0.1 in double precision

We already know that
(0.1)10 = (0.000110011001100110011 .. .)5

Let us denote the actural value stored in double precision for 0.1 by f1(0.1).

In Matlab, we can easily try the following:

>> format hex
>> 0.1

ans =
3fb999999999999%a

>> format

(The last format will set the output format back to normal.)

In the output, 3f0999999999999a is the Hexadecimal code of the double precision storage
of 0.1. The following is a Hexadecimal(HEX) to Binary(BIN) conversion chart

HEX 0 1 2 3 4 5 6 7
BIN | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | O111
HEX 8 9 a b C d e f
BIN | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111

Use this table to convert 3fb999999999999a into a 64-bit binary code:
0011 1111 1011 1001 1001 --- 1001 1001 1010
Here we use red to denote the sign bit, blue to denote the exponent, and the rest is mantissa.
1. The sign bit 0 indicates that the number is positive.
2. The exponent ¢ = (01111111011)5 = (1019)1o.
3. The mantissa (notice the rounding at the end)
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where ¢ = 2753 & 1.11022302462516 x 1071¢ is the machine epsilon in IEEE 754 for double
precision.

So finally, we end up with

1.6+ 0.8
f1(0.1) = (=1)%2°7 192 (1 4 f) = 274(1.6 + 0.8¢) = % = 0.1+ 0.05¢

The absolute error is
|0.1 — f1(0.1)| = 0.05¢

and the relative error is
|0.1 — f1(0.1)]
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REMARK 1. Another way to compute 0.1 — f[(0.1) is

f1(0.1) — 0.1
= (0.000110011001100110011 ...11010),
—(0.000110011001100110011 ... 11001100110011 .. .),
= (0.000000000000000000000 . .. 00000011001100. . .),
= 277 % (0.000110011001100110011 .. .),
= 27 x 0.1 =0.05¢



