
CS 473 Homework 8 (due April 21, 2009) Spring 2009

CS 473: Undergraduate Algorithms, Spring 2009
Homework 8

Due Tuesday, April 21, 2009 at 11:59:59pm.

• Groups of up to three students may submit a single, common solution for this and all future
homeworks. Please clearly write every group member’s name and NetID on every page of your
submission.

1. A cycle cover of a given directed graph G = (V, E) is a set of vertex-disjoint cycles that cover all the
vertices. Describe and analyze an efficient algorithm to find a cycle cover for a given graph, or
correctly report that non exists. [Hint: Use bipartite matching!]

2. Suppose we are given an array A[1 .. m][1 .. n] of non-negative real numbers. We want to round A
to an integer matrix, by replacing each entry x in A with either bxc or dxe, without changing the
sum of entries in any row or column of A. For example:







1.2 3.4 2.4
3.9 4.0 2.1
7.9 1.6 0.5






7−→







1 4 2
4 4 2
8 1 1







Describe an efficient algorithm that either rounds A in this fashion, or reports correctly that no
such rounding is possible.

3. Ad-hoc networks are made up of cheap, low-powered wireless devices. In principle1, these networks
can be used on battlefields, in regions that have recently suffered from natural disasters, and in
other hard-to-reach areas. The idea is that several simple devices could be distributed randomly
in the area of interest (for example, dropped from an airplane), and then they would somehow
automatically configure themselves into an efficiently functioning wireless network.

The devices can communicate only within a limited range. We assume all the devices are
identical; there is a distance D such that two devices can communicate if and only if the distance
between them is at most D.

We would like our ad-hoc network to be reliable, but because the devices are cheap and
low-powered, they frequently fail. If a device detects that it is likely to fail, it should transmit all its
information to some other backup device within its communication range. To improve reliability,
we require each device x to have k potential backup devices, all within distance D of x; we call
these k devices the backup set of x . Also, we do not want any device to be in the backup set of
too many other devices; otherwise, a single failure might affect a large fraction of the network.

Suppose we are given the communication distance D, parameters b and k, and an array
d[1 .. n, 1 .. n] of distances, where d[i, j] is the distance between device i and device j. Describe
and analyze an algorithm that either computes a backup set of size k for each of the n devices,
such that that no device appears in more than b backup sets, or correctly reports that no good
collection of backup sets exists.

1but not so much in practice
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