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EXERCISE 15:
Prove:

a) EveryPSPACE-hard problem is alst\P-hard.
b) If somePSPACE-complete problem belongs P, it follows NP = PSPACE.
c) If everyNP-hard problem i®?SPACE-hard, it followsNP = PSPACE.

Let cd\P denote the class of all problems whose complement belorly®i@mp. Exercise 11e).

d) Define formally “cAa\NP—hard” and “c&NP-complete”, then prove:

e) The two classes of problemM&—-complete and d§P-complete, respectively, are either dis-
joint or coincide.

A problemA is polynomial-spacereducibleto B if there exists a total functiof: {0,1}* — {0,1}*
computable in polynomial space such tha A < f(X) € B.

f) Prove:A € PSPACE is polynomial-space reducible to eveiyC B C >*.

EXERCISE 16:
Recall the two player gam@raphGame on directed graphs from the lecture and the question for
a winning strategy.

a) Prove: Either the first or the second player has a winniadgesgy.
Which properties of the game have you used?

b) Describe and analyze a recursive algorithm decidingimlolynomial space the truth of a
given quantified Boolean formula.

c) ProveGraphGamecPSPACE.
EXERCISE 17:
Let #SAT denote the function problem of calculating, given a CNF folamhow many satisfying

it has. For a nondeterministic Turing MaschiMeand inputx € *, write #M(X) for the number of
accepting computations t on x. Furthermore

#P := {fw | M polynomial-time NTM fy : £* — No, X+— #M(X) }
a) Prove that every € #P can be computed within polynomial space.

b) Define “#P—hard” and “#—complete”.
Which notion of reduction is appropriate for suadunting problems?

c) Prove#SAT is #P—complete. (Hint: Proof of Cook-Levin.) How abo#8SAT?



