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B. E.
Fourth Semester Examination, Dec.-2006
THEORY QF AUTOMATAAND COMPUTATION

Note : Attempt any five quastions. Parts of a question must e attempted togsther.

). 1. (a} "Let L be a set accepied by a Noo-delerspinistic finlte Automalton-then teere exists 3
deterministic fiaite Antomaton chat aspects L." Prove it

Ans, Lat M =(8,%,5,q4.F) be an NFA accepring L. Define a DFA M'= ([I",li,{i'._.q,;,'.,F"} a5 Follows:

The starca of M arc all the subsets of the set of seates of M, That fs ¢r= 2% pr will keep track in its steres of
all the states M could be in at anry given time. [ iz the 221 of all stares in Cf conlaining a final state of M. An

element of (F will be denotad by [q],qz, ....... q,}. Where ., g ... «; are in ).

&lan 922,13 *[P]‘pi """ pj}

IEf .
5{1q,.92--q: },2} “{leP-szj]
5‘(ﬂu'11]=[qlhm-s---:!.i]
i B{a0i3) = (41,0204 (by indluction)

Suppose the hypofiwsis i true for inputs of lenpth moor less. Let x, be astring of length +1 withain
5. Them - '

590" %2 ) = 5(6qy.x).a)
By in-:luc:ti-.rf.; h'_n,rpml"nesis
§(30.%) = [pr.ps.-p}]

IfF 8{q0.%) = {P1,P2- Py}
But by def 5

L I B

16 5[{[&1.92 ..... pj}.a}':{r,,rz ..... T }
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Thus ﬁ{qh.x.]’{ﬁ.ﬁ_.u.,r‘t]
W dAgexa)= et |
Which establish ftductive relations, . ST

Q. 1.{b) Find a regular expression correspording 1o each of tbe: kollowing subsets of (0, 1},
4i) The Innguage of all sirings sontaining exactly two &'z,

Ans. Any sining 4 can be obtained by {0, 1). {0, 1) is represented by © + 1. Henes 4 gin be represemied
A

(1}200. “ '_
€}, 1_ (D) (i) The anguage of all sirings n wlitﬁ the mumber of 0" iz even, _
Ang, Any sring of such type can be obuained by concatenating r 2nd any siring aver {0, 1} |
S0 1he string can be

a0+ 137,

Q. 2. {a) What are Mealy and Moare machines? Let My« {0,E,4,5,0.q,} be s Mexty mactine.
Show that thers is a1 Moore machine M3 equivalent to M.

Ans. Moore machines : 11 is a six table (8,E,4,8,4,qq) where 6,5,5 and q, are s o the DFA. 4 is
the autpat ﬂphahet and ), isa mapping @rom Q ¢ A giving the owput mhm“ﬁhmhm. The output
of Min response toinput 2y ay .....3, n2 0 is A.(qﬁjl{ql}....l[qn} where g, Q). i5 the sequence of
stwtes such that §(q;.1,9;) =i for | 575 n - Any more machine gives ontput A{qo) in response to input € .

Mearly Machine : [tis also a six tuple. M ={Q,Z,A,8,Aqp) where all is as in Moore maching excet
that ) maps =L 1o A - Thatis A(q.a) gives the ouput associated with the transition from state: q on inpmt
# The putput of M in respontse to input 8 83......d, is Mag a1 M9 22)eMqy_1,82) Where 4g.q7....44
5 the saquenc.e of states yuch that &{g;_;,4;)=q; for 1§ 5,;

If My =[6,Z,A4,8,X,4¢) isa Moore machine then theve i a mealy machine M, cquivalent to M, .

Let My = (B.5,4.5.0".q4) and define A'(q.a) to be M5{q.a)} for all staves g and mpun symbols a.
Then M; 2nd M, anter the same sequence af states on the same input and with each Wansition M emit; ihe
output thae M associaies with the siate emtered.
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Q. 2. (b) Convert Moore machine to equivalent Mealy Me.

Given :
Present state Next state Output
q Uy 02 ¢
43 %+ 93 0
q3 95,93 1
Ans, Transition table
Present State Mext siate |
a=0 a=1
State or Staie or
q . qi 0 92 0
93 1 @ 0 93 1
93 q) 0 q3 i
Mealy machine conversion will be.
Next siate
Present a=0 a=l
State State orP State O/P
4 9 0 9 0
qz q 0 | a4 1

Q. 3. (a) State and prove Myhill-Nerode Theorem for minimisation of flinite Antomata,

Ans. The Myhill-Nerode theorem has, the implication that there is an essentially unique minimum state
AFA for every regular set. The minimum state automation accepting a set L is unique up to an isomotphism
and is given by M. :

We say that any DFA M =(Q,E,5,q,,F) accepting L defines as equivalence relation that is a retirement

of Ry . Thus the number of states of M is greater than or equal 10 the number of states of M. If equaliting holds
then cach of the states of M can be identified with one of the states of M'. That is let q be a state of M. There

must be some x in £+, such that 8qy,x) = q. Otherwise q could be removed from Q and a small sutomation

found. Identify q with the state 8'(q0.X} of M. This identification be consistent. If &(qq.x) =8(qo.y)=q
and y are in same equivalence class of R .
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Thes 8(30.x)=5(a0.5).

0. 3. (b) Find CSC generating tve ianpuage -

fss7s efa,b}'}.

Ans. We conmtnuct G as Iﬁ}l!.nws :

G = ({8.51.52,51.A.8},{2.b}.P.5)

Where P consists of
Pi.3=25858:5 _
P55 +aS A S5, =55 B
P Ps i AS, = 5,08, BS; 4+ 5,h8,
Pe. Py P PycAn -3 a4 Ab = bA, Ba— aBRb — bB
Pio.Piy:a8y — B2 " b3 =+ 50
P P B Sy = A 83+~

Q. 4. What do you mean by Regular expression? Let ¢ be a regular expression, then prove that
there exists B NFA with & moves thar aceepts L (r).

Ans. The languages accepted by finite avtomats are easily daseribed by simple expression called regular
wupresaion. Let & be an alphabel. The vegular expressions over g and the sets that they denote arg defined
recursively as follows ;

[ TR -

$ is a regular expressions and denotes they empty et

€ is @ regular expression and denotes the set [e).

Foreach a £; a* i aregular expressions and danotes the <er {a}.
I r and s are regular exprassions denoting the languages R and S respect. Then (r+3), (rs) and |
[£°) ate regutar sxcpesssions that danots the sats RUS, RS and R * respect. Wo show by induction on
the number af operators i the regular expression rthar there is.anl_’-lFAMwith E trensitions, having
pare fisal state and no transiion out of this final state such thm L{M) = L{r). The expression r must

"be I. ¢ oraforsource ain E. The NFA clearly satisfy following conditions in case of zero

opierator. .
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Smn—i-. Smt-——!-

¢
Start —> -
r=a
If there are one or more operator. Let regular expression r have i operator then there can be three cases.
. —+»r=r+r;
2 r=0"n
S
Q. 5. (a) Design a Turing ml:lillctoau;.npl the Language
L={o"" rn21}.

Ans. Let Q = {q0,91,92.93.94}, T={0,1}, [ ={0,1.X,Y,B} and F={q,} . Each state represents a

statement or a group of statements in a program. State q is entered initially and also immediately prior to
each replacement of a lefimost O by an X.

State ' Symbol
o 0 1 X Y B
Q0 (a1, X,R) - - - (a3, Y,R) =
T (41-0.R) (g2,Y,L) - | (@Y.R) -
92 (90.X.R} (a2, Y.L) i
43 E = - - (93, Y,K) (q4.B.R)
Q4 - - - 1 = -
Computation of M

qo001H—Xq,01 I|—X0q, 1 }—Xq,0Y—
G XOY I—Xqy0YI—XXq,Y{—XXYq; lI—
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XXQ5 Y Y—Xqa XY YR—XXqqoY Yi—XXYq3 Y}—

XXYYq3—XXYYBqy.

Q. 5. (b) Explain Chomsky hierarchy of grammar. What is relation between languages of classes?

Ans. If all productions of a CFG are of the form A —+ WB or A — W where A and B are variables and W
is a string of terminals, then we say the grammar is right linear. If all productions are of form A — BW or
A — W we call it left linear. A right or left linear grammar is called a regular grammar. The four classes of
languages~1.¢., sets, CSL'S, CFL's and regulator sets are ofien referred 10 as languages of types 0, 1, 2and 3
respect.

C5L's and recursive sets,

— Every CSL isrecursive.

~ There is a recursive language that is not context sensitive.

~ The regular sets are properly contained in the contexi-free ianguage.

- The CFL's not containing the empty string are properly contained the context sensitive languages.

~ The CSL's are properly contained in the re ¢. sets, -

Q. 6. What is 2 Turing machine? What are the advantages of T.M. over Finite state machine. What
is halting problem of T.M.? ,

Ans. Turing machine, has a finite control, an input tape that is divided into cells and a tape a tap at a time.
The tape has a leftmost cell but is infinite to the right. Each cell of the tape may hold exacily one of a finite
number of tape symbols. Initially, the n leftmost cells, for some finite > g, hold the input, which is a string

of symbols chosen from a subset of the tape symbols called the input symbols, The remaining infinity of cells
each hold the blank which is a special tape symbol that is not an input symbol.

it 2 = - %X |- an B e = «

The finite automation is 8 mathematical model of a system with discrete inputs and outputs. The system
can be in any one of a finite number of internal configurations or “states”. The state of the sysiem summarises
the information concerning past inputs that is needed to determine the behavior of the system on subsequent
inputs.

The language accepted by M denoted L{M) is the set of those words in T« that cause M to enter a final
state when placed, justified at the left, on the tape of M with M in state qq and the tape head of M at the

leftmosxt cells formally the language accepted by M =(Q,Z,r.8,q¢,B,F) is
{o/wsinZ*and qgoi—a pe; forPinFanda;anda; inl *}.

Given a TM recognizing a language L we assume without loss of generality that the T™M halts i.e. has no
next move, whenever the input is accepted. However for words not accepted it is possible that the TM will
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never halt.

Q. 7. Explain the following :

{i) Chomsky Normal Form {CNF)

(ii) Difference between context free and context s:nsmve grammasr

{iii) Griebach normal form.

Ans. (I} Chomsky normal form (CNF) : Any context-free language without ¢ is genetated by a gram-
mar is which all productions are of the form A —» BC or A—»a. Here A, B, C are variables and a is a
terminal.

Let G be a context-free grammar generating a language not containing b}r CFL we can find an equivalent
grammar Gy =(V,T,P,S) such that P contain no unit production or e-production. Thus, if a production has a
single symbol on the right that symbol is a terminal and the production is already in an acceptable form.

(ii) Difference between context free and context sensitive grammar,

~ Context-free grammar is a finite set of variables (also called non-terminals or syntatic categories) each of
which represents a language. The language represented by the variables are described recursively in terms of
each other and primitive symbols called terminals. The rules relating the variavies are called productions. A
typical production states that the language associated with a given variable contains strings that are formed by
concatenating strings from the languages of certain to her variables possibly along with some terminals.

Suppose we place restriction on productions « — B of phase structure grammar that f§ be atleast as long
as o . Then we can say the resulting grammar is context sensitive and its languages a context-sensitive lan-
puage. ]

{iii) Griebach normal form : GNF (Greibach Normal Form) : Every context-free language L without e
can be generated by a grammar for which every production is of the form A — ac , where A is a variable, &'
is a terminal and « is (possibly empty) string of variables.

Q. 8. Write short notes on the following :

(i) Universal Turing Machines

(iiy Non-deterministic Turing Machines

(iii) Linear Bounded Avtomaia i

(iv) Context Sensitive Language.

Ans. (i) Universal turing machines : We encode turing machine with restricted alphabets as strings
over {0, 1}. Let

M = (Q.{o.1}.{o, t.ﬂ}-.a.q.ﬁ.{qz}i

Be a turing machine with input alphabets {0, 1 } and the blank as the only additional tape symbol. Assume

that Q= {q)q3....q, } is the set of states and that q is the final state, It is convenient to call symbols 0, 1 and

B by synonyms X;, X;, Xj respect. We also give directions L and R the synonyms D| and D respect.
Then a generic move E{qhxj)ziqg,XL,Dm} is encoded by the binary string.
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of 100 10818° 10™
The himr.y cade for turing machine M is

[[Cads; lcode; ... floode, [].

{ii) Non-getermimistic Wring machines : A non-determimistic turing neachine is a device with a finite
comrol and 2 single ons way infmite lape. For a given state and tape symbol scanned by the tape head, the
machine has a fnite pumber of choices for the next move. Each chaiee consisiz of a new siate, a tape symbol
1o print and 2 divection of head mation. The non-deterministic TM 1s not purmitted to make 2 move in which
the rigx1 state is salecred from one choice and the =ymbol printzd andfar direction of head motion zre seleced
frofn cther choices.

{iii) Linear bounded antomata : A lincar bounded automation [LBA) is 2 non-deterministic huring
mechine satisiying the Following tw conditions ;

I. 1tz inpuc 2lphabet includes two special symbots ¢ and § the lefi and right end markers respect.
2. The LBA hes no moves left from ¢ or right from & nor may it print ancther 531|1bni over § or %,

{iv) Condext sensitive Ianguage : Suppose we ploce the restricion o produclion o — [ of phrage

structure grammar that § be at least as long as ¢¢. The tesulting grammar contexe-senshtive and its langnage a

contexr-sersitive language. The term "context-sensitive” comes from a normal Farm for these grammars, where
each prduction is ef the form look almast Tike conex-free produciions bet they permit replacemeni of vark-

ahle A by string B only in the "context” o —oj.



