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Example 37. Draw the transition diagram of a finite-state automaton A that accepts the gwen
set of strings over {a, b)

(i) even number of a's (i) exactly one b.

Solution. (i) The automaton A must have two states
5, © state when the input string contain even number of a’s. and also initial state
s, : state when the input string contain odd number of a’s..
The transition diagram is shown in Fig. 16.17.

If A is in state s, and input is b, A will slay in s, but as soon as
input is a, A moves to s,. It comes back to accepting state if 5, has an
input a. So, the string consisting even number cf a’s is accepted by A. Fig. 16.17




(if) The automaton A must contain three distinct states s, s, and s,
as shown in Fig. 16.18.

Fig. 16.18

If A is in state s, and a is an input, it will remain in s,. It moves to s, if A is an input. Now,
when A is in state s, and a is an input, the input string still has a single b. So A stays in accepting

N .

.:c s, But if b is an input string then it contains more than one b, then it must leave s, and go to
. state s, from which there is no retumn 1o 5,
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‘Example 38. Design a finite staie automata that

- . ——

jvisible by 3.
Solution. On dividing by 3, we have three possible classes of numbers. These are with

ainder 0, 1 ‘are 2 respectively. Let the corresponding states are s, s, are §,.
" Let M=(A,S,f,Ys,)where 4= 10,1, .., 9}.
S = {S4. 515 551 ¥ = {89}, fis defined by
Risg @) = 3, A5y, @) = 5, R85y, @) = 5, for a € {0, 3,6, 9}
sy, b) = 5, fs), b) = Sy M85, b) = 5, for he (1,47}
Ms,, €)= 53 A5y, €) = Sgs S5y €) =5 forc € {2, 5, 8}

will accept the set of natural numbers x which

e



is the state corresponding to class of string divisible by 3, s, is also final state]

[Since s,
Let w = 117, the computation 1s
fs,, NT) =€ (5,,17) = fls,, 7) = §, (accetpting state)
Let w= 1235
_ K3y 125) = f{s;,25)= £ (s 5)=s, (non-occcpting state)




; Nondetcrmimsﬂc Finite-state Automatnon

There is another important type of finite state
sible next states for each of input value and state.

Definition. A nondeterministic finite-state automation (nfa) A consists of
1. A finite set A of input symbols.

2. A finite set S of states,
1 A next-state function f from S * A into P (S) which is the power set of S, the set of all

bsets of S. P
4. A subset Y of set of accepting states,
5. An initial state s, € S.
It is written as M = {4, S, [ Y. s}

automation in which there may be several
Such machines are called nonderministic,
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We can represent nondeterministic finite-state automata using next-state table or transition

diagram similar to that of finite-state automata.

We note that the difference between the deterministic and nondeterministic automaty is
saly in /. For deterministic finite automata (dfa) the outcome is a state i.e., an element of § ; for
tondeterministic automaton the outcome is a subset of S ie., in deterministic automata, the next -
state function takes us to a uniquely defined state, whereas a nondeterminstic finite-state automaton
I(he next-state function takes us to a set of states. Each nfa accepts a language that is also accepted
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A string is ccepted by an nfa if there js some
machine in a final state at the end of

_Sequence of moves by which a final state can be reached.

Example 39, For nondetélministic finite—state

in Fig, | 6.19, find (a) initial state () state
function,
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' rig. 10,19
al state is s, (b) State sef g ~ S 5y,

Solution. (a) Initj |
~state function is given below, 7\ "PUUSEUA= {a, b} (d) The g

table defining the next
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Example 40. Find the transition diagram of the nondeterministic finite state
automata M with the state table shown below

|2 | s} ¢

Table 16.9

Solution, The transit; '
. The transition diagram M is shown in Fig. 16,20
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~ Example 41. Find the language recognized by the given nondeterministic finite-state automaton
¢ whose transition diagram is shown in Fig. 16.21.

Fig. 16.21

Solution. Here initial state 5, and the states s, and s, are both accepting states. Since the initial

nd the accepting state s, the language recognized by M is A. There are two ways to reach the state
i, one from s, to 5, and other from s; to s,, then s,. Thus the language accepted by M is

| -




lcgnversion of NFA to DFA

Although there are many languages for which an nfa is easier to construct than a dfa, such as
the language of strings that end in 01, it is a fact that both nfa and dfa have identical capabilities.
For every language accepted by some nfa, there is a dfa that accepts the same language. We shall
‘describe a procedure to convert a given sfa to an equivalent dfa.

Given a nfa M= {A, S, /. ¥, 5,) then corresponding dfa M' = [A, §% (', ¥ sd} is defined as
follows:

§7 = p(S), the power set of S.
s¢ = {5}
M=1{BeS:BnYz$).
That is ¥¥ is all sets of M’s states that include at least one accetping state of M
and f9: ¥ x 4 - is defined by

4B, ay= | f(s,a)

s¢ B
forallBe Y ae A
Every state of M¥ whose total contains a final state of M is defined as a final vertex.
The next two examples illustrate step by step how to construct a dfa equavalent to a given nfa.



| Example 42. Find a state transition table for the given nfa of Fig 16.22 obtain a dfa equivalent

to nfa.
0 . 1
) —(®
Fig. 16.22
Solution. The state transition table for the given nfa is
f
P T TR

5o {So 5} {s,}

'\ 5 (Sl} [S)}

5, tp {32}




The state labeled ¢ represents an impossible move for the nfa and, therofore, me
acceptance of the string. o

Here, we construct the corresponding dfa.
M= { 4,5 i, 1, sd) ;
‘Sﬁ: KS" {‘9 {30}o ‘sl}' {S:}, {So, Sl}a {So. 32}0 {31!32}0 {30'3 S., sg}}~

S Lo, Sl P Yim {{s,}, {so s} {8y 55} s, Sis S5})
Wocvlried 1 hets 56’ - {So}

andf’: 57 x A — s?is defined by the following transition table.
\ ) ) :
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The set of final states which contains the final
(50 5, 8,1} the state transition diagram of M is
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state s, in M is {{s,}, {so ;) {




Fig 16.23. Transition diagram fo M¥.



