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Testing Floating-Point Numbers for Equality
I. The Problem

Recall that floating-point arithmetic is only approximate.  For this reason, testing floating-point values for equality is not dependable. It may work sometimes, but not all the time. 
Here is an example from the textbook:

double r = Math.sqrt(2) ;

double d = (r*r) – 2 ;

// r squared minus 2

if (d == 0)

{

  System.out.println(“The square root of 2 squared minus 2 is 0”) ;

}

else
{

  System.out.println(“The square root of 2 squared minus 2 is ” +

                      d) ;

}

Surprisingly, the “else” branch is executed because d in not zero, and the output will be

   The square root of 2 squared minus 2 is 4.440892098500626E-16
Unfortunately, such roundoff errors are unavoidable.

II. The Solution
Do not test floating-point numbers for equality.  Instead, test whether the difference between the two numbers is close enough to zero that they can be considered equal.  I.e., test whether the difference between them is less than some arbitrarily chosen very small number:

final double EPSILON = 1E-14 ; 
// 0.00000000000001

if ( Math.abs(x-y) <= EPSILON )


   // x and y are approximately equal

Note that we test the absolute value of the difference.  Otherwise, if we subtracted the larger from the smaller, the difference would be negative and always less than EPSILON, no matter what the numbers are.

