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1. [2 marks] Explain the difference between a Turing machine that recognizes a language L and
a Turing machine that decides a language L.

2. [1 marks] Give an example of a language L such that L is not recognizable but L is recog-
nizable.

3. [2 marks] Give a high-level description of how to prove that if a language and its complement
are both recognizable, then the language is decidable. Your answer must fit inside the box
below. Anything written outside the box will be ignored.
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4. [3 marks] Consider the single-tape Turing machine whose transition diagram is shown below.

0 → ⊔ : R
q0 q1

⊔ → ⊔ : L
q2

1 → 1 : R
0 → 0 : R

qaccept

qreject

q3

0 → 0 : R

q4

1 → 1 : L1 → ⊔ : L

⊔ → ⊔ : R

1 → 1 : R

0 → 0 : L
1 → 1 : L

⊔ → ⊔ : R
0 → 0 : R
⊔ → ⊔ : R

⊔ → ⊔ : R

If the Turing machine is initially in the configuration below (with input string 01), show
the configuration of the machine after each of its first five steps. For each configuration,
describe the tape contents, the head position and the state of the Turing machine.

⊲

q0

⊔ ⊔0 1

Bonus question (worth 2 marks; attempt only if you have extra time): Describe exactly
which strings are accepted by the Turing machine shown above.
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5. [3 marks] Show that IN × {A, B} is countable.

6. [4 marks] Let L6 = {〈M〉 : M is a Turing machine and for some n ∈ IN, M accepts 0n}.
Give a brief description of an algorithm that recognizes L6. (You do not have to prove your
answer is correct.)
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7. [4 marks] In this question, we consider Turing machines with input alphabet Σ = {0, 1}. Let
L = {〈M1, M2〉 : M1 and M2 are Turing machines and L(M1) ∪ L(M2) = {0, 1}∗}. Prove
that L is not decidable.
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