Solutions to the exercises on Finite Automata

April, 2007

Exerciseon dide 4

Given a state diagram of FA/1. Is000111 accepted, i20110?
Solution

000111 and10110 are accepted.

Exerciseson dlide 7

Exercise 1
What is the language recognized b1 ?

Solution

The language recognized By 1 is the set of all strings that contaln as a substring.

Exercise 2

1. Define a recognizer fdrw € {0, 1}* : w contains at least foulrs}.
2. Is there a recognizer fdgmw € {0, 1}* : w contains the substring)10}?

Solution

Such recognizers are on Figure 3 for task 1 and on Figure 4a$tra.
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Figure 3. Recognizer fofw € {0,1}* : w contains at least fours}

Figure 4. Recognizer fofw € {0,1}* : w contains the substring)10}

Exercise 3
Let > = {0, 1}. Define a recognizer fdf.

Solution

Such recognizer is on Figure 5.

Exercise 4
Let> = {0, 1}. Define a recognizer fofc}.

Solution

Such recognizer is on Figure 6.

Exerciseon dide 11

What is the language recognized Byl (Fig.7) and by/N2 (Fig.8)?
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Figure 5. Recognizer fdf



Figure 6. Recognizer fofc}
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Figure 7.N1

Solution

L(N1) is the set of strings ov€l0, 1} ending onl1 or 101
L(N2) =is the set of strings ove0, 1} containingl01

Exerciseon dide 13

Show a sequence of stateshire that makes the string011 be accepted.

Solution

a1, 92, G35 41, G5, G5, Whereigs € 5(q1, 1) = {q1, g2}

g3 € 6(q2,0) = {q3}

41 € 0(qs, 1) = {qu}

g5 € 0(qs,€) = {gs}

g5 € 0(gs,1) = {g5}

Concurrent computation steps afei, 1011} — {(¢1,011), (¢2,011)} — {(q1,11), (g3, 11)} —

{(Q171)7(QQ71)7(q471)} - {(QIag)v(Q275>7(q271)7(Q571)} - {(QI7€>7(QQ75)7(Q271)7(Q57€>}
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Figure 8.N2



Exercises on pages 653-655 in Discrete Mathematics and Its
Applications

Exercise 3
Find all pairs of sets of stringd and B for which AB = {10, 111, 1010, 1000, 10111, 101000}.

Solution

a) A= andB = {10,111,1010, 1000, 10111, 101000}
b) B =0 andA = {10,111,1010, 1000, 10111, 101000}
c) A= {1} andB = {0, 11,010,000,0111,01000}
d) A= {1,101} andB = {0, 11,000}

e) A = {¢,10} andB = {10, 111,1000}

Exercises 12-16

In exercises 12-16 find the languages recognized by the gwmministic finite-state automa-
ton.

Solutions

12)e U ((1U01*0)(0 U 1)*)

13)0U (1(0 U 1))(0 U 1)*
14)e U 01*

15)0*11*

16) 1*00%(1(0 U 1)(0 U 1)*) U 1*00*

Exercise 17,19,21

In exercises 17,19,21 find the languages recognized by tlem giondeterministic finite-state
automaton.

Solutions

17)01U 11 U0
19)e U ((0 U 00%1)1*)
21)10* U 10*10*

Exercise 24

Find a deterministic finite-state automaton that recognthe same language as the nondeter-
ministic finite-state automaton in Exercise 19.

Solution

Let such DFAbeV/ = (Q, 32,9, qo, F) Where() C {@, {80}, {81}, {82}, {80, 81}, {80, 82}, {81, 82}, {80, S1, 82}},
¥ ={0,1} andgy = {so}. Let us make the transition functian

5(%7 0) = {81, 52} =
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Figure 9. Deterministic finite-state automaton for Exerdd

5((10, 1) =0= q2
6(q1,0) = {s1} = g3
0(q1,1) ={s2} = qu
(g2, 0) = g
6(q2,1) = @

5((13, 0) = {51} =43
0(g3,1) = {s2} = qu
5(614,0) =0=q

0(qs, 1) = {52} = qu.
As sy ands, are accept states; = {qo, ¢1, ¢+ }- The required deterministic finite-state automa-
ton is represented on Figure 9.

Exercise 26

Find a deterministic finite-state automaton that recognthe same language as the nondeter-
ministic finite-state automaton in Exercise 21.

Solution

Let such DFA beVl = (Q, Z, 5, qo, F) WhereQ C {@, {So}, {81}, {82}, {83}, {80, 81},
{SOa 82}7 {507 S3}a {817 SZ}a {817 S3}a {837 SZ}a {807 S1, 82}1

{807 51, 53}7 {307 53, 82}7 {837 51, 32}7 {807 51, 52, 34}}1

¥ ={0,1} andgy = {so}. Let us make the transition functian

0(q0,1) ={s1} =@

(g0, 0) = {s2} = @
5(%, 0) {31, 52} = g3
6(q1, 1) = {s3} = qu
6(q2,0) =10
5(qo, 1) = 0 = ¢o, here all transitions from, go to(), therefore state, is a state fof)
5(%,0) = {31, 52} = g3
0(g3,1) ={s3} = qu
0(q4,0) = {52,583} = ¢5
6(q1,1) = {s2} = @
5((15,0) {32, 83} =45
6(gs,1) = {s2} = qo.
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Figure 10. Deterministic finite-state automaton for Exez@6

Figure 11. Deterministic finite-state automaton that rexzes{0}

As s; and s; are accept stated] = {q1,q43,q,q5}. The required deterministic finite-state
automaton is represented on Figure 10.

Exercise 27

Find a deterministic finite-state automaton that recogneaeh of the following sets.
a){0}

b) {1,00}

c){1"n=2,3,4,...}

Solution

a) Figure 11
b) Figure 12
c) Figure 13

Figure 12. Deterministic finite-state automaton that reéoes{1, 00}
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Figure 13. Deterministic finite-state automaton that redoes{1"|n = 2, 3,4, ...}
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Figure 14. Nondeterministic finite-state automaton thebgaizes{0}

Exercise 28

Find a nondeterministic finite-state automaton that rezagneach of the languages in Exercise
27, and has fewer states, if possible, than the deterngistomaton you found in that exercise.

Solution

a) Figure 14
b) Figure 15
c) Figure 16

Figure 15. Nondeterministic finite-state automaton thebgaizes{1, 00}
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Figure 16. Nondeterministic finite-state automaton thebgaizes{1"|n = 2, 3,4, ...}



