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1. (10 %) Let A and B be two sets, each containing n positive integers. You can order both . |
set in any way. Let a; be the i-th element of A, and let b; be the i-th element of B. Give E
an algorithm that will maximize T2 a% = a¥* x % x -+ - x a’». Explain and analyze the
complexity your answer.

Algorithms:

2. (10%) Suppose we are given a set S = {p1,p2,...,Pn}. For each pair p; and p;, there
is a distance d(p;, p;) = d(p;,p:) > 0, for ¢ # j. We want to partition § into k groups:
{Ch,...,Cr}, which is called the k-clustering. The measure of a k-clustering is the min-
imum distance between any pair of points lying in different groups. We want to find a
k-clustering such that the measure is maximum. Give an efficient algorithm to find the
maximum measure. Explain and analyze the complexity your answer.

3. (10%) Consider n distinct positive integers z,...,%,. Give an efficient algorithm to find
an integer y such that 3 ;. {z; — y| is minimal. Explain and analyze the complexity your
answer.

4. Consider the following 10 clauses as an instance of 25AT ({where each clause contains at
most 2 literals):

(a) (10%) Show that if (z V y V z) is satisfied, then 7 of the above clauses are satisfied
and no more; otherwise at most 6 clauses can be satisfied.

(b) (10%) Given a positive integer K and an instance ¢ of 2SAT, we want to find a
truth assignment such that at least K clauses of ¢ are satisfied. This is the so called

MAX2SAT problem. Using (a), give a polynomial time reduction from 3SAT to
MAX2SAT.
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1. 17%

Consider a two-position switch with two inputs and two outputs, as shown in Fig. A. In one position
inputs 1 and 2 are connected to outputs 1 and 2, respectively. In the other position inputs 1 and 2
are connected to outputs 2 and 1, respectively. Using these switches and applying the divide and
conquer technigque, we can design a network with n inputs and n outputs which is capable of
achieving any of the n! possible permutations of the inputs, as shown in Fig. B.

(1) Draw the switch network completely for n=8..
(2) For general n=2% find the number of switches used in the networks. (Write your answer in terms
of n and/or k. Give the exact number, NOT just the asymptotic big O order.)

input | ——7=3:::71 output 1 .
input 2 — 127277 output 2 a switch
Fig.A
1
2 size n/2
;J’, switch
network
n/2 g
n/2+1 .
size n/2 stands for a switch
switch
network
n-1
n
Fig.B

2 16%

Use dynamic programming technique to find the longest monotonically increasing subsequence of a
sequence of n numbers.

(Write the object function, recursive relation, initial condition, and the answer. Give the time and

space complexity of your algorithm.)
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The diameter of a graph G=(V,£} is the maximum of the distances between any pair of vertices. (i.e.
diameter = max { d(u, v) / for every pair of vertices v and v },

where d(u, v) is the length of the shortest path between u and v.)

Let G=(V,E) be a weighted directed graph. Each edge (v v) has a positive weight w(u, v).

Give a O(|/) algorithm to determine the diameter of graph G, where ¥V is the set of vertices in G.
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