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Models of Computation, Efficient Computation, and Undecidability
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April 16, 2012

1. Consider a Turing machine model with a single tape but with k tape heads that can move inde-
pendently. Show that for every time T (n) ≥ n, TIME)k−tape(T (n)) for k-tape Turing Machines
is contained in the TIMEkheads,1tape(T (n)).

2. Consider the language AddFacts = {x”+”y” = ”z|x, y, z are binary integers and x+y = z}. Prove
that AddFacts is in linear time on a multitape TM, but requires quardratic time on a one-tape
TM.

3. If L is a language , L∗ is the set of all strings x so that, for some k ≥ 0, x = x1 ◦ x2 ◦ x3... ◦ xk
where each xi ∈ L and ◦ denotes concatenation. Show that if L ∈ P , then L∗ ∈ P . Hint: dynamic
programming.

4. Consider a language of pairs of strings U . For each x, let Ux be the language of all y so that
(x, y) ∈ U . Can there be a recursive language U so that every recursive language L can be written
as Ux for some x? Prove your answer.

5. Give an example of a language L that is neither R.E. nor co-R.E. Prove your answer correct.
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