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1. Closest-Pair Problem:

Assume you are given n points in 2-dimensional space. The problem requires you to find a
pair of closest points from among these n points.

(a) Brute-force approach: Develop a brute-force approach to solve this problem. Write down
the algorithm, explain the algorithm briefly, and analyze it for time needed.

(b) Divide-and-conquer approach: Now, develop a divide-and-conquer algorithm that is more
efficient than the brute-force method. Implement the algorithm, experiment with varying
number of points, keep track of time needed, draw graphs and show if the time needed
in practice conforms with time predicated theoretically. In addition, show your results
on a graph paper. Label the closest pair you find.

2. Counting Inversion problem:

We are given a sequence of integers 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 this algorithm. Implement this algorithm and run this algorithm on made-
up 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.
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3. Edit Distance Problem:

The words computer and commuter are very similar, and a change of just one letter, p to m
will change the first word into the second. The word sport can be changed into sort by the
deletion of the p, or equivalently, sort can be changed into sport by the insertion of p.

The edit distance of two strings, s1 and s2, is defined as the minimum number of character
mutations required to change s1 into s2, where a point mutation is one of:

(a) change a letter,

(b) insert a letter or

(c) delete a letter.

Develop an algorithm to find the edit distance between two words. Write down the algorithm
clearly. Analyze the algorithm. Implement the algorithm. Run it on a number of inputs and
show the output. Print the inputs and outputs clearly and verify that the results are correct.
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