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Problem 1

Given grammer G:

S → AB | BC

A → BA | a

B → CC | b

C → AB | a

Please use CYK algorithm to decide whether string aabaaab belongs to L(G).

Solution.
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Problem 2

Prove that each of these languages is not context free.

a. L = {aibjck | i < j < k}.

b. L = {0m1n | m = k × n for some k ∈ N+}.

c. L = {wwRw | w ∈ {0, 1}∗}.

d. L = {0p | p is a prime}.

Proof.
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Problem 3

For any context-free language L and any regular language R, answer each of the following statements

True or False. If your answer is True, give an explanation. If your answer is False, give a counterexam-

ple.

a. L−R is context-free.

b. S(L) = {w | for some x, xw ∈ L} is context-free.

c. H(L) = {x | for some y, |x| = |y| and xy ∈ L} is context-free.

d. D(L) = {xz | x, z ∈ Σ∗, and xyz ∈ L for some y ∈ Σ} is context-free.

Solution.
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Problem 4

a. Given two languages A and B, define a language A△B by A△B = {xy | x ∈ A, y ∈ B, |x| =

|y|}. Show that if A and B are regular, then A△B is context-free.

b. Some of you have discussed that if a language satisfies pumping lemma, it is still possible that

it is not regular. Similarly, the pumping lemma of CFL is not perfect and is not strong enough

for some proof problems. So we raise a question that might be somewhat relevant: Try to prove

L = {aibicj | i ̸= j} is not context free. Hint: You may use Ogden’s lemma.

Ogden’s Lemma: If a language L is CFL, then there exists some n such that ∀z ∈ L with length ≥ n,

then we can choose at least n marked positions in z and write z as uvwxy, such that:

1. vwx contains at most n marked positions

2. vx contains at least one marked position

3. ∀i ≥ 0, uviwxiy ∈ L

Solution.

4


