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Turing Machines and Decidability

1. Give implementation level descriptions for Turing Machines that decides the following two
languages.

• {w | w contains an equal number of 0s and 1s}

• {W = w#w | w ∈ {0, 1}∗}

2. LetMDFA = {A|A is a DFA that does not accept any string with an odd number of 1’s}. Show
that MDFA is decidable.

3. Suppose we take the Turing Machine as defined in class, and we change the transition func-
tion to only allow the following: δ : Q×Γ→ Q×Γ×{S,R}. In other words, these machines
can move the head right or stay in the same position but can never move left. Does this
recognize the same set of languages as the normal Turing Machine. If so, why? If not, what
class of languages does it recognize?

4. A Turing Machine with doubly-infinite tape is an ordinary Turing Machine, except that the tape
is infinitely indexed in both the left and right direction. Prove that this machine is equivalent
in computational power to a traditional Turing Machine.

5. For this question, you will do five separate proofs. Prove that the class of Decidable Languages
is closed under union, concatenation, star, complement, and intersection.

6. Prove the following claim: Let C be a language. Prove that C is Turing-recognizable if and
only if a decidable language D exists such that C = {x|∃y((x, y) ∈ D)}

7. Consider the following decision problem: ”Given a Turing Machine M and input w, does M
ever move it’s head to the left three times in a row?”. Show, via reduction, that this problem
is undecidable.


