
Math 466/666 Machine Epsilon Project

Machine Epsilon Project

Your work should be presented in the form of a typed report using clear
and properly punctuated English. Where appropriate include full program
listings and output.

1a. Given x ∈ R let x∗ denote the floating point approximation of x. Write
a program to find the greatest δ1 such that

(x∗ + δ1)
∗ = x∗.

You may use the bisection method with initial interval of [0, x∗]. Run
your program for the values of x∗ given in the file epsilon.dat using
single precision floating point and again using double precision. The
file epsilon.dat is also available in the attachments sidebar.

b. For x ∈ R fixed define

δ2 = min
{
δ : (x∗ + δ)∗ = x∗ }.

Write a program to determine whether δ1 = −δ2. What happens the-
oretically when chopping is used for x∗? How about when rounding is
used?

c. Let J be a bounded subset of R. Define J∗ = {x∗ : x ∈ J } and
I = {x : x∗ ∈ J∗ }. The maximum relative error

ϵ = max
x∈I

|x− x∗|
|x|

≥ max
x∈I

|x− x∗|
|x∗|+ |x− x∗|

= max
x∗∈J∗

δ

|x∗|+ δ

where δ = max{ δ1,−δ2 }. Since relative error is bounded by 5 × 10−n

where n is the number of significant digits, then

n ≤ log10

{
5 min
x∗∈J∗

( |x∗|+ δ

δ

)}
.

Write a program to compute this upper bound for n using both single
and double precision floating point. Take the values of x∗ given in
epsilon.dat as the set J∗.

https://fractal.math.unr.edu/~ejolson/483-01/assign/data/file01.dat


/*  epsilon.c -- Determine Machine Epsilon
    Written Feb 20, 2001 by Eric Olson for Mathematics 483

    For more information see Step 3 in First Steps in Numerical
    Analysis, 2nd Edition, by Hosking, Joe, Joyce and Turner. */

#include <stdio.h>
#include <math.h>
#define REAL double
#define Rfmt "%lg"

static REAL x;

REAL bisect1(REAL a,REAL b){
    REAL delta,deold=a;
    for(;;){
        REAL r1;
        delta=(a+b)/2.0;
        if(deold==delta) break;
        r1=x+delta;
        if((REAL)r1==(REAL)x) a=delta;
        else b=delta;
        deold=delta;
    }
    return a;
}

int main(){
    while(scanf(Rfmt,&x)==1){
        REAL d1=bisect1((REAL)0.0,x>0.0?x:-x);
        printf("x=" Rfmt " d1=" Rfmt "\n",x,d1);
    }
}
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{   epsilon.pas -- Determine Machine Epsilon
    Written Feb 20, 2001 by Eric Olson for Mathematics 483

    For more information see Step 3 in First Steps in Numerical
    Analysis, 2nd Edition, by Hosking, Joe, Joyce and Turner. }

program main;

var a,b,d,dold,x,r:real;

begin
    while not eof do begin
        read(x);
        a:=0;
        if x>0 then b:=x else b:=-x;
        d:=(a+b)/2.0;
        repeat
            r:=x+d;
            if r=x then a:=d else b:=d;
            dold:=d;
            d:=(a+b)/2.0;
        until dold=d;
        writeln('x=',x,' d=',a)
    end
end.


