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1. According to the time hierarchy theorem, for any time constructible f :
Ny — Ny, there is a language A € DTIME(f(n)) but not decidable in

time o(f(n)/log f(n)).
(a) Are 27,271 22" time constructible?
(b) Is DTIM E(2") a proper subset of DTIM E(2%%)?
(c) Is DTIM E(2") a proper subset of DT IM E(2"*1)?

2. Let Arpy = {< M,z >: the TM M accepts 2} and Ay = {< M >:
L(M) 7& @} Show that Aﬁ@ <m ArM.

3. Prove that
(a) If A <,;, B, then A < B.
(b) If A <P B, then A <}. B.
H(n)

4. Prove that SATy = {¢01"
H(n) is time constructible.

. ¢ € SAT, |¢| = n} € NP. The function

5. The language SATy = {(bOl”H(n) : ¢ € SAT, |¢| = n} is NP-complete if
H(n) is bounded i.e. f(n) = n( is a polynomial of n. But it is in P if
f(n) is super-polynomial.

How do you design H(n) so that under the assumption P # NP, there
will be a contradiction, if SATy € P or SATy is NP-complete.

6. The function H(n) is defined as follows:

i, i = min{j : j satisfies C'}
H(n) = { loglogn, otherwise.

C': jis a natural number, 1 < j < loglogn, such that the TM M; decides
the membership of all z € {0,1}*, |z| < logn in SATy, within j x |z|’
steps.

Base case may be suitably defined.

Prove the following:

(a) If SATy € P, H(n) is bounded.
(b) If H(n) < ¢, then SATy € P.



