2005 BHCSI Algorithms in Java

Test #2 Solutions

7/22/05

Name : ______________________________

1) (5 pts) Use Kruskal's algorithm to find the minimum spanning tree of the graph with the following adjacency matrix:

	
	A
	B
	C
	D
	E
	F
	G
	H

	A
	0
	5
	8
	2
	(
	(
	(
	(

	B
	5
	0
	4
	6
	5
	12
	(
	11

	C
	8
	4
	0
	8
	3
	10
	20
	5

	D
	2
	6
	8
	0
	9
	(
	(
	15

	E
	(
	5
	3
	9
	0
	3
	10
	4

	F
	(
	12
	10
	(
	3
	0
	5
	4

	G
	(
	(
	20
	(
	10
	5
	0
	7

	H
	(
	11
	5
	15
	4
	4
	7
	0


In your answer below, list the order in which each edge is considered, and whether or not it's added to the MST. List all the edges in the final MST as well as the sum of the weights of those edges.

Edge to Consider

Added? Why?

AD



Yes, no cycle created

CE



Yes, no cycle created

EF



Yes, no cycle created

BC



Yes, no cycle created

EH



Yes, no cycle created

FH



No, would create cycle EFHE

AB



Yes, no cycle created

BE



No, would create cycle BCEB

CH



No, would create cycle CEHC

FG



Yes, no cycle would be created

Edges in MST: AD, CE, EF, BC, EH, AB, FG

MST weight = 2+3+3+4+4+5+5 = 26

2) Use the dynamic programming algorithm shown in class to calculate the Longest Common Subsequence between these two sequences of numbers:

List 1: 16, 20, 18, 5, 18, 16, 18, 15, 9, 20, 5

List 2: 13, 20, 9, 5, 18, 16,  20, 15, 5

Please fill out the chart below to determine the length of the longest common subsequence. Then use the chart to reconstruct that sequence and give one of the longest common subsequences.

	
	13
	20
	9
	5
	18
	16
	20
	15
	5

	16
	0
	0
	0
	0
	0
	1
	1
	1
	1

	20
	0
	1
	1
	1
	1
	1
	2
	2
	2

	18
	0
	1
	1
	1
	2
	2
	2
	2
	2

	5
	0
	1
	1
	2
	2
	2
	2
	2
	3

	18
	0
	1
	1
	2
	3
	3
	3
	3
	3

	16
	0
	1
	1
	2
	3
	4
	4
	4
	4

	18
	0
	1
	1
	2
	3
	4
	4
	4
	4

	15
	0
	1
	1
	2
	3
	4
	4
	5
	5

	9
	0
	1
	2
	2
	3
	4
	4
	5
	5

	20
	0
	1
	2
	2
	3
	4
	5
	5
	5

	5
	0
	1
	2
	3
	3
	4
	5
	5
	6


The sequence is 20 , 5 , 18 , 16 , 20 , 5. The reconstruction is shown above.

3) (10 pts) What is the length longest non-increasing subsequence in the list of numbers below? Provide a subseqence of the sequence below of this length.

58, 37, 45, 99, 64, 45, 43, 45, 39, 44, 97, 65, 43

Filling out this array should help:

	58
	37
	45
	99
	64
	45
	43
	45
	39
	44
	97
	65
	43

	1
	2
	2
	1
	2
	3
	4
	4
	5
	5
	2
	3
	6


length = 6

99, 64, 45, 45, 44, 43, but other sequences exist, such as 58, 45, 45, 45, 44, 43.

4) The World Series Problem is as follows: Given two teams, A and B that play m total games, (where m < 2n), where each game results in a victory for one of the two teams, what is the probability that A wins the series (ie. wins n games first)? We assume that A's probability of winning any single game is p, 0 < p < 1, thus, B's probability of winning any single game is q = 1-p. Define the function P(i,j) to be the probability that team A wins i games before team B wins j games. In particular, P(n,n) represents the probability that team A wins n games before team B does. Given this definition of P, we can actually determine a recursive formula for the function as follows:

P(i,j) = 1, if i=0 and j>0

            0, if j=0 and i>0

            pP(i-1,j)+qP(i,j-1), if i>0 and j>0

A few things to note here:

1) The function is NOT defined for i=0 and j=0. This is because you can't have a series where no games are played.

2) The logic behind the main recursive formula is as follows: To see if team A will win i games first or team B will win j games first, we find that with probability p, team A will win game 1. In these cases, A will only have to win i-1 games to win the series while team B will still have to win j games. If however, team A loses game 1, then team B will only have j-1 games to win the series and team A will still have to win i games. This option occurs with probability q. Adding these two disjoint options gives the total probability of team A winning i games before team B wins j games.

As you might assume, this recursive algorithm is inefficient. Write a dynamic programming method that determines P(n,n), the probability that team A wins n games before team B does. In your calculations, you should also calculate P(i,j) for all positive values of i and j less than or equal to n. Here is a prototype for your method:

// p is the probability that team A wins a single game. The 

// function returns the probability that team A wins n 

// games before team B does, ie. it returns P(n,n).

public static double World_Series(int n, double p);

Note: In your implementation, you should have a two-dimensional array, where each element stores a value of the form P(i,j).

// p is the probability that team A wins a single game. The 

// function returns the probability that team A wins n 

// games before team B does, ie. it returns P(n,n).

public static double World_Series(int n, double p) {

  double[][] prob = new double[n+1][n+1];

  // Initialize table, for the case where either team has 

  // no games to win.

  for (int j=1; j<=n; j++) 

    prob[0][j] = 1;

  for (int i=1; i<=n; i++)

    prob[i][0] = 0;

  // Fill out table.

  for (int i=1; i<=n; i++) 

    for (int j=1; j<=n; j++) 

      prob[i][j] = p*prob[i-1][j] + (1-p)*prob[i][j-1];

  return prob[n][n];

}
5) Using the dynamic programming change algorithm shown in class, determine the number of ways to make change for 15 cents using 1 cent, 2 cent, 3 cent and 7 cent coins. In order to earn full credit, you must fill in the rest of the table below. Your final answer must be in the bottom right square of this grid.

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2
	1
	1
	2
	2
	3
	3
	4
	4
	5
	5
	6
	6
	7
	7
	8
	8

	3
	1
	1
	2
	3
	4
	5
	7
	8
	10
	12
	14
	16
	19
	21
	24
	27

	7
	1
	1
	2
	3
	4
	5
	7
	9
	11
	14
	17
	20
	24
	28
	33
	38


