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B.Tech.

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

Note : Attempt any five questions.

Q. L. (a) Define Chomsky Hierarchy of Languages. 1

Ans. In the definition of a grammar (Vx, Z, B 8), Vi & E are sets of symbols and § & V. S0 ifwe
wanl Lo classify grammars, we have to do it only by considering the form of productions, Chomsky
classificd the grammars into four types in terms of productions (types 0-3),

A types (0 Grammar is any phrase structure grammar without any restrictions.

To define the other types we need a definition.

In a production of the form ¢ A ¢ —= @ @ v, where A is avariable, ¢ 15 called the left context y, the
right context, and ¢ a y the replacement string,

Example (a) In abA bed—sab ABhcd, ab is the left context, bed is the right context, o = AB,

{b) In AC—=A, Aisthc left context, A isthe right context @ = A, The production, simply erases
C when the left context is A and right context is A,

A production of the form ¢ Ay —= g a y is called a type I production if @ = A, In type 1
production crasing of A is nol permitted.

Example ; aAbcD—abcDbeD is a type 1 production a, beD are the left context & right context,
respectively. A is replaced by beD = AL

Definition : A grammar is called type 1 or context-sensitive or context-dependent if all its
productions are type 1 productions. The production 8 —= Als also allowed in a type 1 grammar, but in
this case S does not appear on the right hand side of any production.

Definition : A type production is a production of the form A—sa, where A€V
anda € (Vy 'V E}", In other words, the LLH.S. has no left context or right context. For example,
S5—= Aa, A—=a, B——= abc, A—+ A arc type 2 productions.

Definition : A grammar is called a type 2 grammar if it contains only type 2 productions. It is also
called a context-frce grammar,

Definition : A production of the form A—s cor A— aB wherc A, BE Vy & a £ X, iscalleda
type 3 production, .

Languages Automata
Type 0 * ™
Context-sensitive
or type 1 + LBA
Contexi-free -
or type 2 * pda
Regular |
or type FA,
3
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Definition : A grammar is called a type 3 or regular grammar if all its productions are type 3
productions. A production S— A is allowed in type 3 grammar, bit in this case S does not appear on
the right hand side of any production.

(). L. (b) Prove that : There is a recursive language that is not context sensitive.

Ans. Proof : Consider the set of all context-sensitive grammars on T = |a, b}, We can use a
convention in which cach grammar has a variable sct of the form

V= {Vo Vi Vit

Every context sensitive grammar is completely speeified by its production, we can wrile as a single
siring.

{%) = ¥ii X2 * ¥2i coeeeri Xy > Yim}

This string we now apply the homomorphism

h{a) = 010
‘h(h) = 01%0
h(—=) = 0170
hi;) = 01%0
h(viy = 01" %0

Thus, any context-sensitive grammar can be represented uniquely by a string from L ((ﬂ'l‘l' ﬂ}') .
Furthermore, the representation is invertible in the sense that, given any such string, thres is at most one
context sgnsitive grammar corresponding to il

Let us introduce a proper ordering on {0, 1}, so we can write strings in the order wy, waetc. A
given string w; may not define a context-sensitive grammar; if it does, call the grammar Gj. Next, we define
alanguage L by L = {w; : w; defines a context-sensitive grammar G; and w; € L(G;y}. L is well defined
and is in fact recursive. To see this, we construct a membership algorithm, Givenw;, we check it (o see il
it defines a context-sensitive prammar G, 1f not, then w; & L. If the string does define a grammar, then
L{Gj) is recursive.

But L is not context-sensitive, If il were, there would exist some w; such that L = L (Gj). If we
assume that w; € L(G;), then by definition w; is not in L. But L = L {G;), so we have a contradiction,
Conversely, if we assume that W & L[ij;1 then by definition W, € L and we have another contradiction.
We must therefore conclude that L is not context-sensitive.

Q. 2. Describe the context free and context sensitive Grammars. Also explain Grebaich Normal
form.

Ans. Context {ree language is the most important aspect of formall language theory asit appliesto
program many features that can be described elegantly by means of context-free languages. Context frec
language has important applications in the design of programming langwages aswell as in the contruction
of clficient compilers.

Cotntext Free Grammars : The productions in a regular grammar are restricted in tow ways : the
left side must be a single variable, while the right side has a special form. To create grammars that are
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more powerful, we must relax some of these restrictions. By retainaing the restriction on the left side, but
permitting anvthing on the right, we get context-free grammars.
Definition : A grammar G = (V| T, §, P} is said to be context free if all productions in P have the
form A—x :
Where A € Vandxe (VU T)®
A language L is said to be context-free if and only if there is a context free Grammars G such that L
= L (G)
Here Vo= Variables {Non-Terminal)
T = Terminals
S = Start symbaol
P = Productions
Context-Sensitive Grammar
A grammar G = (V, T, §, P) is said to he context-sensitive if all productions in P have the form
X—=y
Wherex € (VUT) andye (VUT)"
&ExX=y
A language L is said to be context-sensitive if and only if there is a context-sensitive Grammars G
such that L = L (G}

Here V = Variables (Non-Terminals)
T = Terminals
5 = Start symbol

P = Production
Greibach Normal Form : Greibach normal form is a useful grammatical form, we put restrictions
not on the length of the right sides of a production, but on the position in which terminals and variables
can appear. Greibach normal form are a little complicated and not very transparent. Similary 7
constructing a grammar in ¢3reibach normal form equivalent to a given context-free grammar is tedious.
Greibach normal form has many theoretical and practical consequences,
Definition : A context-frec grammar is said to be in Greibach normal form if all productions hawe
the form
A— ax
Where a€ Tandx € V*
For every context-free grammar G with 4 & L(G) there exists an equivalent grammar G in
Greibach normal form,
Example : The grammar
5— AB
S—=aA | bB | b
B—=b
is not in Greibach normal form. Using substitution method, we’' immediately get the equivalent
grammar.

S— aAll | bBB | bB, —
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A~—=aA | bB | b,
B—h

Q.1 (a) What is Turing machipe ? Explain, Also write advantages of TM over FSM,

Ans, A Tering maching 1s an automation whose temporary storage is a tape. This s divided insto
cells, cach of which is capable ol holding one symbol. Associated with the tape is a read-write head that
can travel right or left on the tape and that can read and write a single symbol on each move. Turing
machine will have neither an input file nor any special output mechanism,

Control
unit

| Read-wrile head

'ﬁ I I I | 1 | I ‘:. Tape

Block-diagram of a Turning Machine
A Turing machine M is delined by

M = {Ql D' I—I 61 qﬂ! Tr}

Where

()15 the sel of internal staics,

X is the input alphabet,

[ is a finite set of symbols called the tape alphabet,

d is the transition function

[JeaT is aspecial symbol called the blank,

Qo € (0 is the initial state,

f < Q) is the set of final states.

In a turing machine, we assume that EC [ — (L]}, that is, that the input alphabet is a subject of the
tape alphabet, not including the blank.

The transition function & is defined as

d:0x [—0Qx [x{LR}

& is a partial function on Q x [ | its interpretation gives the principle by which a Turing machine
operates. The argument of 4 are the current state of the control unit and the current tape symbol being
read. The result is a new state of the control unit, a new tape symbol, which replaces the old one, and a
move symbol, L or R, The move symbol indicates whether the read-write head moves left or right one
cell after the new symbol has been writlen on the tape,

A Turing machine is an automaton whose temporary storage is tape, But in FSM, there is no way
for storing the values .

In Turing machine (read-write head) 4 can move cither left or right according to information, But
there is such no facility for moving the read-write head in any direction.

Q. 3. (b) Design a TM to accept the language :

L= {WCM/Win(a+b)"}
Ans. (a + b)™ represents the set of all string of a’s and b's at any position excluding null.
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L = {abcab, bacha, aabcaab, babebab, baacbaa...........}

We take any string

abcab
™ = ({q,q,}. {2,b}, 74,9, 0aqy)
Designing of a TM,

d(g, a) = (q xR)
& (q,b) = (g, R)
d (g, ¢} =(q.cR)
é(q,a) =(q,x L)
d(q,¢) =(q.¢, L)
d(gb) = (q.b L)
d{q,x) =(q.x.R)
d (9, b) =(q,y.R)
d{(g,b)=(,xL)
3 (qx) =(q,xL)
6(g,y)=(qwR)
(.0 = (@,0lR)
Final state is qj.
" i
abeab | — xbeab| =xbcab| =
x,y,f,bﬁﬁﬁﬂw Iﬁiﬂ?ﬁﬁ
xbékb | — xbexb| —
xyckb | -x:ménl -
xyexdy| —xychy | -
xyexy | —xycky
| —xyexy| —xy
XKycxy
This is the confisuration of a string
(). 4. (a) What is minimization Algorithm 7
Ans. Tow states g and g3 are equivalent (denoted by q; = q;) if both & (g, x) and (qa, x) are fina
stales, or both of them are non-final states forallx € 7.

e  Two states g & g2 are k-equivalent (k = 0) if both 3(qi, x) and &(qz, x) are final states or
bath non-final states for all strings x of length K or less. In particular, any two final states arc
{-equivalent and any two non-final states are also 0-equivalent.

Minimization Algorithm ;

Step 1: (Construction of 7rg). By definition of 0-equivalence, g = {04", 02"}, where 1%, is the se:
of all final states and Q2" = Q — Q"
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Step 2 : (Construction of my .+ from ). Let {}r be any subset in. If q; and g3 are in D?, they are
(k + 1}-cquivalent provided & (qy, a) and é(qp. a) are k-equivalent.

Find out whether 8(qq, a) and & {qy, a) are in the same equivalence class iny for cverya € Z.1f so,
qy and q; arc (k + 1)-cquivalent. In this way, 0} is further divided into (k-1) equivalence classes. Repeat
this for cvery (}ih inmy, to get all the clements of =y +1.

Step 3 : Construct 7p forn = 1, 2. il 1y = 5 40q

Step 4 : (Construction of minimum automaton). For the required minimum stalc automaton, the
states are the equivalance classes obtained in Step 3, i.e. the element of ;. The state table is obtained by
replacing a state q by the corresponding equivalence class [q].

Q. 4. (b) State the Myhill-Nerode theorem and its applications,

Ans. Myhill-Nerode theorem is used to eliminate useless states from a DFA.

For theorem, let us sce some basics first. An equivalence relation as being true of false for a specific
pair of string x and v, Thus x R v is true for some set of pairs x and y; we will use a relation R such that x
R ve yR x, xhas a relation of y if and only if y has the same relation to x. This is known as symmetic xRy
& yRz = x R # This is known as transitive

x B x is true. This is known as reflexave.

The notation Ry means an equivalence relation (R) over the language L. The notation Ry means
an equivalence relation R over machine M. We know for every regular language L then is a machine M
that exactly accepls the strings in L.

Rpisdefincdx Ry ye forall zin £°
(xzinL e yzinL)
Ry is defined xRygy = xRy vz forzin £°
In other words,d (qp, xz) = &(d(qp, x), 7)
= d(d (qo, ¥}, 2))
=0 (g0, 2)

For %,y & zstringsin Z°,

“Ryy divides the set £ into equivalence classes, onc class for each state reachable in that particular
state of M form the starting state qg. To get Ry from this we have to consider only the final reachable state
of M.

Statement (Applications) of the Myhill-Nerocle Theorem :

1. The set L, a subset of £° is accepted by a DFA. (We know this means L is regular language).

2. L is the union of some of the equivalence classes of a right invariant (with respect 1o
concatenation) cquivalence relation of finite index.

3. Let equivalence relation Ry be defined by : xRy yif and only if for all zin £% | x2 is in L exactly,
when yzisin L. Then Ry is of finite index.

Q. 4. (c) What is Pumping Lemma ? Discuss the application of Pumping Lemma with examples.

Ang. When we give a necessary condition for an input string to belong to a regular set. The result is
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called pumping lemma as it gives a method of pumping (generating) many input strings from a give.
string. As pumping lemma give a necessary condition, it can be used to show that certain sets are not
regular.

Pumping Lemma : Let L be an infinite regular language. Then there exists some positive integer m
such that any w € Lwith | w | = m can be decomposed as

W= X/,
With

{2y | =m,and |y| =1,
Such thatw, = xy' zisalsoin Lforally = 0, 1, 2,.......

Every sufficient long string is L can be broken intn three parts in such a way that an arbitrary
number of repetitions of the middle part yiclds another string in L. we say that the middle string is
“pumped” hence the term pumping lemma for this resall

Application of Pumping Lemma : This theorem can be wsed (o prove that cortain sets are not
regular. We now give the steps nceded for praving that 2 given set is not regular.

Step 1 : Assume L is regular, Let o be the number of states in the corresponding Fa (finite
automaton),

Step 2 : Choose a string w such that | w | =n, use pumping lemma to write w = xyz, with
lxy | =xand |v] >0

Step 3 : Find a suitable integer i such that xy'z € L. This contradicts our assumption, Hence L is not
regular, :
Example : Show that L. ={a" | P is a prime} is not regular,

Solution :

Step 1: We suppose L is regular and get a contradtiction. Let x be the number of states in the FA
accepting L,

Step 2: Let p be a prime number greater than o, Let w = aP By pumping lemma, we can be
writlen as w = xyz with | xy | S nand |y [ > 0. xv7z are simply strings of a’ 5. S0,y = a™ for some
mz l{and =nj.

Step3:Leti=p+ 1. Then | xy'z| =[xy | + |y ' | =p+(i~- 1)m = p + pm,

By pumping lemma, ixy' 2 € L. But | xy'z | = p+ pm = p(1 + m) and pyj+m) is not a prime.
Suxy € L. Thisis a conlradiction. Thus L is not regular.

Q. 5. Explain Push down Automata and their applications in detail,

Ans. A finite automaton cannol aceept L, i.e. strings of the form a® b" as it has to remember the
number of a’s in a string and so it will require infinite number of states. This dilficulty can be avoided by
adding an auxiliary memory in the form of a ‘stack’. The a's in the given string are added (o the stack.
When the symbol bis encounterced in the input siring an a is removed from the stack. Thus the matching
uf number of a's and numbers ol b's is accomplished. This type of arranpement where a finite antomaton

has a stack leads to the generation of a pushdown automaton.
Definition : A pushdown automaton consists of seven types

A = {Q,%, 23, qp, 7 F}
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Finite state +
control

storing | Removing
Tdirectic-n Direction

Pushdown store
Model of push down Automaton

(i} a finite aon empty set of states denoted by Q, '

(ii) A [initc non-empiy set of input symbols denoted by E.

(i) A finite nonempty set of pushdown symbol denoted by 7,

{iv) gg is initial state.

{v) #;is the starting symbol of stack.
{vi) F is the sct of linal states
{vii) The transition function & from Q % (£ U { ™ }} % 1 to the set of finite subsets of O % 7"
Application of Pushdown Automaton :
(1) 17 L is a context-free language, then we can construct a pda A accepting L by empty store,
e, = N{A),
Proof : We construct A by making use of productions in G_
Step 1 : (Construction of A). Let L. = L (G), Where G = (Vx, T, P, §) is 7 context-free grammar.
We construct a pda A as
A=({q}LZ VyUEJdqd ¢}
Where & is defined by the followiag rules :
Ry:d (g A A= {{g,a) | A—aisinP)
R,:d(g,a,a8) = {q, A} foreveryain X
Example : Construct a pda A cquivalent to the fellowing context-free grammar -
5— 0BB,B— 08 |IS|D
Test whether 020" is N (A ).
Solution : Deline pda A as follows

A =({q}, {0,1},{5,B,0,1},4,q,8,¢)
Ry:d (g, ~,S) = {(q, 0BB)}

* R;:d(q, ™, B) = {(q,08), (g, 1S), (9. 0)}
R3:d(q,0,0) = {(q, ™)}
R;:9(g,1,1) = {{q. ")}
(q,0104,8) | - (g, 010°, 0BB) by Rule R,
| = (q, 10'°, BB) by Rule R,
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|- (q, 10'°, 1SB) by Rule R,
|- (g, 0", SB) by Rule R,
| - {g, 0%, 0BBB) by Rule R,
| - (g, 0°, BBB) by Rule Ry
|+ (q, 07, 000) by Rule R,
| = (a, ™, ™) by Rule Ry
Thus 010* € N(A)
(2) If A=(0Q,ZL 20, qy#,F)is a pda, then there exists a context-lrce grammar G such that L
L(G) = N (A).
Proof : We first give the construction of G and then prove that N(A) = L(G).
Step 1 : (Construction of G ). We define G = (Vx, £, P, 8).
Where
Va={8} v {la,z.q9"} | 9.0’ € Q,z € 2}
The productions in P are in induced by moves of pda as follows :
Ry : S-productions are given by S—= [qg, 7o, q] for every qin Q.
R; : Each move erasing a pushdown symbol given by (q', ™) € & (q, a, 2) induces the production
[q.2.9'] —a
Ra: Each move not erasing a pushdown symbol given by (qy, 2 Za..........2m) € 8(q, a, 7) induces
many production of the form, '
19 2, q']—= alqy, z Qallq2, 22, G3)ovvevvie [ Qs 2, Q']
Where each of the states q', ga, ....... Gm can be any state in Q. Each move yields many productions
because of Ry,
Example : Construct a context gree grammar G which accepts N (A), where
A = ({qo, a1}, {a, b}, {20, 2}, 8, qu, 70, @)
d is given by d(qp, b, 29) = {qo, 7, %}
(g0 ™. 20) = {(qn, ")}
d(qg, b, z) = {(qn, 22)}
d(qp, 2, 2) = {(q1. 2)}
d(qy, a, 2) = {(q1, ")}
&(qu, a, 70} = {(qo, o)}
Solution : Let G = (Vy, {a, b}, P, 5)
Where Vy consists of §, [qq, 70, aol, [0, 70, Qi [90, 2, Gl
[ao: 2 g1l (91, 20, o, [a1, 2o, aul. (91, 2 qol a1, 2 g,
The productions are
Py i S—= [qg, 79, qol
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Py :S— [qo. 2o 4
. 8(qp, b, 29) = {qu, 7 20} yields
P : [, 20, 90} — bl gp. 7 GollG0: 20 0]
Py : [ap, 7o, 9o] — blan. z. 41](ay, %o Qo)
Ps : [9g, 20, 91] — bldo» % qoll9e: 20 4]
Py : [am 20 @] — blag, Z a4l 20 1l
d(qe. ~, 20) = {(go, ")} gives
P [qo. 20, qﬁ]_' A
d(qo, b.z) = {(qo, z2) } gives
Ps : [qp, 2, go] — b{qo, 2, qol[90, Qo]
Ps : [90, Z, go] — blqo. % Gillq1, % qol
Pyg : [90, 2 1) — blqo. z qojlan z a1l
Py1 : [9o, 2, q1j— blgo. 7, qulla1, 2 qi
d(qp. 8, 2) = {(q1, )} yields
P12 [90, 2, o] — 8[Q1, Z Qo]
Pia: [qo. 7 qi]— alqu. 7, qi]
&(qy, by2) = {(q1, 7 )} gives
Pia:[gnzqil—b
d(q1, a, z0) = {(qo, 20)} gives
P15 2 [91, 20, Qo] — alqp, 2o, u)
P1s : (@1, 20, 911 — alqo, zo. ]
Py — Py give the productions in P,
Q. 6. The following grammar generates prefix expressions with operations x and y and  binary
uperators +,-,and *,
E - +EE/+« EE/—EE/x"y¥ _
(a) Find left most and right most derivations and a derivation tree for the string
+e—xy xy
(b) Prove that this gramMmar Is unambigous.
Ans. E= +EE/«EF_EE | x |y
Infix : E=E+E
E=E=+E
E=E-E
E=x'y
(a) Left most derivation for the string
+a-xyxy
Infix=x—y+x+y

E-r]g+E-=é-§‘-‘_.+E=blé-EtE+E
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sx—EsE+E=x—y+sE+E
=y —ysx+tEmx—yrx+y

/N ‘
AN
| | X ¥

For Rightmost Derivation
E:E-é#E—E:énE—ElE+é
= E—E+*E+y=E—-E*sx+yE-vex+y
:x—}rtx-{»«-]r

(b) This Grammar is Unambigous : Because, cuntm-fr:i: Grammar G is said be ambiguous if
there exists some w € L(G) that has at least two distinct derivation tree. Alternatively ambiguity implies
the existence of two or more leftmost or rightmost derivations.

And this grammar gencrate only one left dervation tree and right derivation tree.

Q. 7. Let L be a set accepted by NDFA. Them prove that there e..xts a deterministic finite
automaton that accepts L. Construct a DFA for the following NFA :

M = ({go, a1}, {0, 1}, 5, g, {m})

Where 5= (g0, 0) = {g0 W}, 5(q90s 1) = { @ }, 5(q1, 0) = }, S8(qy, 1) = {qo, a1}

Ans, Theorem : For every NDFA | there cxists a DFA which simulates the behaviour of NDFEA,
Alternatively, if L is the set accepted by NDFA, then there exists a DFA which also accepts L.

Proof : Let M = (Q, Z, &, gg, F) be an NDFA accepting L. We construct a DFA M’ as follows :
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M’ = (Q',£,8', 0", F)

Where
(i) Q' =qg? (any state in Q' is denoted by [qi, g2 ........ ... gj] where q1,qz ........ g € Q):
(i) g0 = [q0)
(i) F'isthe set of all subsets of Q containing an elements of F..
(iv) 8" (qn, G2, wooree Gy @) = (q1, @) V & (G2, @) V cvrnnrenennld 3(gi, )
Equivalently, 8'([q1, gz ... qj}, 2) = [pi ---... —pj} if and only if
1§ {= | PR qi}, a) = {p1, p2, --pj} A
Before proving L = T(M'), we prove an auxiliary result :
3(ge’, X) = [q1y ceeeennnn-lj] k1)

If and only if & (go, ) = {q1,..-ern.qi} for all x in £ we prove by inductionon | x | , the "if* pan,
ie
&'(qo’, x) = [q1, gz, ...-qi), if 8(go, x) = {gL...... Gi} _ (2
When | x | = 0,4(ga, A) = {qu} and by definition of &',
d'(qo', A) = q'o = [qo]
So equation (2) is true for x with | x | = 0. Thus there is basis for induction.
Assume equation (2) is true for all strings y with | y | < m. Let xbe a string of length m + 1. W2

can write x as ya. Where | y | = m and a€z Let d(qoy) = {Pi-.........Pj} and
3(qo, va) = {r1, 12, ....ru}. As | ¥ | < m by induction hypothesis, we have
2'(4o’s ¥) = [P1y ceeeerrenn ] Ky
Also  {r1, 13, coeetic) = 8 (qu, va) = 8 (8(go, Y)), 2) = S({p1, i)}
By definition of 47,
Pl Pi by @) = [Fly irereennnTK] el

Hence 2'(q'0,va) = 4'(4'(q'n, ¥), a) = &' ([P, Pj, ) by equation (3)

= |1} et by Bquation {4) -

Thus, we have proved equation (2) forx = ya

By induction equation (2) is true for all strings x. The other pa:l (i.c. only if " part ) can be proved
similarly, and =0 cquation (1) is established.

Now, x € T (M) if and only if 8(q, x) contains a state of F. By equation (1) , 8{qgo, X) contains »
state of Fif and only if 8'(q'¢, x) is in F’. Hence, x € T (M) if and only if x € T (M). This proves that
DFA M’ accepts L.

Example : Construct a DEA for the following NFA.

M = ({ao @1} {0, 1}, S, qon {u})

Where S(qp, 0) = {q0, a1} S(a0, 1) = {1}
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S(q, 0) = ¢ S(qu, 1) = {qo, g1}
NFA —  DFA il
State/L'P| 0 1 States [ 0 1

==

+go |{gqo, q}} {m} — [qo]

¢ {90, qi} ¢ lg0, ai] Transition Function
‘[qu, ail | [qo, qif

(1) Set of states are [qo], [@1), [go. Q1)

(2) Initial state is [qo]

(3) Transition function (3) are given above.

(4) Final states are [qu), [qo, a1]

(5) Input alphabets are {0, 1}.

Q. 8. Write notes on the following :

{a) Universal Turing Machine

(b} Moore Machine

{c) Context Sensitive Language

Ans. (a) Universal Turing Machine : "A Turing machine is a special purpose computer. Once 4 is
defined, the machine is restricted to carrying out one particular type of computation. Digital computer.
on the other hand, arc general purpose machines that can be programmed to do different jobs ar
different times. Consequently, Turing machines cannot be considered equivalent to general purpose
digital computers”, =

This objection can be overcome by designing a reprogrammable Turing machine, called a
universal Turing machine.

A Universal Turing machine My, is an automaton that, given as input the description of any Turing
machine M and a string w, can simulate the computaticn of M on w. To construct such an M, we first
choose a standard way of describing Turing machines. We may, without loss of generality assume that

Q = {q1, QeeeeseereeGn

With g, the initial state, g the single final state, and z= {aj, a3, ......... am |, where a, represents the
blank. We then, select an encoding in which g is represeated by 1, q z is represented by *, and so on
Similarly a; is encoded as 1, ap as 11 etc.

_ The symbol 0 will be used as a separator between the 1s with the initial and final state and the
blank defined by this convention, any Turing machine can be described completely with & only. The

lqo, @] | [qi]
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transition function is encoded according to this shceme, with the arguments and result in sOVVe
prescribed squence. For example, 8(q1, g2) = (g2, g3, L) might appear as

R, 10110110111010.....c0n0enns

() Moore Machine ;: The finite automata which have binary output, i.e. they accept the string or
do not accept the string. This acceptability was decided on the basis of reach ability of the final state by
the initial state. Now, we remove this restriction and consider the model where the outputs can be
chosen from some other alphabet. The value of the output function Z (t) depends only on the present
state and is independent of the current input, the output function may be written as

Z(t) = A(q())

This restricted model is called Moore machine. It is more convenient to use Moore machine in

automata theory.

Definitions : The Moore machines is a six tuple
(Q, %, A 4,4, go), where

(1) Q is a finite set of states;

(2) X 15 the input alphabet;

(3) A is the output alphabet;

(4)  is the transition function £ x Qinto Q;

(5) Y is the output function mapping Q into A; and

(6) go is the initial state,
Example :
Next State J Output
Preseni State a=1{ a=1 A
. 93 q 0
aqi q1 q2 1
q2 Q2 Q@ 0
q3 93 qo : 0

For the input string 0111, the transition of states is given by gp— g3— qo—> q1—= q2. The
output string is 00010,

For a Moore machine if the input string is of length n, the output string is of lengthn + 1.

(c) Context-Sensitive Language : Between the restricted, context-free grammars and the general,
unsrestricted grammars a great veriety of "somewhat restricted” grammars can be defined. Not all cases
yield interesting results; among the ones that do, the contexi-sensitive grammars have reclived
considerable attention These grammars generate languages associated with a restricted class of Turing
machines, lincar bounded automata.

= A grammar G = (V, T, §, P) is said to be Context- Sensitive if all productions are of the form
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X—*y
Wherc

xYE(VUT"
& x| =]yl

This definition shows that, it is nnn-mmlracting, in the sense that the length of successive
sentential forms can never decrease.
A Ianguag.‘u L is said to be context-sesitive if these exists a context-sensilive grammar (3, such that
L = L((G).
Example : The language L = {a" b" c¢":n = 1} is a context-sensitive language. We show this by
exhibiting a context-sensitive grammar for the language. One such grammar is
8 —= abc | aAbc, Ab— bA, Ac—= Bbcc,
bB— Bb, aB—=aa | aaA
We can see how this works by looking at a derivation of a
a = aAbc = abAc = abBbcc = aBbbec =
= aaAbbcc = aabAbec = aabbAce = aabbBbecc
= aabBbbcee = aaBbbbece = aaabbbcec

3b3 E3



