
CSE 555 HOMEWORK FOUR

DUE 01 APRIL 2016 (NO FOOLING!), START OF CLASS

(1) Define INTDFA = {〈M1,M2〉 : M1,M2 are DFAs for which L(M1) ∩ L(M2) 6= ∅}.
Prove that INTDFA is in P.

(2) In class we showed that whenever L is a context-free language, L is in P. To do
this, we gave a polynomial time dynamic programming algorithm that ran in time
O(n3) on a computer with random access memory in which one integer operation
takes constant time. Determine the most accurate bound that you can for the time
complexity on a single-tape deterministic Turing machine. That is, what is the
smallest function f(n) you can find so that every CFL L belongs to TIME(f(n))?
(Note: Here g is “smaller than” f if g(n) is o(f(n)).)

(3) INTPAR is the decision problem: Given a set S = {s1, . . . , sn} of integers, an integer
k, and an integer b, does there exist a partition of S into k (disjoint) classes, so
that the sum of the integers within each class is at most b?
(a) Show that INTPAR is in NP.
(b) Now suppose that we are given an oracle for INTPAR. The oracle takes zero

time to compute, but we must write the question to it, and read its answer,
and these do take time. The oracle can be consulted as many times as you
need (subject to time constraints). Using the oracle, devise a polynomial time
algorithm to solve: Given a set S = {s1, . . . , sn} of integers, an integer k, and
an integer b, find (and print) a partition of S into k (disjoint) classes, so that
the sum of the integers within each class is at most b, if one exists.

(4) Continuing with INTPAR... Using the oracle from the previous question, devise a
polynomial time algorithm to solve: Given a set S = {s1, . . . , sn} of integers, and an
integer k, find (and print) the smallest b for which a partition of S into k (disjoint)
classes, so that the sum of the integers within each class is at most b, exists.

(5) Let L be a set of languages. The regular closure of L, rc(L), is the minimal setM
for which (1) L ⊆ M, (2) if L1, L2 ∈ M then L1L2 ∈ M, (3) if L1, L2 ∈ M then
L1 ∪ L2 ∈M, and (4) if L1 ∈M then L?

1 ∈M.
(a) Prove that rc(P) = P.
(b) Prove that rc(NP) = NP.
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