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University of Colorado at Colorado Springs

Home Work Assignment 3
Due 04-13-2013

There are three problems in this homework assignment. Each one is going to take time to do well.
Even though you have three weeks, please get started right away. Waiting till late to start will make
it impossible to finish all the problems well. You will have to give me a hard copy of a write-up
using IEEE format, with answers to all the questions, with pseudocode, graphs and tables as you
deem appropriate, and a printout of the main part of your code.

1. Counting Inversion problem:

We are given a sequence of integers where each integer is in the range 1 · · ·n. We want to define
a measure that tells us how far this sequence is from being in ascending order. Let us say that
the measure counts the number of so-called inversions in the sequence. For example, if we are
given the sequence < 2, 4, 1, 3, 5 >, we can see that it has three inversions (2, 1), (4, 1), (4, 3)
if we consider the sorted sequence < 1, 2, 3, 4, 5 > to be the reference sequence. This gives us
some sense regarding how far removed the given sequence is from the reference sequence.

Given a sequence A =< a1, a2, · · · , an >, the objective is to count the number of inversions
we have in this sequence, considering the sorted sequence (ascending) to be the reference
sequence.

(a) How would a brute-force algorithm find the number of inversions in the sequence A?
How much time the brute-force algorithm will take?

(b) Devise a divide-and-conquer algorithm to find the number of inversions in a sequence.
Analyze, implement and run this algorithm on randomly generated inputs and draw
graphs of time taken. Compare time taken by the programs with theoretical results.
Show a few short sequences and show that the program counts the number of inversions
correctly.

2. Convex Hull Problem: Discuss a divide-and-conquer algorithm for the convex hull problem.
Provide pseudo-code and analysis. Implement this algorithm in a language of choice. Provide
exemplar results with datasets of points you create randomly. For example, create a random
dataset with a small number (say, 10) points. Find the convex hull with your algorithm
and draw it using a computer tool. Run the program with increasing numbers of randomly
generated points. Show whether the time taken by the simulations conform to theoretically
obtained time.
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