1.17 Write the number 0.2 in binary form with sufficient number of digits so that the true relative error is
less than 0.01.

Solution

The number 0.2 in binary form is quite long. To express it in binary form with a true relative error of less
than 0.005, we can use Eq. (1.17), but replacing the numerical solution by the approximate solution:

TrueRelativeError = GivenNumber_—ApproximateNumber <0.005
GivenNumber

0.2—x
0.2

lent of the binary number we seek with the desired relative error must be between 0.199 and 0.201. The
largest power of 2 that can be divided into 0.2 without exceeding it is 23 or 0.125. Next, subtract
0.2—0.125 = 0.075. The highest power of 2 that can be divided into 0.075 is 2* or 0.0625. This meansthat
the binary approximation 2%+ 2™ = 0.1875 does not meet our relative error requirement because it is not
between 0.199 and 0.201. Now, subtract 0.075-0.0625 = 0.0125. The largest power of 2 that can be
divided into 0.0125 is 2”7 or 0.0078125. Now, 2%+ 27*+ 27" = 0.1953125 which is still not between 0.199
and 0.201. So, subtract 0.0125-0.0078125 = 0.0046875. The largest power of 2 that will divide into
0.0046875 is 2°® or 0.00390625. Now, 2%+ 27 +27+27® = 0.19921875. Since this result is between
0.199 and 0.201, the number 0.2 expressed in binary form with arelative error of less than 0.005 is:
02~22+2"+27+2®° or 000110011
As acheck, let us calculate the true relative error:

%2921875 = 0.00390625 < 0.005

< 0.005, which means that —0.005 < <0.005 or 0.199 < x< 0.201. So the decimal equiva

or, ‘0.2 —X
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