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L Numbe

Why binary?

A computer has only two states: on and

N umber Systems off, written 1 and 0. A system of two

digits is binary —i##| (base 2).

Every kind of data — numbers,
text, sound, images — must be-
come binary before the computer
can process it.
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Three number systems Place value

Binary place values double from right to
left. For 8 bits:

denary + i ) binary — j# i hexadecimal +7.2" 1 128 6432168421
base 10 base 2 base 16

digits 0-9 digits 0 and 1 0-9 then A-

place valve [128 [ 64 [32 [16 | 8 [ 4 [ 2 | 1| e .
bis (1] 0 Jo |1 o 1][1]0] m 1 bit {7 = asingle 0or1
The base £# is h different digit: t 150 = 128+ 16 +4+2 = 10010110 = 8 bits = 1 byte T
e base % is how many different digits a system ) m 4 bits = 1 nibble 5%
uses. Hex A-F stand for 10-15. Hard disk storage

Denary — binary: subtract the place
values that fit. 150 = 1284+ 1644+
2.




Which end of a binary number matters

The most significant bit 2 5 7 %4 {iL is the leftmost — worth

Most significant bit © e h
the most. In two's complement it is also the sign.

o . The least significant bit(s) A ZL{iL are the rightmost
Least significant bits  _ worth the least, and the first to be lost when a number is
truncated.

A logical shift left multiplies by two and pushes bits off the
most significant end; a shift right divides and loses the least
significant.

Why it matters

The same convention orders the bits in registers 27 1725, in
transmission f‘??ﬁ down a wire, and in the outputs of logic

gates B8]

In hardware

I Say which end you mean. “The first bit” is ambiguous, and the mark scheme is not.

Convert denary 1

to hexadecimal
150 =128 + 16 + 4 + 2, so
128 64 32 16 8 4 2 1
1 0 0 10110
= 10010110
100 =64 + 32 +4 = 01100100
nibbles = 6 and 4, so hex = 64

-

binary [1]1]1]1] [oJoJoJo] [1]oJo]o

one hex digit = one nibble (4 bits)

one hex digit = one nibble

Each hex digit maps to its own 4-bit nibble — FO8 = 1111 0000 1000

Why hexadecimal?

Hex is shorter than binary and easier to read
— one hex digit replaces four binary digits, so
you make fewer mistakes. Used for:
m MAC and IPv6 addresses
m HTML colours (#FF0000 is red)
= memory addresses [{77H1], error
codes, memory dumps

Group binary into nibbles of 4
from the right; each nibble is
exactly one hex digit. The value
is unchanged — only the notation
is shorter.

Addition and shifts
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Overflow

Add column by column from the
right, carrying like denary:

A B | bit carry

carries 11 1
o 1 1 1 0 1 1 0 118
+ 0o o0 1 1 0 0 0 O 48
1 01 0 0 1 1 O 166

1+1+1=1carry 1. Example:
118 + 48 = 166.

200 + 72 = 272, but 272 needs 9 bits:

@@@@@@@ the 9th bit will

not fit - it is lost

the 8-bit register keep ese

stored answer = 00010000 = 16, not 272 - this is overflow

An 8-bit register holds only 0-255. A
bigger result needs a 9th bit that will
not fit. 200 + 72 = 272 =

100010000 — 9 bits.

The leading 1 is lost, so the reg-
ister shows the wrong answer.
That lost carry is overflow iii




Logical binary shift Two's complement

Two’s complement %45 stores
negatives by making the
MSB & 5530 negative:

A logical shift iZ%8 — ¥t %L
moves every bit left or right:

bits lost m bits off the end are lost
A m zeros fill the empty end sign bit —1286432168421
tart (53 11 1 1 negati
srt (59) @@///@//@/ m left x2 per place; right +2 (negative) i
S S per place place value |—128 64 | 32 | 16 | 8 | 4 | 2 | 1 MSB_[J: positive, MSB 1 =
bits | 1 | 1| 0| 1| 1] 0|00 negative.

S S )
w2 e [1)[1)3) 5] <
eftshift 2 (212) [1][1][o][1][0][1][0][0] Left-shift 00110101 (53) by s Make —40: 40 —00101000,

2 = 11010100 (212 = 53 x ;

4). Push a 1 off the end and flip =11010111, add 1

you lose value. =11011000. Check: —128 +
64 + 16 + 8 = —40.

zeros added

Representing text

Every character gets a number, stored in binary — a character set =#f£::
m ASCII ASCII #3: 7 bits = 128 characters (English)
m Unicode %;—7%3: more bits = far more, many languages plus emoji

Text, sound and images

More characters needs more bits, so the same text in Unicode takes more storage
than in ASCII.
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sound and imaj

Representing text, in detail Sound and images

ASCII - 7 bits per character nicode - more bits per character

OoOoOoOoono CCITTITITITTIITT Sound: sample rate #{##% (samples/s) and sample resolution 44 Ji#%
27 = 128 characters far more characters (bits/sample).
English letters, digits many languages, symbols Image: resolution 333 (pixels) and colour depth Zii5 /i (bits/pixel).
and common symbols and emoji - but more storage

Higher rate/resolution/depth = better quality but a larger file. Always the same
trade-off.

ASCII uses 7 bits for 128 characters; Unicode uses more bits for far more charac-
ters but more storage




Sound and images, in detail

a
e

amplitude

< tim
samplé interval

% Storage and file size

sample rate = samples/s + Nyquist = 2fina resolution = & X8 pixels

sampling a sound wave an image is a grid of pixels

Both are the same idea: measure the real thing at regular points and store the
numbers. Sound is sampled in time, an image in space.

d file size

Measuring storage Worked example — file size

Each unit is 1024 x the one before, because An image is 1024 x 1024 pixels, colour

Unit Equals 1024 = 2 fits binary. 16 bi SR
byte 8 bits ::ithh 2 bytes (16 bits). Find its size in Image bits = width x height
kibibyte (KiB) 1024 bytes Divide by 1024 (not 1000) to step up - x depth; sound bits = rate x

mebibyte (MiB) 1024 KiB it. Thisis why a “1 TB” dri resolution x seconds. Then
gibibyte (GiB) 1024 MiB aunit. This s why a rive

N " . shows fewer TiB in the operating sys- bytes = +8 = 2097152 +8, 1024, +1024 — in the
tebibyte (TiB) 1024 GiB tem. KiB = +1024 = 2048 unit asked for.
MiB = +1024 = 2

bits = 1024 x 1024 x 16 = 16 777216

Compression

Smaller files use less storage, less

bandwidth %7 and send faster.
m lossless Jcifi: keep every bit

orginl R R R R ~eg RLE f7iss

m lossy #Eif: permanently drop
data for a much smaller file

Compression

!
stored as Lossless for text and pro-

count, valuecount, value grams (every bit matters).
Lossy for photos, music,
video — a small quality loss
is worth the size.




Exam tips

= Convert denary — binary by subtracting the place values (128, 64, 32 ..); binary
— denary by adding the place values that hold a 1.

m To convert to hex, group the binary into nibbles of 4 bits from the right; each
nibble is exactly one hex digit.

m Overflow happens when a result needs more bits than the register has (an 8-bit
register only holds 0-255), so the extra bit is lost.

m File size in bits: for an image, width x height x colour depth; for sound, sample
rate x resolution x seconds. Divide by 8 for bytes, then by 1024 for each larger
unit.

m Lossless compression keeps every bit (text; run-length encoding); lossy
permanently removes data (photos, music) for a much smaller file.

Topic 1 — key takeaways Check yourself

o How many bits in a nibble?

0 Convert e Overflow

subtract place values; group nib- result needs a 9th bit an 8-bit ° Convert binary 1010 to hex. o
blles o s register loses ‘ 1 H 0 H 1 H ‘
e What happens on overflow? S
o File size o Compress
bits — +8 — +1024; im- lossless keeps every bit; lossy ° Lossless or lossy for a text file?
age/sound formulas drops it

I Answers 1.4 2. A 3. the extra bit is lost (wrong answer) 4. lossless




