
CS 1510 Midterm 2
Fall 2017

Instructions: Answer as many of problems 1, 2, 3, and 4 as you can. Answer at most
one of problem 5 or 6. If you answer both problem 5 and problem 6, an arbitrary one
will be graded. Sign the statement at the end. Feel free to ask questions.

1. (20 points) Show that the CNF-SAT problem is self-reducible. The input to the CNF-SAT
problem is a Boolean formula F in conjunctive normal form. The output is a satisfying assign-
ment for F , if it exists. Otherwise, the output should specify that no satisfying assignment
exists.

Start by explaining what it means for a problem to be self-reducible. I am interested in
knowing both whether you know how to show a problem is self-reducible in general, and
whether you know how to show that the CNF-SAT problem is self-reducible in particular.

2. (20 points) We consider the problem of multiplying two n by n matrices.

(a) Define what a CREW PRAM is. First define what a PRAM is. Then explain what a
CREW PRAM is.

(b) Give a parallel algorithm for this problem that runs in time O(log n) time on a CREW
PRAM with n3 processors. Give a complete algorithm description, that is, you can’t say
“use this algorithm that we learned in class as a black box”.

(c) What is the efficiency of the above algorithm? Start with a definition of efficiency. As-
sume that the sequential time algorithm that you wish to compare to has time complexity
S(n) = n3.

(d) State the folding principle. Explain what the folding principle says about the running
time of this algorithm on n processors?

3. (20 points) Consider the following three decision problems:

DoubleFixedHamiltonianPath (DFHP) The input is an undirected graph G and two
different vertices s and t in G. The problem is to determine if there is a simple path
between s and t in G that spans all the vertices in G. A path is simple if it doesn’t
include any vertex more than once.

SingleFixedHamiltonianPath (SFHP) The input is an undirected graph G and a vertex
s in G. The problem is to determine if there is a simple path with one endpoint at s
that spans all the vertices in G.

HamiltonianCycle (HC) The input is an undirected graph G. The problem is to determine
if there is a simple cycle that spans all the vertices in G.

Show that these problems are equivalent in the sense that if any one of these problems have
a polynomial-time algorithm then they all have polynomial time algorithms.



4. (20 points) The input to this problem is a character string C of n letters. The problem is to
find the largest k, such that k < n, and such that

C[1]C[2] . . . C[k] = C[n− k + 1] . . . C[n− 1]C[n]

That is, k is the length of the longest prefix that is also a suffix. Give a parallel algorithm
that runs in time O(log n) on an EREW machine with n2 processors.

You can use as a black box an algorithm that will compute an associative operator on n items
in time O(log n) on a EREW PRAM with n processors.

Remember, answer at most one of problem 5 or 6. If you answer both problem
5 and problem 6, an arbitrary one will be graded.

5. (20 points) The input to the triangle problem is a subset W of the Cartesian product X×Y ×Z
of sets X, Y and Z, each of cardinality n. The problem is to determine if there is a subset U
of W such that 1) every element of X is in exactly one element of U , 2) every element of Y is
in exactly one element of U , and 3) every element of Z is in exactly one element of U . Here’s
a story version of the same problem. You have disjoint collections of n pilots, n copilots, and
n flight engineers. For each possible triple of pilot, copilot, and flight engineer, you know if
these three people are compatible or not. You goal is to determine if you can assign these 3n
people to n flights so that every flight has one pilot, one copilot, and one flight engineer that
are compatible.

Show that this problem is NP-hard under the assumption that the following problem E1inESAT
is NP-hard.

The input to E1in3SAT is a Boolean formula F in conjunctive normal form with exactly three
distinct literals per clause, where for each variable x, the number of occurrences of the literal
x in F is equal to the number of occurrences of the literal x̄ in F . So for example an instance
of E1in3SAT is

(x ∨ ȳ ∨ z̄) ∧ (x̄ ∨ ȳ ∨ z̄) ∧ (w ∨ y ∨ z) ∧ (w̄ ∨ y ∨ z)

The E1in3SAT problem is to determine whether there is a truth assignment to the variables
that makes exactly one literal per clause true.

6. (20 points) We consider the problem of computing Fn, the nth Fibonacci number, given an
integer n as input. Recall that Fn is defined by the following recurrence: F0 = F1 = 1, and
Fn = Fn−1 + Fn−2 for n > 1. Make the unrealistic assumption that Fn will fit within one
word of memory for all n. That is, assume that all arithmetic operations take constant time.

(a) Give a parallel algorithm for this problem that runs in time O(log n) on a EREW PRAM
with n processors. Give a complete algorithm description, that is, you can’t say “use
this algorithm that we learned in class as a black box”.

(b) Explain how to turn this into an algorithm that has efficiency Ω(1) on a EREW PRAM
with n/ log n processors.

I attest that I did not receive any any information about this exam before taking the exam.
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