
CSC 231 DYNAMIC PROGRAMMING HOMEWORK 10-1

PROFESSOR GODFREY MUGANDA

1. Find the optimal order, and its optimal cost, for evaluating the products

A1 ×A2 ×A3 ×A4

where

A1 is 10 × 4

A2 is 4 × 5

A3 is 5 × 20

A4 is 20 × 1

Do this by filling in a two-dimensional table for the optimal cost of evaluating

Ai × · · · ×Aj

and recording the optimal split point k for

Ai × · · · ×Ak, Ak+1 × · · · ×Aj

in a second table.

Put the optimal cost C[i, j] in this table

1 2 3 4
1
2
3
4

Put the optimal split points S[i, j] in this table

1 2 3 4
1
2
3
4

1
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Show your work used for filling in these tables below, just like we did in class:

Begin by filling in C[i, i] for all i = 1, 2, 3, 4, and then fill in the rest of the tables
for i < j:

Determine C[1, 2] and S[1, 2] and enter them into the two tables:

Determine C[2, 3] and S[2, 3] and enter them into the two tables:

Determine C[3, 4] and S[3, 4] and enter them into the two tables:
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Determine C[1, 3] and S[1, 3] and enter them into the two tables:

Determine C[2, 4] and S[2, 4] and enter them into the two tables:
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Determine C[1, 4 and S[1, 4] and enter them into the two tables:

Use the table of split points to parenthesize the product

A1 ×A2 ×A3 ×A4

to show the optimal way of forming the product.

2. Consider the following variation on the change-making problem: you are given
denominations d1, d2 . . . , dn, and you want to make change for a value v, but you are
allowed to use each denomination at most once. For instance, if the denominations
are 1, 5, 10, 20, then you can make change for 16 = 1 + 15 and for 31 = 1 + 10 +
20 but not for 40 (because you can’t use 20 twice).

You are being asked to determine whether for a particular value v, it is possible to
make change for v under the constraint of using each denomination at most once.

a) Define a recurrence relation for solving this problem, using the expression P [n,A]
where n is the number of denominations and A is an amount to make change for.
Make sure you explain the recurrence so its meaning is clear.

b) Define boundary conditions for the recurrence you defined.



CSC 231 DYNAMIC PROGRAMMING HOMEWORK 10-1 5

c) Write a Java program that uses memoization to solve this problem. Submit the
program on the K drive.

1. The program

The program will repeatedly ask for the number of denominations, stopping when
a size of 0 is entered.

Once a positive size n is entered, the program will ask for and read in the coin
values d1, . . . , dn. (it is convenient to store these in an array of size n+1 and ignore
the array entry at position 0). The program will then keep asking for amounts and
determining whether it is possible to make change for that amount using each coin
size at most once. If an amount of 0 is entered, the program loops back to asking
for a new size n and a new set of denominations.

Here is an example of the program in operation:

Enter number of denominations, 0 to quit:

2

Enter the coin sizes:

2 5

The coin denominatios are: [0, 2, 5]

Enter the Amount to make change for: 2

Is it possible? true

Enter the Amount to make change for: 5

Is it possible? true

Enter the Amount to make change for: 7

Is it possible? true

Enter the Amount to make change for: 8

Is it possible? false

Enter the Amount to make change for: 0

Starting a fresh set of denominations.

Enter number of denominations, 0 to quit:

4

Enter the coin sizes:

1 5 7 3

The coin denominatios are: [0, 1, 5, 7, 3]

Enter the Amount to make change for: 6

Is it possible? true

Enter the Amount to make change for: 16

Is it possible? true

Enter the Amount to make change for: 4

Is it possible? true

Enter the Amount to make change for: 0

Starting a fresh set of denominations.

Enter number of denominations, 0 to quit:

0

See next section for an example of a memoization program.

2. Memoization Example

This program implements a dynamic programming algorithm to a counting problem
using the memoization technique.
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package consecutivebooks;

import java.util.HashMap;

import java.util.Map;

import java.util.Scanner;

/** This program counts the number of ways to selections

k volumes from n encyclopedias on a bookshelf

(numbered 1 .. n) so that

no 2 consecutive volumes are selected.

**/

/*

Note that if S(n, k) is the number of such selections,

then S(n, k) = S(n-1, k) + S(n-2, k-1)

and the boundary conditions are

S(n, 1) = n for all n

S(n, k) = 0 if k >= 2 and k <= n; or if k > n

*/

public class ConsecutiveBooks

{

static Map <Pair, Integer> selections = new HashMap<>();

public static void main(String[] args)

{

int n, k;

Scanner sc = new Scanner(System.in);

while (true)

{

System.out.println("Enter n k: ");

n = sc.nextInt();

k = sc.nextInt();

if (k == 0 || n == 0) break;

System.out.printf("Solution of %d and %d is %d\n", n, k, solve(n, k));

}

}

// Recursive function that uses memoization

static public int solve(int n, int k)

{

Pair p = new Pair(n, k);

if (selections.containsKey(p)) return selections.get(p);

if (k == 1 && k <= n)

{

selections.put(p, n);

return n;

}

if ((k >= 2 && k == n) || k > n)
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{

selections.put(p, 0);

return 0;

}

// recursion

int count = solve(n-1, k) + solve(n-2, k-1);

selections.put(p, count);

return count;

}

}

/**

The memoization structure is a map. This class is used as a key

into the map.

*/

class Pair

{

public int n,k;

@Override

public boolean equals(Object other)

{

if (other instanceof Pair)

{

Pair x = (Pair)other;

return x.n == n && x.k == k;

}

else return false;

}

@Override

public int hashCode()

{

int hash = 3;

hash = 53 * hash + this.n;

hash = 53 * hash + this.k;

return hash;

}

public Pair(int n, int k)

{

this.n = n;

this.k = k;

}

}


