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HOW THIS BOOK WILL
HELP YOU

This textbook uses a range of learning features to help you get the most from it. We have
selected a range of content for this sample chapter to show how useful these will be for your
teaching and learning.

Important words

Highlighted in orange, these are terms that you will be expected to know and understand
in your exams.

~
Important words
You will need to know and understand the following for the exam:
decimal
binary
hexadecimal
kblt )
Tech terms

Jargon or technical definitions in blue that you may find useful.

Tech term

Transistor  An electronic component that acts like a switch — transistors can
be manufactured at such a small size that hundreds of millions can fit on a small
computer chip.

Key point

An important idea or concept.

Key point

You need to show your working in the examination so show the key multiplications to demonstrate clearly
how you arrived at the answer.




Worked examples

Used to illustrate an idea or a concept, these will guide you through the reasoning behind each
step of a calculation or process.

Worked example

For example, if we have a file that is 2.5 MB what is that in (a) kilobytes, and (b) bytes?
(a) 25MB = 2.5 x 1000 = 2500 kilobytes
(b) 2.5MB = 2.5 x 1000 x 1000 = 2 500000 bytes

Beyond the spec

Information that you will not be expected to know or state in an exam but will aid understanding
or add some useful context.

Beyond the spec

If there are two bitmap images of the same size and one is made up of more pixels, it is
said to have a higher resolution. Higher resolution images have a larger file size because
they are made of more pixels and so more data is required to store them.

Knowledge check

Quick check-ins that help you to recap and consolidate your understanding of the previous

section.
.
[ |

Knowledge check

11 If the ASCII value of A is 65, what is the ASCII value of
@ F
(b) G
© )

Recap and review

A targeted summary of everything you have learned in the chapter. Use this to help you recap
as you work through your course.

Question practice

More formal questions to help you to prepare for both examination papers.
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3 Fundamentals of data representation

Tech term

Transistor An
electronic component
that acts like a switch —
transistors can be
manufactured at such a
small size that hundreds
of millions can fit on a
small computer chip.

Key point

You need to show your
working in the examination so
show the key multiplications
to demonstrate clearly how

you arrived at the answer.
J

3.3 Units of information

A computer uses electronic circuits etched onto computer chips to store data and instructions.
These circuits contain electronic switches made from tiny transistors. Each switch can be in
one of two states: on or off. The two states are represented by the numbers 1 or 0. A computer
uses combinations of these 1s and 0s to represent data and instructions.

As we have discussed, the binary number system only uses the two values 1 and 0 and
therefore binary is used to describe the on-off status of all the switches in a computer.

One binary digit is called a bit. The symbol for this is b. Computers often group 8 bits together
as one unit of data. These 8 bits together are called a byte with the symbol B.

4 bits grouped together are called a nibble, which has no symbol.

In standard scientific notation the prefix ‘kilo’ means 1000 — for instance 1 kilometre is
1000 metres. We use kilo, and a whole set of other units, based on this scientific notation:

8bits(b) | 1byte (B)

10008 1 kilobyte (kB)
1000kB 1 megabyte (MB)
1000 MB 1 gigabyte (GB)
1000GB 1 terabyte (TB)
1000TB 1 petabyte (PB)

Worked example

For example, if we have a file that is 2.5 MB what is that in (a) kilobytes, and (b) bytes?
(a) 2.5MB = 2.5 x 1000 = 2500 kilobytes

(b) 25MB = 2.5 x 1000 x 1000 = 2500000 bytes
- J

Beyond the spec

In some sources, you will find people referring to 1 kilobyte as 1024 bytes, 1 megabyte as
1024 kilobytes, etc. There are historical reasons for doing so but now there are different
prefixes for this — for example, 1024 bytes is called 1 kibibyte. (1024 might seem like a
kstrange number in decimal but is used because it is a ‘neater’ number in binary.)

3.4 Binary arithmetic

Binary shifts

Moving the digits in a binary number left or right is called a binary shift.

Multiplication

Each time the value is shifted one place to the left, the number is multiplied by 2.



3.4 Binary arithmetic

For example, 40 in binary is 101000:

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

If we shift the digits one place to the left, and add 0 to the right-hand 1 column, we get:

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

The original number that has been moved one place to the left has been highlighted.
In decimal this new number has the value 64 + 16 = 80. This is 40 multiplied by 2.

If we shift another place to the left — which is two places to the left from the original number —
we get:

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

In decimal, this new number is 128 + 32 = 160. This is the original number 40 multiplied by 4.
Division
Each time the value is shifted one place to the right the number is divided by 2.

Starting again with the decimal number 40, which is 101000 in binary, if we shift the digits one
place to the right we get:

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

In decimal, the new number 10100 is 16 + 4 = 20, which is 40 divided by 2.
If we shift another place to the right we get:

128 64 32 16 8 4 2 1
0 1 0

In decimal this is 8 + 2 = 10, which is 20 divided by 2 (or the original number 40 divided
by 4).

Knowledge check

Apply the shifts described to the following binary numbers and state the decimal
equivalents before and after the shift. Comment on what has happened to the value.

1 1700 shift 2 places to the right
2 11070 shift 1 place to the left
3 107 shift 3 places to the left
4 110000 shift 3 places to the right
5 111 shift 4 places to the left
6 10000000 shift 4 places to the right
7 10011 shift 3 places to the left
8 101100 shift 2 places to the right
9 What would you need to do to a binary number to a) multiply it by 8, b) divide by 167
10 What is the effect of shifting left by 3 then right by 2?
\s J




3 Fundamentals of data representation

3.5 Character encoding

Using binary codes to represent characters

When you press the keys on a keyboard, the computer registers this as a binary code to
represent each character. This code can then be used to identify and display a character on
screen or for printing. It is important for all computer systems to agree on these codes and their
meanings if the data is to make any sense. There are, therefore, agreed international standards
that are used to represent the character set for a computer system.

Character sets and bits per character

The character set of a computer is all the characters that are available to it. The number
of characters in the character set depends upon how many characters can be represented by
the associated codes. The first agreed standard was based on English with a limited number
of extra symbols. Wider use of computers, and the need for many more languages and other
symbols, has led to the development of more advanced coding standards for character sets.

ASCII

In 1960, the American Standards Association agreed a set of codes to represent the main
characters used in English. This is called ASCII (American Standard Code for Information
Interchange). This system was designed to provide codes for the following:

All the main characters, i.e. 26 uppercase and 26 lower case 52 characters
All the numeric symbols 0-9 10 characters
32 punctuation and other symbols plus ‘space’ 33 characters
32 non-printable control codes 32 characters

In total, this is 127 characters. The decimal number 127 is 1111111 in binary, which is a 7-bit
number. This means that each character can be represented by a different 7-bit number, from
0000001 to 1111111. Initially the ASCII character set used 127 codes for the characters, with
0000000 meaning no character’. This gave a total of 128.

One additional bit was used for error checking purposes. This means that each ASCII character
is represented by an 8-bit number and therefore that each character required 1 byte.

Some ASCII codes are:

7-bit binary code ‘ Hex ‘ Decimal ‘ Character
0700000 20 32 ‘space’
1000001 41 65 A
1000010 42 66 B

1000011 43 67 C
1100001 61 97 a

1111001 79 121 y

1111010 7A 122 z

1111111 7F 127 ‘delete’




3.6 Representing images

Unicode

Unicode was first developed to use 16 bits rather than the 7 bits of ASCII. This provided the
ability to store 2'® or 65 536 unique characters. Later developments of Unicode used even more
bits to represent billions of different characters, including graphical symbols and emojis.

To ensure compatibility of all of these systems, the original ASCII character codes are the same
within Unicode. ASCll is now considered to be a subset of Unicode.

The ASCII codes for the main alphabetic characters are allocated to the uppercase characters
in sequence, followed by the lowercase characters in sequence. For instance, A is 65, B is one
more at 66, C is next at 67, and so on. This means that if you are given the character code for
one letter, you can work out the character code for another letter.

There are also ASCII codes for the decimal numbers 0-9. These codes also run in order — for
instance, the code for 1" in ASCll is 49, 2" is 50 and so on. If you are given the code for one
number, you can work out the code for another number.

Lowercase characters start with " as 97, ‘b’ as 98, and so on. This means that when we sort text,
'Z' (which is 90) comes before ‘a’.

For example, if the animals goat, bear, ape, zebra and deer were written as Goat, Bear, ape,
Zebra, deer and sorted using ASClI values, they will be in the order:

Bear, Goat, Zebra, ape, deer

Character | Number of | Number of
. Examples
set bits characters
ASCII 8 128 Upper and lowercase, numbers, punctuation, some
control characters.
Unicode 16/32 bits 65000/ As above plus all known language characters and
2 billion + different characters including wingdings and emojis.

Knowledge check

11 If the ASCII value of A is 65 what is the ASCII value of
@ F
(b) G
© )

3.6 Representing images

How an image is represented as a series of pixels
and in binary

A simple image can be made up of black or white blocks. Binary numbers can represent these
black and white blocks, using 1 for black and 0 for white. The image in Figure 3.6.1 uses 8 bits
(1 byte) to represent each row. These blocks are the smallest element of an image and are
called pixels. Pixel is short for picture element.

This image is just 8 pixels wide by 8 pixels high. As each row is represented by 1 byte, and there
are eight rows, this image requires 8 bytes to store it.




3 Fundamentals of data representation

Figure 3.6.2 A higher
resolution image

Tech term

Resolution How many
bits there are in an image
of a given width and
height in mm — a higher
resolution image has
more pixels in the same
width and height than a
lower resolution image.
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Figure 3.6.1 A simple black and white image

Most images are not ‘blocky’ like this one. This is because they are made up of many more
pixels. For instance, the simple black and white drawing in Figure 3.6.2 is 100 x 152 pixels. This
requires 15200 bits to store it, which is 15200/8 = 1900 bytes, or just under 2 kilobytes.

Beyond the spec

If there are two bitmap images of the same size and one is made up of more pixels, it is
said to have a higher resolution. Higher resolution images have a larger file size because
they are made of more pixels and so more data is required to store them.

Size of a bitmap image
The size of an image is the width of the image in pixels multiplied by the height of the image
in pixels. So, a bitmap that is 5 pixels wide and 7 pixels high would be 5 x 7 pixels.

A bitmap image is always measured as width x height in pixels.

Colour depth

For colour images we need to store more than just a 1 or O for each pixel — we need to be able
to store extra data to represent a range of colours.

For instance, if we want each pixel to be one of four different colours, we would need to
represent each pixel as one of four different values. We can use a 2-bit binary number to do
this, with the values 00, 01, 10 and 11. The colour of each pixel will be represented by one of
these four binary codes. For instance, if 11 is black, 10 is green, 01 is red and 00 is white:

11 10 01 00

Figure 3.6.3 Binary representation of four colours



3.6 Representing images

Then we can create a colour image as follows:

Figure 3.6.4 Image of a four-colour space invader with binary codes

The bitmap to represent this image can be seen in the figure and each row can be written
down as:

0000000107000000 (top row)

0000100101100000 (second row)

1010111010111010 (third row)

and so on.

With 2 bits for each pixel, we can store 2*= 4 colours.

If we use more bits to represent each pixel, we can represent more colours:

e With 3 bits per pixel, each pixel can be one of 2° = 8 colours. (In binary, these eight codes
are: 000, 001, 010, 011, 100, 101, 110, 111.)

e With 8 bits per pixel, each pixel can be one of 2 = 256 colours.
e With 16 bits per pixel, each pixel can be one of 2" = 65536 colours!

Colour depth is the number of bits used per pixel. The more bits per pixel, the larger the
range of colours we can have in the image. The more colours we have available, the better the
representation of the image. However, the more colours we have, the more bits per pixel we
need. This means that more data is required to store each pixel.

Consequently, the higher the colour depth, the larger the file needed to store the image.

Look at the image in Figure 3.6.5 of a sign in Portmeirion. The original image has a bit depth of
8, which is 28 or 256 colours, and is 1.2 MB in size. As we reduce the number of colours available
the image become less well defined but the size of the file reduces, to 787 kB for eight colours
and 542 kB for four colours.

Figure 3.6.5 The same image with eight colours and with just four colours




3 Fundamentals of data representation

Calculating bitmap image size

To calculate the size of an image file, we need to know the colour depth and the width and
height of the image in pixels.

File size = colour depth x image height (px) x image width (px)

Worked example

For example, what is the file size of an image with an 8-bit colour depth that is 1200 pixels

high and 2000 pixels wide?

File size =8 x 1200 x 2000 = 19200000 bits
We divide by 8 to get this in bytes: 19200000/8 = 2400000 bytes or 2.4 MB

Knowledge check

12 What do we mean by colour depth?

13 How many colours can be represented using a 4-bit colour depth?

14 If 1 represents black and 0 represents white, draw the 5 x 5 pixel image with the bit
pattern 00100 01010 10001 11111 10001

15 If 1 represents black and 0 represents white, what is the bit pattern for this image?

16 What is the file size for an image 200 pixels wide, 300 pixels high and with a colour
depth of 4 bits per pixel?

17 A 10 pixel by 10 pixel image has 16 colours. Calculate the size of the image.
\s J
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Important words

You will need to know and
understand the following
for the exam:

decimal
binary
hexadecimal
bit

byte

nibble
kilobyte (kB)
megabyte (MB)
gigabyte (GB)
terabyte (TB)
petabyte (PB)
binary shift
character set
ASClI
Unicode
pixel

bitmap
image size

*kcolour depth

3.1 Number bases

Programmers use three different number systems:

m decimal (base 10)

m binary (base 2)

m hexadecimal (base 10).

Computers work in binary because:

m_Computers use millions of tiny switches to store and process

data.

m_These switches have just two states, either 1 (on) or O (off),

which can be represented in binary.

. m Therefore, all data — numbers, characters, sounds and images

— are represented in a computer as binary.

Hexadecimal (or hex) is used in computer science because it is

easy to convert binary to and from hex, and hex is easier for people

to work with than binary.

3.2 Converting between number bases

Converting binary to decimal

Our everyday counting system is called decimal (or denary).

m Decimal is a base-10 number system

m This means it uses ten symbols or values: O, 1,2, 3,4,5, 6,7, 8, 9.

We write decimal numbers such as 348 as follows:

132 |4

the column to the right.

Bihary is a base-2 number system.

m_This means it uses two symbols or values: O and 1.

m_Each binary digit (O or 1) is called a bit.

We write binary numbers as follows: 10100010

126 |64 |32 |16 |8

| 1

In binary each column heading is twice as big as the previous one.

To convert a binary number into decimal one, add together the

column heading values for every column with a 1in the binary number.

10100010 i 128 + 22 + 2 = 162 in decimal
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Converting decimal to binary

Create a table with eight columns representing an &-bit binary number.

126 |64 |32 |16 |& |4 |2 |1

Starting from the left-hand 126 column, find the first column that is smaller than the

decimal number you are converting and write a 1 in that column.

Subtract that column heading value from the decimal number to get a remainder.

Repeat the process using the remainder, i.e. finding the next column value that is smaller

than the remainder.

m_ Eventually there will remainder of either 1 or i he right-han
column.

For example, the decimal number 84 is:

126 |64 |32 |16 |& |4

Converting hexadecimal to decimal

m Hexadecimal (hex) is a base-16 number system.

m This means it uses 16 symbols or values: 0,1, 2,3, 4.5, 6, 7. 86,9, A, B, C, D, E, F. It uses the

letters A—F for the decimal values 10—-15.

In hex, each column heading is 16 times as big as the previous one.

-

To convert hex to decimal:

m Convert each hex digit to its decimal equivalent.
= Multiply the column headings by the equivalent decimal value.

m Add the two values together.

For example, to convert CA to decimal:

C A |

Cis 12 in decimal and A is 10 in decimal.

16 x 12 =192

1x10=10

192 + 10 =202

CA is 202 in decimal.




Converting decimal to hexadecimal

m Divide the decimal number by 16 and write down the correct hexadecimal symbol for the
result in the 16s column.

15 column.

For example, 175 in hexadecimal is:

A F |

Converting binary to hex

m Write the binary number as an &-bit number.
m Split the &-bit binary number into 4-bit numbers (called nibbles).

For example, convert 11110 to hex:
1M10 is a B-bit number — this is OOOMNO as an &-bit number
first nibble is OOO1
second nibble is 1110
0001 in decimal is 1, which is 1 ih hex
MO in decimal is 14, which is E in hex
Hence 11110 is 1E in hex

Converting hexadecimal to binary

5o, 3F is OO in binary. This could also be written as just 1M1111.

In the exam you will only need to convert between number systems in the following ranges:
m O to 255 in decimal

m 00000000 to 1M1 in bihary

m_ OO to FF ih hexadecimal.
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3.5 Units of information
m Fach stored binary digit is called a bit (binary digit).

m_A group of & bits is called a byte.
m Half a byte, 4 bits, is called a nibble.

| 4bits (b) | 1nibble

| &bits (b) | 1byte (B)

1000B 1 kilobyte (kB)
1000kB 1 megabyte (MB)
1000MB 1 gigabyte (GB)
1000GB 1 terabyte (TB)

It is important to use the correct symbol, lowercase b for bit and uppercase B for byte.

3.4 Binary arithmetic

Adding binary numbers

When adding binary digits together there are several possibilities including:
0+0=0
O+1=1

1+ 1=10 in binary, or 2 in decimal

In this case we write down O and carry 1 to the next column.

1+ 1+ 1=11in binary or 3 in decimal.

_m_Inthis case we write down 1 and carry 1
_Binary shifts
Moving the binary digits to the left or right is called a binary shift.

Moving to the left multiplies the value by 2 for each place the value is shifted.
Moving to the right divides the number by 2 for each place the value is shifted.

128 |64 |32 |16 & 4 2 1
1 1 0 1 0

The bi 1010 1o 26 in decimal

If we shift the binary number one place to the left, we get:

128 |64 |32 |16 & 4 2 1
1 1 0 1 0 0

Which is B2 (= 26 x 2) in decimal.
If we shift the original binary number one place to the right, we get:

125 |64 |32 |16 & 4 2 1
1 1 O 1

This number is 13 (= 26/2) in decimal.
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3.5 Character encoding
. oAbl otc) i . v A b |

symbols and some control characters.
7 bi |5 ith 1 bi [ [

~m There are 27 or 128 characters available

decimal number 6&.

Unicode

in sequence, followed by the lowercase characters in sequence.

For instance, A is 65, B is one more at 66, C is next at &7, and so on. This means that if you are

given the character code for one letter, you can work out the character code for another letter.

Lowercase characters start with a as 97, b as 98, and so on. This means that when we sort
text, Z (which is 90) comes before a.

3.6 Representing images

m_The number of bi
_Image size

The image size is expressed as:

width in pixels x height in pixels
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Colour depth
With 1 bit for each pixel we have just two possibilities: O or 1. This means a pixel can only be one

of two colours.
The following row of pixels is described by the binary code MOOOOO0, where 1 means black and O
theans white:

1 ‘ 1 ‘ 1 0

Two-colour encoding with one bit

For instance, if we wanted each pixel to be either white, black, green or red then each pixel would

00 | 00 |k 11 00 | 00

Four-colour encoding with two bits

Colour depth is the name for the number of bits used per pixel.

Calculating bitmap image size

The greater the humber of pixels, the more data needs to be stored and the larger the file size.

m Forinstance, a 2-bit bitmap image measuring 10 x 20 pixels would be a larger file than a

2-bit bitmap image measuring 5 x 10 pixels.

The higher the colour depth the more data needs to be stored and the larger the file size.
m Forinstance, a 5 x 10 bitmap image with 4-bit colour depth would be a larger file than a
5 x 10 bitmap image with a 2-bit colour depth.

A higher colour depth means a larger number of colours can be represented, giving a better
quality image.

An image file size can be calculated using the following formula:
m Size in bits = Width in pixels (W) x Height in pixels (H) x Colour depth in bits (D)
m Size in bytes = (Width in pixels (W) x Height in pixels (H) x Colour depth in bits (D))/&

3.7 Representing sound
Sounds are a series of vibrations that vary continuously and can take any value — this means

they are analogue.
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In order to store it on a computer, sound is sampled at reqular intervals by a device that

converts analogue to digital signals, and the digital values are stored as binary numbers.

m A sample is a measure of the amplitude (or amount) of sound vibration at a particular
moment in time.

The sample rate is the number of samples taken per second, measured in Hz (hertz). 1 Hz
teans one sample per second.

each sample.

The duration is the length of time that the sound is sampled for, measured in seconds.
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approximation to the original sound — but the larger the file needed to store the data.

The greater the sample resolution, the more accurate the measurement of vibration
amplitude and the better the quality of the sound — but the larger the file needed to store
the data.

The longer the duration, the larger the file needed to store the data.

also be written as:

File size (bits) = rate x res x secs

Where rate is sample rate, res is sample resolution and secs is duration in seconds.

For multiple channels, e.g. stereo, we need to multiply this by the number of channels.

File size (bits) = rate x res x secs x channels

3.6 Data compression

When transmitting files, storing very large files or storing a large number of files, we sometimes
need to compress the data to make file sizes smaller.

Lossy compression:

m Some of the data is removed to make the file smaller.

m Algorithms remove data that is least likely to be hoticed.

» The orlgingl & l o & | veral

Lossless compression:

~mNone of the information is removed

~m_The original file can be restored.

_Huffman coding

element (such as a character).




this helps to reduce the overall encoded file size.

To create a Huffman tree to encode a short text phrase:

Count how many times (frequency) each character occurs (including spaces).
Assign each character to a node that is labelled with the character and the frequency

of that character.

Arrange these nodes in order from least frequent to most frequent.

The two least frequent nodes are joined together to make a new node with their combined

frequency.

m Th n

frequency.
m_Add two branches from the new node to the two nodes that it replaced.

The process is repeated until there is just one node left in the list. At that point you:

Huffman trees are often drawn with the root at the top and branches below

Calculating the number of bits required in Huffman coding

Once data has been encoded using Huffman coding, you can calculate the number of bits

required to store the coding.

m Use the Huffman tree to work out how many bits are needed for each character.
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m For each character, multiply the number of bits by the frequency of the character to get the

total number of bits that character needs in the whole phrase.

m_Add all of these totals for each character together to work out the number of bits for the

entire phrase.

For 6xampI6:

Character

Frequency

Huffman code
Number of bits

Total (number of bits x frequency)

If you calculate the number of bits needed for the same phrase in ASCI, you can compare this

to the number of bits needed for Huffman coding. To calculate the number of bits needed for

the phrase in ASCII:

neretrore 1ne nu 7 ¢ ca 10 Ne pnrase NI A . = JoO

Huffman coding this phrase instead of ASCIl coding has therefore saved: 96 — 34 = 64 bits.

the value of the character or pixel.

The text AAAABBBBBCCCCC is made of 14 characters. To store this in ASCIl would take

14 x 7 =98 bits.

We can, however, code the same text in RLE as: 4 65 5 66 5 67.

To store the RLE would take & x 6= 48 bits.

For the black and white im low, w n use the same i
colour that occurs in a row:

Black and white image

In this 32 pixel image we have eight black pixels, 17 white pixels and seven black pixels. We can

store this in 3 bytes with the most significant bit being 1 or O to represent the colour, the
remaining seven bits the number of pixels of that colour.

10001000 00010001 10000

This uses just three bytes instead of four.
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QUESTION PRACTICE

Fundamentals of data representation

01.1 Convert the decimal value 77 to binary held in a single byte. [1 mark]
01.2 Convert the decimal value 59 to a hexadecimal value. [1 mark]
01.3 How many bits are needed to store a single hexadecimal digit? [1 mark]

01.4 Add together the following three binary numbers, showing your working. [3 marks]

For the binary number 11001:

02.1 Convert the binary to decimal. [1 mark]
02.2 Show the result of applying a binary shift of two places to the left. [1 mark]
02.3 Convert this result to decimal. [1 mark]
02.4 What is the effect of applying a binary shift of two places to the left? [1 mark]
02.5 What would be the result of applying a binary shift of 1 place

to the right? [2 marks]
03.1What is meant by the character set of a computer? [1 mark]
03.2 Explain how ASCII represents the character set of a computer. [2 marks]

03.3 Write down the sort order of the following list of words in a program
using ASCII or Unicode to represent the character set: ‘Apple, grape,
cherry, Damson’. [1 mark]

03.4 Describe two differences between using an ASCII character set and
a Unicode character set. [1 mark]



I QUESTION PRACTICE

03.5 In Unicode, the character G is represented by the numeric code 71.

Which character is represented by the numeric code 687 [1 mark]
A d B:J C:D D:F E: 4
04 04.1 How does the number of bits in an image affect the size of the file? [1 mark]

04.2 Describe two differences between an image with a 1-bit colour
depth and an image with a 2-bit colour depth. [2 marks]

04.3 How many colours can be represented using a 4-bit colour depth?
Show your working. [2 marks]

04.4 In the image, using O to represent white and 1 to represent black,
write down the Run Length Encoded data to store this image in 3
bytes in binary. [3 marks]

05 05.1 Explain how a continuously changing sound can be captured and
stored on a computer. [3 marks]

05.2 Explain what is meant by lossy compression. [2 marks]

05.3 Explain what is meant by lossless compression and when it should be
used. [3 marks]

06 This is a Huffman tree for the text string “PIED PIPER".

The bit pattern for R is 1101 because it is right, right, left, right to get to R from the root
of the tree.




3 Fundamentals of data representation

06.1 Complete the bit patterns for the rest of the characters in the string.

Character Number of Bit pattern
occurrences

P 3

| 2

E 2

D 1

R 1 1101

Space 1

06.2 Calculate how many bits are needed to store the text string using

Huffman codes.

06.3 Calculate how many bits would be required to store the text string

using ASCII codes.
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