OCR J277 v3.1 * 1.1.1 CPU architecture * 1.1.2 CPU performance

THE CPU: COMPONENTS AND PERFORMANCE

WHAT IS THE CPU?

The Central Processing Unit processes data CPU
and instructions by repeatedly carrying out
the fetch-decode-execute cycle.

FETCH — e DECODE — &9 EXECUTE —
Get the next The CU works out " The instruction is
instruction from what the instruction carried out
memory means

FOUR COMMON CPU COMPONENTS

= ALU — CU -
Arithmetic Logic Unit - Control Unit —

ug Carries out arithmetic Coordinates the CPU
calculations and logical and sends control signals
operations. SN to manage the FDE cycle.
CACHE - L) REGISTERS —
Fast, small memory — R1 1| Tiny, high-speed storage —
Stores frequently or R2[____1| Temporarily hold data,
recently used data and R3[| instructions or addresses
instructions close to

currently being used.

the CPU.
THREE CPU PERFORMANCE FACTORS
figupa PITITR IRy

CLOCK SPEED- il CACHESIZE- 3 EJ E NUMBER OF CORES -
Measured in hertz (Hz). H E W larger cache stores More cores can process
A higher clock speed 5 ~ more frequently used { E{ E more instructions at
normally completes more TTTT data and instructions, P G the same time when
FDE cycles each second. reducing slower access software supports

to RAM. parallel processing.
EXAM TIP — Performance depends on the combination of factors.

More cores do not always guarantee a faster program.

@ ALU calculates * CU controls ¢ cache keeps nearby e registers hold now
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VON NEUMANN ARCHITECTURE

The stored-program concept

(i B\ )
NedS7 @ KEY IDEA

Instructions and data

The Von Neumann architecture is a design model for computers.

It uses one memory to store both instructions (programs) and data.

/ \ are stored in the same
The CPU and memory communicate using address, data and control signals. memory and are fetched
sequentially by the CPU.
. 7\ J
r D — 2 ( B
CPU MEMORY MAR - Memory Address Register
(i MAR i) Stores instructions Holds the address of the memory location
=P (programs) and data to be accessed.
Memory Address Register at memory locations
& %) 01,2
(= =)
(i . MDR i ' MDR - Memory Data Register
Memory Data Register — Holds the data being transferred to or
L J 1 from memory.
( ) 2 ~ ¥
PC N
&) 3
Program Counter PC - Program Counter
X = Holds the address of the next instruction
( ACC N to be fetched.
' ' - J
Accumulator :
il QJ \_ ) ACC - Accumulator
Stores data used in calculations and
the results of operations.
. A e = J
( )
KEY POINT
These four registers work together to fetch instructions from memory, process them,
and store the results.
\& J

EXAMTIP  You may be asked to identify the purpose of each register and how

they work in the fetch-decode-execute cycle.




EMBEDDED SYSTEMS

WHAT IS AN EMBEDDED SYSTEM? /\1

An embedded system is a
computer system built into a
larger device to perform a
specific function.

3
/

5 0

r ] .:" 3 I: ]? -
ST

R
3
\

COMMON CHARACTERISTICS

/ 1. DEDICATED FUNCTION —
« ) ’ Designed to perform

one main job.

3. LIMITED RESOURCES —

2.BUILTIN — Ll
Forms part of a
larger device or
system.

Usually has only the
processing power
i and memory it
needs.

LLLI
LI

@.’
4. RELIABLE — ‘ 5. REALTIME RESPONSE— .~~~ 6. LIMITED INTERFACE —

Designed to operate Some systems must | ""] May have only

consistently for its respond immediately | | buttons, sensors,

intended purpose. to an input. N3 llghts or a small
display.

WHERE ARE THEY USED?

Om |

e,
o=

Washing machine—  Traffic lights — | Car braking system — Thermostat — Microwave — Fitness tracker —
controls the controls the monitors and controls controls cooking mot‘::\gggn p
wash cycle light sequence controls braking temperature time and power heart rate

EMBEDDED SYSTEM —

one specific function,
built into a device

GENERAL-PURPOSE COMPUTER —

performs many different tasks,
runs different applications

EXAM TIP =

Describe the function performed by the embedded system, v —
not simply the device containing it.

‘ lb/_ @ @
IR
111

Embedded = built in for one main job
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PRIMARY STORAGE

WHY IS PRIMARY STORAGE NEEDED?

Primary storage holds the data and instructions that a computer needs to access
directly while it is operating.

f N\ (= w
CPU CACHE
CIRCE:: X0
Processes data Small, very fast
and instructions memory
3 J 4 J
RAM AND ROM

-

<

~

RAM

L

Main memory for
current programs
and data

Non-volatile memory
for startup
instructions

-

f )
SECONDARY

STORAGE

Long-term storage
for data and
programs )

CACHE MEMORY

&
RAM — Random Access Memory

@ \Volatile — contents are lost when

power is removed.

@ Stores programs and data currently

being used.

=N

ROM — Read Only Memory

Non-volatile — contents remain when
power is removed.

Stores instructions needed when the

FASTEST

Cache is small, fast memory located
close to or inside the CPU. It stores
frequently or recently used data and
instructions so the CPU can access
them more quickly than from RAM.

computer starts. CACHE
® Can be read from and written to. » Contents are normally read rather (fastest)
® More RAM allows more programs than changed. ‘
and data to be held at once.
¥ e RAM
VIRTUAL MEMORY e 4
) (8 (8 (e ..
RAM becomes The operating The space on Data is moved SECONDARY
full. system moves secondary storage back into RAM STORAGE
some data from acts as virtual when itis (slowest)
» RAM to secondary » memory. ‘ needed.
storage. m SLOWEST
O 1
\ 7 X 2 & 7 N
Virtual memory is slower than RAM and may reduce system performance. J
CACHE RAM VIRTUAL MEMORY SECONDARY STORAGE
— fastest, smallest — fast, temporary — slower emergency — non-volatile,
working memory space on secondary larger capacity '@°
# [ LLIT] i A
. wmv | s \ |

[ @ EXAM TIP

Virtual memory does not increase the amount of physical RAM. It uses part of
secondary storage when RAM is full.

o RAM works now ¢ ROM starts up ¢ cache keeps close e virtual memory helps when RAM fills
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SECONDARY STORAGE

Long-term storage for data and programs

= B
WHY DO COMPUTERS NEED TYPES OF SECONDARY STORAGE
SECONDARY STORAGE? r 3 N 3
MAGNETIC SOLID STATE
@ Primary memory (RAM) is volatile - data
is lost when power is turned off. ‘
\
@ Secondary storage is non-volatile - it
keeps data even without power.
@ Stores large amounts of data and
programs for future use. Data is read and Data is stored using Data is stored on
written using a laser magnetic fields on electronic chips with
J on a disc. platters or tape. | no moving parts.
- =7 o — - = —
LS A& 2
COMPARING STORAGE DEVICES
DEVICE (EXAMPLES) CAPACITY SPEED PORTABILITY DURABILITY RELIABILITY CosT ADVANTAGES DISADVANTAGES
OPTICAL o Cheap e Low capacity
(€5 DVE. Kirte  AEFr hkk kAR kkYr Ak e Potable &
Blu-ray) Low Slow High Low Medium Low * Goodforbackups | | .1 be scratched
(scratches easily) ¢ Read-only discs or damaged
can't be changed
MAGNETIC S ¢ Moving parts can
¢ High capacit:
(HOD, Magnetic * Yk k  hAWTr At kkdr kkw koky | DOV wearon
e - g abox s s ¢ CostperGBlow  , gjoyer than SSDs
ig edium ow edium edium edium e Good for large bod
: i . portable
(HDD medium)  (shock sensitive) storage needs (especially HDDs)
SOLID STATE s :
o Very fast More expensive
(55D, UsB *f* 1. 6.8 SEER & & ¢ *f* wkk | s | per GB
Flash Drive, High Fast High High High High « Durable Limited write
Memory Card) (USB lower) (no moving parts) cycles (SSD)

& G

CHOOSING THE RIGHT STORAGE

Consider the application - what is the data
being used for?

Balance the trade-offs - capacity, speed,
portability, durability, reliability and cost.

Different devices are suited to different tasks
and environments.

There is no single “best” storage ~
it depends on the needs.

EXAM TIP

o XX

¢ Small and light

APPLY YOUR KNOWLEDGE

Choose the most suitable storage device/media for each scenario and explain why.

o A photographer needs to store very large

image files and edit them quickly.

between school and home.

000

many years.

portability, durability, reliability and cost.

A school wants to back up important
data cheaply and store it off-site.

A student needs to carry documents

A music producer needs fast access to
large sample libraries during recording.

A company needs to archive data that
won’t change and must be kept for

Always justify your choice by referring to the characteristics: capacity, speed,




UNITS OF DATA STORAGE

From bits to petabytes — and how to calculate it all

DATA UNITS WHY BINARY?

@ Bit 1 bit Computers can only understand
g 3 two states — ON (1) or OFF (0).

Nibble 4 bits

888 Byte 8 bits  All data (text, images, sound, video)

— p must be converted into binary format
Kilobyte (KB) 1,000 bytes  before it can be processed by a computer.

&= Megabyte (MB) 1,000 KB
BINARY CONVERSION EXAMPLES

1,000 MB
i S | d | J3
Text Image Sound

~—1] Petabyte (PB) 1,000 TB Each character | Each pixel is Sampled and
is represented by | represented by stored as a series

¥ 8 bits (1 byte). a number of bits | of binary numbers.
A = 01000001 (e.g. 24 bits). )
\— /)

STORAGE DEVICES AND MEDIA CALCULATION EXAMPLES
Device / Media  Typical Capacity Portable Uses ﬁ Example 1 - Sound File Size
y USB stick 16GB-1TB | e transfer, Sample rate = 44,100 Hz  File size = 44,100 x 120 x 16
backup | Duration = 120 seconds = 84,672,000 bits

= 10,584,000 bytes

' External HDD 1TB -8 TB v ta"?(e storage, Bt popth = 10088 = 10.1 MB
ackups

m SSD 256GB-4TB o Fast storage, Example 2 - Image File Size

(O
— " a File size = 24 x 3000 x 2000
Colour depth = 24 bits = 144,000,000 bits

Cameras
4GB-1T8B 5 idth =
B SD card J phones Wlfith 3000 px = 18,000,000 bytes
Height = 2000 px ~17.2 MB

@ e e | [T

) E Example 3 - Text File Size

- File size = 8 x 2,500
Bits per character = 8 = 20,000 bits

Characters = 2,500 = 2,500 bytes
o J

QUICK CHECK

Why must data be stored in binary format?

KEY POINTS

«’ Computers work with binary data
(Os and 1s). ‘ How many bytes are there in 3 KB?

 Data is stored in units, from bits to @ What is the size in MB of a 5,000 x 4,000 pixel image at 24 bits?

petabytes. B )
« Storage devices have fixed capacities. You have a 128 GB SSD. Will it be large enough for 10 films,
each 4.5 GB? Show your working.

& You can calculate file sizes and storage needs.
e 7
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CALCULATING FILE SIZES

THREE FORMULAS TO REMEMBER

SOUND FILE SIZE (bits)
sample rate x duration in seconds x bit depth

IMAGE FILE SIZE (bits)
colour depth x image height in pixels x image width in pixels

Sample rate = 8,000 Hz
Duration = 10 seconds
Bit depth = 8 bits

TEXT FILE SIZE (bits)
bits per character x number of characters

WORKED EXAMPLE 1 — SOUND WORKED EXAMPLE 2 — IMAGE WORKED EXAMPLE 3 — TEXT

Width = 200 pixels
Height = 100 pixels
Colour depth = 24 bits

Characters = 1,000
Bits per character = 8

N
= A 01000001
—— |*=»| & [ot000010
- y— c | 01000011

8,000 x 10 x 8 = 640,000 bits
640,000 + 8 = 80,000 bytes
80,000 + 1,000 = 80 KB

Answer = 80 KB

J/

.

24 x 100 x 200 = 480,000 bits
480,000 + 8 = 60,000 bytes
60,000 + 1,000 = 60 KB

Answer = 60 KB

8 x 1,000 = 8,000 bits
8,000 + 8 = 1,000 bytes
1,000 bytes = 1 KB

Answer = 1 KB

(.

| A SAFE CALCULATION METHOD
o Write down the correct formula.
9 Substitute the values and calculate the answer in bits.
e Divide by 8 to convert bits into bytes.
0 Convert into KB or MB if required and include the unit.

J

()

OCR accepts conversions
using 1,000 or 1,024.

(P8 EXAM TIP

Calculate in bits first. Divide by 8 to convert bits into bytes,
then convert into the unit requested.

? Formula « substitute ¢ calculate bits * divide by 8 * convert the unit
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BINARY & DENARY CONVERSIONS

Convert positive denary whole numbers to binary (up to and including 8 bits) and vice versa.

[ BINARY NUMBER RANGE: 00000000 - 11111111 < DENARY RANGE: 0 - 255 ]
1. DENARY TO BINARY 2. BINARY TO DENARY
Convert a positive denary whole number to binary Convert a binary number (up to 8 bits) to denary by
using division by 2. multiplying each bit by its place value (power of 2)

and adding the results.
o Divide the denary number by 2. Write down the remainder (0 or 1).

© Divide the quotient by 2. PLACE VALUE TABLE (8 BITS)

— — — - S—

I T 1
PIacevaIue(Z"){ 27 2¢ 2° l 24 23 } 22 2' L2°

Value ‘128J64 32i16 8 | 4 2'1{

~

e Repeat until the quotient is 0.

o Read the remainders from bottom to top to get the binary number.

-

EXAMPLE: 374, to binary (8 bits) EXAMPLE: 1010 1101, to denary

[ Divide by 2 ‘ Quotient Remainder Place value 27 | 26 I 25 24 23 I 22 2 | 20
g - ) \ Value 128 ‘ 64 { 6| 8|« | 2] 4
: 18 + 2 9 0 ‘ . a8 | A R ] P S (S| Pl e T
9+2 4 1 Read Binary digits T | e ‘ 1 0 L8| 0 1
4 +2 2 0 bottom [ E [ 5 [ 5 [ 35 5 | | o |
2+2 1 0 to top Calculation e AR RE o3 (160 oy (441) o [111)
1+2 0 1 1 ‘ | I
Remainders (bottomtotop): 1 0 1 0 0 1 Add the values: 128 + 32 + 8 +4 + 1 = 173
37,0, = 0010 0101, (8 bits) So, 1010 1101, = 173,
|
. me— \ 7’
QUICK REFERENCE: DENARY < BINARY (8 BITS) KEY POINTS _@_
Denar Binary (8 bits) Denar Binary (8 bits) Dena Binary (8 bits) e )
: T | X ok : ! id b I € Binary uses only two digits: 0 and 1.
0 00000000 8 00001000 10 00001010 s
) Each position (bit) represents a
1 00000001 16 00010000 50 00110010
power of 2.
2 00000010 32 00100000 100 01100100
3 00000011 64 01000000 150 10010110 € The leftmost bit is 27 (128).
A B o
4 00000100 128 10000000 180 10110100 The rightricst it s 2= (1)
5 00000101 200 11001000 210 11010010 O Always write binary answers using
6 00000110 240 11110000 250 11111010 8 bits (add leading zeros if needed).
” ARl o A €) Denary range 0-255 fits in 8 bits.
\ J
PRACTICE YOURSELF REMEMBER
A. CONVERT DENARY TO BINARY (8 BITS) B. CONVERT BINARY TO DENARY .
Binary number range:
h i i A followi i .
Convert the following denary numbers to binary. | Convert the following binary numbers to denary. ~ 11111111 (8 bits)
Q s, - 2 @ oo011101, - i
9 23,, = 2 o 01010110, = 10 Denary number range:
0 - 255
© 128, = = © 10000000, = 3
0O 20, = : O o000, = Memory Tip:
© 255, = > © 10110101, = i Powers of 2 double
as we move left.
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BINARY & HEXADECIMAL CONVERSIONS

Convert binary integers to their hexadecimal equivalents and vice versa.

[ BINARY RANGE: 00000000 - 11111111 (8 bits) + HEXADECIMAL RANGE: 00 - FF DENARY RANGE: 0 - zssj

1. BINARY TO HEXADECIMAL 2. HEXADECIMAL TO BINARY

Convert an 8-bit binary number into a 2-digit hexadecimal Convert a 2-digit hexadecimal number into an 8-bit binary number.

number.
o Split the 8-bit binary number into two groups of 4 bits o Replace each hexadecimal digit with its 4-bit binary equivalent
from right to left. (using the table below).
e Convert each 4-bit group to its hexadecimal digit 9 Write the two 4-bit groups from left to right to make 8 bits.

(using the table below).

e Write the hexadecimal digits from left to right.

EXAMPLE: 1101 0110, to hexadecimal ‘ EXAMPLE: 3A,, to binary

Step 1 Split into 4-bit 1101 0110 Step 1 Convert each hex digit to 4-bit binary: ‘

groups:

> : (3] (2]
1) AL

Step 2 Converteach 1101 = D 0110 = 6

group:

Step 2  Write the groups together:

Stop] Vritethe 1101 0110, = Dé,,

hex digits: ‘ 0011 1010,

4-BIT BINARY =2 HEXADECIMAL TABLE

Binary 0000 0001 0010 0011 0100 0101 ‘ 0110 0111
|
Hex 0 1 2 s | = 5 6 7
Binary 1000 1001 1010 1011 1100 \ 1101 1110 . 111
Hex 8 9 A B C D E F
7 ! /
PRACTICE: BINARY TO HEXADECIMAL | PRACTICE: HEXADECIMAL TO BINARY KEY POINTS _@_
Convert the following 8-bit binary numbers to hexadecimal. ‘ Convert the following hexadecimal numbers to 8-bit binary. : i
@ Binary «* Hex conversions work
[ _] e = A 5
o 0000 1111 5 = % ‘ o 7C16 = ‘ 55 in groups of 4 bits.
i € 8 bits = 2 hex digits.
( )
o 1010 0011, = [ J 16 9 2F 4 = ‘ ) 2 & Always split binary from right
3 to left.
© 11110000, - ” ‘ © ~, - { 5 @ Use leading zeros in binary if
’ b —_—— = needed to make 8 bits.
O ow11101, = | J O o, -] s @ Binary range: 00000000 —
= B < 11111111
© 11001010, - i QO . - | la @ Hex range: 00 - FF
(v] Denary range: 0 - 255

g MEMORY TIP Hexdigits: 0 1 2 34567 8 9 A BCDEF Think: 4 bits = 1 hex digit
A=10, '8 =11, G =92, Di=43, & =94, k=15 So 8 bits = 2 hex digits
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DENARY & HEXADECIMAL CONVERSIONS

Convert positive denary whole numbers to 2-digit hexadecimal numbers and vice versa.

[ DENARY RANGE: 0 - 255 HEXADECIMAL RANGE: 00 - FF (this is 2 digits in hexadecimal) |
1. DENARY TO HEXADECIMAL 2. HEXADECIMAL TO DENARY
Convert a positive denary whole number (0-255) Convert a 2-digit hexadecimal number into denary.

into a 2-digit hexadecimal number.
o Write the place values:

Divide the denary number by 16. Left digit x 16* + Right digit x 16°
Write down the remainder (0-15).

If remainder is 10-15, use A—F.

Divide the quotient by 16. 9 Multiply and add the results.

o Convert each hex digit to its denary value (A=10, B=11, ..., F=15).

Write down the next remainder.

The final quotient is the first (left) hex digit. EXAMPLE: 3C,, to denary

000 00

Write the remainders as hex digits (right digit first). [ . T S
ik S ‘ Hex digit 3 C
\ EXAI\ELE: 1751?,t3hi(afe,c'ina,l, i 2 Denar)Nakie 3 12
| Step } Calculation Quotient | Remainder l Hex digit 1 T
[ 1 1 1 1 Place value x 16" (16) x 16° (1)
|1 | 175+16 10 15 | F |4 1
Read
| 2 | 10+16 0 10 ‘ A RS Calculation 3x16 =48 12 x1 =12
3 [ 0+16 0 0 w l A

Add the results: 48 + 12 = 60

Hexadecimal: AF;¢
ke \

@ The first (left) digit comes from the final quotient. ‘ \ Denary: 6010

" The second (right) digit comes from the first remainder.

HEX DIGITS: VALUES AND PLACE VALUES

2 Place values in hexadecimal
Hex digit ] 1 2 3 4 5 6 7 8 9 8 C D E £

16" (left digit) 16° (right digit)
Denary 16 1
Denary value = 0 1 2 3 6 5 ] 7 8 |10 |11 |12 (13 |14 | 15 ! !
L Example 3 x 16 =48 C(12) x 1 = 12
DENARY TO HEXADECIMAL - QUICK REFERENCE PRACTICE: CONVERT THE FOLLOWING KEY POINTS
Denary Hex Denary Hex A. Denary to hexadecimal (2 digits) @ Hexadecimal is base 16.
Convert these denary numbers to
0 00 16 10 2-digit hexadecimal. @ We use 0-9 for values 0-9.
1 01 32 20 =
Q 25, = @ We use A—F for values 10-15.
2 02 48 30 0 o -
3 03 64 40 v i € Two hexadecimal digits can represent
4 04 80 50 © 128, = 256 values (0-255).
5 05 96 60 O 200, = . y
6 06 112 70 © 255, ¥ i € Left digit has a place value of 16.
7 07 128 80 . B = N @ Right digit has a place value of 1.
8 08 144 90 | B. Hexadecimal to denary ’ h "
9 09 160 AO Convert these hexadecimal numbers to denary. zl?fary' denary and hex are a
ifferent ways to represent
> o i 29 Q 1A, T —_— the same numbers.
1 oB 192 co
12 oc 208 DO © 3F. W §
o 7C - RANGES TO REMEMBER
13 oD 224 EO 16 10
14 OE 240  FO | © As, N Dnary fage: = s
15 OF 255 FF Hexadecimal range: 00 - FF
© FFy = = 4q _ Binary range: 0000000 - 11111111 (8 bits)
- \ J > >
e, AT
# i ? .
= = TIP: If the left digit is O (i.e. the number is less than 16), always write a leading zero. ' ¢ Ness b}n:ry.l
. B onvert via hex!
Example: 54 = 05,4 | 15, = OF,4

(Denary «» Hex «> Binary)
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BINARY ADDITION, OVERFLOW AND SHIFTS

BT UMl WHAT IS OVERFLOW?
( \ Overflow occurs when the result is
o 0+0=0 too large to fit into the available
1 1 1 number of bits.
© o+1=1 00191101 11110000
©|1+0-1 +00010111 +00100000
o 1+1=10—write0,carry1 = 3000190 AOOOJ'OOOO
([ 240+32=272|
1+1+1=11-write] carryl -+
e - J [ 45 +23 =68 J The result needs nine bits, so it
cannot be stored as an eight-bit
| unsigned binary number.

LEFT SHIFT Original: 11000001 RIGHT SHIFT
Original: 00110110 =54 Original: 00110110 =54
Shift left by 1: 01101100 = 108 &= shift leftby 1 Shift right by 1: 00011011 = 27

Each bit moves one place Result: 1 1 . Each bit moves one place
to the left. ?Ejt' 000001_9 » to the right.
n A zero fills the empty A zero fills the empty
position on the right. leftmost 1 new 0 position on the left.
) discarded added
m A one-place left shift E A one-place right shift
normally multiplies a The lost bit does not normally divides a
positive integer by 2. reappear on the other side. positive integer by 2.

BINARY SHIFTS

Left by 1

Left by 2

Left by 3

MULTIPLE PLACES

m m . nghtbyl . Right by2 nghtby3

Bits shifted beyond the available positions are lost.

@ EXAMTIP |

[ Add with carries ¢ overflow needs an extra bit « left grows ¢ right reduces ]

- x2 - x4 - x8

A binary shift moves the bits and discards bits that leave
the available positions. It does not rotate them.
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HOW COMPUTERS STORE CHARACTERS

CHARACTERS ARE STORED AS BINARY

A character set assigns a unique numerical code to each character.
The code is stored as binary.

Character © Numerical | ( Binary code
# code #
‘A’ 65 0100 0001

WHAT IS A CHARACTER SET?

A |[D\ 0101 1010

CHARACTER CHARACTER SET CODE BINARY
a letter, digit, an agreed collection the number REPRESENTATION
punctuation mark, of characters and assigned to the code stored
symbol or space. their codes. a character. using Os and 1s.

=

BITS CONTROL THE NUMBER OF POSSIBLE CHARACTERS

H _ 9n . %
Number of possible codes = 2™, where n is the number of blti. More bits per
4 character allow
-—) 2 16 possible codes I a character set

l I I to represent

more characters.

e
AN

256 possible codes

o
!

ASCII AND UNICODE
AsCll

@ Represents a limited collection
of characters.
Suitable for common English
Aa letters, digits, punctuation and
control characters.

8 OCR examination questions
bits represent ASCII using 8 bits.

m Unicode can represent far more characters than ASCII.

UNICODE

Represents a much wider
collection of characters.

Supports many languages,
writing systems and symbols.

Using more bits can increase
the size of a text file.

86

]
» O_ EXAM TIP ASCII and Unicode store codes representing characters.
= They do not store pictures of the characters.

[ Character — code — binary * more bits — more possible characters J
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HOW COMPUTERS STORE IMAGES

BITMAP IMAGES ARE MADE FROM PIXELS

A bitmap image is a grid of pixels.
Each pixel has one colour i
represented by a binary code. -

—

This pixel's colour
is represented by

ENLARGED the binary code:
01001101
g 3
KEY IMAGE TERMS
{ ™\ — —= (E =
PIXEL RESOLUTION COLOUR DEPTH METADATA
.
the smallest the number of pixels the number of bits additional information
individual element used to represent an available to represent stored about the image,
of a bitmap image. image, described by the colour of such as width, height,
its width and height. each pixel. date created or
Y\ P . camera settings.

" COLOUR DEPTH AND POSSIBLE COLOURS

Number of possible colours = 2", where n is the colour depth.

1-bit colour 2'=2 N

2 possible colours

2-bit colour 22=4 | []

4 possible colours

8-Pitcolour 28 = 256 .---.DD-.._

256 possible colours

2-bitcolour | 22 =167m216 | [N

16,777,216
possible colours

.

" HOW CHANGES AFFECT QUALITY AND FILE SIZE

) \
—— e AR~

original image contains more useful detail.

16 Wi e e e

\ INCREASE RESOLUTION INCREASE COLOUR DEPTH
2@ EEEE| * More pixels can show e More colours can be
APOEORG more detail. | represented.
======= * Image quality may improve. e Colour detail may improve.
BEEBEEEEE| ° Fiesize increases. | o File size increases.

0 Increasing resolution or colour depth does not guarantee that the

S

EXAM TIP
Higher resolution and colour depth usually improve representation quality,
but both increase the file size.

| More pixels add detail ® more bits add colours e both increase file size

)

10
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& HOW COMPUTERS STORE SOUND =)

Sampling measures the amplitude of a sound wave at regular intervals.

Analogue sound wave Sampling at Digital 010101
a i : 101010
regular intervals representation

,
>

+
W

Ampliitude
o e

——-©
T
L e
e
e
d

Amplitude
o

<
<
<

Time —> ‘ - Time —

. J
™ W )
Sample rate Bit depth @ Duration
number of samples number of bits used longer recordings
taken per §econd; to store each sample. contain more samples
measured in hertz (Hz). and create larger files.
Higher sample rate = Higher bit depth =
more samples, more possible amplitude
more accurate sound, values, more accurate
larger file. sound, larger file.
\ J I K >

WORKED EXAMPLE
20,000 Hz x 8 bits x 30 seconds

Sound file size (bits) = | | [
sample rate (Hz) Y| =4,800,000 bits
X
bit depth (bits) + 8 = 600,000 bytes
X

duration (seconds) + 1,000 = 600 KB
@ Answer: 600 KB (using decimal conversions)j

. 7

‘)) For stereo, multiply by the number of channels. )
.

Effect of sample rate on how well the digital signal matches the original wave f

e ~N v ' vy . g
Sampl ts
Low s ampl e rate ampling poin Digital approximation Result
(fewer samples per second) Sparse samples miss detail.
‘ The digital signal is rough
@ and does not follow the
L A original wave closely.
(= ) Sampling points Digital approximation Result
:;'n:)gr:'sasmapmppcl-:s:gti) t More samples capture
& more detail. The dig!te}l
- J signal follows the original
wave much more closely.
J > J

\

A MEMORY HOOK

| ~ Do not confuse sample rate | - .
¥ % with bit depth: rate controls RATE = readmgs per second
- gl l  DEPTH = detail per reading

how precisely.
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FILE COMPRESSION

LARGE FILE

Compression reduces the |
number of bits needed
to store a file.

uses less

uses less
bandwidth

SMALLER FILE él

LOSSLESS COMPRESSION

no data is permanently removed

the original file can be
reconstructed exactly

usually produces a smaller reduction
in file size than lossy compression

suitable when every bit matters:
text, program files and important data

examples: PNG, ZIP, FLAC

OO0 000

</>

PROGRAM FILES

TEXT DATA

EXAMPLE: LOSSLESS (Run-Length Encoding)

A simple lossless method: repeated values
are stored as a value and count.

{AAAAAABBCCC] ‘ 1 7A2B3C ]

)

(original data) (compressed)

Not all lossless methods use run-length encoding.

DECISION GUIDE

LOSSY COMPRESSION

permanently removes some data

the original file cannot be
reconstructed exactly

can greatly reduce file size

quality may decrease, especially
with repeated compression

suitable for images, audio and video
when some loss is acceptable

OO0 00 00

examples: JPEG, MP3, MPEG

b S 43

IMAGES

AUDIO

EXAMPLE: LOSSY (Images / Audio)

WHY COMPRESS FILES?

storage space

transfers and
downloads faster

VIDEO

Less noticeable data may be discarded to save space.

ORIGINAL (more detail)

Caution: compression
does not automatically
improve the quality of a file.

J

| Choose LOSSLESS VW
EXACT when exact recovery | A &
RECOVERY is essential. |
............................ Do not say lossless
Choose LOSSY means ‘no compression’. LOSSLESS =
when a much smaller It compresses the file
file is more important without permanently LOSSY =

than perfect quality.

losing data.

lose no data

lose some data

?/m Which type should store a program file? :r—"-Thmk |t thr;ugh' ()
% ® : -






