CPSC 510 Algorithms
Winter 2012

Homework 1
85 points
Due: Wednesday, January 18 (beginning of class)

For problems  that involve the creation of algorithm (such as problem 3 in this homework), your answer must include the following (unless specified otherwise):
· A pseudocode description of the algorithm similar to the pseudocode used in the book.  For a good example, see the BFS algorithm on pages 90-91 of the text.  Be sure to define / initialize any variables used in the algorithm – the text is often sloppy in this regard.
· An analysis of the worst-case running time of the algorithm.  The result of the analysis must be an asymptotically tight upper bound of the worst-case running time expressed in big-O notation.
· To receive full credit, your algorithm must be efficient:
· If a running time is provided, the worst-case running time must match or be faster than the provided time. 
· If a running time is NOT provided, the worst-case running time must be asymptotically optimal.

1. (25 points, 5 points each) For each pair of expressions below, determine whether the f(n) is Θ, O, Ω, o, or ω of g(n).  Your answer should be in the form of a table with “yes” or “no” written in each box.  It is not necessary to show any work for this problem.

	
	f(n)
	g(n)
	Θ
	O
	Ω
	o
	ω
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2. (30 points, 10 points each) What is the expected number of comparisons made when performing the following searches?  Your final answer must be free of summation symbols.  SHOW YOUR WORK! 

a. A linked list contains n unique items.  The order of the items in the list is arbitrary except that the most popular search term appears at the beginning of the list.  The most popular search term is searched with probability p.  Each of the other search terms is equally likely.  The search term is guaranteed to be in the list.

b. A linked list contains n unique items.  The order of the items in the list is arbitrary except that the most popular search term appears at the beginning of the list and the second most popular search term appears in the second position.  The most popular search term is searched with probability pA and the second most popular search term is searched with probability pB.  Each of the other search terms is equally likely.  Unlike part a, the search term is NOT guaranteed to be in the list – this occurs with probability pN. 

c. A binary search tree contains n unique items and is full and balanced (this means that n+1 must be a power of two).  Each search term is equally likely and the search term is guaranteed to be in the list.

3. (15 points) Create an algorithm that solves the following puzzle.  The algorithm should run O(n2) in the worst-case.

A row of 2n disks consists of n black disks and n white disks.  The disks alternate black, white, black, white, and so on.  The goal is to get all of the black disks to the right-hand end and all of the white disks to the left-hand end.  The only move you are allowed to make is one that swaps two neighboring disks.
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4. (15 points) Prove that any algorithm solving the puzzle in problem 3 must have a running time of Ω(n2).
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