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Problem of the Week — 5

Running times of Turing machines

In our definition of time complexity, we tend to ignore multiplicative constants in the running
times. We do the same in simulation results concerning Turing machines. For instance, we saw
that a T'(n)-time multi-tape Turing machine can be simulated by a single-tape Turing machine in
time O(T(n)?), if T(n) > n. In these results, we have used the asymptotic notation liberally to
hide multiplicative constants in the running time. The following exercises somewhat this practice
when working with our models for the Turing machine and running time.

Prove the following simulation results.
(a) For any constant € > 0, any single-tape Turing machine running in time 7'(n) can be simulated
by a single-tape Turing machine running in time 7°(n) + O(n?).
(b) For any constants € > 0 and k > 1, any k-tape Turing machine running in time 7'(n) can be

simulated by a k-tape Turing machine running in time €7'(n) + O(n).

(Hint: Enlarge the state space for the simulating Turing machine and simulate multiple steps at a
time.)



