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Question 1[20 points]
Give regular expressions for the following languages over Σ = {a, b}:

1. {w|w begins and ends with an a}. Solution: a+ a(a+ b)∗a.

2. {w| every odd position is a b}. Solution: (b(a + b))∗(b + ε). Note that “every odd position
is a b” does not imply that every even position is an a.

There are many solutions possible for each question.

Question 2[20 points]
Give regular expressions for the following languages over Σ = {a, b}:

1. {w|w contains at least two as and at most one b}. Solution: aaa∗+aaa∗b+aa∗baa∗+baaa∗.

2. All strings except the empty string. Solution: a(a+ b)∗ + b(a+ b)∗.

There are many solutions possible for each question.

Question 3[20 points] Let D be the language of words w such that w has an even number of a’s
and an odd number of b’s and does not contain the substring ab.

1. Give a DFA with only five states that recognizes D.

Solution Once you see an a you can never have a b later on. If your first letter is an a it has
to be rejected because there is now no way to get a b and the word has to have at least one b.
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2. Give a regular expression for this language.
Solution b(bb)∗(aa)∗. Many solutions are possible.

Question 4[20 points]
Show that the following language is not regular by using the pumping lemma.

{anbman+m|n,m ≥ 0}.

Solution

The demon picks a number p. I pick the string apba(p+1). Whatever the demon tries to do he is
forced to pick y to consist of a nonempty string that consists exclusively of as, because |xy| ≤ p
and |y| > 0, say that y = al. Now I choose i = 3. The new string is a(p+2l)ba(p+1) which is not in
the language since 2l ̸= 1. My strategy is sure to work because I have taken into account anything
that the demon might do.

Question 5[20 points]
Show that the following language is not regular by using the pumping lemma.

{x|x = xR, x ∈ Σ∗},

where xR means x reversed; these strings are called palindromes. An example is abba, a non-example
is baba.

Solution

Suppose the demon picks the number p. I choose the string apbbap which is a palindrome. Now the
demon tries to divide it up into x, y, z with |xy| ≤ p, |y| > 0, in such a way that xyiz a palindrome
for all i ≥ 0. It must be the case that x = ak for some k ∈ {0, ..., p−1}, y = aj for some j ∈ {1, ..., p}
and z = albbap for some l ∈ {0, ..., p − 1}. Now I choose i = 2 and we see that xy2z = ap+jbbap,
which is not a palindrome, since j > 0. Therefore, this language is not regular.

2


