Introduction to Algorithms

COT 5405

Exam #2

March 4, 2004

Name : _______________________

1) (5 pts) A heap can be stored in an array. The text discusses a particular scheme for doing so where the root value is stored in array index 1. Based upon this scheme, draw a tree representation of the heap T, whose array representation is given below:

	i
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	T[i]
	2
	18
	3
	19 
	35
	4
	12
	29
	22
	39
	77
	67
	5
	53


2) (10 pts) Show the result of deleting the minimum value from the heap. In doing so, draw the result of the heap after each swap.

3) (15 pts) Binomial heap A contains 247 elements while binomial heap B contains 131 elements. These two Binomial heaps are merged into Binomial heap C using the algorithm discussed in the text. How many binomial trees are in C? What types are each of these binomial trees?

4) 

a) (5 pts) Given two polynomials 
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, what is the run-time  of determining f(x)*g(x) in the standard manner in terms of n, assuming that each scalar addition, subtraction, multiplication and division take constant time? (Also assume that all ak's and bk's are real-valued constants.)

b) (15 pts) Make an improvement (with respect to asymptotic run-time) to the standard algorithm using divide and conquer. Describe this algorithm. What is its run time in terms of n?

c) (10 pts) Now, imagine calculating a polynomial 
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, where c is a constant. We can use a divide and conquer scheme to make this calculation as well. Let T(n) represent the running time of the divide and conquer algorithm to exponentiate (x-c) to the nth power. Write down a recurrence relation that T(n) satisfies. When writing this relation down, assume that whenever two polynomials are multiplied, the algorithm with the improvement in part b is used. (For simplicity, also assume n is a perfect power of 2.)

d) (5 pts) Solve for T(n) (in order notation) in the equation from part c.

5) (10 pts) You run a copy store and have to tell potential customers whether or not you can meet their deadlines. For this problem, assume that each job takes exactly 1 hour to process and that you can only work on one job at a time. For each job, you are given a particular payment (this is your revenue) and a particular deadline (hours after the shop opens at which time the job must be finished). You receive each request at time t=0. (t is measured in hours after the store opens on a particular day.) For the following requests below for a given day, what is the maximum revenue that can be taken in, and which jobs will be processed at which times to achieve this revenue? (You will only get full credit for this problem is you show that you are using the greedy algorithm presented in the text to solve this problem.)

	Job
	Revenue
	Deadline

	Soccer schedules
	30
	3

	Textbook copy
	40
	2

	Party flyers
	20
	1

	Class notes
	35
	2

	Crossword puzzle
	75
	2

	Research Articles
	15
	3

	Newsletters
	45
	5


5) (20 pts) Give an algorithm to determine the actual shortest path using Dijkstra's algorithm. (The algorithm shown in class only determines the weight of the actual path but not the path itself.) As an example, apply your algorithm to the graph G below that has the following weighted adjacency matrix, finding the shortest path and its weight from vertex a to vertex c:

	G
	a
	b
	c
	d
	e

	a
	0
	10
	(
	(
	5

	b
	(
	0
	1
	(
	2

	c
	(
	(
	0
	4
	(

	d
	7
	(
	6
	0
	(

	e
	(
	3
	9
	2
	0


Draw the graph here, if you'd like to run through the algorithm visually:

You may fill this chart out to show your trace through the algorithm:

	Vertex to add to S
	b
	c
	d
	e

	a
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


7) (5 pts) In what month does a majority of "March Madness" occur? ________________

Extra Credit) (10 pts) Consider a hash table T where each table entry is a linked list. (Note: each linked list stores 0 or more records.) In particular, there are n total non-empty table entries in T such that one entry is a linked list of length 1, another is of length 2, another is of length 3, etc. and one is of length n. (Thus, there are exactly n(n+1)/2 records stored in T between the n non-empty entries.) Consider searching for a record that is known to be in T, where each record is equally likely to be searched. What is the expected number of records that will actually get searched, in terms of n?

Hint #1: Here is the solution for n=3:

We assume that only the proper linked list gets searched via the hash function. There are 6 records in T. Thus, each of these has a probability of 1/6 to be searched. Three of the records, if searched will require one search (these are the three first nodes of the three linked lists). Two of the records will require searching two records, and one of the records will require searching three records. Thus, we can compute the expected number of records searched as follows:
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(The 3/6 stands for the probability that only one record will be searched, the 2/6 is the probability that 2 records will be searched and the 1/6 is the probability that 3 records will be searched.)

Hint #2: 
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