‘ CS601: Homework 11 Due in main office before 4:30 pm, Tuesday, May 5, 2)009

Problems:

1. [25 pts.] Prove that EMPTY-CFL, discussed in problem 7 wf21is P complete. [Hint: |
suggest you provide a reduction from MCVPEMPTY-CFL.]

2. [25 pts.] Show that NFAS* = {N | N = (Q,Sx, A, qo, F)is an NFA L(N) = 3%} is
PSPACE complete.

[Hint: For your reduction, construct an NFA that acceptssalings that do not encode a
valid computation, similar to what we did in lecture 8.]

3. [25 pts.] As you can find in the slides for Lecture 21, plogynomial-time hierarchy (PH)
consists of the set of problems after nating polynomial time (ATIME [n°(M]) in which a
bounded number of alternations are made between exidtantiauniversal states. In more
detail,

PH= U ¥P, whereX? is the set of problems in ATIMR®(Y)] where the computation starts

i=1
in an existential state and makes at miost 1 alternations between existential and universal
states. Thusy] = NP.

Consider the problert,-QSAT which consists of true quantified boolean formulashef t
form,
E'bll e blCVbQI . bgc cee kakl e bkc(Oé),

wherea is a boolean formula with boolean variablgs. . . b... So, for example}¥;-QSAT
is equivalent to SAT because a boolean formulawith boolean variables., ..., z. is
satisfiable iff the quantified boolean formuka;; . .. z.(«) is true.

Not surprisingly,X;-QSAT is complete fok}. Use this to prove that, if we assume that if
we have a fixed bound, e.g., 3, on the arity of relations in ast-&rder vocabulary, then the
problem,¥,-FO-SAT, which we studied in problem 1 of Hw8, is complete ¥t Why do
you need the assumption of bounded arity?

4. [25 pts.] Prove that NIC sAC'.

[Hint: first show that REACHe sAC'. It may help to at look slides 11 and 12 of Lecture
20. You should show that the family of circuits you producéoigspace uniform, i.e, the
mapf : 1" — C, is computable inF'(L).]



