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1.1 – Systems architecture

1.1.1 
Architecture of the CPU
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Lesson Objectives

Describe the purpose of the CPU and explain its role in running 
programs. 01
Explain the stages of the fetch-execute cycle and how 
instructions are processed by the CPU. 02
Identify the main components of the CPU (ALU, Control Unit, 
Cache, and Registers) and describe the function of each. 03
Explain the principles of the Von Neumann architecture and 
why it is used in modern computers. 04
Describe the purpose of key CPU registers including the 
Memory Address Register (MAR), Memory Data Register (MDR), 
Program Counter (PC), and Accumulator. 

05
Apply knowledge of CPU components and registers to explain 
how data and instructions move through the CPU during 06
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The Central Processing Unit 
(CPU) is often called the "brain of 
the computer" because it is 
responsible for processing 
instructions and controlling the 
operation of the entire computer 
system.

Explanation
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1. Execute program instructions by 
carrying out the steps in the fetch-
execute cycle. 

2. Process data by performing calculations 
and logical operations using the 
Arithmetic Logic Unit (ALU). 

3. Control and coordinate hardware by 
sending signals to other components 
such as memory, storage, and 
input/output devices. This is done by the 
Control Unit (CU). 

4. Manage the flow of data between the 
CPU, memory, and other devices.

Its main purposes are to:

The CPU is the component that fetches, decodes, and 
executes program instructions while controlling the 
operation of the computer.

GCSE Definition
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• The CPU is the headteacher. 

• It decides what needs to happen next. 

• It gives instructions to different parts of the school (memory, storage, input and output devices). 

• It also solves problems and makes calculations when needed.

Think of a computer as a school:

• When you click on a web browser:

• The CPU fetches the instructions for opening 
the browser from memory. 

• It decodes the instructions to understand 
what they mean. 

• It executes the instructions, loading the 
browser and displaying it on the screen. 

• This process happens millions or even billions 
of times every second.

Example

The Purpose of the CPU 
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The CPU's job is not to permanently 
store data. Instead, it processes 
instructions and controls the 
computer's operations.

Key GCSE Exam Point:

The CPU does not permanently 
store data.
It processes data and instructions.

Common Misconception: 

The Purpose of the CPU 
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The fetch-execute cycle is 
the process the CPU uses to 
run a program. It 
continuously fetches, 
decodes, and executes
instructions stored in 
memory.

Explanation

The Fetch-Execute Cycle 
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The Arithmetic Logic Unit (ALU) is the part of the 
CPU that performs calculations and logical 
decisions.

It can:

• Perform maths calculations (+, −, ×, ÷) 

• Compare numbers (>, <, =) 

• Make logical decisions (AND, OR, NOT)

What is it?

The ALU performs arithmetic calculations and logical 
operations.

GCSE Definition

1. Arithmetic Logic Unit (ALU)
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Common CPU Components and Their Functions
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2.  Control Unit (CU)

• The Control Unit (CU) manages and controls 
the operation of the computer.

• It tells other components what to do and 
when to do it.

It can:

• Control the Fetch-Decode-Execute Cycle. 

• Send control signals to memory. 

• Communicate with input and output devices. 

• Coordinate all hardware components.

What is it?

The Control Unit controls the operation of the CPU and 
coordinates the computer's hardware.

GCSE Definition
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Common CPU Components and Their Functions
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3. Cache Memory

• Cache is a very small, very fast memory
located inside or very close to the CPU.

• It stores frequently used instructions and 
data so the CPU can access them quickly.

Why is it needed?

• RAM is fast.

• Cache is even faster.

• Instead of going all the way to RAM every time, 
the CPU first checks the cache.

• If the data is there, it saves time.

What is it?

Cache stores frequently used data and instructions so the 
CPU can access them more quickly.

GCSE Definition
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Common CPU Components and Their Functions
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4. Registers

• Registers are tiny storage locations inside the 
CPU.

• They temporarily hold:

• instructions 

• memory addresses 

• data currently being processed

Why are they useful?

• The CPU constantly needs information while 
carrying out the Fetch-Decode-Execute Cycle.

• Registers keep this information ready for 
immediate use.

What are they?

Registers are very small storage locations inside the CPU 
that temporarily hold data and instructions currently 
being processed.

GCSE Definition
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Common CPU Components and Their Functions
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The CPU contains several special-purpose registers. Registers 
are tiny storage locations inside the CPU that hold data or 
instructions while they are being processed. They are much 
faster than RAM.

1. MAR (Memory Address Register)

2. MDR (Memory Data Register)

3. Program Counter (PC)

4. Accumulator (ACC)

Explanation

Von Neumann Architecture Registers
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Memory Address Register (MAR) 

• The Memory Address Register (MAR) stores the address 
of the memory location that the CPU wants to access.

• It does not store the actual data.
• Instead, it stores where the data can be found.

During the Fetch-Decode-Execute Cycle
• The Program Counter sends the address of the next 

instruction to the MAR.
• The MAR then tells the memory which location to access.

What is it?

The MAR stores the memory address of the data or 
instruction that the CPU wants to access.

GCSE Definition

• Imagine you want to read a book from a 
library.

• The MAR is like writing down the shelf 
number where the book is located.

• You still need someone to go and collect the 
book.

Example
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Von Neumann Architecture Registers
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MDR (Memory Data Register)

• The Memory Data Register (MDR) stores the actual 
data or instruction that is being transferred between 
the CPU and main memory.

• Unlike the MAR, the MDR stores the contents, not the 
address.

During the Fetch-Decode-Execute Cycle
• Once memory finds the correct address, it sends the 

instruction into the MDR.
• The MDR then passes it into the CPU.

What is it?

The MDR stores the data or instruction being transferred to 
or from memory..

GCSE Definition Using the library example:
• The MAR knows the shelf number.
• The MDR is the actual book that has been 

collected from the shelf.

Example



KNIGHTON GRANGE EDUCATION 21

Von Neumann Architecture Registers
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Program Counter (PC)

• The Program Counter (PC) stores the address of the 
next instruction that the CPU needs to fetch.

• After each instruction has been fetched, the Program 
Counter is updated so it points to the next instruction.

During the Fetch-Decode-Execute Cycle
• Holds the address of the next instruction. 
• Copies the address into the MAR. 
• Increases by one so it points to the next instruction.

What is it?

The Program Counter stores the address of the next 
instruction to be fetched.

GCSE Definition
• Imagine following a recipe.
• The Program Counter is like your finger 

pointing to the next step you need to read.
• Once you finish that step, your finger moves to 

the next one.

Example
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Von Neumann Architecture Registers
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Accumulator (ACC)

• The Accumulator stores the results of calculations
carried out by the Arithmetic Logic Unit (ALU).

• It acts as temporary storage while calculations are being 
completed.

During the Fetch-Decode-Execute Cycle

• The ALU performs calculations.

• The result is placed into the Accumulator before it is 
stored elsewhere if required.

What is it?

The Program Counter stores the address of the next 
instruction to be fetched.

GCSE Definition
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Von Neumann Architecture Registers
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Describe the purpose of the CPU and 
explain its role in running programs. 

Explain the stages of the Fetch-Decode-
Execute Cycle and how instructions are 
processed by the CPU. 

Identify the main components of the CPU 
(ALU, Control Unit, Cache and Registers) 
and describe the function of each. 

Explain the principles of the Von 
Neumann architecture and why it is used 
in modern computers. 

Describe the purpose of the Memory 
Address Register (MAR). 

Describe the purpose of the Memory Data 
Register (MDR).

Explain the role of the Program Counter 
(PC).

Describe the purpose of the Accumulator 
(ACC).

Apply your knowledge of CPU components 
and registers to explain how data and 
instructions move through the CPU during 
program execution.

Today you have learned to:
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