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However, a limitation of two’s complement is that, in an 8-bit system, it reduces the range of
representable numbers. Instead of being able to represent 0 to 255, as with unsigned binary,
two's complement allows for numbers ranging from —128 to +127, effectively halving the
number of positive values that can be represented.

One’s complement:

One’s complement is a binary representation method for signed integers, where the most

significant bit (MSB) indicates the sign (0 for positive, 1 [or negative). To obtain the one’s
complement of a positive number, you simply invert all the bits (change Os to 1s and 1s to 0s).
For example:

00000101 = +5

11111010 =-5

Unlike two'’s complement, one’s complement has two representations of the number zero:
positive zero (00000000) and negative zero (11111111). This is one of its main limitations
and can cause confusion when using arithmetic and logical operations. This means two’s
complement is normally the preferred system to use. Similarly to two’s complement, one’s
complement also has a limited range, representing numbers [rom —127 to +127.

Sign-magnitude:

Sign-magnitude is a binary representation method for signed integers where the most
significant bit (MSB) serves as the sign indicator, with 0 representing positive numbers and 1
representing negative numbers. The remaining bits represent the magnitude of the number,
like how unsigned binary numbers work.

For example:

00000101 = +5

10000101 = -5

This system also has two representations for zero: positive zero (00000000) and negative zero
(10000000). 1t also has the same range as one’s complement, from —127 to +127. It is a simple
system but, like one’s complement, is less efficient compared to two's complement.

Binary-coded decimal

Binary-coded decimal (BCD) is a method of representing decimal numbers where each digit
of the decimal number is encoded separately into its own binary form. Unlike pure binary
representation, which converts the entire decimal number into a single binary sequence, BCD
assigns a 4-bit binary code to each decimal digit (0-9).

For example:

0100 0101 = 45

as 0100 represents 4, and 0101 represents 5

This system is useful where exact decimal representation is crucial, such as linancial
applications or digital clocks, as it avoids the rounding errors that can occur in other systems.
However, due to using four bits per digit, more bits are required to store numbers, making it
less space efficient than pure binary representations. Calculations using BCD are also more

complex as they require additional steps to handle carry and overflow, so they are not good
choices for general-purpose computing,
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After this process has been completed, we decode the numbers again to return them to their
original form:

Decoded numbers (Excess-127):

254 -127 =127
11111110
0-127=-127
00000000

Fixed-point representation

Fixed-point representation is a method used to store real numbers (numbers with fractional
parts) in binary by fixing the position of the binary point. In a fixed-point system, the binary
point is placed at a predetermined position, either between certain bits or at a specific location
in the binary sequence. This allows for a straightforward representation of fractional numbers,
though with some trade-offs in terms of precision and range.

For example, if we want to represent 5.25 in an 8-bit system where four bits represent the
integer and four bits represent the fractional part:

Integer part {four bits): 0101 =5
Fractional part (four bits): 0100 = 0.25
Combined: 0101.0100

Note: Binary fractions are used for the fractional part, where the first bit to the right represents
1 the second bit represents }, the third } and the fourth 1. So, in the example above, we have 0 ;
,13,05and 0 1.

The number of bits assigned in this system limits the range and precision. In this example,
with a 4-bit signed integer, we only have the range of -8 to 7.9375, with the smallest
representable value being 0.0625 (5). This means this system is unable to handle very large

or very small numbers effectively. However, it is a simpler and faster system compared to
floating-point arithmetic (see below), and does not require any complex operations to adjust
the position of the binary point.

Floating-point representation

Floating-point representation is a method used to represent real numbers that can have a
very large range or fractional parts. It does this by storing numbers in a format that includes a
sign, an exponent and a mantissa (or significand). This format allows computers to efficiently
handle very large numbers, very small numbers and numbers with fractional parts, all with a
reasonable degree of precision.

Using the IEEE 754 standard for single-precision floating-point numbers (which uses 32 bits):
1 Sign bit (one bit):
The sign bit determines whether the number is positive or negative.
2 Exponent {eight bits):
This is used to scale the number by a power of two and is stored using the Excess-127
system in its “biased” form; in other words, 127 is added to the actual exponent value.
3 Mantissa (23 bits):
This represents the significant digits of the number. The mantissa does not store leading
ones (in normalized form).
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