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B.E.
Fourth Semester Examination, Dec-2005

THEORY OF AUTOMATION AND COMPUTATION

Mol Attemmptany five quesiions.

). 1. {a){iive the definifions of ;

(it Meterministic Finipe Automata

(i} Mon Deterministic Finite Awtorata
{iiiy Rcgular expressicans

Abnirove MDFA = DFA

Ans, & detzomiristic autormata is ens inwhich 2ach move is iniquely datermined wy the current eonfige-
ration. 1 intemnal state, the input and the eonients of ternparary storage ave known then future can be predicted
zasily aod cxzctly Om the other hand, a non-deeerminisic anlomation may have several possible moves,
sherefors wu van predicred a set of possible solutions, ' '

Definition : A& deteeministic finie awtomata (FOA) is defined by Cuintuple
M == [Q:-E:EI-. ql}- F]
whare, '

1. Qs o finie setofinternal state,

2. % isafinite set of symbol Cinpaud alphabsts).
3 Bu)w X o ) a5 oangition fupction.

4. qp £ isthe initiz} stae,

3. Foo 1 is the fina) stmie.

{ii} Wun Determinivtic Finite & utomata,

Ans. Definilion: Nondeterministic a means of choice of an awtomation rather than vunigque mova in each
sinuarian we allow a set of possible moves.

Mondeterniinistic anlumala M = (0.5, 8,4, F1 is u volicetion of following Fye lIlin,é_ﬁ.
1. £2is o finite cet of states

2. Ithas an initial siave o star stae, i.2., qg €4

3 Ithas some (may e noned Tnal stades, e, Fg Q.

4 Analphabel T of possihle tnpul letter.

5 A mansition function 3:00« X — 2':', 2*2’ i the posver sol of Q.
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(i) Regular Expression @

Ans. Regular expressions are useful for representing certain sets of sirings in an algebraic fashion, A
language is regular if there exists a finite automata for it, Therefore, every regular language can be described by
some DFA or some NDFA such a description an be very useful for example if we want to show the logic by
which we decide if a given string is in a certain language, One way of describing regular language is via notation
of regular expression. This notation involves a combination of strings of symbols from some alphabet ¥,
parantheses and the operators +,. and*.

Definition : Recursive definition of regular expression over & follows the following rules:

1. Every letter of £ can be made into regular expression by writing it in bold face, ~ itself is a regular
expression.

2 If Ry and R, are regular expression then
() (Ry)isaregular expression
(i) Ry R, isalsoa regular expression
(i R;+ R isalsoaregular expression

(iv) R*isalso a regular expression.
Alsb Prove NDFA=DFA.:

Proof: :Let M =(0,Z.8.q;.F) be NDFA accepts L we can constructa DFA M’ as M = (Q,Z,8,q5,F)

where

i) Q=29 anystate in Q' is denoted by [q;,92.....q5 ] where q,92......q; €Q

() o =[a0)

(i) F'is the ser of all subsets of Q containing an element of F.

Construction of Q, qg and F' : M is initially a1 q, . But by applying any input symbol say a, M can reach

any of the states in &{qg.2) . Just afler the application of the input symbol a we require all the possible state

that M can reach after the application of a .Hence M’ has to remember all these possible states at any time.
Henee the state of M' are defined as subsets of Q).

As M starts with start state 4,90 defined as [qq]. A string w belongs to T (M). If a final state is one of
the possible state M reaches on processing w. So a final state in M' | e, an element of F'

(iv) 8([a1-92.0ay Jia) = 8{a).a)Uslqz.a)U.... LU(g, ,a)
Then 5'([@1.920e s ba) = [Py oo, Py ] Iand only if

E'{I“1~‘12*------Qn}~ﬂ}={pl.p_; _________ Pk_l‘
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L =T {M") we prove an auxiliary result.
B'l:q“\‘}'}:[ql, .......... ,q;;]
If and only if 8qg.¥)={qqs---qx } forall x cx*

Q. 1. (b) Prove or disprove whether following language is regular or not.
L — The set of all binary string that read backwards the same as forwards {pallindrome}.

Ans.
Step 1 : Let L is regular and n be the number of states in corresponding FA.

Step2: Let w=a"b" Then |w|=2n>nand

Let w = xyz with [xy] < n and |y]2 1

Stepd : To find xy'z e L., substring y can be in any of the following forms

Case (i) yhasa's, e, y=a™ forsome mz|

Case (i) v has h*ls. ig, y= b* for some K = |

Case (iii) y hasbotha' sand bisie., y= a™b*

Asincase (I if j=0.85 nyz=a"b" = uz=a"""b" as mzbLn-m=n, 50 xy'Z # L.

Asincase (i) if j=0.35 xyz=a"b" = xz=a"b" * as k> Ln-k=n,then xy'z gL

As in case (i) if xyz=a"b", then xyz=2a"""ab¥b" *xy?z =a" "Ma"b*b" M xy?z is not of the

form g"K", snxy‘!z;L.

. 2. (a) Give type basic description of moore and mealy machines? Also state the reasons behind their
emergence.

Ans. Mealy and Maoor Machine: The finite automata which we considered in this section have binary
output, i.e., they accept the string or not accept the string. The acceptability of any string decided on the basis
‘of reachability of the final state by the initial state. 1f we remove this resiriction and consider the model where

output can be chosen from some other alphabet, The value of output function X{t) is a function of present

state q(x) and the present input x(1), i.e.,

X(t) = Alq{thx(t)}

This model is called Mealy machine where 3 is owtput function. I the output function depends on
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present state and 1% independent of current input. The ouput funcien will be

X{6) = Mql 1))
This mowdes| 15 calted Moore machine.
Moor Machine :

The Moore maching is a siv-taple ((,%,4,5,2,65) , inwhich
1. 1) isa finite monampty ser of states

1 % 05 asetaf input letters called wiput alphabets,

L]

a is an alphabet of possible aotput
4. 5 iSatransition funclivn T w() -y (3, De . atansilion 1ate al shows fpr each state and each input
flier, whal stale 15 reached next

5 & isthe outpul function mapping O intie A .

& 4y bsthe mitial state,
Mealy Machine:

Mealy miaching is another verialion of FA A Meily maching is like a Moor machine exeapt that now
output lelter printing while we arg (ravielling along the edge, not in state diemselves. What we print ourput
depends vn edge we take, Hthere are two different edge from one stale (ie., one o-edpe, one b-edpe) o anciher
StNE I i3 possible that they will have different printing inscruction for vs. We take no printing insiruction Tromn
state irself, '

Definition : A Mealy machine is a six wpte (3,5,4.8,4,q,)

. risafinie monaoply sel of stales

B3

= is a set of input letters called input alphabets.

3 A sanalphaba of possible papu.

4§ watrnsition fneton T} - Qi atransition table that shows for cach state and each input
lerter, what stale is reachod nexl.

5 & i the oulpin funclion mapping Jx X — A
G qp is he inital slate.

Q.2. (b} Let {Q, 2, 4,8,A,qy ) bea Mcaly machine. Then there iva Moore machise My cquivalent fo
M. Praveit
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Ans. Consider the following Mealy Machine :

Fig. 1
We convert the transition diageam into the following transition table
Next State I
Present State Input a Inputb
Siate Output State Chutput

-4y a3 1 q3 0

9 o 0 qi |

q2 0 1 qz 0

93 q; 0 do I

In the first step we develop the procedure so that both machines accept exactly the same set of input
sequence.

We first look into the next state column for any state say q, and determine the number of differem
outputs associated with q; in that column,

We split the q, into several different states. The number of such states being equal to the number of
different outputs associated with q;.

MNow we apply this method in given problem from the next state column.

qq 15 associated with two outputs 0 and 1. So we split it into two states gy associated with output 0 and
gy associated with ourput |,

We must select the initial state for new machine so let us arbitrarily select qgy .

q Is associated with output |.
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Qs 15 assactaied with outpul @ and | 5o we aplit it ioto two stales g3 associated with output ¢ and a3
associated with ayrpul 1.

f 4 i associated with owpul 0.

o reconslroctod table for new state2s.

Mexi Stafe
Prosent Siale Enpuino Inpuck
Srate Chutpnl Siate Dutpot

30 a1 ' 43 0
G a1 -1 q3 v
t Ao & qi !
Gan q ' . O &
Q31 q ! 02 o
a3 Fa 0 qo, 1

The parir ol srales anad vutpuls in pest sbe colunm gan be resmraneed as tnthe following table,
The Revised Tablk :

MNext Siale

Preseiad Slate Inpat: lapui b Chatpot
=9 '5!1; 93 “

Qut 911 qz I

q) 00 q| 1

92 {| 29 L

9 q) Q0 I

93 020 Qg 0

Mrw the wansilion dingram far the required Moose: machine s given 11 Fig. 2
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Q. 3.2} What is Yumping Lemma? Discuss the applications ol the Fumping Lemma with examplos.

Ans. The application of Pumping lemma are -

Purnping Lemma is used {0 prove that certain sers ane pot sgalan. The lodlowing steps are needed for
proving diat a given set is not regular,

Step 1 @ Assume that given lanpuags is regalar and 0 be the stales in corresponding Ninite automata.
tep 2 Choose a string w such thay [wiz 0 bezaking the string into three subsiting x, v, 7, Le., W = %37

with xyl= =l

Sep 3 : Find asuwitable integer i such that xy'z g L. This i a contradiction, Heones L s nol regnlas

£ g, . L
Fur exmnphe, we wang (0 prave that L= (a0 21 s regular or mol, Then we can prove it using

Pumping Lemea as shovwa helow

Step I : Let L is regudar and n e the number of states in corresponding I°A.

Stepiilet w=2'b . Then w|=2n>n and

Lal w=xyzwith xy|= nand v 1.
Siep 3 Tofind xy'z ¢ L, subsiving v can be in any of the foliowing forms :

Case{idyhasa's, 1.6, v =™ foTs0me o |-
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Case(iiyyhasb's,ie., y =1t forsome k2 1.

Case (iiiy yhas botha'sand b s, ic, y= a"™pk

I'I-H‘Ihl'l

Asincase(i)ifi=0,as xyz=a"p" = xy=a as mal.nvm:tn,mx}fiz# L.

nhn-k

Asincase(ii}ifi=0,a5 xyz=a"b" =>xz=a ask = I.n-h#n.ﬂwnx}rizuL.

As in case (i) if xyz=a"b" . then xyz=2a"""a"p*p" ¥

K}f:?_= nn—mambkamht hn-l; .

-_qﬁz is not of the form a™b" .50 x:,-zz #L.
Q. 3. (b) State the Myhill-Mecode Theorem and its applications.

Ans. My Hill-Nirode Theorem :

For any language L, we use equivalence relation R . ie., xR y ifand only if for each siring z, cither

both xy, yz or neither of xz and yz is in L. The index, i.e., number of equivalence classes is always finite if L is
regltlar set, -

Let M =(Q,X,8,q¢,F) beaDFA-forstringx andy in " . Let xR v y if and only if 8(qg,x) = 8{qq.y) .

Ry divides the set 3" into equivalence classes one for each state that is reachable from qg .

If xRy v.then xzR vz forallzin ¥° since

5(qg. 1y ) = 8(8(aq, %) 2) = 8(8(q9.¥).2) = 8(q0.¥2)

An equivalence-relation R such that XRy = x2Ryz s said to be right invariant with respect to concat-
enation.

Theorem : The following three statements are equivalent :

I. Theset Lg T s accepled by some finite automation,

2 L is the union of some of the equivalence classes of a right invariant equivalence relation of finite

Tar

Let equivalence relation R bedefinedby: xRy vy ifandonly ifforall zin T+, xz is in L exactly
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when yz is m L. Then Ry is of finite index,

My Hill-NIRODE theorem is used for the immunization of automata and in construction of minimum
automata.

Q. 3. {c) Prove that ke regular sets are closed under union and concatenation,
Ans. If L; and Ls are regular, there are regular expression ryand ry that define these languages Ly and
Ly . Then (r; +r3) is also a regular expression that defines the language L +L;.

The language 1L L. can be defined by regular expression by regular expression ey .

The tanguage |+ can be defined by the regular expression {r)}*. Therefore all these sets of words are
definable by regular expression so Ly + L, Lyl and L: are regular languages.
Q. 4.{a) Describe context free and context sensitive grammar with examples.

Ans. Context sensitive grammar :

Suppose we place the restriction on production o — [ of a pharse structure grammar that i be ai least
as lonz as o . Then we can call the resulting grammar context-sensitive and the language is conlext-sensitive
language. The term 'contexi-sensitive’ comes from a normal form for those grammars where each production is

of the form o, Au, — o Ba, with f=e.

Definition (1) : A grammar G =(V,I',8,P) is said to be context-sensitive if all productions of the form

K=y

where x, y e(VUT)" and Ix/sly
Definition (2) : A language L i5 said to be context-sensitive if there exists a context-sensitive grammar G
such that L = L{G)orL = L{G)U[2].

Context Free Grammer ;

It 15 collection of three things :

I. Analphabet ¥ ofletters called terminal from which we are going to make strings that will be the word
of a language.

1 Aset of symbols called non terminals. One of which is the symbol §, called start symbol.

A finite set of productions of the form



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

One non terminal —  Finite strings of lerminals /or don Germinal .
E.g.: Uhe grammar € = ({S},{a,b}. P.S) with productions
S—rala
L— bSh:
5=
Alse, The gramimar wieh produclions
5 »aby
X = aaYb
Y —» bbXa
X=
1% a|zo 8 contaxt free grammer.
Q- 4. (byConveridhe grammar intn Chinnsiy Normal Form
S—bA/aB
A—>hbAAfakia

B—+aBE SR
Ans.

Step 1 - The given grammar is witheut unic and null productions,
Step2iLet G| = {Vy.[a.b}. P, 5]
(i} A —2a B aren Chomesky nomnal feem, sdd in P
il S.+bA gives 5 YAand ¥V b
S—+aB 2ives S— XB and X =3
A bAA TIVES A — YAA
A —»a% gives A o XS

B — aBBgives B— XBR
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B-5 b§ ghes B ¥S

Mow V= {5.4,B.X.Y]
F consists of

B—=YA4

S-+ XB

A Y AR

A — X5

A3

B— XRE

B —r Y5

B-+h

X=»a

Y —=b

Step 3: InPproductions A — YAA and B — NBR arenot in Chomesky normal form. We need simply
ofly twe producnons.

A ox YAA Bives A YR,
R bocomes Ry — AA
R - XBA pives B—= XR,

Fa becomzs R+ — BB

Mow BT is

S+ YA|ND
A — YR,|XSa
B = XK3i¥S/b

A2
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¥ -»b

R, AA

R, — BB

V' ={8,A,B,X,Y.R\,R,}

Ga =({{S.A,B.X.Y.R|,R;}.{a,b},P",$)

All productions in G5 are in Chomesky normal form.
3. 5. (a) Give the formal definition of PDA, also state applications ol PDA,
Ans. A push down automata is defined by seven tuple
M =(Q.L,F.5,9¢.Zy. F)
where,

{iv Qs a finite set of internal states
{it) X is the input alphabet

{ii) [ is finite set of pushdown symbols
(iv) the transition function § from Q= (ZU{"}) <1 to the set of finite subsets of Q= ["*

(v} gy cQ is the special pushdown symbol called the initial symbol on the pushdown store.

{vii) Fo O s the set of final states.

The argument of § are current state of the control unit, the current input symbol and current symbol on

top of the stack. The result is a set of pairs (g, x) where q is the next state and x is a string which put on top of
the stack tn place of the single symbol there before. Mote that the second argument of § may be * indicating
that a move that does not consume an input symbol is possible. We will call such a move a “-transition. § is
defined so that it needs a stack symbol no move is possible if stack is empty. Finally the requirement that the
range of § be finite subset is necessary because Qx I * is an infinite set and therefore has infinite subsets.

Example : Suppose the set of transition rules in PDA contains

8lay.a.b)={(q;.3)}



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

sgrba)={ L. @)

according to rule (1).

If at any time the PDA is in state g , the input symbol read is a, the symbol on top of the stack is b, then
the PDA poes into state q; and the a replace b on top of the stack. According to rule (2), if the PDA is in state

gy . the input symbol read is b, the symbol on top of the stack is a then PDA goes into state q; and the symbol
a is removed from the stack.

). 5 (b) Construct 2 PDA equivalent to the following grammar.
S—=aAA, A—aS5/bS/a,

Ans. Since the grammiar is already in Grieback Normal form, So We define PDA as follows

M=({q}, {a, b}, {S.A,2,b}, 5.9,5. ¢ })

5 is defined by the following rules

Ry:8(g.~.5) = {(q.aAA )}
R;:8(q.nA) = {(q.a8)}

R3:8(q.a.A) = {(q.bS)}

Ry:8(a.n.A) = {(9.2)}

Ry:8(g.a.2) = {{q.7)}

Rg:8(q,b,b) = {(q,4)}
(a.0ba*,S)-(q.aba* aAA )
(a.ba* ,AA)-(a.ba* bSA)(q.a*,5A)
F-(q.2328,8AAA )I-(g, 220, AAA)

+(q, 383, 8AA ) - (g.aa, AA)
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~(g.22.aA)-(q.2.A)F(g.2,a)(g.4.0)

Thus aba’eN(A).

(. 6. (a) Define a TM mathematically. Also differentiate the deterministic and non-deterministic Turing.
Machine. -

Ans. A Turing machine is defined by
M= {lemrlﬁ1qﬂ-hv}-}
where

1. s the sel of states,

B

% isasetof input symbols and b ¢ £ .

i

[ is a set of tape symbols called tape alphabet.

4. & is the transition function such that § is
QI —=QxIx{L.R}.

Current state of the machine and current tape symbaol being read. The result is a new state of the machine,
a new tape symbol, which replace old one and a move symbol L or R,

5. gp €Q is the initial state,

6 b e[ isaspecial symbol called blank.

7. Fc Q is the set of final states.

MNon-deterministic Turing Machine :

A non-deterministic Turing Machine (NTM) differ from the deterministic variety we have been studying
by having a transition function § such that for each state q and tape symbol X, 8{q,X) is a set of triples
{(@y, Y. D )(q2.Y2, D3 ) (qy. Y5, Dy )} forany finite integer k.

The NTM is a device with a finite conirol and a single one-way infinite tape. The machine has a finite
nomber of choices for the next move, for a given state and tape symbol, scanned by the head. Each choice
consists of a new state, a tape symbol 1o print, and a direction of head motion. The existence of other choices
that do not lead to an accepling state is irrelevant as it is for the NDFA to PDA. As with the finite automation
NTM's accept no language not accepted by a deterministic Turing machine. The combination of non-determin-
ism with any of the extension presented such as two-way infinite or multitape Turing Machines does not add
exira power.
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). 6. (b} Write short notes on following :
{iy Postcorrespondence problem.
{li} Halting problem of T. M.

Ans. (i} Post correspondence problem : The Post Correspondence Problem (PCP) was first introduced by
Email Post in 1946, Here, we begin reducing undecidable guestions about Turing machine to undecidable
questions about 'reel;’ thing that is common matters that have nothing to do with the abstraction of the Turing
machine, The Post correspondence problem involves strings rather than Turing machines.

The Post correspondence problem can be stated as follows
A=W Wo.,Wy
and B=vivy,.....¥,.

Then, we say that there exists a Post correspendence solution (PC-solution) for pair (A, B if there is a
non-empty sequence of integer i, j, k....., such that

wle ...... wy =\|'l,"|"14 ...... \’L
{ii) Halting Problem of T.M.
Halting Problem :

For a given configuration Turing Machine, there are following two cases :
(a) The machine starting at this configuration will halt after a finite number of steps.
(b} The machine starting ai this configuration never reaches a halt, no matter how long it runs.

We are asking for a decision procedure, consisting of a simple set of instructions given once and for all,
that will enable us to solve the halting problem for every pair. The answer is that the halting problem is

unsolvable suppose that there exists a Turing machine T) which decides whether or not any computation by a
Turing machine T will ever halt, given the description of T and tape t of T then for every input (1.d7) to T; if
T halts for the input, . Ty reads on accept halt. I T does not halt for the input t, then T, reached a reject halt.
Now, we can construct another Turing machine T which takes d¢ as the input and proceed as follows. First
it copies the input dy and duplicates dt on its tape and then fakes this duplicate information tape as input to
T, with one modification,

Q. 7. (a) Define Chomsky hierarchy of languages.

Ans. Moam chomsky a founder of formal Janguage theory provide an initial classification in to four
language type 0 to type 3 in terms of production.
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Type 0 : A type 0 grammer is any phrase structure grammer without any restriction. Type 0 includes all
productions of the form !

any string — any siring

ie R

where o is in (VNUE) " and B is in (VNUE) .

Type 1 : A grammer is said 1o be type | grammer in which left side of each production is not larger than the
right side is called context sensitive grammer denoted as C5G or Type 1. e.g. A grammer G is said to be Type |
grammer it every production & — b has the property fa] < |B] where fu| and |B| are the length of left side and
lepgth of right side respectively.

Type 2 : A grammer is type 2 grammer if every production is of form A —» 3, i.e. the lefi side is a variable
and right side is a word in one or more symbols or AgVN and ]ls{\.fHUE} :

Type 3 : A grammer is type 3, if all the productions are of the form A —s a or A — aB,e.g.the lefiside s

a single variable and right side is either a single terminal or a terminal followed by a variable. 4 — » isallowed
in type 3 grammer.

Type 0,
Recursively enumerable language

Type 1,
Context sensitive language

Type 2
Context Free language

Type 3
Regular language

Relation between languages

Q. 7.(b) Prove that : There is a recursive language that is not context sensitive,

Ans. Let M; . M5..... be an enumeration of some set of Turing machines that halt on all inputs. Then

there is some recursive language that is not L{M;) for every.
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Theorem 2 : For any non empty £, there exists language that are not regressively enumerable. -

It remains to show that we can enumerate halting Turing machines for the context-sensitive languages
over alphabet (0, 1]. Let the d-tuples representation for CSG's with terminal alphabet [0, 1] be given some
binary coding, Let be the Turing machine implementing the aigorithm of Theorem-2 that recognize the

langiage of the CSG with binary code. Clearly, L{M, ) always halts whether the input is accepted or not.

{). 8. (a) Define the following functions known as initial function over N:
(i) Zero function
{ii) Successor lunclion

{iii} Projection function,

Ams. (i) Aero fanction : The zero function Z is defined as Z(a;) =0 Wa; = 0 thercfore the initial tape

expression can be taken as X = 1 x by . As we require the computed value Zla I} , i.e., O 1o appear to the
left of v, we require the machine to halt without changing the input.

Therefore, we define a Turing machine by taking QZIQD,C[]J Y = [h,l,x,_yl,x =1"x,by . Also, P
consists of q, bR q,.9, | R q;,90%1%191.9.0Rq, and q;1Rq, are used to move to the right until %,

is encounted, q,%;X)q; enables the Turing machine to enter state q, . M enters q, without altering the tape
symbol.

(ii) Successor function : The successor function S is defined by S{a)) = a; +1Va; = 0, Therefore, the

initial fape expression can be takenas X = 1% x by . Atthe end of the compuiation, we require 121+1 10 appear
to the left of y. Hence, we define a Turing machine by taking

Q={qg.:-seer 9a), [=(blxpy), X = 1 x by

Here, P consists of

M 99bRaq.qq1bgy,q0% Ry

@@  q;bRq;,q;IRq;.q;%Rq;.q;ylq;
@ qIRq;,q;byqy

(iv)  q3blgs,q;1Lq;3,93yL93,93%4Lq,

(v}  q4lLlg,.a4blgs
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(iiiy Projection function 1A funclion F{x)} s said W be projection fanction. I function F (x] is such hal
Fk[;x”'l‘Z:I: X ko k - ],2.......,
(L & by Define n! by recursion,
Ans, Dcfie 0! by recursion, Fonetion fix) over N is defined by recursion ilthe ke dxist a constant g
and a function h(x,¥} such that
A} - .
F{n+ 1) = hin.f{n)}

By iowlugt ion an n, we can deline ({n) foralln, As f{0) = KeN | there is basis forinduction. Once ¥ (n} is

known. f{n+1] can be evaluated by vsing above equaticn.



