
CSC 340 HOMEWORK 5

DYNAMIC PROGRAMMING

GODFREY MUGANDA

This homework will give you further experience designing and implementing dy-
namic programming solutions.

A project folder with starter code that performs the input and set up will be
provided. You just need to write a single function/method that implements the
algorithm for solving the problem.

There are two problems in this homework. Each is 50% of the assignment.

1. Splitting an Inheritance

This problem is similar to the previous one, which you solved using backtracking.
This problem must be solved using dynamic programming.

The input to the problem is in a file that contains multiple data sets. The data
for each data set is contained in a single line. Each data set starts with an integer
n, followed by n integers which are the values of the estate items that are to be
divided between two children.

This time, the goal is to split the inheritance so that the difference in the values
received by each child is minimized. Thus a split is always possible, but one child
might get a share whose value is greater than that of the other child.

Your program should have a method

void split(int [] values)

that is called to handle each data set. It is passed an array of values v1, . . . , vn. The
method splits the list of values into two sublists, one for each child. You should
represent the split by using two maps:

Map<Integer, Integer> child1Map = new TreeMap<>();

Map<Integer, Integer> child2Map = new TreeMap<>();

The map for the first child contains index-value pairs of the items given to the first
child, and the map for the second child contains index-value pairs of the items given
to the second child.

Here is a sample file, followed by a sample run.

3 2 3 5

4 1 2 4 6

7 1 12 30 15 5 13 15

And as promised, here is the sample run for the above input file.

Select a file for with the inheritance values:

List of values is [0, 2, 3, 5]
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Map of selected Values for first child is {1=2, 2=3}

Sum of values for first child is 5

Map of selected Values for second child is {3=5}

Sum of values for first child is 5

_________________________

List of values is [0, 1, 2, 4, 6]

Map of selected Values for first child is {2=2, 3=4}

Sum of values for first child is 6

Map of selected Values for second child is {1=1, 4=6}

Sum of values for first child is 7

_________________________

List of values is [0, 1, 12, 30, 15, 5, 13, 15]

Map of selected Values for first child is {3=30, 4=15}

Sum of values for first child is 45

Map of selected Values for second child is {1=1, 2=12, 5=5, 6=13, 7=15}

Sum of values for first child is 46

_________________________

A couple of observations. First, I have added a dummy item with value 0 to the
beginning of the values array, just to make the index of each item start at 1.

In the output for the last data set, the first child inherits items with values 30 and
15, which are at positions 3 and 4 in the original values array.

2. The Game of Chips

Ever heard of the game of Nim? Well, this is not it, although it is similar.

Imagine a game where there you have two players, Larry and Curly, and a pile of
potato P chips on a table. A set of M positive integers a1, a2, . . . , aM is given. The
rules of the game are as follows. Larry always goes first, after which He and Curly
take turns. During a player’s turn, he may remove and eat some number ai of chips
from the pile. The player who eats the last chip wins.

One of the ais is always 1, so the game never stalls.

Larry has asked you to use dynamic programming to create a strategy for him so
that he is guaranteed to win if there is any way that he can possibly win. This
cannot always happen: for example, if there are only two chips to begin with, Larry
cannot win.

Given an amount of chips P , and M positive integers a1, a2, . . . , aM , Larry wants
you to create two arrays. A boolean array w[1, . . . , P ] where w[x] is true if Larry
can win when it is his turn and there are x chips left on the table, and an integer
array t[1, . . . , n] where t[x] tells Larry how many chips to remove from the a pile of
x chips to guarantee that He can win whenever possible.

The input file contains a number of data sets. Each data set begins with the number
P of chips, followed by the number M of options, followed by M integers, all on
one line. Here is an example:

20 3 1 3 8

21 3 1 3 8

22 3 1 3 8

23 3 1 3 8

1000000 10 1 23 38 11 7 5 4 8 3 13
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999996 10 1 23 38 11 7 5 4 8 3 13

To solve the problem, write a method

void canWin(int quantityChips, int[] options, boolean[] win,

int[] take)

that takes as parameter the number of chips initially on the table and an array
of options specifying the number of chips that can be removed in one move). In
addition, a boolean array win[] is passed in: the function will set win[x] to true is
Larry can win when there are x chips left on the table. Similarly, an array take[]

is passed in, where take[x] will be used to record the number of chips Larry should
take when there are x chips left.

Here is a sample run:

Select a file for the chips game:

The number of chips is 20

options are [1, 3, 8]

Is there a winning strategy? Yes

A good first move is to take 3 chips

__________________

The number of chips is 21

options are [1, 3, 8]

Is there a winning strategy? Yes

A good first move is to take 8 chips

__________________

The number of chips is 22

options are [1, 3, 8]

Is there a winning strategy? No

A good first move is to take 8 chips

__________________

The number of chips is 23

options are [1, 3, 8]

Is there a winning strategy? Yes

A good first move is to take 1 chips

__________________

The number of chips is 1000000

options are [1, 3, 4, 5, 7, 8, 11, 13, 23, 38]

Is there a winning strategy? Yes

A good first move is to take 4 chips

__________________

The number of chips is 999996

options are [1, 3, 4, 5, 7, 8, 11, 13, 23, 38]

Is there a winning strategy? No

A good first move is to take 38 chips

3. Due Date

Friday at the end of Week 9.

Get started on this right away because there will be another homework coming.
Work on it this weekend so if you have questions you can ask on Tuesday.


