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Lecture 6

Arrays

If a program has a large number of variables then, in order to
get a handle on them, it is usually necessary to index them by means of
arrays.

A pair of square brackets, [], is the java notation for an array.
For example, if a program were to deal with 10 states, say

California, Oregon, Washington, Montana, Idaho,
Wyoming, Colorado, Arizona, Nevada, Utah

then the name of the array might be state and the individual array
elements might be state[0], state[1], .. , state[9] where

state[0] = California, state[1] = Oregon,
state[2] = Washington, state[0] = Montana,
state[4] = Idaho, state[5] = Wyoming,
state[6] = Colorado, state[7] = Arizona,
state[8] = Nevada, state[9] = Utah

The terminolgy here is state[] is an array (of strings) of 10
elements.Note that the index runs from 0 to 9, and not from 1 to 10.
This is a java convention: the index of an array of n elements runs
from 0 to n-1.

There are several ways to declare and allocate space for an array
in java. One might give the instructions:

String state[]; //declare
String state[] = new String[10]; // allocate

These two instructions can be written on one line as:

String state[] = new String[10];

Alternatively, the pair of brackets can be added to the type name:

String[] state = new String[10];

Strings can be of any type, but all elements of a String must be
of the same type.

The next example shows one way of declaring, allocating, and
defining an array and its elements.

Note that all the individual elements of the String array state
below must be enclosed in double quote marks (//1). In addition
state.length is the number of elements of the array (//2).
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public class States
{

public static void main(String args[])
{

String state[] = {"California", "Oregon", "Washington",
"Montana", "Idaho", "Wyoming",
"Colorado", "Arizona", "Nevada","Utah"}; //1

int prime[] = {2,3,5,7,11,13,17, 19};

System.out.println("/n");
for (int i = 0; i < state.length; i++) //2
{

System.out.print("state["+i+"] = "+state[i]+ " ");
if (i%2 == 1) System.out.println();

}

System.exit(0);
}

}

The output is:
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Testing for Primality

Recall that a positive integer ≥≥≥≥ 2 is said to be a prime if it is
divisible only by 1 and itself. (By definition, the integer 1 is not
considered to be a prime). Thus the first few primes are 2, 3, 5, 7,
11, 13, ..

The simplest way to determine whether a given integer n is to
test to see if it is divisible by any integer ≤≤≤≤ √√√√n. The reasoning behind
the test is simple: If n is not a prime it must be divisible by a prime
that is √√√√n; it can't have two prime factors that are both greater than
√√√√n.

The next application is based on this idea.

public class Primes
{

public static void main(String args[])
{

for (int n = 3; n < 30; n = n +2)
if (isPrime(n))
System.out.println( n + " is a prime");

}

public static boolean isPrime(int n)
{

boolean isprime = true;

int N = (int)Math.sqrt(n);

for (int i = 2; i <= N ; i++)
{

if (n%i == 0)
{

isprime = false;
break;

}
System.out.println("n = " +n+ " i = " + i);
}// end for

return isprime;
}

} // end class Primes

Note that we have added a method isPrime(int n) to the
application main(String args[]) here.
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The output for this application shows how the "for" loop and the
break work together:

int N = (int)Math.sqrt(n);

for (int i = 2; i <= N ; i++)
if (n%i == 0)
{
isprime = false;
break;
}

System.out.println("n = " +n+ " i = " + i);
}// end for
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Variations on "static"

Having checked that isPrime(int n) is working we erase the print
lines inside it. In addition, to see what will happen, we erase the
words "static" form the first line of its definition. The result is:

public class Primes
{

public static void main(String args[])
{

for (int n = 3; n < 30; n = n +2)
if (isPrime(n))
System.out.println( n + " is a prime");

}

public boolean isPrime(int n)
{

boolean isprime = true;
int N = (int)Math.sqrt(n);
for (int i = 2; i <= N ; i++)
{

if (n%i == 0)
{

isprime = false;
break;

}
}// end for
return isprime;

}
} // end class Primes

Then we compile and get an error message:

There is another way of getting the program to run. We will
return to this point later
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An Array of Primes

Let us return to constructing an array of primes. We shall use
the method isPrime(int n) to produce an applet that counts and displays
the primes that are ≤≤≤≤ n, where n is a given positive integer. We begin
by including isPrime(int n) in the first stage of our applet and
checking that it works. Note the absence of the word static in the
definition of isPrime().

import javax.swing.*;

public class PrimeArray extends JApplet
{

public void init()
{

String w;
int n ;

w = JOptionPane.showInputDialog("Enter an integer n");
n = Integer.parseInt(w);

int count = 1;
for (int j = 3; j <= n; j=j+2)

if (isPrime(j)) count++;

System.out.print("\nnumber of primes <= " +n);
System.out.println(" is equal to " + count+ "\n");

} // end init()

public boolean isPrime(int n)
{

boolean isprime = true;
int N = (int)Math.sqrt(n);

for (int i = 2; i <= N ; i++)
{

if (n%i == 0)
{

isprime = false;
break;

}
}// end for

return isprime;
}// end isPrime(int n)

}// end class PrimeArray

The output of this for n = 20 verifies that it is functioning:
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So, we go on to the problem of constructing the array. As before, old
code is in blue; new is in red.

import javax.swing.*;

public class PrimeArray extends JApplet
{

public void init()
{

String w;
int n ;

w = JOptionPane.showInputDialog("Enter an integer n");
n = Integer.parseInt(w);

int count = 1;
for (int j = 3; j <= n; j=j+2)

if (isPrime(j)) count++;

System.out.print("\nnumber of primes <= " +n);
System.out.println(" is equal to " + count+ "\n");

int[] pr = new int[count];

pr[0] = 2;
int newc = 1;
for (int j = 3; j <=n ; j = j+2)
if (isPrime(j))
{

pr[newc] = j;
newc++;

}

for(int j = 0; j < count; j++)
{

System.out.print(" pr["+j+"] = " + pr[j]);
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if (j%5 == 4) System.out.println();
}// end for

} // end init()

public boolean isPrime(int n)
{

boolean isprime = true;
int N = (int)Math.sqrt(n);

for (int i = 2; i <= N ; i++)
{

if (n%i == 0)
{

isprime = false;
break;

}
}// end for

return isprime;
}// end isPrime(int n)

}// end class PrimeArray

In short, once the number of primes ≤≤≤≤ n is determined we set up
the array to hold the primes by the line

int[] pr = new int[count];

The output for n = 200 is:

An aesthetic problem remains: the output looks sloppy. It can be
improved by adding appropriate blanks to the output lines. The method
for doing this, blanks(int n) ,is at the end of the complete program
for the applet below. It is applied in the printout lines at the end of
the init() method.
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import java.awt.*;
import javax.swing.*;

public class PrimeArray extends JApplet
{

public void init()
{

String w;
int n ;

w = JOptionPane.showInputDialog("Enter an integer n");
n = Integer.parseInt(w);

int count = 1;
for (int j = 3; j <= n; j=j+2)

if (isPrime(j)) count++;

System.out.print("\nnumber of primes <= " +n);
System.out.println(" is equal to " + count+ "\n");

int[] pr;
pr = new int[count];

pr[0] = 2;
int newc = 1;
for (int j = 3; j <=n ; j = j+2)
if (isPrime(j))
{

pr[newc] = j;
newc++;

}

for (int j = 0; j < count; j++)
{

System.out.print(blanks(j)+" pr["+j+"] = ");
System.out .print(blanks(pr[j])+ pr[j]);
if (j%5 == 4) System.out.println();

}

} // end init()

public boolean isPrime(int n)
{

boolean isprime = true;
int N = (int)Math.sqrt(n);

for (int i = 2; i <= N ; i++)
{

if (n%i == 0)
{

isprime = false;
break;

}
}// end for

return isprime;
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}// end isPrime(int n)

public String blanks(int n)
{

String spaces = "";

if (0 <= n && n < 10) spaces = " ";
if (10 <= n && n < 100) spaces = " ";
return spaces;

}

}// end class PrimeArray
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Homework:

1) Will the method isPrime(n) determine if n is a prime if n is a
number less than 2 billion? Why? What if n is a number n whose size
is about 3 billion? Why?

2) Suppose that for a given number n whose size is about 108 ,isPrime(n)
is true. How many evaluations of the type n%k must be made to
determine that isPrime(n) is true?

3. Suppose that you wanted to set up an array of all the primes ≤≤≤≤
10,000,000 without actually counting the number of primes ≤≤≤≤ 10,000,000.
One way of doing this would be by the instruction

int[] prime = new int[10000000];

Comment on the sensibility of this.

3. Suppose you wrote

int state[] = {California, Texas, Illinois};

in a syntactically correct program. What then is California? What sense
is there, if any, in the commands

California = ; // define the value of California
Illinois = ; // define the value of Illinois

California*Illinois;

4. Given time, would your computer eventually carry out the instruction

int count = 0;
for (int n = 3; n < 1000000000; n = n+2)

if isPrime(n) count++;

(Assume you have at least a Pentium II machine with 64 Mb of Ram)


