
Unit 1: Boolean algebra

Key terms

Term Definition
Central 
processing 
unit (CPU)

The main component in a 
computer for processing data and 
instructions.

Control unit 
(CU)

Directs the flow of instructions 
and/or data and coordinates 
the other parts of the CPU. It 
generates clock ticks.

Arithmetic 
logic unit 
(ALU)

The ALU performs all the 
mathematical calculations / logical 
operations in the CPU.

Cache Incredibly fast, but very expensive 
volatile memory used by the CPU

Registers Fast access storage locations 
found on the CPU where data or 
control information is temporarily 
stored.

Program 
counter (PC)

A counter that keeps track of the 
memory address of the instruction 
to be executed next.

Current 
instruction 
register (CIR)

A temporary holding area for the 
instruction that has just been 
fetched from memory.

Accumulator 
(ACC)

A register for temporary storage 
of arithmetic and logic data in the 
CPU.

Memory 
address 
register 
(MAR)

Stores the address in the main 
memory that is currently being 
read or written.

Memory 
data register 
(MDR)

Stores the data in the main 
memory that is currently being 
read or written.

Memory Used for the temporary storage of 
currently running programs and 
data.

Architecture and fetch execute cycle

The typical Von Neumann architecture

The Fetch-Decode-Execute (FDE) cycle

Fetch
• The address of the next instruction is copied from RAM into the 

register (PC to the MAR)

• The instruction (at that address) is copied to the MDR

• The PC is incremented (so that it holds the address of the next 
instruction)

Decode
• The MDR is copied into the Current Instruction Register (CIR)

• The instruction / data (opcode / operand) is decoded.

Execute
• The instruction is carried out

• Each stage is designed to happen concurrently to maximise 
resources use (clock ticks and memory)

Input Output

Memory

Register Control Unit

ALU

CPU

Different types of memory
• In the FDE cycle, instructions and data 

are loaded from main memory (random 
access memory or RAM) 

• Memory runs a lot slower than the 
processor and so a lot of time is wasted 
because of the speed mismatch

• Frequently used data and instructions 
are copied into the cache and when 
the processor needs this data, it can 
be retrieved much faster than if it were 
stored in main memory.

Features of cache memory 
• typically integrated with the CPU or 

placed on a separate chip or located 
between the CPU and memory

• categorised as “levels” that describe its 
closeness and accessibility to the CPU:

 ◦ Level 1 (L1) cache is extremely fast 
but relatively small, and is usually 
embedded in the CPU

 ◦ Level 2 (L2) cache often has a higher 
capacity than L1 and may be located 
on the CPU or on a separate chip so 
that it is not slowed down by traffic on 
the main system bus

 ◦ Level 3 (L3) cache is typically 
specialized memory that works to 
improve the performance of L1 and 
L2. L3 cache can be significantly slower 
than L1 or L2, but faster than RAM

 ◦ In multicore CPUs, each core may have 
its own dedicated L1 and L2 cache, but 
share a common L3 cache.

• smaller and expensive compared to 
conventional RAM.



Unit 1: Hardware and communication

Key terms

Term Definition
Input Data is sent to the computer system 

using a device.
Output Data is received from the computer 

system using a device.

Architecture and fetch execute cycle 
(continued)

Parallel processing
Multiple processors are used to process a single task
Many calculations are carried out simultaneously / at 
the same time
Large problems can be divided into smaller ones, 
which are then solved concurrently
Parallel computer programs are more complex to 
design and to write than sequential ones
Concurrency introduces several new classes of 
potential software bugs
Race conditions are the most common class of 
potential software bug
Communication and synchronisation between the 
different subtasks creates an overhead.
The maximum possible speed-up of a single 
program as a result of parallelisation is known as 
Amdahl's law:

T(n)=T(1)(B+1/n (1-B))
Where:

T(n)=time taken on n threads
n=number of threads

B=fraction of algorithm that is sequential

The speedup of a program using multiple processors 
in parallel computing is limited by the time needed 
for the sequential fraction of the program.

Secondary storage devices
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• Hard drives are a magnetic medium and store data on a hard drive platter
• Data is read and written using an arm that has a special read/write head at the end
• As the disk spins, the arm travels across the disk
• Each sector of the platter can store data and the movement of both the disk and the read/write 

head means that every sector on the hard drive can be reached
• The faster the platter spins, the faster data can be read from the disk. This speed is measured in 

revolutions per minute, or RPM. A common speed for hard drives is 7200 RPM, but it can vary
• Can be used as a hybrid with SSD
• Fragmentation can slow access speeds.
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• Optical drives work by using lasers to store data
• Burning microscopic indentations into a disc such as a CD
• This pattern of indentations is created in a spiral pattern, starting from the middle.
• Indentations and their absence create pits and lands
• A laser is aimed at the disc and reflected back, which can cause interference with the original laser
• DVD-ROM uses the same techniques to store data, but the data is stored on two layers.
• Some optical drives have two lasers of differing wavelength that are used to read data from the two 

layers
• On Blu-ray pits and lands are stored closer together, meaning that the laser’s wavelength must be 

shorter (blue).
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• Non-mechanical design of semiconductor chips
• Does not require defragmentation
• There are two types of flash memory: NOR and NAND
• Both contain cells (transistors) in a grid, but the wiring between the cells differs.
• If a chain of transistors conducts current, it has the value of 1,if it doesn’t conduct current, it’s 0
• By default, all transistors are set to 1, but when a save operation begins, current is blocked to some 

transistors, turning them to 0
• This occurs because of how transistors are arranged. At each intersection of column and row, two 

transistors form a cell
• One of the transistors is known as a control gate
• The other as a floating gate
• When current reaches the control gate, electrons flow onto the floating gate, creating a net positive 

charge that interrupts current flow
• By applying precise voltages to the transistors, a unique pattern of 1s and 0s emerges.



Unit 1: Hardware and communication

Key terms

Term Definition
Fragmentation Where a file has been split and 

physically stored on different 
parts of the disk.

Defragmentation The process where files are 
physically rearranged and 
stored together on disk.

Handshaking The process that establishes if a 
device is ready to communicate.

Internet A world-wide communications 
infrastructure - a network of 
networks.

Data storage on disc

• File B is fragmented, which means it has been 
split and physically stored on different parts of 
the disk

• File B will take longer to load than File A
• File A is stored on a single track which is quicker 

for the HDD head to read
• The read head reading A does not physically 

move, the disk just spins
• Defragmentation can be used to overcome the 

problem

Networking

How networks communicate using packet switching
• Each packet has a destination address
• Packets are analysed by each node, which maintains a routing table, and are sent via the most appropriate 

path to reach its destination.
• Packets may take different routes and are reassembled at destination.

The importance of networking standards
• Impossible to create networks that communicate without standards
• Easier to develop – can be done one layer at a time
• Allows different companies to work together and for international standardisation
• Not forced to use one vendor, which leads to more competitive pricing.

Protocol Description
File transfer protocol (FTP) Allows the transfer of large files over a network. This is important as the 

FTP protocol has in-built error checking and re-transmission request as 
necessary.

Hypertext transfer protocol (HTTP) Allows the transfer of multimedia webpages over the internet. This is 
important as the HTTP protocol allows multiple different web browsers to 
display and format web pages as the original author intended.

Simple mail transfer protocol 
(SMTP)

Allows emails to be sent over a network. This is important as the SMTP 
provides a standard way of transferring emails between two different 
servers.

Internet Message Access Protocol 
(IMAP)

Allows emails to be transferred between computer systems. This is 
important as the IMAP provides a standard way of transferring emails 
between two different servers / messages are stored on the server instead 
devices, which saves storage.

Dynamic host control protocol 
(DHCP)

Assigns IP addresses to devices on a network. This is important as the 
DHCP protocol ensures that unique IP addresses are allocated and 
ensures addresses no longer in use to be automatically returned to the 
pool of available IP addresses.

Universal datagram protocol (UDP) Sends datagrams across a network with very few error recovery services. 
This is important as, for example, video and audio streaming protocols 
are designed to handle occasional lost packets and need to receive new 
packets rather than the retransmission of previous ones.

Transmission Control Protocol/
Internet Protocol (TCP/IP)

Allows any networked computers to communicate with each other. This 
is important as TCP/IP specifies how signals are routed and transported 
around a network.



Unit 1: Data representation and storage

Key terms

Term Definition
Bit Binary digit either 1 or 0.
Byte A collection of eight bits, e.g. 10101011
Word A word is the total number of bits that can be 

manipulated as a single unit by the CPU.
Character A letter, digit, space, punctuation mark or 

various other keyboard symbols.
Character 
set

A table that maps a character with a unique 
binary number.

Storage of characters
Characters are stored on a computer system as a binary 
number using a character set. Examples of character sets 
include ASCII and Unicode.
A small part of the ASCII character set:

Denary Binary Hex Character
64 1000000 40 @
65 1000001 41 A
66 1000010 42 B
67 1000011 43 C

Character sets allow for meaningful data to be exchanged 
between different computer systems.
Unicode has combined many others character sets. It was 
originally an extension to the ASCII character set, but now 
contains many of the characters used around the world.

Data types  

Data type Description Examples Storage 
requirements Range

Character Letter, digit, space, 
punctuation mark 
or various other 
symbols

'A', 'b', '7','?' 1 byte (ASCII)
2 bytes (Unicode)

String A sequence of 
characters

‘Computer science’ 1 byte per 
character (ASCII)
2 bytes per 
character (Unicode)

Unsigned 
integer

Whole positive 
numbers

42, 11, 0 1 byte
2 bytes (short)

0 to 255
0 to 65,536

Signed integer Whole positive or 
negative numbers

42, -11, 0, -4 1 byte
2 bytes (short)

-128 to 127
-32,768 to 32,767

Real Numbers, including 
fractions or decimal 
points

12.9, -17.50, 28.0 4 bytes (real)
8 bytes (double)

-1.2 x 10-38 to 3,4 x 1038

-2.2 x 10-308 to 1.7 x 10308

Boolean True or false 1 or 0
TRUE or FALSE

1 bit
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Key terminology

Term Definition
Denary Base 10 number system. Uses digits 0, 1, 2, 3, 4, 5, 6, 

7, 8 and 9

Binary Base 2 number system. Uses digits 0 and 1 only.

Hexadecimal Base 16 number system. Uses digits 0 – 9 and 
characters A(10), B(11), C(12), D(13), E(14) and F(15)
The notation is used as shorthand for binary 
numbers to avoid errors

Representation of numbers

Conversion between denary, binary and hexadecimal:

Hexadecimal
 

   

Binary      

8 4 2 1 8 4 2 1
0 1 0 1 1 1 0 1

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

Denary
64 + 16 + 8 + 4 + 1 = 93

5D

Sign and magnitude representation

+/- 64 32 16 8 4 2 1
1 0 0 0 1 0 1 0

The most significant bit is used to represent the sign of the number, where 1 means the number 
is negative and 0 means the number is positive. The number above represents -1010.

Two’s complement representation

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

The most significant bit has a negative value. So to the number above represents -8710 (-128 + 
32 + 8 + 1).
Negative numbers can be determined by first writing its positive, flipping each bit and adding 1.

-128 64 32 16 8 4 2 1
Positive 8710

0 1 0 1 0 1 1 1

Flip the bits 1 0 1 0 1 0 0 0

Add 1 1

1 0 1 0 1 0 0 1

Binary addition

1

0 1 0 1 1

+  0 +  0 +  1 +  1 +  1
0 1 1 10 11

Carry bit
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Floating point form representation
Floating point representation is used to represent real numbers, i.e. those with a 
decimal point.
Example (using two’s complement, an 8 bit mantissa and 4 bit exponent):
6.7510 can be represented as follows:

-8 4 2 1 1/2 1/4 1/8 1/16

0 1 1 0 • 1 1 0 0

In order to normalise the floating point number, the point must be moved 
to achieve the format sign-bit.1 (at AS, this format will be 0.1, as positive 
numbers only are represented)

-8 4 2 1 1/2 1/4 1/8 1/16

0 1 1 0 • 1 1 0 0

Mantissa Exponent

-8 1/2 1/4 1/8 1/16 1/32 1/64 1/128 -8 4 2 1
0 • 1 1 0 1 1 0 0 0 0 1 1

NOTE the 8 bit mantissa becomes 0•1101100 and as the floating point has been 
moved left 3 places, the exponent becomes 0011.
Converting back:

Mantissa Exponent

-8 1/2 1/4 1/8 1/16 1/32 1/64 1/128 -8 4 2 1
0 • 1 1 0 1 1 0 0 0 0 1 1

Mantissa = 1/2  + 1/4 + 1/16 + 1/32 = 0.84375
Exponent = 3
Value = Mantissa x 2Exponent = 0.84375 x 23 = 6.7510

Representing numbers in integer and floating point forms

Advantages Disadvantages
Integer • Numbers are stored 

completely accurately
• There is an exact 

representation of 0.

• There is a limited range 
of numbers that can be 
represented using the bits 
available to you.

Floating point • A greater range of positive 
and negative numbers can be 
stored in the same number 
of bits.

• Numbers aren’t normally 
stored completely accurately

• They require more complex 
processing

• There is no exact 
representation of zero.

Rounding and truncation
Truncation: number is approximated to whole number / tenth / hundredth etc. 
nearer zero.
Rounding: number is approximated to nearest whole number / tenth / hundredth, 
etc.
Example when rounding and truncating to one decimal / binary point:

Real number (26.59) Binary number (11.01)
Rounding 26.59 = 26.6 (to 1 dp)

• Absolute error:
 ◦ 26.6 – 26.59 = +0.01

• Relative error:
 ◦ 0.01/26.59 = 0.0003 

11.01 = 11.1 (to 1 bp)
• Absolute error:

 ◦ 3.5 – 3.25 = +0.25
• Relative error:

 ◦ 0.25/3.25 = 0.08
Truncation 26.59 = 26.5 (to 1 dp)

• Absolute error:
 ◦ 26.5 – 26.59 = +0.09

• Relative error:
 ◦ 0.09/26.59 = 0.0003

11.01 = 11.0 (to 1 bp)
• Absolute error:

 ◦ 3.0 – 3.25 = -0.25
• Relative error:

 ◦ -0.25/3.25 = -0.08

Rounding is generally the most accurate method.

x3 x2 x1


