COMP253 — Lecture 6: Fixed-Point Fractional Values

In discussing numeric representation in binary, only integer values have been considered, but what about valuesin
the range (0 < x < 1)}—fractional values?

There are two techniques for representing and storing such numbersin binary: fixed-point and floating-point.

Fixed-Point

For representing fractional values, fixed-point isvery closely related to how common decimal numbers are written.
This makes fixed-point practical and easy to use for humans, yet the least flexible for computers. Therefore, it is not
actually used within the computer, but it is awonderful technique to study and learn since it hel ps understand how
floating-point is able to represent and store values (seen in the next lecture)

Theterm fixed-point refers to the separator between the integer portion and fractional portion of anumber. Inthe
decimal number system this separator is called the "decimal point." Inbinary, itiscalled simply called the "point"
(although nitpickerswould say it is must truly be called the "binary point™).

Consider,
10. 2510 = 1010. 012

The form of afixed-point number is similar to its decimal equivalent. Thisisreasonable after observing how the
unit values are defined on either side of the respective points,

102 10! 10° . 10! 10°2 103
22 21 20 21 22 23
Aswith integer values already discussed, length of the number in decimal isirrelevant, yet the binary number is
constrained (or limited) by itsword size. Similarly, binary fixed-point numbers must fit within apre-defined word
size: the number of bits before and after the point isimportant and must be clearly defined.
Conversion: Decimal to Fixed-Point
Conversion from decimal to fixed-point can be simply accomplished in two (2) steps:
1. Determinethe integer part (before point) same as previous conversion method.
2. Determinethe fractional part (after point) using atechnique somewhat opposite to integer conversion.

3. If negative, perform the 2's comp. on the entire fixed-point number.

ex: (disregard word size limitations for the following two (2) examples)

10.2510272
1040
10/ 2 =5 +rem0 : 0 (Isbh)
5/ 2=2+reml: 1
2/ 2=1+rem0: O
1/ 2=0+reml: 1 (nsb) 10,0 = 1010,
.2510
0.25 * 2 = 0.5 (record integer) : 0 (nsb)
0.5 * 2 =1.0 (record integer) : 1 (Ilsb)
0.0*2 =0.0 0. 255 = .01,

10 + . 2549 = 10. 259 ; 1010 + .01, = 1010. 01,



21. 37510 = ?2

2159
T 21/ 2=10 +rem1: 1 (lIsh)

10/ 2 = 5 +rem0O0: O

5/ 2= 2+reml: 1

2/ 2= 1+remO0: O

1/ 2= 0+reml: 1 (nsb) 21,0 = 10101,
. 37510

0.375 * 2 =0.75 : 0 (nsb)

0.75* 2 =15 : 1

0.50 * 2 =1.0 1 (Isb)

0.0 * 2 = 0.0 0.3751 = . 011,

21. 3753 = 10101. 011,
It seems straightforward when the fractional part is a nice power of 2, but what if avery simple fraction in decimal
ends up being alittle more difficult in converting to binary?
ex:

0. 13710 = ?2

In this example, when must the conversion cease?
The question actual is: what degree of precision (the length of digitsafter the point) isrequired?

The determination is once again based on the word size, performing the calculation until all fractional bits are
exhausted.

Storing Fixed-Point

Along with the total word size, fixed-point requires that a specific point position be defined to separate the integer
part from the fractional. Y et, unlike the 2's comp. sign bit, the point itself is never stored, since only its definitionis
required.

ex:

8-bit word with 4-bit precision:
8-bit word with 5-bit precision:

Aswith word size, once the point position is set for avariable or memory location, all values must conform to it.
This defines the range of possible values for the magnitude (integer) and the precision (fractional) portions of the
representation.

Always remember that the point isnot stored, since the position it occupiesisjust aconvention. Therefore, storing a
fixed-point number is the same as with any integer with a defined word size, except that the point position must be
remembered by the program storing the number.

Note: Oncein binary, all mathematics involving fixed-point work as though the numbers are full integers.
The point isirrelevant, and required only when comparing the value with another that is defined by another
word size and point position, and 2's comp applies to the entire binary number, not just the integer part.

Also realise that integer numbers of aword size n are just fixed-point numbers with precision zero (0).



Working with Fixed-Point

Although not commonly used in the computer, fixed-point representation has its advantages (especially for humans),
1. Oncethe precision isdefined (i.e., the point is set), addition and subtraction (via 2's comp.) works as before

(Note: For addition on two fixed-point binary numbers, they must share the same word size and precision)
ex: (8-bit word, 2's comp. 3-hit precision)

10. 25 01010. 010
+ 6.751 + 00110. 110,

2. 2'scomp. applies asit does with integers (in conversion, recall that after theflip, 1 is added to |sh).
ex: (8-bit word, 2's comp. 4-hit precision)

6. 7510 = 0110. 11002

-6.751 = -6. 7510 = 1001. 0100,
1. flip: 1001. 0011
2. add Isb 1: + . 0001,

1001. 0100,

check: 6.75 + (-6.75) = 0.0y

0110. 1100 + 1001.0100 = 0000.0000, ("extra" 1 is lost)



