Data representation

In this chapter you will cover:

The different interpretations
that may be associated with a
pattern of bits.

How to convert a positive or
negative denary number into
a binary number.

How to represent a number
with a fractional part in
binary.

How to convert a binary

pattern into Hex and vice
versa.

How to perform simple
binary arithmetic.

Binary number system: uses two
digits, 0 and 1.

Bit (binary digit): is a storage
location.

Byte: is a group of 8 bits.
Word: is a group of bytes.

. Hint

The denary number system uses ten
digits, 0 to 9.

5.1 Binary numbers and hexadecimal

Bits, bytes and words

The storage locations in digital computers are built using electrical
circuits that can exist in one of two states — voltage can be high or

low (see Chapter 2). Therefore we need two symbols to represent these
states, O (low voltage) and 1 (high voltage). This is known as a binary
system. Each storage location contains either a 0 or a 1 (note it cannot
be empty). Digital computers use the binary system for storing program
instructions and data of all types — numbers, characters, sound, pictures
and so on. Each storage location is called a binary digit (bit). A group

of eight bits is known as a byte. A group of bytes is known as a word.
How many bytes make up a word depends on the type of computer. For
example a 64-bit machine has a word size of 64 bits (eight bytes).

Representing numbers: binary and denary

Decimal and binary number systems

First, let’s remind ourselves how our ordinary decimal or denary number
system works. It uses 10 digits O to 9.

Consider the number ‘146’. These three digits represent one
hundred, three tens and four ones.

i.e. 100 10 1
1 4 6
This represents 100 + 40 + 6 = 146

As we move from right to left each digit is worth ten times as much
as the previous one. This is the base 10 number system. The number
base specifies how many digits are used and how much each digit is
multiplied by as we move from right to left (place values).

The binary system is a base 2 system, using only the two digits 0 and 1.
As we move from right to left each digit is worth twice as much as the
previous one. (Note that the place values are powers of two.)

Example:

The binary number 1000 0110 can be set out under column
headings (place values) as follows:

128 64 32 16 8 4 2 1
1 0 0 1 0 0 1 0
This represents 128 + 16 + 2 =146

Using only one byte (eight bits) to hold a number would limit the
computer to storing only small numbers. Usually four or more
consecutive bytes are used to store numbers.

Data representation

Converting from binary to decimal
Put each binary digit under the correct heading in the table.

Example:

To translate 01000101 into decimal, arrange the digits in the table
as follows:
128 64 32 16 8 4 2 1

0 1 0 0 1 0 0 1

This represents 64 +8 +1=73

Activities

Convert the following binary numbers to decimal:

a 0100 b 0101 c 1010 d 01000010 e 01011001
What is the largest binary number that can be held in
a 8bits? b 16 bits? c 32 bits? d 64 bits?

Converting from decimal to binary

Example:

To convert 21 from decimal to binary, write down the place values.
Then find the largest place value that is less than or equal to 21

(16 in this case). Write a 1 in the column headed 16. Subtracting
16 from 21 leaves 5. Repeat the process: find the largest place value
that is less than or equal to 5 (4 in this case). Write a 1 in the
column headed 4. Subtracting 4 from 5 leaves 1. Write a 1 in the
column headed 1. Fill in empty columns with 0. You end up with

128 64 32 16 8 4 2 1
0 0 0 1 0 1 0 1

16+4+1=21

Activities

Convert the number 227 into binary.

Convert the following numbers to binary:
a3 b 9 c 19 d 28 e 76 f 129

Binary addition

Let’s first remind ourselves how we add two numbers in denary. When
we add two digits which produce a result greater than 9, we make use
of place values and carry a 1 to the next column on the left. Binary
addition works in the same way.

The rules of binary addition are:
0+0=0

0+1=1+0=1

1+1=10 (0 and carry 1)
1T+1+1=11(1and carry 1)
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Example:
Equivalent in denary:
0001 1001 25
+0001 1010 +26
0011 ﬁ 51

. Activities
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Add the binary numbers below. Check your results by converting into

denary.

a 0101 b 01101010 c 01010101

+ 0010 + 01000011 + 01111110
E Convert the following numbers to binary:

a3 b 9 c 19 d 28 e 76 f 129
Binary multiplication

Let’s first remind ourselves how we multiply two numbers in denary.

If we want to multiply 7 by 4, we could interpret this as adding 7 four
times. This is okay for small numbers, but how do we do multiplication
with large numbers? Remember the place values of digits.

Multiplying 7 by 10 gives 70 (In fact we have just moved the 7 into the
next column to the right). Multiplying 7 by 100 gives 700 (we move the
7 two columns to the right).

Binary multiplication works in the same way.

The rules of binary multiplication are:

0x0=0
O0x1=1x0=0
1x1=1

1x 10 =10 (This means 1 times 2 is 2 in decimal)

If we want to multiply a binary number by two (102), we just move the
binary pattern one place to the left.

. Activity

Check that this rule is true by multiplying the following bit patterns
by 2 and converting the numbers before and after multiplication into
denary:

101 110 1001 10101 1100 1000

If we want to multiply a binary number by four (1002}, we move the
binary pattern two places to the left.
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