
Homework 3 Solutions

CS 321 - Fall 2006

3.1.4

Find a regular expression for L = {anbm : n ≥ 3, m is even}.

r = aaaa∗(bb)∗

3.1.5

Find a regular expression for L = {anbm : (n + m) is even}.

Use the fact that if n + m is even then either: 1) both n and m are even, or 2)
both n and m are odd.

r = (aa)∗(bb)∗ + (aa)∗ab(bb)∗

3.1.8

The description in English is “strings with exactly one b and an even number
of a’s”. We can describe it in set notation as follows:

L = {amban : (m + n) is even}

3.1.15

Find a regular expression for

L = {w : w ∈ {0, 1}∗, w has exactly one pair of consecutive zeros}

Note that a sequence of three zeros is not allowed since that counts as two
consecutive pairs of zeros. The following expression describes L.

r = (1 + 01)∗00(1 + 10)∗
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To understand it note that r1 = (1 + 01)∗ describes the language of strings
without any consecutive zeros and that end with a one. Likewise r2(1 + 10)∗

describes strings without consecutive zeros and that begin with a one. By
putting r1 before 00 we are ensured that the string before does not end with a
zero and hence will not lead to a triple of zeros. For this same reason we are
guaranteed that 00 followed by r2 will not generate a triple of zeros.

3.1.17

a) r = (0 + 1)∗01
b) r = (0 + 1)∗(11 + 10 + 00) + 0 + 1
d) r = (0 + 1)∗00(0 + 1)∗00(0 + 1)∗ + (0 + 1)∗000(0 + 1)∗

e) Let r00 be the expression from exercise 3.1.15 that represents the language
with exactly one consecutive pair of zeros. We will construct a new regular
expression by considering four cases: 1) there are no consecutive zeros, 2) there
is exactly one pair of consecutive zeros, 3) there are two disjoint pairs of con-
secutive zeros, 4) there is a triple of consecutive zeros and no other consecutive
pairs.

• The expression for the first case is: r
00

= (0 + λ)(1 + 10)∗

• The expression for the second case is given by r00.

• The expression for the third case is given by r00,00 = r001r00.

• The expression for the fourth case is given by r000 = (1+01)∗000(1+10)∗.

Putting everything together we get the final expression to be:

r = r
00

+ r00 + r00,00 + r000

3.1.18b

L = {w : w ∈ {a, b}∗, na(w) mod 3 = 0}

To construct an expression for this language notice that any such string can be
broken up into substrings where each substring has exactly 3 a’s. The expression
for a string with exactly three a’s is r3a = b∗ab∗ab∗ab∗ from which we can
construct a expression for L:

r = r∗
3a

= (b∗ab∗ab∗ab∗)∗
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3.2.4b

Construct a DFA for L(ab(a + ab)∗(a + aa)).

We will do this by first constructing an NFA for the language shown below, and
then converting it to an equivalent DFA.

DFA:

q0 q1 q2 q3 q4 q5 q6
a b a b a a

a, λ

λ

Equivalent NFA:

Q0 Q1 Q24 Q2345 Q23456

∅

a

b

b

a

a

b

b

a

b

a, b

a
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3.2.11

EE OE

EO OO

a

a

b b

a

a

bb

Remove node OO.

EE OE

EO

a

a

ba

ab
bb

bb

AA

Remove node OE.

EE

EO

b + a(bb)∗bab + ab(bb)∗a

a(bb)∗a

aa + ab(bb)∗ba

The final regular expression is r∗
1
r2r

∗

3
(r4r

∗

1
r2r

∗

3
)∗, where

r1 = a(bb)∗a

r2 = b + a(bb)∗ba

r3 = aa + ab(bb)∗ba

r4 = b + ab(bb)∗a
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3.2.13a

EE OE

EO OO

a

a

b b

a

a

bb

Remove node OE.

EE

EO OO

ab

ba

a

a

bb

aa

bb

Remove OO.

EE

EO

b + ab(bb)∗a b + a(bb)∗ba

aa + ab(bb)∗ba

aa

The final regular expression is (r1 + r2r
∗

3
r4)

∗, where

r1 = aa + ab(bb)∗ba

r2 = b + ab(bb)∗a

r3 = aa

r4 = b + a(bb)∗ba
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