how s i
represenied 7

Ans. DFA @ A finfte autamata is saud W be determustic finite aotomata, it corresponding o an

input symbol. therz is single resnltant state. e there 1s only one transition. A DFA M is deseribed by §
tupes

A= 00 Eew tha- )
¢ = ke por-emply sl ol states that sre in Dnite control
T = pon-emply set of inpel adplabet
8= 1 a transinen function which maps @ = £ — 0, i.e. the head reads i symbal in
prosent sbe med moves elo next staie
efry = 015 the ol stute o st g skt

Fosgd s st o Dirai states
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(). 1. (d) What is Kleene closure ?

Ans. Kleene Closure : Let E be some alphabet. the Kleene closure ol Z is denoted by £%, Kleene
closure is also known as reflexive transitive closure. For a set of alphabet I the language in which any
string of letters from Z1s a word, including the null string. is known as the closore of these alphabets, The
length of Kleene closure of any alphabet is finite, 1t is defined as follows

=* = [set of all words over Z)
Ex. if £=|a} then * =g a an qaa. ..

0. 1. (¢) What is context free grammar ?
Ans, Context Free Grammar ; A prammar & desertbed as G =V, E, P 850 is said o be CFG

where
b, = sct of variables or non-terminals
L= et of wrminals
= st of production
A= =3 A = vanahle
e (1], LX)
Ex. : G=(V,.L PS5
(1 ¥, ={E) (hX=+, %10
(e} production (d15=[E}
E—=E+E
EsE*E
F=(F)
E—rid

Q. 1. (f) What is ambiguity ? Show that § — a515q!la is an ambiguous grammar.

Ans. Ambiguity @ A grammar {7 5 said to be ambiguous i there exists some sirings. We L (g for
which are two or more distinet derivation trees or there are two or more distinet le limost derivitions,

The given productions are

5 —=ul
85— 8a
Y—=an
W= i
8= ab | &= Sui
— fral — Sare
—% fIihil l —% ikt

2 ¢
F
o HK
i /".'\ g 2
7 N
n i
{a) First derivation tree above grammar {b} Sccond derivation is amhizuons tree.
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Q. 1. ig) What is need of push down automata ?

Ans. Need of Pushdown Automata : The finile autensita is not cupable 1o recogniee all context
free languages such as [WC WRIW e {(a + b)*|. Because while reading the string in fimite amomati frem
left wo right, it has o remember the siring encountered before the symbaol 'O and then compare 11 with
string after ¢, But finite automata does not have any memwory element 1o remember it

To remember the stang we need a memcry element and it we add a mermory element 1o a finie
awtomats t accept the CEC, iU is known as PDYAL Thus, for making all the strings accepled, pushdown
automata s reguired.

(. 1. (h) Define turing machine.

Ans. Turing Machine : A lunng machine 15 descenbed by 7 tuples as

M=(Q.ET.6.q,.0 F)
where (0 = hnite non-cmply set of states

L = is the non-empty set of inpul symbols

"= is non-cmpty set ol tpe symbols

& = s the transition funcioen which maps (O =D — 0= = ([, R)

g = gy 15 initial state
{re "= blank symbol
Fo@=1s sc1 ol final stues,

Q. 1. (i) Explain universal Turing Machine.

Ans. Universal Turing Machine : Each turing machine is capable of performing a sinzle
alzonthm This means that we might need 1o build a separale turing machine for cach and every algonthm
thay we want to execote but it is highly impractical. A universal turing machine is i specific lnng
machine thil can simulate the behaviour of any turing machine. The key wdea is o think ol the
description of the turing maching itsetl @n input fur somne other muchine, Universal turing machines can
run many algorithims aone time. & UTM can be taken as reprogrammable turing machine, A UTM tikes
an input the description of o TM ulong with initial tape contents and simulates the input on that wring
machine.

Q. 1. (j) What is post correspondence problem 7

Ans. Post Correspondence Problem (PCP) : A correspondence probiem Pois a finile ser of

ordered pairs of non-empty strings over some alpliabet. Let X be an alphabet, the 2 is finite subse of
5" %ET,
A match or solution of P isany string w e Zsuch that pairs (L, V(e ova bl ¥, e Pand
W=ty iy, = ViV LV for some =0
Ex. Consider a correspondence syilem

P=]ih, a). tba, ba}ilbfrb"', E:""I}

P can be represented as,
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i1 L,

i bk it
|

LA Y | 77 i

| =
ool babtoB?

u, =h

1y = hut
Iy, = bah’
Vi=ua

Vi = hu
Vy =4

We hive a sulution,
We=ieqnongbs =1 V11
= hah b a
Section—A

(}. 2. What do yvou understand non-deterministic finite automata ? Design a finite automata
which accepts language : L = | w :w has both an even number of 0°s and an even number of 175]
vver alphabet & = {0, 1)

Ans. Non-deterministic Finite Automata @ A Ninite aulomata is siod io be non-deterministic if we
have more than one possible transition on the same input symbol from some stale. A NDFA M is
described hy 5 tuples as follows |

M=10,L 8.y, F)

(2 is finite. non-cmpty set of all the sttes

15 an input alphabet

& = transition function which mups

g xE—2¢

gy €0, known as initil state.

F =, known as set of final states.

We have to construct a DFA that accepts all strings that coptain an even number of O's and an even

number of 1's
L= (00, 1L, 0000, 000, 0010010101, 0

©)

Transition diagram
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© The DEA will he,
M={0.L.08, gy F}
O=lgn- .t 4]

L=
o = lgul
F=1al

N j

: S _

== ({17} ! i3 i

i ! 1 i

g I 7 i

iy I £y £y

Q. A Consider the following grammar ;
G=|5—2ASh A5, 7,4 04, g}
State true or false for the following :
{i) The string **ababh’ is generated by the grammare €.
{ii} Every string of form a” b™ , n,m = 0 is generated by G,
{iii) The language is ambiguous,
{iv) The language generated hy G is regular,
Ans. (i) False :  string “ahubb™
Y2 AS=aAf=ac S=adl=aadl ..
S—a2ASb=2aASb=2ac 5b ..
§—=ASh=e 8k ..
§2AS=e8§ ..
But we cannot get symbol b after symbol ‘o at the beginning of the given string,
tii) True : The siring generatcd by grammar €5 15 the form
a" B oz

(ili) True : For ambiguous string w = b, the Lwo distinet derivation frees are shown ;
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tiv) True : The language cenerated hy the grammar G
g B cn, m 20 s repolar
Section—B

Q. 4. (a) (i) State the Myhill-Nerode Theorem.

Ans. Myhill-Nerode Theorem @ A piven linguage L is o regular grammar i1 and only i he serof
cguivaience classes of L is finite or we can also state 1 as follows

i) Language L can he divided nito set of all possible strings mlo separate classes,

ciid I Loas ooregular langoage then number of classes created 1s findte.

piti) IF number of classes that £ has, 1s tiniwe then £os regalar Language.

Q. 4. (a) (ii) Explain Regular sets,

Ans. Regular Sels @ A sot represented lor a regular expression s colled a regular set Regular
lunguages are also represented in sl notation, We use curly bruckets (f | F o represent a sei.

Ex. : it Z={a b} he an alphabel, then

Regular Set Regular Expression
L ¢
fer] a

&, et eret. cierer. ...} it

Lt ea, cxeren, ...} a’

{OF O, WL 11 O+ 00+ 10+ |

Q). 4. (h) Prove that the set of strings over alphabet {0} of the form 0" , where n is not prime, is
not a regular language.

Ans. We use Pumping Lemma and prove it by contrudiction.

Step I : Letus assume that the given lanpuage L is regular and accepted by DFA M with o states.

Let v be a prime number,

Step Il : Let w=101"

By Pumping Lemma w & L such thatlwiZ nund w = x'zsuchthat ozl € nandl >Oand x, v, zare
sirings of (s,

Step L : Lety= 0% for some K 21and K < n then

i=n+l
bxy'd =layel + 1y

=n+{i-k
=n + nk

=nil+k)

Thus, n il + &) is not pnime number, So xy'=¢ L. This is contradiction. Thus, L is not repular.
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). 5. State and prove Pumping lemma for Regular language.

Ans. Pumping Lemma lor Regular Seis : Pumping Lemma is a powerful tool for proving certan
languages which are pon-regular.

It is useful because it gives a method for pumping many sub-strings fiom a given long string. It
gives noeessary conditions to prove i sct of strings s not regulir, |

Statement : Lot M = {Q X &, g, FF be a linie awtomata hiaving n states. Let L be a segular
lancuage accepled by the finite automata M. A long string we L such that Twiz n and w = vz where
v#e then y'ze L for i 20,

Proof : Finite automat M recognizes [ oanmd hence Lo a repolar langnages, it we £ such tha

wo= wvzowe have substring voptional inoand Dwl 2 newhere iis the number of states i finite automsta,
Constder the conceptual transition dizgrwm ol Tivite aviomata 8 shown below

Izﬂ'lﬂz --.-I'-'-,' :::l'fR.;'"'ﬂg‘-_‘zq.-.+ﬂ'”I
Let us consider the strings recognized by A strings wo= vz o g 2005 accepted by 3 1 isalso

obvions that subsiring v is opticnal and obtained by travelling the loop in state g, stale iy 15 the final
stite. When Toop is not travelled, we gel w = a2 aceepied by A7

Let WO | iy (L BTy By T s

Where v

f-fl (il vaus |‘fJ

= N’;+1 gy wuna ity

i

SHLe) Mg -ty

The length of w is m and m = n, It means. when > a0 indicates that there is some Joop in
transition diagram. Let v be string obtained from the edges involved in looping as shown in ligure.
. (1] .
Case 1 : When w =y 7= vz lori= (L o is accepted and vz e L
Case T : wozpy's ford > 1

It means that the centrol of fimite avtomata M decides 1o go - times inte the loop wath labet v end
av'zis accepted. following wee the Tist of strings aceepted by A

v LAM) = |2z, o n':;. wen )
= [.1'_1.'”:. ay - .'t_'r::_. |
={n'ziz0)
So Jor all values of 1200w = 'z is accepted by M.

Herce statement of Pomping Lemna is tre,
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Section—C
). &. (i) Define context free grammar. Find a CFG for following language :

L= I-:" ble* | joiak tis sk arc non-negative language}.

|F=2
Ans, Context Free Grammar : A gromnar (s context tree, iGNt eontzing only type 2 producticns
Atype 2 production i< of e finm A — o where
Ak, andae(V, wL)¥ where
o= sl of pen-lenminals
o= vt of termioals
L
CThe given languige 15

L=fa' Bt jzidk i ik are non-negative inleger)

Lot OUFG G pencrates L
G=iV, 588

wiere, Vi, =154, B)
a={a b el
£ s the set of proedociion rples and i conlains
P -rAl
Byt A =3 ekl
By i = A
PR = RO
Lol
S=181

« Kb i L) AT e AL ] o 1) E s BP0 TERLLGAT IR e, Thedy Dpoy e Ui
6 i) Let £y | context free language and L, be a regular linguage. then o Lizat
Ly ool is CFG.
Ans, We can prove it by taking the examples of context Iree linguage and regular languinge
Consider CFL
Ly= 1|,-;”|';” I z1)
& regular language L, =ta®b" 1 p, a=1)
Then inersection of L, and L5 050 comtest free lansuape.
Lizt s cxpress the strings of L) and [
Ly =lab, aabh, aaalil, o
Lo = el wtelr, ciabls, obind, gebirls, 0
—r i
50 L mols = {abh, aolh o ouahily . 2
={a ER Ak 2

Hence L) Ly s a conlexd free funguage
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(. 7. (i) Convert the following grammar to a PDA that accepts the same language
§—=085114

A—=1A0I8=
Ans. The productions of given grammar are
S —0514
A—=1A0I51e
Let the equivalent PDA be
P=|q. .18 gp. 2y, F}
The tuples ¢l PDA are described as

g={ql
=01
={0 15 A}

& is detined as :

B(g e, 8)= (g 081

dlg.e. 8 =tqA)

Blg e . A)=ig 140)

d(g.€.A)=(q.5)

Blg e, A)=(qg €)
8(g.0,0)=1(g,€)
o(g. )=(g.€)

g0 =lq
Zﬂ=5
F=0

(). 7. (ii) What is Halting problem of Turing Machine.

Ans. Halting Problem of Turing Machine : The Halong problem of a turing machine is a
decision problem which can be simply stated as .

For a given description of algorithm and a description of its initial arguments (or inputs),
determines whether the algorithm, when executed wth these arguments, ever halts or the altemative 15
that given algorithm runs forever without halting.

Ifa turing machine recognizes a language L, we assume that the turing machine halts whenever the
input string is accepted. However, there may be several strings for which the same tring machine will
never halt, The halting problem of turing machine is unsolvable problem, but we can tun the machine
with a given input. If it halts then a specific case is answered. If the machine does not halts the conclusion
is that the machine will never halt by recognizing some patlern with the computation,

Section—D

(). 8. Explain in detail. CHOMSKY classification of grammar and also define Chomsky
Hierarchy.

Ans. Chomsky Classification of Grammar : There are four types of grammars :
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(1) (Type 0) Unrestricted Grammur
(1) (Type 1) Context Sensitive Grammar
() (Type 2} Conlext Free Grammar
(v (Type 3) Regpular Grammar
Unrestricted (type () Grammar : An unrestricied grammar G consist of 4 wples
G=(V.E B.S§)
V= non-lerminals
£ = terminal
= production rulg
S = slarting symbw
A grammar s called an unrestricted grammar iF it contains a contrcbing production rmiles.
W is a production rule which is in form of w,y —= s, e w; produce shorter length than w .

Fx. :

B~ —— |

2 &
- )

v bl
Context Sensitive Grammar (or Type 1) @ A context sensitive gramimar ¢ consist of 4 wples
G=(V,I, P.5)
A context sensitive grammar is a grammar in which each production contain a non-contraciing
production rufes,
Non-Contracting Production : A production o — P satistying lal IR s known as
non-contracting production,
Context Free Grammar (or Type 2) : A context ree grammar G consist of 4 wples
G=(V.Z, PS5
The grammr may also contain a production rule § — 11 §is starting symbuol and left hand side of
production rule always contains a single non-terminal symbaol.
Regular Grammar (Type 3) : A regular Grammar & consist of 4-tuples
G=(V.E P S)
Vo= st of non-lerminal
L = set ol terminal
P= production rules are in either of the following form
Form 1 : A production rule in the form of

A—aB | Ae(Vus)
A=a |BeV right linear production

] 3
_luLE



Downloaded from http://studentsuvidha.in and http://studentsuvidha.in/forum

Form 2 : A production rule in the form of
A = Ba| A e(VUS)
A—an |BeV lefl [inear production
as kL
5 = starting symbol.
Chomsky Hierarchy :

T
(772

Production rules of all types of gramniars we will find some relation among them,
Type [ = Type O Type 2. Type |
Type 3 = Type 2
(). Y. What is primitive Recursive function show that f(x, v) = x+ yis a primitive recursive
function 7
Ans. Primitive Recursive Function @ A totd lunction fis said 1o be primitive recursive if (i) it is
any one of the three initia! functions e (i) it can be obtined by the application of composition and
recursion repeiled @ lindie number of times 1 the sel of innal Tunctions.

Or A total function is called primitive recursive i1 11 can be oblained by the application of
composition and recursion & finite number of umes repeated 1o nitial functions.
=5 Jlx, ¥h=x + v 1a a primitive recursive function
We know that a function fof (n + 1) variables is defined by recursion, If there exists a functicn g of
i varabies and snother function & of (n + 2) vanables such that
Jixg xa0 8, =00, 8,08 y,) {1
Flxpoxacon v+ D=l fan X, W 8 oo,y i)
In given question. fis of 2 variables sof G, vl is defined by recursion iF we have a function g of one
variable and a function b of 3 varables.
AX. =X +0=X =g (X)) by cquation (i} L hiin)
ie., gX)=X=0,"(X) i)
Also floy+l=X +H{F+h=(X +y)+I
=f(x.y)+] k¥
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Comparing equations (i) & {v)
Rix v fla. = lx, v+l
=8 {f {x.¥))

=S (U5 (v Sy

Now define h(x. v.2 =83 (x, v.2)

g = U/,"(x), we can take g as initial function and then A is oblained from initial function Uf and §
hy compasition and f by recursion using g and h. Therelore fis obtained by application of composition
and recursion a finite number of times to mnitial function U,J, Ly Y and 5. Thus, fis primitive recursive.

Alternative method

We know thal

X+(¥+hh={x +¥)+1
or fix, v4+l={x +v)+l=flx. y)+1=51x, ¥))
fIX.0=X .
Defining fix, v) as
fX.O=X=g(X)=U,"(X)

fle v+ =S (x, v fle, )
So fis primitive recursive,



