
Assignment 5: 2nd Nov 2022

Prakash Panangaden
COMP 330 Autumn 2022 McGill University

Due Date: 16th Nov 2022

There are 5 questions for credit and two for your spiritual growth. The homework is due at
8pm on Crowdmark on the 16th of November.

Question 1[20 points] Give a context-free grammar for the language

{ambncpdq | m+ n = p+ q}.

Question 2[20 points] Given any language L ⊆ Σ∗ we define lefthalf(L) as follows:

lefthalf(L) = {x ∈ Σ∗|∃y ∈ Σ∗, xy ∈ L and |x| = |y|}.

In assignment 1 you were asked to show that if L regular then lefthalf(L) is also regular.
Now I am asking you to prove that if L is context free then lefthalf(L) may not be context
free. This means that you have to come up with one example of a context-free language L
such that lefthalf(L) is not context free. You must give a grammar for L and a proof that
lefthalf(L) is not context free. This “proof” could just be a remark that it is like a language
we have proved to be not context free in class.

Question 3[20 points] Suppose that we have a language L defined over the alphabet {a, b, c}
and suppose that L is context-free. We define a new language perm(L) to be the set
of all permutations of all words in L. For example, if L = {abc, aab} then perm(L) =
{abc, acb, bac, bca, cab, cba, aab, aba, baa}. Show that perm(L) need not be context-free by
giving an example of a language L that is context-free but where perm(L) is not context-
free. You need not give a pumping lemma proof if your example is just like one we have
seen in class.

Question 4[20 points] Give a high-level description of a Turing machine that reads a word
over the alphabet {a, b, c} and accepts it if it has the form anbncn; i.e. it has an equal
number of a’s, b’s and c’s and the a’s all appear before the b’s which appear before the c’s.
Please do not write down a detailed transition table or a picture, just explain in words what
the machine does. If you provide a detailed description, we will give you zero. Learning to
explain something in simple but clear language is an important skill.
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Question 5[20 points] For this question the alphabet is {a, b}. Suppose that the language
L is CE but not computable; this means that L cannot be CE. We define a new language as
follows:

K = {aw|w ∈ L}
⋃

{bv|v ∈ L}.

1. Show that K is not computable. [4 points]

2. Show that K is not CE. [8 points]

3. Show that K is not co-CE. [8 points]

Question 6[0 points] Show that over a one-letter alphabet the context-free languages are
regular.

Question 7[0 points] If in Q3 we restricted our alphabet to only two letters then the
permutations of a CFL would give a CFL. Prove this.
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