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PART A (Graded by Francisco and Anupa)

PROBLEM 1 (4+8+8 points)

You may find it useful to review Rice’s theorem and its proof before doing this problem (Lecture
17 Slides 10-11). Let L0 be any arbitrary but fixed Turing-recognizable language other than ∅ or
Σ∗. We will prove that the language X = {〈M〉 : L(M) = L0} is neither Turing-recognizable nor
co-recognizable.

(A) Prove that Aε = {〈M〉 : ε 6∈ L(M)} is not Turing-recognizable. (Hint: this can be done without
a reduction.)

(B) Prove that X is not Turing-recognizable by giving a mapping reduction from Aε to X.

(C) Prove that X is not Turing-recognizable, again by reduction from Aε.

PROBLEM 2 (3+3+3 points)

Let f(n) and g(n) be functions over: positive natural numbers → positive real numbers. Prove or
give a counterexample for the following conjectures (and explain briefly why any given counterex-
amples are valid).

(A) f(n) = Θ(g(n)) implies g(n) = Θ(f(n)).

(B) f(n) = O((f(n))2).

(C) f(n) = Θ(g(n)) implies 2f(n) = Θ(2g(n)).

PROBLEM 3 (Challenge! 2 points)

Show that every infinite regular language has a subset that it recognizable but not decidable.


