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Paper 1: Computer Systems 
This term you will learn… 
 

¨ Why do computers use binary numbers? 
¨ How are binary numbers grouped? 
¨ How can arithmetic operations be performed on binary numbers? 
¨ How can binary numbers be used to represent images? 
¨ What are logic gates and how are they used? 
¨ What is inside a computer? 
¨ How does the Central Processing Unit operate? 
¨ What is computer memory used for? 
¨ How can data be stored even when the power is off? 

 
Paper 2: Computational Thinking, Algorithms and Programming 
This term you will learn… 
 

¨ What is the difference between variables and constants? 
¨ How are operators used in programming statements? 
¨ What are data types? 
¨ How can you find, change and convert data stored in a string? 
¨ What is selection and how is it used? 
¨ What is iteration and how is it used? 
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Why do computers use binary numbers? 
 
Computer Systems 
Computers were created to help process 
data and complete tasks more efficiently 
than humans. The purpose of a computer is to 
take or allow the user to input data, process 
and then output or store it. All computer 
systems include both hardware - which are 
the physical components and software – 
which are programs or applications that can 
be run on a computer system. 
 

Computer System: Hardware and software 
that work together to process data and 
complete tasks. 

 
 
Electrical States 
Modern computers use integrated circuits 
made up of electronic circuits and 
components. Among these components are 
transistors, which act like tiny switches – 
stopping or allowing electric current to flow.  
 
Binary numbers are used to represent the two 
electrical states of these transistors, where 1 
represents on and 0 represents off.  
 
Logic gates such as (AND, OR and NOT) are 
implemented using transistors, which we will 
learn about later in this unit. 
 
 
Decimal Number System 
The decimal (or denary) number system, 
known as base 10, is the number system 
humans use every day. This number system 
uses the digits 0-9 only. 
 
One digit can represent up to 10 values 
(numbers 0-9) , two digits can represent 100 
values (0-99), three digits can represent 1000 
values (numbers 0-999) and so on.  
 
Each digit represents a value based upon 
powers of 10. These powers of 10 are often 
referred to as ‘place values’, indicating the 
value of each of the digits in a number. 
 

106 105 104 103 102 101 100 
1,000,000 100,000 10,000 1,000 100 10 1 

 

Binary Number System 
The binary number system, known as base 2, 
is the number system used by computers for 
data processing and storage. This number 
system uses binary digits (known as a bit) 0 
and 1 only. 
 
One bit can represent up to 2 values 
(numbers 0 or 1), two bits can represent 4 
values (numbers 0-3), three bits can represent 
8 values (number 0-7) and so on. 
 
Each bit represents a value based upon 
powers of 2. Notice that the value to the left 
of the previous is double (×2) and the value 
to the right is half (÷2).   
 

27 26 25 24 23 22 21 20 

128 64 32 16 8 4 2 1 
 
Often bits are combined into groups to 
represent data. A common group consisting 
of 8 bits is called a byte. 
 
 
Digital Representation 
Digital data will always be processed and 
stored as a continuous series of binary digits. 
This means that regardless of whether the 
binary information is encoding an image, a 
piece of text, a sound, a video or a computer 
program – it will always be made up of bits. 
 
 
Binary Conversions 
In a binary number, the least significant bit 
(LSB) is the bit furthest to the right and the 
most significant bit (MSB) is the bit furthest to 
the left. 
 

Task 1  

Answer the following questions 
a. Explain why computers represent data 

in binary form? 
 
b. Draw a table to show the numbers of 

possible values that can be 
represented with 1 up to 8 bits. 
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How to convert from binary to decimal 
 

1. Draw a binary place value table. 
 

128 64 32 16 8 4 2 1 
        

 
2. Transfer the binary number into the 

blank spaces on the table. 
 

3. Add together the place values 
(powers of 2) which have been used – 
indicated using 1s. 

 
 
Worked Example  

Convert the binary number 0101 1101 to 
decimal. 
 

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

 
64 + 16 + 8 + 4 + 1 = 93 
 
The answer is 93. 

 
 
How to convert from decimal to binary 
 

1. Draw a binary place value table.  
 

128 64 32 16 8 4 2 1 
        

 
2. Starting with the MSB, ask yourself if 

the decimal number is equal to or 
greater than this place value. 

 
• If the decimal number is less, write 

a 0 in the blank space. 
 

• If the decimal number is greater 
than or equal to, write a 1 in the 
blank space. Then subtract the 
place value from the decimal 
number. 

 
3. Repeat step 2 for each of the place 

value columns in the table moving 
left-to-right. 

 
 

Worked Example  

Convert the decimal number 185 to binary. 
 

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

 
185 > 128 …write 1 in the column and 

subtract (185 – 128 = 57) 
 
57 < 64  …write 0 in the column 
 
57 < 32 ...write a 1 in the column and 

subtract (57 – 32 = 25) 
 
25 > 16  …write a 1 in the column and 
  subtract (25 – 16 = 9) 
 
9 > 8  …write a 1 in the column and 
  subtract (9 – 8 = 1) 
 
1 < 4  …write a 0 in the column 
 
1 < 2  …write a 0 in the column 
 
1 = 1  …write a 1 in the column and 
  subtract (1 – 1 = 0) 
 
The answer is 10111001. 

 
Task 2  

Convert these binary numbers to decimal. 
For each question, draw a binary place 
value table and show your working out. 
 
a. 00000111 b. 00100010 
c. 00110101 d. 01010001 
e. 10001010 f. 10100010 
g. 11000010 h. 11011010 

 
Task 3  

Convert these decimal numbers to binary. 
For each question, draw a binary place 
value table and show your working out. 
 
a. 16  b. 43 
c. 62  d. 96 
e. 113  f. 151 
g. 178  h. 247 
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How are binary numbers grouped? 
 
A binary digit (known as a bit) is the smallest 
unit of digital information – either 0 or 1. It can 
be represented using a lower-case b. 
 
A byte is group of 8 bits. It can be 
represented using an upper-case B. The 8-bit 
byte we use today was historically the 
number of bits used to encode a single ASCII 
character with an additional parity bit. 
 
A group of 4 bits is known as a nibble. Nibbles 
are often used in hexadecimal conversions as 
a single hexadecimal character can 
represent 4 bits. 
 
Modern computers can retrieve, process, 
store and transfer vast amounts of data, 
therefore larger groups of data are needed. 
 
The decimal prefixes kilo, mega, giga, tera 
and peta are all units which represent powers 
of 10. Note that each prefix is 1000 times 
larger than the previous. 
 
Name Base 10 Unit Relative Size 

Kilobyte 103 KB 1000 bytes 

Megabyte 106 MB 1000 kilobytes 

Gigabyte 109 GB 1000 megabytes 

Terabyte 1012 TB 1000 gigabytes 

Petabyte 1015 PB 1000 terabytes 
 
A comparison of how many bytes in… 
 
1 kilobyte 1,000  

(thousand) bytes 
 
1 megabyte  1,000,000  

(million) bytes 
 
1 gigabyte  1,000,000,000  

(billion) bytes 
 
1 terabyte  1,000,000,000,000  

(trillion) bytes 
 
1 petabyte 1,000,000,000,000,000 

(quadrillion) bytes 

Binary prefixes also exist to more accurately 
represent the exact number of bits and bytes 
used. These include the prefixes kibi, mebi, 
gibi, tebi and pebi which represent the 
powers of 2. 
 
Name Base 2 Unit Size (Bytes) 

Kibibyte 210 KiB 1,024 

Mebibyte 220 MiB 1,048,576 

Gibibyte 230 GiB 1,073,741,824 

Tebibyte 240 TiB 1,099,511,627,776 

Pebibyte 250 PiB 1,125,899,906,842,624 

 
A comparison of how many bytes in… 
 
1 kibibyte 1,024  

bytes 
 
1 mebibyte  1,048,576 

bytes 
 
1 gibibyte  1,073,741,824  

bytes 
 
1 tebibyte  1,099,511,627,776 

bytes 
 
1 pebibyte 1,125,899,906,842,624 

bytes 
 
Although decimal prefixes are often used for 
data storage, binary prefixes and their 
relative sizes offer a more precise 
measurement for computer science. Despite, 
this, decimal prefixes are more commonly 
used.  
 
Converting between units generally means 
multiplying or dividing by 1000. 
 

Task 1  

Answer the following question: 
a. Describe why people often prefer to use 

kilobytes compared to kibibytes. 
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How to convert between units of data 
 

1. Determine whether the original unit is 
greater or less than the resulting unit. 

 
2. Use the decimal prefix table to write a 

simple rule to show the 1:1000 
relationship between the original and 
resulting units. 

 
3. If the: 

 
• Original unit is less than the 

resulting unit, then multiply the 
original quantity by 1000. 

 
• Original unit is greater than the 

resulting unit, then divide the 
original quantity by 1000. 

 
 
Remember that when you convert a value to 
smaller units, the number increases and when 
you convert a value to larger units, the 
number decreases.  
 
If the number of bytes is greater than 1000, it 
is usually better to express this using larger 
units. However, in most cases you should 
always use the units you are told to in the 
question. 
 
A good mnemonic to remember the decimal 
units is: 
 

Kindness Means Giving Things to People 
 
 
Worked Example  

Convert 30 megabytes to kilobytes 
 
1. I know that megabytes > kilobytes. 
2. I know that 1 MB = 1000 KB. 
3. Therefore, if I multiply 30MB by 1000,  

it will be 30,000 KB. 
 
The answer is 30,000 KB. 

 
 
 
 
 

Worked Example  

Convert 5.2 gigabytes to terabytes 
 
1. I know that gigabytes < terabytes. 
2. I know that 1 TB = 1000 GB. 
3. By dividing 1 TB by 1000,  

I know that 0.001 TB = 1 GB. 
Therefore, if I divide 5.2 GB by 1000,  
it will be 0.0052 TB. 

 
The answer is 0.0052 TB. 

 
Task 2  

Convert these quantities. For each, show 
your working out. 
 
a. 168 bits to bytes 
b. 496 bits to bytes 
c. 23 bytes to bits 
d. 565 bytes to bits 
e. 8 nibbles to bytes 
f. 204 nibbles to bits 
g. 714 bytes to nibbles 
h. 456 nibbles to bytes 

 
Task 3  

Convert these quantities. For each, show 
your working out. 
 
a. 2.5 megabytes to kilobytes 
b. 6 terabytes to gigabytes 
c. 7.2 petabytes to terabytes 
d. 8.62 gigabytes to megabytes 
e. 3500 kilobytes to megabytes 
f. 4900 megabytes to gigabytes 
g. 9.2 terabytes to petabytes 
h. 343.6 gigabytes to terabytes 

 
Practice Questions  

a. A computer has 1024 megabytes of 
RAM. How many gigabytes of RAM 
does the computer have? [1 mark] 

 
b. Place the following quantities in order 

of size: 15 bits, 3 nibbles, 2 bytes, 1 
kilobyte. [1 mark] 
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How can arithmetic operations be performed on 
binary numbers? 
 
Binary Arithmetic 
At their most basic level, computers operate 
by applying arithmetic operations and logical 
comparisons to binary numbers. These 
operations are performed millions of times per 
second by the Arithmetic Logic Unit (ALU) in 
the Central Processing Unit (CPU) of a 
computer system. 
 
Arithmetic operations include addition, 
subtraction, multiplication and division. 
 
 
Decimal Addition 
In this example of a decimal (denary) column 
addition, the two numbers 38 and 93 are 
being added together. 
 

This method, which is itself an 
algorithm helps us to add 
together numbers. It relies upon 
each column being able to 
accept totals between 0 and 9. 
Totals larger than 9, are 
subsequently partitioned and 
carried over. 
 

 
Binary Addition 
Binary addition is exactly the same as 
decimal column addition.  
 
However, as the binary number system only 
uses the digits 1 and 0 only, care must be 
taken when adding and carrying over 
numbers. 
 
The rules for binary addition are: 
 

 
 

How to add binary numbers: 
 

1. Write the binary numbers in a column, 
vertically lining up the numbers. 

 
2. Starting from the least significant bit 

(LSB), add together the numbers in the 
column. 

 
3. If the total is: 

 
• Between 0 and 9, then write this 

underneath the line. 
 

• Greater than 9, then partition this 
number, writing the one’s value 
underneath the line and carrying 
the remaining part of the number 
over to the next column. 

 
4. Repeat for each column (including 

adding any subsequent carried over 
values) until all the columns have 
been added. 

 
 
Worked Example  

Add together the following two binary 
numbers: 10001101 and 01001000. 
 

    1     
 1 0 0 0 1 1 0 1 

+ 0 1 0 0 1 0 0 0 
 1 1 0 1 0 1 0 1 

 
The answer is 11010101. 

 
 
Overflow Errors 
When processing binary numbers, the CPU 
can only handle numbers with a fixed number 
of bits. When a result of a calculation 
exceeds this number, an overflow error 
occurs. This is caused by an additional carry 
bit. Overflow errors can lead to a loss of data, 
accuracy and in some cases, cause 
programs to crash. 
 

0
0

+

0

1
0

+

1

1
1

+

10

1
1
1

+

11

131

38
93

+

1
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Worked Example  

Add together 10001101 and 01001000. 
Express your response in an 8-bit binary 
form. 
 

 1 1 1 1 1    
 0 0 1 1 1 1 0 0 

+ 1 1 0 1 0 1 1 1 
1 0 0 0 1 0 0 1 1 

 
The answer is 00010011 (with an overflow 
error). 

 
Task 1  

Complete the following binary additions. 
For each, show your working out. 
 
a. 00111100 + 00100010 
b. 00110011 + 11011101 
c. 01000100 + 01010100 
d. 00111100 + 11110111 
e. 01110011 + 01100101 
f. 01011010 + 11000011 
g. 00111000 + 10110100 
h. 11110110 + 10011001 

 
 
Bit Shift 
A bit shift moves each bit in a binary number 
to the left (to multiply) or right (to divide) a set 
number of places. Bit shifts are used to 
perform simple multiplication and division by 
powers of 2. 
 

 
 
As 22 is 4, a 2-place left shift will multiply or 
divide by 4. Similarly, a 3-place shift (23) will 
multiply or divide by 8 and 4-place shift (24) 
will multiply or divide by 16 and so on. 
 
 

In bit shifting, overflow errors are ignored. And 
where bits have shifted, underflow gaps are 
filled using 0s. 
 
Worked Example  

Complete a 3-place left shift on the binary 
number 00110100. 
 

 128 64 32 16 8 4 2 1 

 0 0 1 1 0 1 0 0 
 
 

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

 
The answer is 10100000. 

 
The arithmetic effect of the bit shift above is 
multiplying by 3. However, as there is overflow 
there is a loss of accuracy as bits are 
removed (on the left). 
 
Worked Example  

Complete a 2-place right shift on the binary 
number 10111000. 
 

128 64 32 16 8 4 2 1 

1 0 1 1 1 0 0 0 
 
 

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

 
The answer is 00101110. 

 
Task 2  

Apply the following shifts. For each, show 
your working out. 
 
a. 10101111 one-place right 
b. 00110101 one-place left 
c. 10101010 two-places right 
d. 11100111 two-places left 
e. 11000011 three-places right 
f. 11010111 three-places left 
g. 10100101 four-places right 
h. 11110000 four-places left 
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How can binary numbers be used to represent 
images? 
 
Representing images 
A digital image is composed of tiny squares 
called pixels. Each individual pixel is assigned 
a colour, which together creates a digital 
representation of the image. Digital images 
can be represented by using one of two 
possible methods: bitmaps and vectors. 
 

Pixel: The smallest addressable element or a 
single dot of colour on a computer display 
or image. Short for picture element. 

 
The size of an image is given as the width and 
height of the image, in pixels, for example 
1280 x 720 pixels. 
 
The resolution of an image is calculated by 
multiplying the height and width of an image 
for example, for a 1280 x 720 image the 
resolution is 921,600 pixels. 
 
As a result of increasing the resolution of the 
image, both the file size and the quality of the 
will increase as more bits are used. 
 
 
Bitmaps 
A bitmap is the pattern of bits arranged in an 
array. Each pixel in a bitmap is represented 
by a binary code. Furthermore, each 
individual colour used in the image is 
assigned a unique binary code. 
 

A black and white 
image could be 
represented using 1-
bit for each pixel. 
 
For images with 
more colours, more 
bits per pixel to 
represent each 
colour. 

 
The colour depth of an image is the number 
of bits used to represent each pixel, in bits. 
This corresponds to the number of colours 
used within the image. 

This table shows the relationship between the 
colour depth and the number of possible 
colours. 
 
Colour Depth 2n Colours 

1-bit 21 2 colours 

2-bit 22 4 colours 

4-bit 24 16 colours 

8-bit 28 256 colours 

16-bit 216 65,536 colours 

24-bit 224 16,777,216 colours 
 
Therefore, the greater the colour depth, the 
more colours will be available. And, as a 
result of increasing the colour depth, the file 
size will also increase as more bits are used. 
 

Although only 
approximately 10 million 
colours are distinguishable 
by the human eye, it is 
preferrable for those 
working with digital images 
to use high colour depths 
to reproduce images more 
accurately. 

 
 

Task 1  

Convert the binary code into a black and 
white image. 
 
a. 0101 1001 1100 1100 
b. 1110 1011 0110 0001 
c. 1010 1100 0011 0101  
 
Convert these bitmap images to binary. 
 

 

 
 

1 0 0 1

0 1 0 0

1 0 1 0

0 1 0 1

11 10 01 11

00 01 11 10

01 11 10 00

11 10 00 01



 

 

 
9 

 

Calculating Image Size 
As the number of resolution or colour depth of 
an image increases, so too will the file size 
and the quality of the image. 
 
How to calculate the image size 
 

1. Multiply the height and width of the 
image, in pixels, to determine the 
resolution. 

 
2. Multiply the resolution by the colour 

depth, in pixels. 
 

3. If required to give your answer in 
bytes, divide the result by 8. 

 
 
Worked Example  

Calculate the file size of an 8-bit, 320 x 240 
image in bytes. 
 
1. 320 x 240 = 76,800 pixels 
2. 76,800 pixels x 8 bits = 614,400 bits 
3. 614,400 bits ÷ 8 = 76,800 bytes 
 
The answer is 76,800 bytes. 

 
 

Task 2  

Calculate the file sizes. For each, show your 
working out. 
 
a. 2-bit, 300 x 400 image in bits 
b. 2-bit, 420 x 240 image in bits 
c. 5-bit, 500 x 500 image in bits 
d. 4-bit, 800 x 400 image in bits 
e. 4-bit, 480 x 560 image in bytes 
f. 8-bit, 1080 x 768 image in bytes 
g. 4-bit, 1020 x 1086 image in bytes 
h. 8-bit, 900 x 800 image in bytes  

 
Metadata 
Metadata is data that describes or gives 
information about other data – or simply 
‘data about data’. 
 
All image files contain metadata. Without it, 
images could not be decoded and displayed 
correctly.  
 

Examples of metadata include the filename, 
file format, resolution (height and width), 
colour depth and compression used. As 
bitmap images contains a continuous 
sequence of binary numbers, metadata is 
used to determine the size of the image and 
how many bits represent each pixel. 
 
Other metadata is used to provide 
descriptive information about the image, 
such as the time/date taken, author, camera 
or software properties and settings and its 
geo-location.  
 
As a result, the calculated file size of an 
image is not completely accurate as it does 
not include the metadata that will be stored 
in the image file itself. 
 
Vector Graphics 
Vector graphics are different from bitmaps as 
they use coordinates and properties of 
shapes and geometry to define the parts of 
an image. This means that no matter how 
stretched or zoomed in, vector graphics will 
always remain smooth in appearance and 
will require less storage space. 
 

 
 
 

Practice Questions  

a. Define the term ‘pixel’. [1 mark] 
 
b. How many bits per pixel would be 

needed if an image used 4 colours?  
[1 mark] 

 
c. Explain how reducing the colour depth 

of an image can reduce its file size.  
[2 marks] 

 
d. Describe what is meant by metadata. 

[2 marks] 
 
e. Explain how an image can be 

represented as a bitmap. [3 marks] 
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What are logic gates and how are they used? 
 
Boolean Logic 
George Boole (1815-
1864) was an English 
mathematician who 
helped establish 
modern 
symbolic logic and 
whose algebra of 
logic, is basic to the 
design of digital 
computer circuits. 
 
Boole’s system, subsequently called Boolean 
Logic, works with the statements true and 
false, and then considers how such 
statements might be combined using simple 
operators, such as: AND, OR and NOT. 
 
Boolean Logic in Action 
Boolean logic is all about collections of 
objects, called sets. Each set can be further 
separated into subsets. For example, the set 
of all desserts can be separated into subsets 
like chocolate desserts and cold desserts. 
 
Some desserts, such as chocolate ice cream, 
belong to both groups. Others, such as ginger 
cake, belong to neither. Boolean algebra has 
AND, OR, and NOT. These operators can be 
used to create more specific subgroups.  
 
Here’s an example: 
 

 
 
This Venn diagram shows how a set of 
different desserts can be divided into subsets 
of chocolate desserts and cold desserts. If a 
dessert belongs to a group, it corresponds to 
the Boolean value 1. Otherwise, it’s 0.  
 

 
 

 
 

 
 
 
Logic Gates 
In its most basic form, a computer is a 
collection of powered and unpowered 
circuits and transistors. A logic gate is a series 
of transistors connected together to give one 
or more outputs, each output being based 
on the input or combination of inputs 
supplied to it. There are three types of gate to 
consider: AND, OR and NOT. 
 
AND Gate 
An AND gate, known also as conjunction, 
uses two inputs to generate one output. Using 
symbols, OR gates can also be represented 
as X = A ∧ B. 
 

 
 
The output is 1 (TRUE) only if both of the inputs 
are 1 (TRUE).  
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A truth table 
for an AND 
gate with 
each possible 
combination 
of inputs is 
shown here. 
 

OR Gate 
An OR gate, known also as disjunction, uses 
two inputs to generate one output. Using 
symbols, OR gates can also be represented 
as Y = A ∨ B. 
 

 
 
The output is 1 (TRUE) only if either or both of 
the inputs are 1 (TRUE). 
 

A truth table 
for an OR 
gate with 
each possible 
combination 
of inputs is 
shown here. 
 

 
NOT Gate 
A NOT gate, known also as negation, uses 
one input to generate one output. Using 
symbols, NOT gates can also be represented 
as Z = ¬ A. 
 

 
 
A NOT gate inverts the input - the output is 1 
(TRUE) if the input is 0 (FALSE), and the output 
is 0 (FALSE) if the input is 1 (TRUE). 
 

A truth table 
for a NOT 
gate is shown 
here. 
 
Truth Tables 

Each type of logic gate or logic circuit has a 
corresponding truth table. Truth tables show 
all possible input combinations of 1s and 0s, 
and the corresponding outputs. 
 
Logic Circuits 
Multiple logic gates can be combined to 
create logic circuits that carry out different 
operations. By using brackets and the AND, 
OR, NOT operators, circuits can be written as 
logical statements. When written as a 
Boolean expression, operations in brackets 
should be completed first. 
 
W = NOT (G AND H) 

 
 
Y = (K AND L) AND M 

 
 

Task 1  

For each of the following Boolean 
expressions, draw a circuit diagram and 
the corresponding truth table. 
 
a. Z = ¬ (A ∧ B)   
b. Y = A ∨ B 
c. X = ¬ (E ∨ F)  
d. W = (G ∨ H) ∨ I 
e. V = (K ∧	L) ∨ J 
f. U = (M ∨ N) ∧ O 
g. T = (Q ∧ R) ∧ P 

 
 

AND gate
Input A Input B Output

0 0 0
1 0 0
0 1 0
1 1 1

OR gate
Input A Input B Output

0 0 0
1 0 1
0 1 1
1 1 1

NOT gate
Input Output

0 1
1 0



 

 

 
12 

 

What is inside a computer? 
 

 
Computer Systems 
A typical computer system consists of four 
main parts: input, processor, memory and 
output. 
 
Motherboard 
The motherboard of a computer system is 
used as an interface to allow the hardware 
components to communicate with the 
Central Processing Unit (CPU) and memory 
across its complex circuitry. 
 
It is the computer’s 
main circuit board, 
holding the CPU, 
memory and 
secondary storage 
(such as a hard disk 
drive or solid state 
drive) and connections 
to a computer’s ports. 

Buses 
Buses are circuits that connect the CPU to 
other components to allow the transfer of 
data and instructions. There are a number of 
dedicated buses in a computer system, 
including: the control bus, address bus and 
data bus – collectively known as the system 
bus. 
 
Bridges 
Bridges manage how data and instructions 
are transferred between the CPU, memory 
and hardware.  
 
Northbridge connects the CPU, RAM and 
GPU, whereas Southbridge connects to the 
northbridge, secondary storage drive and 
other hardware components and ports. 
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Central Processing Unit 
The CPU is also known 
as the microprocessor 
and acts as the brain of 
the computer. It 
controls most of the 
computer’s operations 
and carries out 
commands. Some CPUs have one or multiple 
processing units, known as cores. 
 
The CPU contains a number of components 
that allow it to fetch, decode and execute 
data and instructions which include: The 
Control Unit (CU), Arithmetic and Logic Unit 
(ALU), registers and cache memory. 
 
Graphics Processing Unit 
The GPU is specialised 
for image, graphics 
and video 
processing, reducing 
the demands on the 
CPU. Running faster 
than the CPU, this is 
particularly useful as it is optimised to produce 
(render) high-quality graphics for games and 
films. 
 
Primary Storage (Memory) 
Primary storage, often 
referred to as the 
computer’s memory and 
is used to store data and 
instructions. 
 
There are different types 
of memory known as Random 
Access Memory (RAM) and 
Read-Only Memory (ROM). 
Typically, RAM is found in RAM 
sticks (above), whereas, ROM is 
found on chips. Primary memory is often 
either volatile, meaning that its contents are 
lost when power is turned-off, or non-volatile. 
 
Secondary Storage 
Secondary storage is non-
volatile, meaning that its 
contents are retained, even 
when power is lost. There are 
three main types of 
secondary storage magnetic, 
solid state and optical. 
 

Typically, magnetic hard disk drives or solid 
state drives are used as the main internal 
storage for storing data, files and programs. 
Sometimes both can be found in what is 
known as a hybrid drive. 
 
Solid state drives are often faster because 
they have faster read-write speeds as a result 
of having no moving parts, compared to 
magnetic hard disk drives. 
 
Heat Sink and Cooling Fans 
 

 
 
A heat sink is placed on top of the CPU to 
cool it down by increasing the surface area 
so heat can dissipate. A cooling fan is often 
used with heat sinks to actively cool 
components by drawing in cooler air. 
 
 

Task 1  

Describe the purpose of each of the 
components of a computer system. 
 
a. Motherboard 
b. Buses 
c. Bridges 
d. Central Processing Unit 
e. Graphics Processing Unit 
f. Memory 
g. Secondary Storage  

 
 

Task 2  

Explain the difference between… 
 
a. Northbridge and Southbridge 
b. CPU and GPU 
c. RAM and ROM  
d. Magnetic hard disk drive and solid state 

drive 
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How does the Central Processing Unit operate? 
 
Von Neuman Architecture 
John von Neumann (1903-
1957) is credited with the 
idea that programs and data 
were indistinguishable and 
therefore could be stored in 
the same memory unit. 
 
The Von Neuman architecture describes a 
system in which: a program consists of data 
and instructions made up of binary digits 
which are stored together in (a single) 
memory. Instructions are fetched from 
memory serially, meaning in order, one at a 
time and within the CPU, instructions and 
data are decoded and executed, before 
fetching the next instruction in a program. 
 
Several distinct registers are used for 
processing which include the: Memory 
Address Register (MAR), Memory Data 
Register (MDR), Current Instruction Register 
(CIR) and Program Counter and 
Accumulator. 
 
Central Processing Unit 
The Central Processing Unit (CPU) processes 
data and instructions and controls the rest of 
the computer system. 
 

 
 
 
Control Unit 
The CU coordinates all 
the activities taking 
place inside the CPU.  
 

It is responsible for controlling the execution of 
instructions by following the fetch-execute 
cycle, and in particular decoding instructions 
and data. The CU also controls the flow of 
data inside and outside the CPU and 
hardware. 
 
Arithmetic Logic Unit 

The ALU is responsible for 
performing  (executing) 
arithmetic calculations 
and logical operations. 
Examples of the 
operations executed by 

the ALU include: arithmetic and bit shifting, 
logical operations (decisions using AND, OR, 
NOT) and comparative operations. 
 
Registers 
The registers are used to 
temporarily hold small 
amounts of data needed 
by the CPU. Registers are 
the most immediately 
accessible (high-speed) 
memory store in a 
computer system – faster 
the cache and primary 
storage (memory).  
 
Each register has a specific purpose: 
 
Memory Address Register (MAR): Holds the 
address of the current instruction to be 
fetched from memory, or the address in 
memory to which data is to be transferred. 
 
Memory Data Register (MDR): Holds the 
contents found at the address held in the 
MAR, or data which is to be transferred to 
memory. 
 
Current Instruction Register (CIR): holds the 
instruction that is currently being decoded 
and executed. 
 
Program Counter: Contains the address of the 
next instruction to be executed. 
 
Accumulator: Holds the data being 
processed and the results of processing. 
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Cache 
The cache is used to temporarily store 
frequently used data and instructions. It stores 
this data here so that the CPU can access it 
quickly the next time it is needed. It is a type 
of high-performance memory built into the 
CPU. Cache memory is 
slower than the registers 
but faster than RAM.  
 
There are different levels of cache memory 
with different properties which include level 1 
cache which has fast transfer rates, but small  
in capacity – used for storing the most 
frequently used data or instructions, 
compared to level 3 cache, which has 
comparatively slower transfer rates but a 
higher capacity – used for the least frequently 
used data or instructions.   
 

Von Neuman Bottleneck 
Every instruction or piece of data has 
to pass across the data bus in order 
to move from memory into the CPU 
(and back again). This is a problem 
because the data bus is a lot slower 
than the rate at which the CPU can 
carry out instructions. This is called 
the Von Neumann bottleneck.  

 
This problem is partially solved by storing 
frequently used instructions or data in the 
cache, which is closer to the CPU than the 
memory. Therefore, increasing the cache size 
will improve the CPU performance, as less 
time will be spent waiting for instructions to be 
fetched from the memory.  
 
Clock 
The clock synchronises 
all the operations of the 
CPU. The clock sends out 
an electrical pulse at a constant rate, which 
synchronises all the components – similar to a 
metronome. The frequency of pulses per 
second is known as the clock speed, which is 
measured in hertz (Hz). Typical processors run 
at a rate between 3-5GHz, which is 3-5 billion 
pulses per second. 
 
Increasing the clock speed (known as 
overclocking) can improve CPU 
performance. This allows the CPU to carry out 
more instructions per second than intended.  

However, this can cause crashes, 
overheating or permanent damage to the 
system. 
 
Multi-Core Processing 
A processing unit within a CPU is known as a 
core. Each core in a CPU can process data 
independently of any others. Each core 
contains an ALU, CU and registers.  
 
The more cores a CPU has, the more 
instructions it can carry out simultaneously (at 
the same time). Therefore, increasing the 
number of cores can improve CPU 
performance. 
 
A limitation is that programs also need to be 
designed to take advantage multicore 
processing and not all processing tasks can 
be split evenly between cores, so some cores 
may end up waiting for others to catch up! 
 

Task 1  

Answer the following questions: 
 
a. What does a program consist of? 
b. Explain what the Von Neuman 

Architecture is. 
c. Explain the main purpose of the control 

unit and arithmetic logic unit. 
d. Explain the difference between 

registers and the cache. 
e. What is the advantage and 

disadvantage of overclocking? 

 
Practice Questions  

a. Explain one reason why the cache size 
affects the performance of the CPU.  
[2 marks] 

 
b. Describe what is meant by a clock 

speed of 6.4 GHz [2 marks] 
 
c. Explain why having a dual core 

processor might improve the 
performance of the computer.  
[2 marks] 

 
d. Describe the purpose of two registers 

that are used by Von Neumann 
architecture. [4 marks] 

Cache

Clock
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What is computer memory used for? 
 
Primary Storage 
Primary storage are the memory areas that 
the CPU can immediately access. This 
includes (in order of access speeds): registers, 
cache, ROM and RAM. The closer to the CPU 
– the more quickly data (or instructions) 
stored on it, faster it can be accessed.  
 
Primary storage usually has a smaller 
capacity, compared to secondary storages 
such as magnetic hard disk drives, solid state 
drives and optical discs. Note that typically, 
the quicker the speed of the memory store, 
the smaller the capacity. 
 
 
Volatility 
Volatility is the tendency to change quickly 
and unpredictably. Its usage is often 
confused in computer science as this relates 
to how data is retained when power is turned 
off. 
 
Volatile memory loses its contents when the 
power is switched-off and therefore requires 
power to retain its data. Whereas, non–
volatile memory keeps its contents even 
when it has no power. 
 
 
Read-Only Memory 
Read-Only Memory, known as ROM, is a non-
volatile (permanent) memory that retains its 
contents even when it has no power. This 
means that data can be read from, but not 
written to. 
 
ROM is often used to store the BIOS (Basic 
Input-Output System) instructions. These are 
the initialisation instructions used when a 
computer is switched-on. 
 
ROM chips are built into the motherboard 
and often use flash memory – the same type 
used in SSDs. The permanent software 
programmed onto ROM chips is known as 
firmware – because it permanently (and 
firmly) programmed software that cannot be 
changed or deleted. 

 

 
 

Although ROM is read-only, EEPROM (short for 
Electronically Erasable Programmable ROM) 
allows the contents of the chip to be 
changed or erased (flashed), so that the 
firmware can be updated. 
 
 
Booting Up 
Booting-up means to start up a computer 
system so it will be ready for use. When a 
computer is powered on, the CPU reads and 
executes the BIOS instructions from the ROM. 
 
BIOS instructions check the computer’s 
hardware is functioning correctly and loads 
the Operating System (OS) from secondary 
storage into the RAM. Without storing the BIOS 
instructions in ROM, the computer would not 
know what to do when switched on! 

 

 
 
Although users are presented with a starting-
up screen there is a lot taking place behind 
the scenes! These machine code instructions 
tell the computer to perform self-checks, 
initialise hardware and copy the OS into the 
RAM. The progress bar displayed on-screen 
hides the complexity of all of the processes 
taking place. 
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Random Access Memory 
Random Access Memory, known as RAM, is a 
volatile (temporary) memory that loses its 
contents when power is removed. RAM is 
given the term ‘random access’ because 
data can be stored and accessed from any 
memory location. 
 
RAM is used to store data and instructions 
that are being processed by the CPU, as well 
as files and applications while they are being 
used – this also includes the OS. The contents 
of RAM can be changed at any time, simply 
by overwriting them with other data and/or 
instructions. 
 
When a computer boots up, the operating 
system is copied from secondary storage to 
RAM. Similarly, when applications, documents 
and files are opened they too are also 
copied from secondary storage to RAM - 
until they are closed. 
 
The more RAM a computer has, the more 
data and instructions (programs) it can hold 
simultaneously. RAM can also be upgraded 
easily, unlike other types of primary storage 
(memory). 
 

 
 
 
Virtual Memory 
Virtual memory is used when there is no more 
RAM available. There are times when the 
amount of RAM needed to hold all 
running programs and data is greater than 
the amount of RAM available to the 
computer. This may happen if there are too 
many applications open at once, if a 
memory intensive application is being run, or 
both. 
 
During this time the CPU moves data that is 
not currently being used, to a specific 
location in the hard disk drive reserved for 
virtual memory temporarily. This frees up room 
in RAM for other data and instructions.  
 

When the data on the hard disk drive is 
needed again, any other unused data is 
transferred to the hard disk before the original 
data is transferred back to RAM. This process 
is known as swapping. 
 
Using virtual memory makes a computer run 
slower, as the CPU has to wait while data is 
swapped between hard disk drive and RAM. 
As secondary storage 
devices have slower 
read/write speeds than 
RAM, the computer's 
processing performance 
can be severely impaired 
and thus can make the 
computer slow to respond.  
 
 

Task 1  

Answer the following questions. 
 
a. What is primary storage? 
b. Explain the difference between volatile 

and non-volatile. 
c. What is typically stored in ROM? 
d. What is firmware? 
e. Explain what happens when a 

computer boots up. 
f. Explain what ‘swapping’ is. 
g. What is stored in RAM? 
h. Explain how virtual memory works. 

 
Practice Questions  

a. Explain what is meant by the 
term volatile memory. [1 mark] 

 
b. Explain why upgrading the RAM would 

improve a computer’s performance.  
[2 marks] 
 

c. Describe what is meant by virtual 
memory and state why it is needed.  
[3 marks] 

 
d. Describe the purpose of ROM and RAM 

in a computer. [4 marks] 
 
e. Describe two differences between 

ROM and RAM. [4 marks] 
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How can data be stored even when the power is 
off? 
 
Secondary Storage 
Secondary storage devices are non-volatile 
and are used to store data, files and 
applications (programs) indefinitely. Without 
secondary storage these would be lost when 
the computer is switched off. 
 
In general, secondary storage has slower 
read/write access speeds than primary 
storage, but holds more data, so is said to 
have a higher capacity. The characteristics of 
importance when discussing storage include: 
capacity, (read/write) speed, portability, 
durability, reliability and cost. 
 
There are many forms of secondary storage 
and each type of secondary storage device 
has its own characteristics. Because all 
devices are different, some are more suited 
to certain applications than others. 
 
Not all computers require secondary storage. 
Embedded computers, such as those found in 
a digital watch or central heating system, do 
not need to store data when the power is 
turned off. The instructions needed to run 
them are stored in ROM and any user data is 
held in RAM. 
 
Secondary storage devices are generally 
separated into three types: magnetic, solid 
state and optical storage. 
 
Magnetic Storage 
A hard disk drive (HDD) is an example of 
magnetic storage. Hard disk drives consist of 
a stack of disks, known as platters, which spin 
at very high speeds – between 5,400 and 
15,000 RPM. Platters are divided up into 
(concentric) tracks and each track further 
divided into sectors. 
 
Each disk is coated in a magnetic material 
and iron particles on the surface of the 
platters are polarised by an electromagnet 
on the read-write heads as they pass over the 
surface of the disk. The polarity of the 
particles, either north or south, represent 1’s 
and 0’s. 
 

 
 

Hard disk drives typically have a high 
capacity and are comparatively cheaper 
(per GB) than other secondary storage. 
However, they are susceptible to damage if 
dropped. 
 
Another example is magnetic tape, which is 
often used by businesses and large 
organisations for backing up large amounts 
of data.  
 

 
 
Solid State Storage 
Solid state devices (SSD) use non-volatile RAM 
to store data. They use flash memory which 
works by trapping electrons using floating 
gate transistors restricting the electron flow 
within it. This gate effect continues even 
when power is removed. 
 
They tend to have much faster access times 
than other types of device and, because 
they have no moving parts, are more durable 
and portable. However, solid state storage is 
comparatively expensive (per GB) and has 
fewer read/write cycles, compared to hard 
disk drives and optical media. 
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SD cards, USB sticks and 
EEPROM chips also use flash 
memory. And often flash 
memory is used for data 
storage in smartphones, tablets, 
cameras and other embedded 
systems, especially in laptops as 
SSDs. 
 
Optical Storage 
CD, DVD and Blu-Ray discs are examples of 
optical media.  
 
Optical storage devices move a laser to scan 
the underside of a spinning disc. The disc 
surface is divided into tracks, with each track 
containing pits and flat areas known as lands.  
 

 
 
When the laser shines on the disc surface, pits 
scatter the laser beam, whereas lands reflect 
the light back into an (optical) sensor. Pits, 
which do not reflect, represent 0’s and lands, 
which reflect, represent 1’s. 
 

 
 
A CD can hold around 700MB of data, DVDs 
can hold around 4.7GB and Blu-Ray can hold 
around 25GB. They come in three formats:  
 
-ROM (Read-Only Memory) which cannot be 
written to. 
 
-R (Recordable) which data can be written to 
once. 
 
-RW (Re-Writeable) which data can be 
written to and erased many times. 
 
 

Optical discs are cheaper (per GB), portable 
and although they will not be damaged by 
water or shocks, they are easily scratched 
and will degrade over time so are not as 
durable as HDDs or SSDs. Also note that in 
recent years, their use is declining. 

 
Task 1  

Answer the following questions. 
 
a. Explain how a magnetic hard disk drive 

operates. 
b. What are the advantages of solid state 

compared to magnetic hard disk 
storage? 

c. Explain how an optical drive operates. 
d. What are the disadvantages of optical 

storage? 

 
Practice Questions  

a. Define what is meant by ‘secondary 
storage’. [1 mark] 

 
b. Identify three common secondary 

storage technologies. [3 marks] 
 
c. Explain one reason why a secondary 

storage device is needed in most 
computer systems. [2 marks] 

 
d. Explain why a digital video camera 

needs a secondary storage device.  
[2 marks] 

 
Explain why solid state storage is the 
most appropriate type of storage for 
the digital video camera. [2 marks] 
 

e. Describe the characteristics of 
magnetic and solid state secondary 
storage. [6 marks] 
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What is the difference between variables and 
constants? 
 
Variables 
Variables are used to store data in your 
program. When you create a variable, an 
area of the computer’s memory is reserved 
for you, and the data is stored in it. 
 
By using a name (identifier), the programmer 
can assign, retrieve and manipulate data 
without knowing what the data will be. The 
value assigned to the variable can be 
changed at any time while the program is 
running. 
 

Variable: An identifier associated with a 
memory location, used to store data, which 
can be changed at while the program is 
running. 

 
A box analogy is often 
used to describe variables 
because you can: 
 
• Name a variable, so 

you can identify it 
• Use a variable to store 

and recall data 
• Process and manipulate the data stored 

in a variable 
• Change the contents of the variable at 

anytime 
 
A variable’s name is known as an identifier. 
The identifier given to a variable usually 
follows certain rules: 
 
• It can contain letters and numbers - but 

must start with a letter. 
• It must contain at least one letter (at the 

start of the name). 
• It must not contain spaces, symbols or 

punctuation. However, an underscore 
can be used. 

• It must not contain words Python uses as 
commands, such as "print" and “quit”. 

• It should be consistently named using 
either: 🐫 Camel Case (e.g. firstName) or 
🐍 Snake Case (e.g. first_name) 

• The name should be meaningful - it 
should represent the value it is holding. 

 

Variables make it easy for a programmer to 
use memory locations. The computer keeps 
track of which memory location the variable 
refers to. All the programmer has to do is 
remember the identifier the variable was 
given. 
 

 
 
Variables are used in video games as things 
like the score, lives and health are variables 
that constantly change. If you make a 
mistake you lose health or a life, which would 
decrement the values stored. But you can 
also gain lives and health by collecting items, 
incrementing the values stored. 
 
 
Declaration and Assignment 
Some programming languages require a 
variable to be identified before a value is 
assigned to it. This is known as declaring a 
variable. Giving a variable a value is known 
as assignment. 
 
// This would declare a variable 
called score which will hold 
integers. 
 
score as integer 
 
// This would assign the value 0 to 
the variable score. 
 
score = 0 

 
Some programming languages, such as 
Python, enable variables to be declared and 
assigned a value in the same line of code. 
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Any variables that are going to be used need 
to be declared.  This usually takes place at 
the beginning of a program or within a 
subroutine. 
 
Assignment is shown using an equal to 
symbol. Note that strings are assigned using 
speech marks around the value to be stored.  
 
x = 12 
name = "Louise" 

 
 
Constants 
Are a bit like variables, except that constants 
store values that cannot be changed when 
the programming is running. 
 

Constant: A special type of variable that 
has a fixed value, that cannot be changed 
when the program is executed. 

 
Constants are useful because they are 
declared and assigned once but can be 
referred to over and over again throughout 
the program. They are used for values that 
are unlikely to change, for example: 
 
const PI = 3.142 
 
const VAT = 0.20 

 
To indicate a constant the keyword const is 
used followed by identifier written in capital 
letters. 
 
It is generally more efficient to use constants 
because the data is inserted directly into the 
program code, rather being stored in 
memory. 
 
 

Task 1  

Write pseudocode statements to: 
 
a. Assign the value 11 to the variable 

year_group. 
b. Assign the Boolean value false to the 

variable game_over. 
c. Assign the text value BLUE to the 

variable colour. 

d. Increase the number_rooms variable 
by 4. 

e. Assign the multiplication of variables 
class_size and number_rooms to 
total_children. 

f. Assign the value 7 to the constant 
days_in_week. 

g. Assign the value 24 to the constant 
hours_in_day. 

 
Task 2  

Write a program that will: 
 
a. Ask the user to input three numbers. 
b. Multiply the first two numbers together. 
c. Divide the product by the third number. 
d. Output the message “The total is " 

followed by the total. 

 
Task 3  

Write a program that will: 
 
a. Assign the conversion rate 1.28 to a 

constant called ‘rate’. 
b. Ask the user to input the amount of UK 

pounds they want to convert to USD. 
c. Calculate the conversion. 
d. Output the converted amount. 

 
Task 4  

Write a program that will: 
 
a. Assign the value of 20% to a constant 

called ‘VAT’. 
b. Ask the user to input the price of an 

item. 
c. Multiply the price by the VAT 
d. Output the total cost. 

 
Task 5  

Write a program that will: 
 
Use the constant value of PI and the radius 
of a circle (input by the user) to calculate 
the: Area of a circle (𝜋 x radius2 ), diameter 
of a circle (radius x 2) and circumference 
of a circle (𝜋 x diameter ) 
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How are operators used in programming 
statements? 
 
Operators 
An operator is a character, or characters, 
that determine what action is to be 
performed or considered. They allow a 
program to change or compare the values 
stored. The data on which it performs the 
action is called the operand. 
 
Arithmetic Operators 
Computers are designed to perform 
mathematical calculations. Arithmetic 
operators allow arithmetic to be performed 
on values. 
 

 
 
Exponentiation is expressing one number 'to 
the power of' another. For example, you can 
square a number (in this case, 3) like this: 
 
3 ^ 2 = 9 

 
Real Division works as you might expect if you 
were to perform a division on a calculator — 
it divides one value by another and returns a 
real number. 
 
5 / 2 = 2.5 

 
Integer division (known also as floor division) 
also divides one value by another, but 
instead of returning a decimal, it returns an  
integer quotient and discards any remainder. 
 
5 DIV 2 = 2 

 

To find the remainder, you would use the 
modulo operator, which divides one value by 
another and returns the integer remainder. 
 
5 MOD 2 = 1 

 
Order of Operations 
The order of operations means the order in 
which operations will be performed.  
 

 
 
In maths, the mnemonic BIDMAS is used. 
Calculations within brackets should always be 
calculated first.  After that, any other 
calculations should take place, followed by 
division/multiplication, then 
addition/subtraction – in that order. 
 
Integer Division and Modulo 
Integer division can be used for calculating 
how many times a number can completely fit 
into another. 
 
// This program calculates how many 
// classes of 30 given the number 
// of pupils. 
 
pupils = input("Enter the total 
number of pupils: ") 
classes = pupils DIV 30 
if pupils MOD 30 != 0: 
    classes = classes + 1 
    print(groups) 
else: 
    print(groups) 
endif 

 

Arithmetic Operators

Addition 1 + 9

Subtraction 8 - 2

Multiplication 3 * 7

Division 4 / 6

Exponentiation 5 ^ 5

Integer Division 24 DIV 6

Modulo 24 MOD 6

Brackets   (  ) (  )

Exponents 23 2^3

Multiplication  x *

Division   ÷ /

Addition   + +

Subtraction   – -
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Modulo can be used to calculate if a number 
is odd or even and used to ‘wrap’ letters of 
the alphabet in a Caesar Cipher or numbers 
for example when calculating the 12-hour 
time, given a 24-hour input. 
 
// This program calculates if an  
// input number is odd or even. 
 
number = input("Enter a number: ") 
remainder = number MOD 2 
if remainder == 0: 
    print(number + " is even.") 
else: 
    print(number + " is odd.") 
endif 

 
Comparison Operators 
Comparison operators allow you to compare 
values. They are used in condition testing. 
 

 
 
Comparison operators evaluate whether the 
statements are True or False. 
 
Boolean Operators 
Boolean operators allow you to perform 
logical comparisons between values, 
allowing for more complex decisions to be 
made. 
 

 
 
Like comparison operators, Boolean 
operators evaluate whether a statement is 
True or False. 
 

Task 1  

Evaluate the following expressions both 
with and without brackets: 
 
a. 5 + 5 * 5  (5 + 5) * 5 
b. 8 + 4 * 6 – 5 8 + 4 * (6 - 5) 
c. 2 * 32 + 46  2 * (32 + 46) 
d. 48 / 14 – 8  48 / (14 – 8) 
e. 60 * 15 – 3  60 * (15 – 3) 

 
Task 2  

Write a program that will: 
 
a. Ask the user to input two numbers. 
b. Divide the 1st number by the 2nd 

number using integer division and 
modulus. 

c. Output the answer as ”A divided by B is 
X remainder Y”. 

 
Task 3  

Evaluate the following expressions without 
a computer: 
 
a. (3 >= 80) AND (23 <= 82) 
b. (75 <=  83) OR (44 <= 49) 
c. NOT (85 != 85) 
d. (86 <= 79) AND (73 ≠ 36) 
e. (77 != 46) OR (0 < 79) 
f. NOT (4 <=  23) 
g. (6 < 52) AND (80 >= 38) 
h. (63 >=  92) OR (9 < 38) 
i. NOT (13 <=  57) 
j. (NOT (73 >= 41)) or (NOT (94 <= 38)) 

 
Task 4  

Write a program that will calculate flooring: 
 
a. Assign the value 12.00 to a constant 

called ‘m2’. 
b. Assign 10% to a constant called 

’wastage’. 
c. Assign the value 1.55 to a constant 

called ‘coverage’ 
d. Ask the user to input the length and 

width or a room. 
e. Calculate the area of the room. 
f. Calculate the cost of flooring the room 

and how many packs will be needed. 

 

Comparison Operators

Equal to 9 == 9

Not equal to 5 != 7

Less than 3 < 6

Less than or equal to 2 <= 10

Greater than 8 > 4

Greater than or equal to 6 >= 2

Boolean Operators

AND (3 < 5) AND (2 > 1)

OR (1 > 8) OR (2 = 2)

NOT NOT (5 > 8)
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What are data types? 
 
Data Types 
In a computer program, each variable must 
have a data type which will determine what 
type of value the variable will hold. 
 
There are five main data types you need to 
know: 
 

Data Type Description Example 

Boolean 

A data type for 
that can only 
have one of two 
values, either True 
or False. 

True 
False 

Real 

A numerical data 
type for numbers 
with decimal 
parts. 

13.6 
27.5 

Integer 
A numerical data 
type for whole 
numbers. 

5 
27 

Character 
A single 
alphanumeric 
character. 

"A" 
"F" 

String 

A data type for 
text, consisting of 
one or more 
alphanumeric 
characters (i.e. 
letters, numbers 
spaces and 
symbols). 

"ABC" 
"Hi!" 

 
Boolean: This can only have one of two 
values.  These values are “True” or “False”.  
This can also be represented as “Yes” or “No”. 
 
Real: Real numbers include decimal places.  
Sometimes they are also sometimes called 
floating point or float. 
 
Integer: This is a number data type.  Integers 
are whole numbers.  
 
Character: This can be a letter, symbol or 
number.  You can find a list of characters by 
looking at this ASCII table.   
 

String: A string of data is a set of characters.  It 
is often used to encompass the following 
data types: 
 
A good mnemonic to 
remember the five main 
data types is BRICS: 
 
The string data type 
holds characters that 
can be letters and/or 
numbers. There are 
limitations on some 
data types, for example 

integers and reals cannot be concatenated 
(meaning joined together) and numbers held 
in strings cannot be subject to mathematical 
operations. 
 
Integers and reals should only be used where 
numbers are needed for mathematical 
operations. For storing telephone or ID 
numbers, it would be better to use a string 
rather than a numerical data type as they do 
not represent a number nor can 
mathematical operations be performed on 
them. 
 
 
Memory Usage 
Each data type is allocated a different 
amount of memory. Using the correct data 
types makes code more memory efficient. 
 

Data Type Typical Amount of Memory 

Boolean 1 bit is needed (but 1 byte is 
usually used) 

Real 4 bytes or 8 bytes 

Integer 2 bytes or 4 bytes 

Character 1 byte 

String 1 byte for every character in 
the string 
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Task 1  

State whether each of the following 
statements is true or false: 
 
a. Strings are a data type for storing 

alphanumeric characters, spaces and 
symbols. 

b. Integers are fractions of a number. 
c. Characters are indicated using 

quotation marks. 
d. Boolean values True and False can also 

be represented by 1’s and 0’s. 
e. Integers require 4 bytes or 8 bytes of 

memory per number. 
f. Real numbers require 1 byte of memory 

per number. 
g. Boolean values could be stored using 1 

bit, however more often 1 byte is used. 
h. Strings require 1 byte per character. 

 
 
Casting 
Sometimes a programmer needs to change 
the data type of a value stored in a variable. 
Casting means changing the data type of a 
piece of data from one type to another.  
 
To convert the integer to a string: 
 
str(345) 

 
To convert a string to an integer: 
 
int("3") 

 
To convert a string to a real/float: 
 
real("4.52") 
float("4.52") 

 
To convert a string to Boolean: 
 
bool("True") 

 
You can also cast numeric data types to 
strings. This is useful when you want to use 
concatenation to display a message that 
contains the value from a variable: 
 

 
num = int(input("Enter number: ")) 
result = num * 2 
print(str(num) + " doubled is " + 
str(result)) 

 
Character Code Conversion 
Character codes used in Unicode and ASCII 
can be converted to their corresponding 
character and vice versa.  
 
This would be useful for creating a validation 
algorithm that would check each character 
in a string (containing an email address) for 
the presence of an @ symbol. It would do this 
by comparing each character’s code to the 
character code for an @ symbol. 
 
To convert a character to its character code: 
 
asc("@") will return 64 

 
To convert a character code to its character: 
 
chr(64) will return "@" 

 
 

Task 2  

Convert the following data types using 
casting: 
 
a. Convert the integer 5 to a string 
b. Convert Boolean False to a string. 
c. Convert the real 1.0 to Boolean. 
d. Convert the string “3.159” to a real. 
e. Convert the real 7.4 to an integer. 

 
Task 3  

Write a program that will: 
 
a. Ask the user to input a character. 
b. Compare the ASCII character number 

to the ranges of ASCII character 
numbers. 

c. Output whether the character entered 
was a lowercase or capital letter, a 
number or symbol. 

 
Tip: Use an ASCII table to find the ranges of  
character codes (e.g. 65-90 for uppercase)  
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How can you find, change and convert data 
stored in a string? 
 
There are various ways to find, change or 
convert information about data which is 
stored as a string. 
 
Concatenation 
Concatenation means to join two or more 
strings together. In programming, it is often 
used to join the values assigned to variables 
so that they can be displayed on-screen in a 
meaningful way. 
 
The symbol used for concatenation in many 
programming languages is a plus sign (+).  
 
name = input("Enter your name: ") 
print("Hello " + name) 

 
If a space is not included within the strings, 
there will not be a space between joined 
values. 
 
one = "Computer" 
two = "Science" 
print(one + two) 

 
This would return "ComputerScience". Here 
are two ways in which this could be modified 
to include spaces (i.e. "Computer 
Science"): 
 
print(one + " " + two) 

 
print(one + " Science") 

 
 
Length 
One of the most important properties of a 
string is its length, which is determined by 
counting the number of characters including 
spaces and symbols. The length of a string 
can returned using the length method. 
 
subject = "ComputerScience" 
subject.length will return 15 

 
Substring 

Sometimes, you might want to find part of a 
string, known as a substring. 
 
Below is a representation of the string 
‘lovelace’ with the index positions of the 
characters - notice that indexing starts at 0. 
 

 
Each character, or even a group of 
characters can be accessed using substring 
and references to the indices. 
 
To return the string "love": 
 
name = "lovelace" 
name.substring(0,4) 

 
To return the string "ace": 
 
name.substring(5,3) 

 
Like length, substring uses a method which 
act on an object (in this case the string) and 
are called using the object’s name followed 
by a dot and the method’s name. 
 
Within the substring method the first 
parameter (the value inside of the brackets) is 
the starting index and the second parameter 
is the number of characters. 
 
There are also alternative substring methods 
that can be use that target the beginning 
and end of a string. The latter is particularly 
useful when you do not know the length of 
the string. 
 
name.left(4) will return "love" 
name.right(3) will return "ace" 

 
The left and right methods take one 
parameter, which is the number of characters 
from the corresponding side of the string. 
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Task 1  

Apply substring methods to the string 
"supercalifragilisticexpialidocious" to return: 
 
a. "super" 
b. "fragilistic" 
c. "docious" 

 
 
String Transformation 
It is possible to change all letters in a string to 
either lowercase or uppercase. 
 
To return a value in uppercase: 
 
name = "tom jones" 
name.upper will return "TOM JONES" 

 
To return a value in lowercase: 
 
name = "RINGO STARR" 
name.lower will return "ringo 
starr" 

 
 
The Problem with People 
Unfortunately for programmers, end-users are 
not very reliable when it comes to computer 
use. They can either mistakenly or 
purposefully enter incorrect data, which 
could cause a program to stop working.  
 
Fortunately, programmers and computer 
scientists are much more reliable than the 
average user! 
 

 
 
Validating data can help to fix input errors 
before they cause the program to stop 
functioning. 
 

If an end-user input their name as "cLiFf 
RiCHArd" into the following program, the 
program would print "CLIFF RICHARD" on-
screen, removing any inconsistencies. 
 
name = input("Enter your name:") 
print(name.upper) 

 
 

Task 2  

Write a program that will: 
 
a. Ask the user to input a short phrase 
b. Output the phrase twice in: all 

uppercase and all lowercase. 

 
 

Task 3  

Write a program that will generate a unique 
user ID by asking the user to input: 
 
a. Surname 
b. Date of Birth 
c. Door Number 
d. Postcode 
 
For example, the user ID "SMIT74556PQ" will 
be generated for Mr. Smith (17/07/74), who 
lives at door 55, EN3 6PQ. 
 
Use string transformation to ensure the 
assigned values for the surname, house 
and postcode are all displayed in 
uppercase characters. 

 
 

Task 4  

Write a program that will: 
 
a. Ask the user to input an email address. 
b. Use a loop to traverse through each 

character of the string and check 
whether it is an “@” symbol. 

c. If an “@” symbol is present then after 
traversing through the entire string, 
output “valid email address”. If not 
present, output “invalid email address”. 
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What is selection and how is it used? 
 
In programming, there are occasions when a 
decision needs to be made. Selection is the 
process of making a decision. The result of the 
decision decides which path the program will 
take next. 
 
The idea of selection is that some program 
statements will only run sometimes. A question 
is asked that requires an answer of True or 
False and the program will choose one of two 
outcomes, depending on the answer. 
 
IF-THEN statements will check if a condition is 
True or False and perform an action if the 
condition is True. If false, the statement is 
ignored, and the program will continue. 
 

 
 
 
IF-THEN-ELSE statements have three parts: 
 

 
 
 
This can be represented using a flow 
diagram: 

 
 
 

For example, a program 
could tell a user whether 
they are old enough to 
vote. If the user's age 
meets the required voting 
age, the program would 
follow one path and 
execute one set 
of instructions. Otherwise, it would follow a 
different path and execute a different set of 
instructions. 
 
age = int(input("Enter your age")) 
if age >= 18 then 
    print("You can vote") 
else 
    print("You cannot vote yet") 
endif 

 
Here’s another example in where a password 
input by the user will be compared against 
the value “abc123”. If they are the same 
“access granted will be displayed, but if not 
“access denied” will be displayed on-screen. 
 
password = input("Enter password") 
if password = "abc123" then 
    print("Access granted") 
else 
    print("Access denied") 
endif 

 
Note the use of indentation to clearly 
indicate the out of line code and the use of 
endif at the end of the statement.  
 
ELSE-IF statements are used to check multiple 
conditions in a sequence. It is the same as 
placing multiple IF-THEN statements after 
each other. They only check more conditions 
if the previous condition is False. 
 
A statement might look like this but could 
contain any number of conditions. 
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1. First condition  
2. Outcome if the 1st condition is True 
3. Second condition 
4. Outcome if the 2nd condition is True 
5. Outcome if the all the previous conditions 

are False. 
 
This can be represented using a flow 
diagram: 

 
 
Case Statements 
Some programming languages use SWITCH-
CASE statements to allow for more options, 
instead of having to use ELSE-IF statements. 
SWITCH-CASE statements are also very useful 
where users have to select an item from a list, 
for example, in a menu. 
 
day = input("Enter the day: ") 
switch day: 
    case "saturday": 
        print("weekend") 
    case "Sunday": 
        print("weekend") 
    default: 
        print("weekday") 
endswitch 

 
Nested selection  means that if a condition of 
a main selection block evaluates to True, 
then it leads to sub-conditions which are 
included inside that condition. 
 

Task 1  

Write a program that will: 
 
Check whether the value assigned to the 
variable speed is greater than or equal to 
30. 

 
Task 2  

Write a program that will: 
 
Ask the user to input the name of a day of 
the week and will return whether it is a 
weekday or weekend. 

 
Task 3  

Write a program that will: 
 
Generate two random numbers between 1 
and 6 to represent the throw of two dice.  
 
If the numbers are equal it will say: “You 
threw a double …”. If the numbers are not 
equal, then it should say “X and Y are not 
doubles.” 

 
Task 4  

Write a program that will: 
 
Ask the user to enter a character and will 
output whether it is an: uppercase, 
lowercase, number or symbol. 

 
Task 5  

Students are assigned the following grades 
based upon the total marks for two 60-
mark exam papers. 
 
110-120 marks is an A+, 95-109 is an A,  
80-94 is a B+, 75-79 is a B, 55-74 is a C+,  
35-54 is a C and anything below 35 is an F. 
 
Write a program that will: 
 
Calculate the appropriate grade. Use the 
following test data to check your program 
works: (a) 55 and 45; (b) 60 and 52;  
(c) 60 and 30; (d) 40 and 30; (e) 25 and 25. 
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What is iteration and how is it used? 
 
There are times when a program needs to 
repeat certain steps until told otherwise, or 
until a condition has been met. This process is 
known as iteration. 
 
Iteration is also often referred to as looping, 
since the program ‘loops’ back to an earlier 
line of code. Sections of codes that are 
iterated are called loops. 
 
Iteration enables programmers to greatly 
simplify a program. Instead of writing out the 
same lines of code again and again, a 
programmer can write a section of code 
once, and ask the program to execute it 
again and again until no longer needed. 
 
There are two ways to determine how many 
times a loop will repeat: count-controlled 
loops and condition-controlled loops. 
 
Count-Controlled Loops 
Count-controlled iteration repeatedly 
executes a section of code a fixed number of 
predetermined times. It uses the 
statements for and next to determine what 
code is repeatedly executed and how many 
times. 
 
A FOR loop can be used in two ways: to 
repeat a block of code a predefined number 
of times, or to cycle each item in a list. 
 
To print the numbers 1 through 10: 
 
for i = 1 to 10 
    print(i) 
next i 

 
To print the word "Loop" 10 times: 
 
for i = 0 to 9  
    print("Loop") 
next i 

 
For the above examples the counter is ‘i’, but 
this can be replaced with variable name 
(identifier) of your choice. 
 
 

Specifying a negative end value or step 
count can have some interesting results! In 
the following examples, a step value is 
specified after the start and end values. This is 
useful for counting in multiples. 
 
To print the numbers 10 through 0, followed 
by the word “Blastoff”: 
 
for i = 10 to 0 step -1 
    print(i) 
next i 
print("BLASTOFF!") 

 
To print even numbers from 0 to 20: 
 
for i = 0 to 20 step 2 
    print(i) 
next i 

 
Note that the step command can be used 
to increment or decrement the loop by any 
positive or negative integer value. 
 

Task 1  

Write a program that will output the 
following numbers: 
 
a. 1 to 20  b. 10 to 20 
c. 1 to 100 d. 333 to 555 
e. 50 to 10 f. 0 to -20 
g. multiples of 5, up to 60 
h. multiples of 3, up to 777 
i. odd numbers, up to 256 

 
Task 2  

Write a program that will: 
 
a. Ask the user to enter five different 

numbers using a FOR loop. 
b. Calculates the total of the numbers. 
c. Calculates the average of the 

numbers. 
d. Outputs both the total and average. 
 
Extend your program by asking the user 
how many numbers they want to enter. 
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Task 3  

Write a program that will: 
 
Ask the user for a start number and an end 
number.  Display all the numbers from start 
to end on-screen. 

 
Nested Iteration 
Nested iteration is when a loop is included 
inside another loop. The inner loop will be 
executed for all the iterations of the outer 
loop.  
 
It is very useful for iterating over the contents 
of more complex data structures, such as 
two-dimensional arrays, and for implementing 
sorting algorithms, such as bubble sort.  
 
They are also useful for generating 
combinations too. For example, to show all 
the possible combinations of red, blue and 
green shirts and shoes you could use the 
following algorithm: 
 
// array indexing starts at 0 
 
array rgb = ["red","green","blue"] 
 
for shirt = 0 to 2 
    for shoe = 0 to 2 
        print(rgb[shirt] +  
        " shirt and " +  
        rgb[shoe] + " shoes") 
    next shoe 
next shirt 

 
Task 4  

Write a program that will: 
 
Show all the possible combinations of 
sandwiches, snacks and drinks in a meal 
deal using nested iteration. 
 
Sandwiches: Cheese, Chicken, Tuna, Ham 
Snacks: Crisps, Chocolate, Fruit, Snack Bar 
Drinks: Water, Juice, Smoothie, Soft Drink 

 
 
 
 
 
 

Task 5  

Write a program that will: 
 
Output the 1-12 multiplication tables using 
nested iteration. 

 
Condition-Controlled Loops 
Condition-controlled iteration repeatedly 
executes a section of code until a condition is 
met - or no longer met. There are two types of 
condition-controlled iteration: WHILE and DO-
UNTIL Loops. 
 
In condition-controlled loops, the condition 
can be either at the beginning of the loop 
(pre-condition) or at the end of the loop 
(post-condition). 
 

  
 
WHILE loops have their condition at the 
beginning of the loop and keep going while 
the condition is True. The code inside the loop 
will not be executed if the condition is initially 
False and if the condition is always True, an 
infinite loop can be created. 
 
correct = False 
while correct == False 
    q1 = input("What colour is the  
    sky?") 
    if q1 = "blue" then 
        correct = True 
    endif 
endwhile 
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The example above uses a flag (in this case 
correct) to control the flow of the loop, as 
once the state of the flag has changed then 
the loop will stop before the next iteration. 
 
DO-UNTIL loops have their condition at the 
end of the loop and keep going until the 
condition is True. The code inside the loop will 
be executed at least once if the condition is 
initially False and if the condition is always 
False, an infinite loop can be created. 
 
arrived = "no" 
do 
    arrived = input("Are we there  
    yet?") 
until arrived = "yes"  

 
Infinite Loops 
Condition-controlled loops can be written 
(either deliberately or by accident) to 
continue forever. This is known as an infinite 
loop. In the example, True will always be True. 
 
while True == True 
    OUTPUT "on and on and " 
endwhile 

 
The difference between loops 
The below example demonstrates the 
difference between the two types of 
indefinite iteration. 
 
count = 1 
while count < 5 
    print(count) 
    count = count + 1 
endwhile 
 
// Outputs 1, 2, 3, 4 

 
If you implement the same instructions using a 
DO-UNTIL loop (that checks the condition at 
the end of each loop): 
 
count = 1 
do 
    print(count) 
    count = count + 1 
until count > 5 
 
// Outputs 1, 2, 3, 4, 5 

 

Task 6  

Write a program that will: 
 
Infinitely display random binary numbers 
(1’s and 0’s) until the user terminates the 
program. 

 
Task 7  

Write a program that will: 
 
Ask the user for a number and while the 
number is still at least 1, keep dividing it by 
5.  Display the final value of the number. 

 
Task 8  

Write a program that will: 
 
Ask the user for a password.  The password 
must be “letmein”.  If the password is 
wrong, then inform the user and ask for the 
password again. 

 
Task 9  

Write a program that will: 
 
Display the following: 

1 
22 
333 
4444 

 
Up to the maximum number chosen by the 
user. 

 
Task 10  

Write a program that will: 
 
Choose a cup titled A, B or C and 
repeatedly compare this to a choice input 
by the user. 

 

 


