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Section One — Components of a Computer System 1

Computer Systems

As it’s the first page I'll start simple. Computer Science is all about computers. What, you already knew that?

A Computer is a Machine that Processes Data

1) The purpose of a computer is to take data, process it, then output it.
Computers were created to help process data and complete tasks more efficiently than humans.

2) A computer system consists of hardware and software that work together to process data/complete tasks.

* Hardware is the physical stuff that makes up your computer :
; : : External pieces of hardware
system, like the CPU, motherboard, monitor and printer. | ik the keyboard, mouse and
e Software is the programs or applications that a computer system printer are called peripherals.

runs e.g. an operating system, a word processor or video game. |

3) There are many types of computer system. These range from small devices like calculators and
watches, up to large supercomputers used by banks or for scientific applications. Computers may
be general purpose (designed to perform many tasks, e.g. PCs and tablets) or dedicated systems
(designed for one particular function, e.g. controlling traffic lights or an aeroplane).

Embedded Systems are Computers inside a Larger System

1) Embedded systems are computers built into other devices, like dishwashers,
microwaves and TVs. They are usually dedicated systems.

2) Embedded systems are often used as control systems — they monitor and control machinery

the water pumps and water release mechanisms, manage the various dishwasher cycles and
control the thermostat to keep the water at an appropriate temperature.

3) Asthey're dedicated to a single task, embedded systems are usually easier to design,
cheaper to produce, and more efficient at doing their task than a general purpose computer.

Computers contain Components which Work Together

This section is all about the main hardware components of a computer.
As a warm-up, let’s take a look inside a typical desktop PC.

Optical drive —
for readwriting of
" optical discs (see p.9).

Power supply — supplies power
to motherboard, optical and
hard drives, and other hardware.

Case cooling fan — extracts

hot air from the computer case. . RAM sticks (computer memory)

slot in here (see p.6-7).

keeps the CPU at a steady temperature

(CPUs generate a lot of heat). dotherboard — The main clrcult

board in the computer, where

CPL (hidden under the the hardware is connected.

heat sink) — the most
important component.
Does all the processing
(see p.2-3).

. " Hard Disk Drlve — Internal
The graphics card slots In here (see p.7). secondary storage (see p.8).

If you know your computer, you need not fear defeat...
There’s a lot to take in on this first page. You should make sure you're comfortable with the components
on this page before going any further, as they’ll crop up a lot throughout this section.

Section One — Components of a Computer System
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The CPU

The CPU is very important — it’s the main component of a computer, so here are two whole pages about it.

The CPU is the Central Processing Unit

1) The CPU is the brain of the computer system.
2) It processes all of the data and instructions that make the system work.
3) The processing power of a CPU depends on different characteristics, like its
clock speed, number of cores and cache size — there’s lots about this on p.7.
4) The CPU architecture describes the main components of the CPU,
how they interact with each other, and with other parts of the

CPUs contain 1000s
computer system. Von Neumann and Harvard are the two main types of gold pins — some of

these transmit data, others

of architecture. You will need to know about Von Neumann — see next page.
supply power to the CPU.

The CPU has Three Main Parts

The Control Unit (CU)

* The control unit is in overall control of the CPU. Its main job is to manage the fetching, decoding

and execution of program instructions by following the fetch-execute cycle (see next page).

e |t controls the flow of data inside the CPU (to registers, ALU, cache — see below)
and ogutside the CPU (to main memory and input/output devices).

The Arithmetic Logic Unit (ALU)

e The ALU basically does all the calculations.
* It completes simple addition and subtraction, compares the size of numbers and

can do multiplications and divisions using repeated addition and subtraction.
* |t performs logic operations such as AND, OR and NOT (see p.88)

* It contains the accumulator register — see next page.

The Cache

e The cache is very fast memory in the CPU. It's slower than the registers {(see below),
but faster than RAM (see p.6).

e |t stores regularly used data so that the CPU can access it quickly the next time it's needed.
When the CPU requests data, it checks the cache first to see if the data is there.

If not, it will fetch it from RAM.
e Caches have a very low capacity and are expensive compared to RAM and secondary storage.

e There are different levels of cache memory — L1, L2 and L3. L1 is quickest but has the lowest
capacity. L2 is slower than L1 but can hold more. L3 is slower than L2 but can hold more.

The CPU contains various registers which temporarily hold tiny bits of data needed by the CPU.
They are super-quick to read/write to, much quicker than any other form of memory.

You need to know about the program counter, memory address register (MAR),

memory data register (MDR) and the accumulator (see next page).

== That’s a |lot to remember, for something so small...

H
ﬂi‘:ﬁ It's important that you know all about the CU, ALU and cache. Try learning everything you can
==’ about each one, then cover up the page and write down as many notes as you can remember.

Section One — Components of a Computer System
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The CPU

Now let’s look at the Von Neumann architecture and what the registers do in a bit more detail.
Von Neumann came up with his design in 1945 and it still describes how most computers work today.

Von Neumann's Design Revolutionised Computing

The Von Neumann architecture describes a system where the CPU runs programs stored in memaory.

These arrows show Output Device

- the flow of data. "“--.___'_T The metno iress
program : Ly ad
hC—-—LGU"ter PC) 23"*5 Central Processing Unit (CPU) ﬁ;ﬁﬁ?ﬂgg L?tn;;
the memory address e
of the instruction ~J | Control Unit e bi;éfisbymﬁgiti?ljnt EE
for each CYCIE' T Program Counter 2 A2 d data or a CPU instruction.
Memory Address (
14 Register (MAR) The memory data register
The accumulator Arithmetic & Logic |~ (MDR] holds the actual
stores intermediate _| Unit (ALU) 2 Rmmh?;ﬁ */‘" data or instruction. This
results of calculations [~ o e may have been fetched
in the ALU. AcERmylaror from memory, or be waiting
to be written to memory.

One of the main features of the T T ,1,

Von Meumann architecture is that The memaory holds the

it only uses one memory for both Input Device i Memory E"-'_____'—' program instructions
the data and the instrucions @~ TTTETTTTERmTTYYRS and the program data.

CPUs follow the Fetch-Execute Cycle

Essentially, all a CPU does is carry out instructions, one after another, billions of times a second.
The Fetch-Execute cycle (also called the Fetch-Decode-Execute cycle) describes how it does it.

Fetch Instruction

1) Copy memory address from the program counter to the MAR.
2) Copy the instruction stored in the MAR address to the MDR.

y 3) Increment (increase) the program counter to point to the
[ / address of the next instruction, ready for the next cycle.

Execute Instruction .
Decode Instruction

The instruction is performed. This could be:

load data from memory, write data to memory, The instruction in the MDR is decaded
do a calculation or logic operation (using the ALU), by the CU. The CU may then. prepare
change the address in the PC, or halt the program. for the next step, e.g. by loading

% __| values into the MAR or MDR.

Learn this with the Revise-Assess-Review cycle...

—

ﬂ To remember what each register does, look at its name to see if it stores an address or data. If you're
s~ confused about the difference between the PC and MAR, remember: the program counter just starts

off the cycle by pointing to the instruction. The MAR is far busier — all addresses (data or instruction)

being used must go into the MAR, meaning its value might change several times each cycle.
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