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2 DFA, NFA, and NFA,

2.1 Determine which of the strings below belong to the language L(M;) (the DFA is
given in figure 1). Also give L(M;) in set notation.
a) 001
b) 001011011011
c¢) 00101101001
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Figure 1: M,

2.2 Determine which of the strings below belong to the language L(M;) (the NFA is
given in figure 2). Also give L(M,) in set notation.
a) 11110101
b) 1111111
) 101101101111
) 10110010011

¢
d

2.3 Determine which of the strings below belong to the language L(M;5) (the NFA,
is given in figure 3). Also give L(Ms3) in set notation.
a) 11111
b) 1101011
¢) 1011100
d) 0101111

2.4 For each of the following languages, construct a DFA that accepts the language.
a) Ly ={z € {0,1}* | x ends in 00}
b) Ly ={x€{0,1}* |z = (01)",n > 0}
c) Ly ={x € {0,1}* | every 0 is immediately followed by 1}

2.5 Two automata M and M’ are equivalent if they accept the same language, i.e.
L(M) = L(M").
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Figure 4: M,

a) Given the NFA in figure 4, construct an equivalent DFA.
b) Given the NFA in figure 5, construct an equivalent DFA.
¢) Given the NFA in figure 6, construct an equivalent DFA.
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Figure 6: Mg

2.6 a) Given the NFA, in figure 7, construct an equivalent DFA.

Figure 7: M

b) Given the NFA. in figure 8, construct an equivalent DFA.
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Figure 8: Mg
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2.4 a) An example of a DFA M5 such that L(M;5) = L, is given in figure 15.

Figure 15: M5

Specification of the states:

qo: The last symbol read, if any, is 1.

q1: The last symbol read is 0; the last but one, if any, is 1.
g2 The last two symbols read are 00.

b) An example of a DFA Mg such that L(Ms) = Lo is given in figure 16.

0,1
Figure 16: Mg

go: Any number (incl. 0) of 01:s read.
¢1: Any number (incl. 0) of 01:s followed by 0 read.
@2: Something else read.
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¢) An example of a DFA Mj; such that L(M;;) = L, is given in figure 17.

Figure 17: M,

qo: The last symbol read, if any, is 1; any previous 0 is immediately followed
by 1.

¢1: The last symbol read is 0, any previous 0 is immediately followed by 1.

g2: 00 has been read.

2.5 Following [Hopcroft&Ullman] we often use | | instead of { } to denote a set of
states which is a state of a DFA.

a) 01z is given in table 1.

State Input
a b
[CIO] [QO, CI1] [QO]
[QO> Q1] [QO, CI1] [QO> Q2]
[90, 2] | [90,91, %) | [q0]
90, 01, @2) | [0, a1, 42) | [q0; G2]

Table 1: 518

The new set of final states is F' = {x € 29 | an{q1} # 0} = {[q0, &1, [q0, @1, @2] }-
Let

]
) QQ]
[qu q1, q2] D

[q0) =
[q0
[QO

The transition diagram for the DFA is given in figure 18.

b) d19 is given in table 2
The new set of final states is F' = {z €29 | 2N {q3} # 0} =
{20, g3], [QO> q1. 43, [90, 92, 43}, (90, @1, G2, g3] }- Let

[q0] =
[O,Q1]:
[CIO,QMIQ] C
[%#12]
[CIO,C_IbQ%C]s] E
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Figure 18: Mg

State Input
0 1
[QO] [CJO, CI1] [QO]
[90, ¢1] (%0, 01, 4] [90, ¢2]
90,01, 02] | [90, 01,92, 03] | a0, ¢2]
[90, q2] (90, 1, 93] (0]
(90, 91, 42, 43] | [90, 01, 92, @3] | [q0, @2, 3]
[CIo, q2, Q3] [CIO, qi, Q3] [QO, CI3]
[QO> q1, Q3] [QO> qi, 42, CI3] [QO> q2, Q3]
[QO, CI3] [CIO, qi, Q3] [QO, CI3]
Table 2: 519
(90, q2,q3) = F
(90, q1,43] = G
[q0,q3] = H

The transition diagram for the DFA is given in figure 19.

c) 09 is given in table 3.

The new set of final states is F' = {z € 29 | 2N {q, 3} # 0} =
a1, g3}, (@], [90: 415 @2, (a1, @2, [gs]s (a1, G2, 3] [ge, a3} Let

The transition diagram for the DFA is given in figure 20.
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0
Figure 19: Mg
State Input
0 1

[90] 91, 45 [q1]
91, 43] 92] 90, 1, 42

[Q1] [CI2] [Q1, Q2]

[Q2] [CI3] [QO]

90, 01, @) | (a1, a2, q3) | [0, @15 @2
[Ch, CI2] [Q2, Q3] [QO> q1, CI2]

lgs] 0 [90]
[C_Ib q2, Q3] [QQ> Q3] [CIO> qi, C_IQ]
(42, q3] (g5 (0]
0 0 0

Table 3: (520
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Figure 20: Mg
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Suggested Solutions: DFA, NFA, and NFA,

a) Here we apply the subset construction to an NFA.. Whenever a state P of

the contructed DFA contains a state ¢ (of the NFA,), all the states reachable
from ¢ by e-transitions (in the NFA,) are also in P.

Table 4 gives the transition function d9; of a DFA corresponding to the NFA,
from Figure 7. The initial state is {qo, ¢1,¢2}. All the states are final except

{Q3}-

State Input
0 1

{QO>QI7Q2} {QO>QI>Q27Q3} {CJ1,Q3}
{a1, a5} {as} {a:}
{a} {as} {a}
{as} {as} {a}

{00, 01, @2, 43} | {90, 1, @2, 63} | {5 a3}

Table 4: 521

The subset construction results in an DFA with reachable states

{q07 q1, 43,45, 496, g7, q10}7 {qQa 49, qu}a {q4a Q10}> ®a {CI6> q7, 4s, q10}a {CI9} The
initial state is {qo, ¢1, ¢3, 5, @6, 97, 10} The final states are those contain-

ing qo.



