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DECIMAL NUMBERS

Decimal numbers are the standard numeral system used in everyday life, conveniently using the
same number of digits as we have fingers!

Decimal numbers are known as base 10, referring to the number of different digits (0-9) and can be
denoted by a subscript 10 suffix e.g. 123,,.

7x10°=7
8x10! + 2x100 = 82
1x102 + 3x10! + 6x10° = 136
4x103 + 9x102 + 2x10! = 4920
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Though it will likely be instinctive now, the value of a decimal number is calculated by the sum of
each of its digits multiplied by the corresponding power of 10.

But the base doesn’t have to be 10!



BINARY NUMBERS

Binary numbers are referred to as base 2 as there are 2 possible digits (0, 1). Binary numbers
are denoted by a subscript 2 suffix e.g. 101, or Ob prefix e.g. Ob101.

Each binary digit is called a bit, which are analogous to on/off switches i.e. they determine
whether to include that power of 2 in the sum.

Most Significant Least Significant
Bit (MSB) Bit (LSB)
1 2°=1
1 0 1 22 N E4 bl 85
0 23+22=8+4=12
1 1 23+21+20=8+2+1=11

The value of a binary number is the sum of the powers of 2 corresponding to
the position of each 1 bit.



HEXADECIMAL NUMBERS

Hexadecimal numbers are referred to as base 16 as they make use of 16 digits:
0,1,2,3,4,5,6,7,8,9,a,b,c,d,e, f
and are denoted by a subscript 16 suffix e.g. 7b1,, or Ox prefix e.g. OxX7b1.

7 7x16°=7
a 1 10x16% + 1x16° =160 + 1 = 161
3 1 0 3x162 + 1x161 = 768 + 16 = 784
5 0 0 f 5x163 + 15%16° = 20480 + 15 = 20495

The value of a hexadecimal number is the sum of each of its digits multiplied by the
corresponding power of 16.

Hexadecimal is commonly used as shorthand notation for writing binary numbers...



HEXADECIMAL NUMBERS

Long binary numbers quickly become difficult to read and easy to make errors while writing
out. It can be more convenient to instead write in hexadecimal, where each digit represents a
4-bit binary number:

0 1 2 3 4 5 6 7
0000 0001 0010 0011 0100 0101 O110 O1In

8 9 a b C d e f
1000 1001 1010 1011 1100 1101 1110 1111

Hexadecimal and binary are linked like this as a 4-bit binary number has a range of 24 = 16
l.e. there are 16 possible 4-bit binary numbers (seen on the table above).

We therefore need 4 times fewer hexadecimal digits than binary digits to express the same
value, making it much more efficient to read and write!



OCTAL NUMBERS

Octal numbers are referred to as base 8 as they use 8 digits (0-7) and are denoted by a subscript 8
suffix e.g. 7614 or 0o prefix e.g. 00761. The value of an octal number is the sum of each of its digits
multiplied by the corresponding power of 8.

7 7x8° =7
2 3 2x8l + 3x80=16 + 3 =19
6 1 6x82 + 1x80 = 384 + 1 = 385
4 0 1 0 4x83 + 1x81 = 2048 + 8 = 2056

Octal can also be considered a shorthand form of binary! Each octal digit represents a 3-bit
binary number (a 3-bit binary number has a range of 23 = 8).

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111



BASE CONVERSION

As hexadecimal and octal can simply be considered shorthand for binary, it's a good idea to convert
to binary before converting to another base.

Hexadecimal

5¢c9 Binary
5 c 9 010111001001

0101 1100 1001

Decimal

2048 1024 512 256 128 64 32 16 8 4 2 1
0 1 0 1 1 1 0 0 1 0 0 1




BASE N VALUE

What about for a number system with base N, that uses N possible digits?
We can calculate the value of a number in base N using the following formula:

=4 For a sequence of D digits, x,,

Z X; - Nt with positions, i, from 0 to D-1,

=0 where every digit x; < N.
What'’s the value of 1017

A number can represent several values until we define the base/representation:

Decimal 101, 101
Binary 101, or Ob101 5
Hexadecimal 101, or 0x101 257

Octal 1014 or 00101 65



BASE N RANGE

What about the range of a number in base N i.e. the number of possible values?

For a sequence of D

D
N digits in base N.

Range is an important consideration in programming, as this tells us the minimum and maximum
values that we can represent with different data types.

Computers are finite machines that use a fixed word size to represent numbers. Word size is a
common hardware term used for specifying the number of bits that computers use for
representing a basic chunk of information.

For example, if an unsigned int is stored using 4 bytes (byte = 8 bits) then this can store 248
values i.e. the binary equivalent of the decimal integers 0 to 4,294,967,295.



WHAT IS A NUMBER?

Binary numbers are the foundation of computer systems, but what can these values represent?
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Anything we want!
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