CS 330 - Fall 2009, Assignment 1

Problems due at the beginning of class on Tuesday September 15

Our first homework has several questions that require short proofs. In writing up proofs, try to make sure your
reasoning flows logically from one statement to another. You should edit your proofs to make sure they are clear and
concise. Typesetting your solutions in IAIEX(www.latex-project.org) is preferred, but you may also write them up.

Question 1. Exercises 1 and 2 of Chapter 1 on p. 22.

Question 2. Consider the following problem called the Stable Officemate Problem. Here there are 2n people, each
of whom ranks the other 2n — 1 people in order of preference. For example, Addie, Brian, Carlos, and Don might
have the following rankings:

Name ‘ Preference
Addie | Brian Carlos Don
Brian | Addie Carlos Don
Carlos | Don  Addie Brian
Don | Carlos Addie Brian

The goal is to find a stable matching (i.e., n pairs of officemates such that no two people prefer each other to
their current officemate). We saw in class that a stable matching always exists for instances of the stable matching
problem. Do stable matchings always exist for the stable officemate problem? If so, provide a proof. If not, give a
counterexample.

Question 3. Recall the largest sum subinterval problem. The input is an array A of integer values. The output is
the largest sum of any subinterval of A. In class we discussed both a cubic (O(n®)) and a quadratic (O(n?)) time
algorithm for solving this problem. Here you will develop an O(n) time algorithm to solve it.

1. Let PS(j) = g:l Ali] give the partial sum of the first j integer values of A. Show that if PS(j) > 0 for all
1 < j < n then the largest sum subinterval is the interval [1, k| where k maximizes PS(k).

2. Show that when PS(j) falls below 0, the problem essentially “resets” with PS(j) being the new 0. That is,
the largest sum subinterval never includes j—it falls on one side or the other.

3. Use the above two claims to give an elegant O(n)-time solution to the largest sum subinterval problem.
Question 4. Chapter 2, Exercise 8, on p. 70. For part (b), just solve the k = 3 case.

Question 5. Chapter 2, Exercise 4, on p. 67. (Review question - not graded).
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