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Problem 1
Prove that the following languages are not regular. You may use the pumping lemma and the closure
properties of the class of regular languages.

a. {ω1ω | ω ∈ {0, 1}∗ }

b. {0n12n23n | n ≥ 0 }

c. {ω | |0|ω ≥ |1|ω, ω ∈ {0, 1}∗ }

d. {0a1b | gcd(a, b) = 2 ∧ a, b ≥ 0 } (Hint: Consider using factorial during string construction)

Proof.
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Problem 2
ConsiderL1 andL2 as languages that are formed over the same alphabetΣ. The weave together ofL1 and
L2 is defined to be W (L1, L2) = {a1b1a2b2 · · · anbn|ai, bi ∈ Σ, a1a2 · · · an ∈ L1, b1b2 · · · bn ∈ L2}.
Prove that if L1 and L2 are regular, then W (L1, L2) is also regular.

Proof.
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Problem 3
Prove or disprove the following statements (All languages mentioned below are over alphabet Σ):

a. If A and B are not regular languages, then A ∪B is not regular.

b. If A is not a regular language and B is a language such that B ⊂ A, then B is not regular.

c. If A is a language over alphabet Σ, h is a homomorphism on Σ and A is not regular, then h(A) is
not regular.

d. If A and B are not regular languages and C is a language such that A ⊆ C ⊆ B, then C is not
regular.

Solution.
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Problem 4
Let A and B be languages over Σ = {0, 1}. DefineN0(w) is the number of 0s that string w contains and
N1(w) is the number of 1s that string w contains.
Define:

A ∼0 B = {a ∈ A | for some b ∈ B, N0(a) = N0(b)}
A ∼01 B = {a ∈ A | for some b ∈ B, N0(a) = N0(b) and N1(a) = N1(b)}

a. Show that the class of regular languages is closed under ∼0 operation.

b. Show that the class of regular languages is not closed under ∼01 operation.

Solution.
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