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FOR Loop

€ s acounter; the ¢
wements are repeated until it

t\ii toop
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‘  Watch what happens to the output and the

below is executed
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Watch what happens to the output and the
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FOR Loop
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Watch what happens to the output and the
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WHILE Loo

ondition to determ
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result of the condition i
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WHILE Loo

5 dition 1o determ;
td be executed. The statem
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Watch what happens to the output and the:
below is executed
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WHILE Loo
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WHILE Loo WHILE Loo

Ery

conditiors to determ
be exetuted. The statem
result of the condition i

& condition to deterr
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result of the condition i
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Watch what happens to the output and the:
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WHILE Loo
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WHILE Loo
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siid be executed. The statem
result of the condition i
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result of the condition i

Watch what happens to the output and the;
below is executed

Watch what happens to the output and the
below is executed
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REPEAT UNTIL

e statements are €
statements are repeated as
condition is false.
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tatements are repeated as
condition is false.

Watch what happens to the output and the
below is executed
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REPEAT UNTIL

e statements are e
tatements are repeated as
condition is false.

Watch what happens to the output and the:
below is executed
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REPEAT UNTIL

ing statements are
tements are repeated as
condition is false.

Watch what happens to the output and the
below is executed

P
5 B

B o

COPYRIGHT
PROTECTED

%

Education

21
REPEAT UNTIL

ilie statements are e
ents are repeated as
condition is false.
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REPEAT UNTIL

' ihe statements are e
tements are repeated as
condition is false.
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Watch what happens to the output and the
below is executed
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Subroutine

often need to perfq
nts in-the program; this
in handy.

2 is a section of code that perfo
be called from the main routine
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‘e two types of su

A subroutine that does not
Asub
normally return a value to the
main program
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Example

[Gw accepts two v
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Functions Functions

broutine that rei
routine.

broutine that re} Remember a fu

routine.

Remember a fu

%reata[c function is designed to calcul:
and return it to the calling routine where
variable.

and retum it to the calling routine where
variable.
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Functions

€
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routine that rel
routine.

routine that rej
routine.

Remember a funcs

'ri@\rea(la{: function is designed to calcul
and retum it to the calting routine where
variable.

@-\reaCalc function is designed to calcul
and return it to the calling routine where
variable.
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Recursion

The recursi e belaw counts dowi
passed to it

s,

—@wiu now see the result of calling the ¢
countdawn{2).
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ace the execution ¢ L
atrace table, o
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d trace table.
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’ @ this example, the countdown procedus

countdown(3):
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; countdown(3):
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! countdown(3):
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Trace Tabl¢

Are the execution ¢
a trace table.

You need tob

[ %this example, the countdewn procedu
: countdown(3):
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Trace Table¢

You need to by

ce the execution ¢
a trace table.

# this example, the countdown procedut

countdown(3):
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Infinite Recur
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{ To avoid this youneed a stopping condition
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Two-Dimensiona

Rows: (Players}
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dimensional names ar
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FOR Loops and

FOR luops go well tegether; t
: wvough each element in an 8

F(gé example program cycles through each
array.
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FOR Loops and

¥ o go well together; tf
ough each element in an g

ﬁn@ example program tycles through each
array.
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1 ough each element in an a

Fh@;s example program cycles through each
array.
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FOR Loops and

o well together; th
ough each element in an &

ﬁ% - example pragram cycles through each
array.
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FOR Loops and

"go well together; t
ough each element in an &

1 Tg: s example program cycles'through each
array.
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FOR Loops and

F(gé example program cycles through each
array.
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FOR Loops and

; go well together; tf
Fough each element in an g

ﬁn@ example program tycles through each
array.
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FOR Loops and

3go well together; tt
ough éach element in an a

ﬁ;@;s example program cycles through each
array.
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Starting Ind
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Linked Lis!

ist contains & pointer

‘Each node
the next node in the

e

Education

5
Disadvanta
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the ert« re list has to be traver:

sis tabisy offer a solution to this problem
and enabling direct access t

Hash tahles are used when speedy insertio
uired.
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I this exasple-esch value is assigned a pa
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hagh Rawction,

T%ash funetion takes a piece of data knov
hash value; this is used as the in

in this example each value is assigned a po!
its first letter.
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Hash Table

?@ash function takes a piece of data knoy

of two parts: a
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hash value; this is used as the in

In this example each value is assigned a po
its first letter.
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Hash Table

ﬂ?@as-h function takes a piece of data kno
hash value; this is used as the in

In this example each value is assigned a po
its first letter.
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Hash Table

Hash t

?’%gsﬁ function takes a piece of data kno
hash value; this is used as the in

In this example each value is assigned a po
its first letter.
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Hash Table

?@ash function takes & piece of data kno
hash value; this is used as the in

In this example each value is assigned a po
its first letter.
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Hash Table

?@ash function takes a piece of data knov
hash value; this is used as the in

In this example each value is assigned a po
its first letter.
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This is the :
: eiter of a key and converts it

T@;ﬂer is converted ta its ASCI value (for
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‘ In this example the key i
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Hash Functi

Thisis th e for a simple hash fi
.v trer of a key and converts it
?@Eﬂer is converted to its: ASCl! value (fo
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‘ In this example the key i
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Hash Functi

Tt@!etter is converted to its ASClE value (for
subtracted from it

‘ In this example the key i
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Separate Chai
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Structure

raph is called a wey
are called vertics

Each connection ina graph is ¢
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Neighbours and

{are vertices: corhec
arexample; Eand Fare ne

swen of @ vertex is the number
for example, the degree
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Weighted and Direc

5 one in which
35 are labelled, with
wtdistances for example

In a diravted gragh each edge has
a direction associated with it.
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processed by a comp

1 tices are connected, a 1 s placed in{
i matrix in two positions,

For example, A and D are connected so a 1 is pl;
in the two positions in the matrix where the
vertices meet.

The remaining spaces are then ‘r"lked with Os or
null symb

If graphs are wel ‘weight is placed in

matrix.

Theg ;acénqr matrix for an undirected graph
always symmetrical.
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| @; cency lists are best used when there
1 vertices.
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Data Structu

CTOT data structure is sim
array, a vector can be access;

The main difference is that arrays
whereas vectors can g
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tan also be represented
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I S represents the values an be usi
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Geometric Points

tan also represent posiy

“The position of the arrowhead can be r
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Vector Addit

Fean beused to transtate

1% vector

 ftom adding the two v

i this example, the vector that
vector a to the head of vect
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Scalar Multipli

st is used tg

This is achieved by multiplying the

L

‘ The scalar is simply a real number that is

18 scatar 1 0.5 the res;
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Convex Combin

s a method of co
create a third.

“The new vector must be placed inside the}
existing vectors.

| tearefs

The existing vectors will
muttiplied by the
b be
ither vector.
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Dot Produ

a=(7,5)

b

The dot product would be: {7*8
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Tree Traver:

f searching a tree
here are:two main type

Starting at the root, each node in Starti
one branch is visited before expl
exploring the next branch.
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Pre-Order Trav

th-first traversal is

Steps:

] 1. Start at the root node.

2. Explore the left sub-tree,
working top-down.

3. Explore the right sub-tree,
working top-dow

(@smctude copying a tree and creating a

expression tree.
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Post-Order Tra

ath-first traversal is

1. Explore the left sub-tree,
working bottom-up.

2.Exptlore the right sub-tree,
working bottom-up.

‘ 3, Returi to the root noc

T
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Used fot a binary searc

Ery

COPYRIGHT
PROTECTED

5
In-Order Trav

© aof traversal is in-¢

Steps:

o Explore the left sub-tree,
working bottom-up.

‘ 2. Visit the root node.

3. Explore the right sub-tree,
“working bottam-up

ses include infix to Reverse Polish not
expression from an expression tree &
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Graph Trave

iere are two main types

R
e
i

RS

=N

g,

COPYRIGHT
PROTECTED

%

Education

7
Depth-First Tra

ach vertex is-marked
and added to the stack.

When there are no remaining unvisited
neighbours, vertices are popped off the stack
until one is reached that has unvisited
neighbours.
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Breadth-First Tr.

“dach vertex is | NS
Fvisited and added to
the fuege.

I breadth-first

L.

When there are no remaining bl
unvisited neighbours for the current
vertex, it moves to the next vertex in

the queve. | b
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Infix Notati
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Reverse Po
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The CPU finds the first operator and appl
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Another Exar Stacks

Here is angth

of an expression be & used to solve proble
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Each time a number is encountered it is Each time a number is encountered it is ]

pushed onto the stack.

pushed onto the stack.
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Each time a number is encountered it is
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te the top two
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Linear Sear

The problem with this method is that
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Binary Sear
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Binary Search

search metho
5t 15 already serted, it will
as a new element is a

{The binary search tree can be used to get ar
can easily be added or re

Rules [

_ The left subtree of & node
| contains values that as
the value o

Lt subtree of @ node
| eitains values that are more

‘ than the vatue of the node.
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Using Binary Seai

iiicutar value in a binari
<h node we simply move either ri
her its value is higher or lower than th
‘ Let's-search for the va
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Bubble So

Bubble sort is simple to implement
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‘ Bubble sort is simple 10 implement
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Bubble So

works through alig
nd swapping them if net

‘ Bubble sart is:simple to implement
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Bubble So

works througha U
nd swapping them if neg
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{ Bubble sort is simple to implement |
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Bubble So

warks through a {is
and swapping themif nei

The bubible sort 2

Bubble sort is simple to implement
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Bubble So
“works through a tis
nd swapping them if neg

R IR

Bubble sort is simple to implement
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Bubble So

Bubble sort is simple 1o implement
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until they are all in one sq
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i works by splitt
7 gradually merging them
until they are all in one s¢
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Merage Sor

fim works by splitt
i gradually merging them
until they are-all in one s¢

The merge
element;
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Dijkstra’s Algo
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We:start by find

&

from the starting vet

repeat the process with the vertex:

COPYRIGHT
PROTECTED

s gt

COPYRIGHT
PROTECTED

3

Worked Exan

We start by findi;

wiistance from the
neighbours:

P

from the starting ve

e repeat the process with the vertex
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Worked Exan

We start by find

A

neighbours.

OPYRIGHT

C

o
o]
&
8]
b
=
Q
&
8

9
Education

a

NN

‘t\;
§

from the starting ver

We repeat the process with the vertex

The distance is only updated if a

shorter route is found.
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Worked Exan

stance from the

neighbours.
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ve repeat the process with the vertex

The distance is only updated if a
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Worked Exan Worked Exan
We start by find tance from the We start by find ance from the
neighbours. neighbours.
~@ e fepeat the process with the vertex .~® ve repeat the process with the vertex
) from the starting ve - from the starting ve
The distance is only updated if a \‘\\: The distance is only updated if a \\\\k
shorter route is found. shorter route is found.
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Worked Exan CommonUs -

We start by findi;

wiistance from the
neighbours.

e repeat the process with the verte

from the starting ve

The distance is only updated if a &
shorter route is found.
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Finding the shortest route to drive
between two addresses.

Finding the shortest route for
packets to take between two devices
in a netwark.
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Big O Notat

i to deseribe how the
relation to the number

This allows atgorithms to be compared
comptlexity.

Big Q touks at hiow long an algorithm takes

An Qisused ass of all expressions

r@ n'is used to refer to the num
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Constant Comg

temains the same r;

he time co
; of items.

)

L

This graph itlustrates
constant complexity:

fme to Complete

aple; finding the first item in a
me arnount of time regardless of
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Logarithmic Con

the inverseof &

@ ¢rease in time complexity decre
.. items increases.

Complete

This graph illustrates
logarithmic complexity. | .-

_@’x’ammﬁts of algorithms with togarit
binary search and binary ti
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Linear Compl

iekity is proportional t

.

This graph illustrates
linear camplexity:

Titke to Complete

@ irch is an example of linear c
ina list has to be evaly
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Polynomial Com

-

| k is a constant value. ‘

Thme to Complete

g

This graph illustrates ‘
polynomial comple:

@. e sort is anexample of an al
w polynomial comple
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Exponential Con

Creases exponery

The time co
: items gets large

2
R

This graph itlustrates
exponential complexity.

Time to Complete

-t salesman problem has exp
b oo 3 alesman wanting to find the shg
¥him ta visit every city only once before re
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Order of Comp

Constant

Logarithmic
Linear
Palynom?,
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Linear Search

Bubble Sart

Binary Search

Binary Tree Search | Ol

Merge Sort Oin

2
Tracing an Algc

ng an algorith
intended.

w is used, showing the valug of
results-of any conditions after the ex¢
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Finite-State Ma

Araffic light is an-example of |
afiniterstate machineas it |
has-a fixed nirmber of states. |
1

i
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State Transition [

fagram reg

Each circle in a state trans
; ransitions

labelled with the input thal
Inthis case the input is
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State Transition [

i method of £
machine graphical

Each circle in a state trans!

The arro Y transitions

“labelled with the input thal
In this case the input is

R
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{abelled with the inputthal
In'this case the input is
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State Transition [

a'method of &
machine graphicall

& prees
<5 sec ’_,/ '

5

wn
2

)

b the input thal
In this case the input is
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State Transition [

2

1 i If the value of the timer is less than 5 the

In this case the input is
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State Transition L

Each circle in a state tra agram re
The arrows.t T transitions

labelled with the input tha
In this case the input is

If the value of the timer is less than 5 the

Rt
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State Transit

o,

<5 s8g_

transitions

abelled with the input thal
Inthis case the input is

1f thevalue of the timer is less than‘S‘ the

Ery
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State Transition

State transition 13

s

L & used to sho
fiputs on gach state of
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Accepting St

al state known ¢
1718 is indicated by a dou

babbl would be accepted
actepting state.
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Accepting St

A

bbb would be accepted
accepting state.
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Accepting St
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abbb would be atcepted
accepting state.
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bb wouild be accepted

@ A geeepting state.
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Accepting St

i state known
1S s indicated by a dou

e B

bbb would be accepted
accepting state.

P
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B o
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iial state known 2
s is indicated by a douly

b would be accepted

@ : accepting state.

{ The sequence babb would

R

R
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Set Comprehe

LSets canalso h Sod Using sot samge
% ‘properties that-a set shou

l « represents the values of
} The equation that follows the | defing
atN is &

represent the n_até

“isysed to represent

& means greater than or €
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Set Comprehe

8 o W
N W N

numbers that are greater than

(& example is used to create a set of valg

| This could took tike

e
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xed number of elem
using natural;

Have an infinite niimber of ¢
represents all nat

An infinite set of numbeé

" The number of elem
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Compact Represe
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L The Ly et fs the product of jg
e € x4, 3
i \‘}§ 0 ‘%\‘ e “S t§‘(§
F e & on &
SR ‘Q\ \(‘§ & %@ 3

COPYRIGHT
PROQTECTED

9

Education

Acountable set i

oo, s

s

e

%y

COPYRIGHT
PROTECTED

%

Education




g

Set Operatic

g sets together to fo
elements fi

Intersection Joining sets together to for
the elements that are

e Joining sets tagether to for
unigue elements
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Regular Expre:

Key Terms

A set isa collection of U

duplicate
Regular A form of notation that ¢;
Expression describe

Reguiar glef t can be
Language expres
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3

is used to constru

Must of the operators veferto the p

Operator Meaning Exampl;:
N 0 or more times ab"c
H Qor 1 timex ab?c

* 1 o moratime, ab+c
(aib)c
Anyone of thecharactess {abc]de
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Accepts any string st
0o

Accepts any string st

Accepts any string st
1

Accepts any string st
eithe
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Finite-State Ma

chines can also be reg
expressions.
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Context-Free Lar

3 can be used to re
i simple syntax; however,
languages with complex

Context-free languages are used to re
languages with complex

P
5 B

B o
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BNF Notati

Encloses each element

S Defines the rule for a previc
| Used to indicate OR
{ } Encloses aptional elements

R

¥
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Encloses each element

1= Defines the rule for a previa

| Used to indicate OR

{} Encloses optienal elements

fame> <

elemefits: name, address a;

y o,

3

i,

=N
)?\.

5
g

T,

COPYRIGHT
PROTECTED

5
Terminal Elen:

&tk be broken down fi
15 i5-an-element that can't
further.

<student-details> ::= <name> <

| For example:

<pame> ;= <First-namer. <middle

<town> <¢
<gender> :i= «<charg

<character» 1= “M”
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A s ather method of
@ free language.
r ' These are the main symbols t

U ctement Used to represent a non-te

‘a termin

Used to represent a non-te
be reused.
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Example

Student Details

{ Middle Name oo

Town

Gender
-

Rt
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Structure

‘Basic structure of a 1

1o is a read/write head that can red
data to an infinite pape

The paper tape is divided into squar
character, like a binary digit. The o sym
cell.
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Papear
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Transition Fun

re used to controt
ell on the tape based on

T’hey also control whether the head sh

Transition functions are represented

A% . o
Pe B

isthe halting s
tells the

i labels have the X
*following structure: /1, R |

read/write, direction.
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ition function reverse
ape until it reaches a bl

148, R
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i i
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Written Nota

i0ns can also be des
riotation.

8§ {Current State, Input) = (Next Sta

o3

1/, R

%3
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L hale mbers arerwrittén in base

F Efach digit is:worth 10times more than t

456 v
lotg

(4
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Binary Exam

Write aut the va

COPYRIGHT
PROTECTED

e

Education

5
Binary Exam

19| 8 1 1 | (ix16
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Binary Exam

a 1 1 1 @ (1x8)
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'Same, subscripts are us
number has been writt:

The subscript 10 stat The

decimal
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Hexadecim

75 i binary can get r

3 (base 16) shortens the numbe
worth 16 times the one to th

10, = 164, 106, = 256,

' Along with 0-9, hexadeci

al also u

=11, L=12,0=13,E

168, BOO,, = 2816,
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Hexadecimal Ex

digitat t

Write out the v
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Hexadecimal Ex

ex to denary is ats

1 1 2 2 (12563 +(2x1

A ] B o {18x256 )+ {11x1
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Hexadecimal Ex

1 2 | 3 (1x256)+(2x1

A B | € {18x258)+{ 11x1

r_ ' Add together the totals to getthed
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Hexadecimal to

Although comp

8A
; hex Js used

81@ o1i1e R —————
‘1 Each hex.digit h

89 = 01000161

P In binary this ig
glee @182 0 T
vert a twi
A converting &
//
elﬁi Once ea’ch” in
@ converted, join &
together t
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Binary to Héxad

’ X is also a straightfo

Group the hinary number into batc
{starting at the right-han

81100101

geh batch of four digitsto a

’ Then just join the hex digits b
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Denary to Bi
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Denary to Bii

A'll need ang
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Denary to Bit

\ Converting fram rary uses subtr

Exaripte: 230 in decimal {

Start with the number line ‘showing th

1

230-- 128
=102

[ Locate the targest ny need anc

Subtract 3t rom the denary you're

@ A ‘the namber line.
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Denary to Bit

\ Converting from.2 nary uses subtrs

[' 7 Start with the number line showing th

1 | 1 2] 9

1

230128 102-64 38~ 32
=102 =38 =&

[ Locate the largast nis need anc

Subtract 1

--!ﬁk

.Répéét the process for each column, putting
anda lifitis.

T from the denary you're
the-number line.

P
5 B

B o
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Decimal to Hexa

Example: 2468 Divide the

240,
re:rr@e ;

Write down the g

the remair
154+ 16=2  Repeat the proces
remainder A ; and write
9+46=0 Keep gomg untm
remainder 9 the

remaind
hex number;
penultimate rema

the remair;

2468 in denary is
9A4.in hex

Remember you can always convert to binary
hexadecimal if you find i

R

R
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Binary Addit

iining addition in binary
n decimal There are four si

Rutes:

0+0=0

0+1=1
i1+1=0caryl
I+1+1l=1caryl
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Rutes: "
0+0=0 21101
0+1=1

i+1l=0caryl
i1+1+1=1canyl

o101
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e

E
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Binary Addit Binary Addit

ning addition in binary
decimal. There are four si

fing addition in binary
1 decimal. There are four si

1 Rules: 1 1
0+0=0 81101 0+0=0 B1101
0+1=1 Qg+1=1
1+1=0carry 1 060101 1+1=0carryl 20101
L1+ =Licartyl 160 COPYRIGHT 1rlsl=tcanyt 160 COPYRIGHT
PROTECTED PROTECTED

%

Education
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ng addition in binary
decimal. There ate four si

hing addition in binar
decimal. There are four si

t‘he proce

Rutes: P 1

Rules: N 1
0+0=0 61101 0+0=0
0+1=1 0+1=1
1+1=0carry ee101 1+1=0carmyl

1+1+l=1canryl ivl+1=lcanyl
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ng addition in binary
decimal There are four si

LThe proce

Rutes: Lo 1 Rules:

0+0=0 0 1 1 @ 1 0+0=0

0+1=1 0+1=1

1+3i=0canryl 6e1l1o1 i+1l=0caryl

1s1+i=tlcamyl 180 COPYRIGHT i+l+l=tcaryl 10 COPYRIGHT
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Binary Addit

ing addition in binan
decimal. There are four si

0+0=0

0+1=1
i+1=0canyl
1+3i+l=1lcamryl
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Binary Addit

ing addition in binary
1 decimal. There are four si

2 1 1
0+0=0 21101
0+1=1
1+1=0carryl e 0101

ivi+l=tcanyl
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Rutes: P 1
0+0-0 01101
O0+1=1

i+1=0canyl o101

1+1+l=Tcarryl

igger than 5 bits (the s
dn overflow because the computer
This Is known as ap swarll
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Binary Multipli

tion is asimple proces

210 | Write the first num

1o 1x | number in;
‘10180 . Nextadd the nun
1918 g binary

1100168
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Binary Multipli

I'QI are sgme-more exaj

k@'llﬁek

0110 x

1100
1100
16019000

@ . For the tast example we used
W 4w i+1+1=0carry0and carry 11
This is because 1 +1 + 1 + 1 produces 4
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Two's Complel

@ y'to tell whether a two's compleriel
re¥ive. If the most significant bit is a 1'the
if itis O then it is posi
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Subtractio

¥ e convert the second number
to its negative equivalent in two's
complement.

e
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Subtractio

{ément can help with b

e tarwvert the second number
to its negative equivatent in two's
comptement.

We do this by reversing the ity and
adding 1 to the number.

R

¥
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Subtractio

Jigment can help with b

Rt we convert the second number
to'its negative equivalent in two's
complement.

b

aciaing v the numbes

:z: iy,

i,
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5
g

T,
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piement can help with b

F e convert the second number
to its negative equivatent in two's

comptement.

We do this by reversing the bits and

adiiieg 1o the numbe

Next we add the nu
using the
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Subtractio

Piement can help with b

e convert the second number
to its negative equivatent in two's
complement.

Sricling 3t the sumben

Sgether
Sty addition.

r@e js an overflow it is discarded.
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Another Exar
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Another Exar
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Another Exar

Site of the second number. ‘

‘e

‘ Add 1 to the second number. ‘

COPYRIGHT
PROTECTED

ig
29

Education

11
Another Exar

X5 of the second number. ‘

s

‘ Add 1 to the second number. ‘

Add the numbers together using the
rules of binary addition.
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Another Exar

-of the secand number. ‘

'S

‘ Add 1 to the second number. ‘

Add the numbers tagether using the
rutes of binary addition.

Discard any T
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Fixed Poir

est method of repres
using binary.

In a fixed-point binary number the values

point afe halved,

T Tkt ntt

.
1 1
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Another Exarn

=05
1,=025
1/5=0.125

Y4e= 00625

f\:\\\\\:\:\
R R
N\
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Floating Po

hative methad of re;
with a fractional pa;
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t number is divided
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There are 3 t formats of ﬂoating%ﬁf
RE: 0 be working with: the tw

1 2} 1 2 ]
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Negative Expo. Negative Expo

ative we shift the bin

If the ex; ative we shift the bin
than to the right.
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Negative Expo

ative we shift the bin

@ thar to the right.

First we have to cohvert the exponent to a
the number of places the binary po
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Negative Expo

ative we shift the bin
than to-the right.

First we have to convert the exponent to a
the number of places the binary po
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Negative Expo

‘ wgative we shift the bing
thari'to the right.
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Negative Expo

ative we shift the bing
than to the right.
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Normalisati

mbers in binary we v
f bits possible; to do this

To normalise a number you look at the stai
whether there are any repeat
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bers in binary we v
of bits possible; to do this

To normalise a number you look at the stai
whether there are any repeat
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Normalisati

g bers in binary we v
er of bits possible; 1o do this

To normalise a number you look at the sta
whether there are any repeat

d ta be removed an

binary point has moved one: place so §
updated by subtracting 1
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Compariso

alculations using fixe

It is faster to
: to floating-point num

2

Floating-peint numbers can represent a lar
fractional parts when compared to fi

of processing is more important

P
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Some it 3 t be represented u
2L inem. [n this case the number
representable numb;

The rounding svray s the difference betweej
rounded value. There are two different m

precision of a rounded

»éeween the actual | | Thﬁudg
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An extra bit i

The number of bits in the bit | 161101
pattern is odd.

R

(5 x &

N N
\,\\\ §

@ can be detected by checking the
nsmission; if the parity Is no longer the

occurred.

Checksun:

3 Transmitted in blocks ¢

% is @ hash of the data in the pa;

sent along with the pa

‘When the packet is-received, the checksum
checksums match then th:

a has be

Ztwo checksums don't match
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Majority Vo

ad of error correctior
three times.

the maost is kept &s the ve

Check Dig

it is comm A error to-occur dy

To prevent this, a chsek i
added to the end of the number that is
calculated using the rest of the digits.

For example, all books ha

‘example (s credit card numbers th
ensure the number has been en
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Example

brS method for calc

igitis given a

It starts at 2 and increases by 1

multiplication factor

AR S 3 N
Factor 8i1716{51}4
Result [32{56,18306| 4

| Each digit is multiplied by

inatly the rema
giving the check dig

167/31 =

15 remai
11 =2 =9
48361739
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Factor

Resuylt {32}56]18 |30 4

{ Once again the result is divi

e remainder is O then the n
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Comparisc

With the

2

Pa}‘ity bits, checksums and check digits may
they can’t correct the

‘ethad, if two bits chan
he same an errar will not b

Majority voting is a method of error correc
error as well as deteg

However, major
data needs to be se
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Colour Dep

e number of bits us
each pixel in-a bitmappé

weTk-anid-white images have.a colour deptd
allocated to each pixel. D represents a blac
white pixel.

1 The image below has a colour d
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Metadata

age fites contain ad
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Many images also contain geolocation datal
which the image wast
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Square
2
| The propseiies of each geometric sha (1,1) (3,1) (3,3) (1,3
=
Blue

This information is used by the.compute
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Disadvantac

Geome: 5 stored as vectors req
; compared with bitm

$le for images made up o
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Unsuitable to represent phaotograph

Geometric images stored as vectors greatly within the same

secondary storage

) i Complex images can take a long
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Analogue vs D

anyvalue, can be
continuous.

& data can only have fixed values; it ¢
1s and Os.

1234.5678 10¢
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This wave has eight levels (3 bits) and fis;
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"~ Sampling rate (in Hz)
x
bit depth (in bits)
x
channels

x

duration (in seconds)

i th ind i n spund then ther
sound will have tw

COPYRIGHT
PROTECTED

%

Education

§

COPYRIGHT
PROTECTED

%

Education

It is particularly beneficial to compress mult:
files such as images, videos and audio as t
typically use a lot of storage space.
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Lossless ‘

The data is compressed without e::f
permanently removing any data. P the
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Lossy Compre

compression isthe
audio file format..

°o

It removes parts of the sound that are out
of the range of normal human hearing.

This means that people shouldn’t be able
1o notice any difference in the spund.

COPYRIGHT
PROTECTED

%

Education




N N
NN Vsuatly resules in smatler file:
\\ sizes when comparedio
Y lossless compression,

6
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Dictionary-Based

Ethods work by identi

1111 18

There are anly three different serjuences in

The compressed data would 1l

00 01 01 11 01 1
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Vernam Cipl == Example

Ery

L

%ach page of a one-time pad features a s;
The plaintext is encrypted by mixing each dig

We start by converting the first tetters of b
and the OTP to a numerical value (in this
alphabet).
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and the OTPto a numerical value {in thisi
alphabet).
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Compariso

i BBB

very weak form of en

@ rwed out the key all messages ¢

Vernam, however, is the only encryption m
secure if it is used pro
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makes it impossible to break co
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This is the truth table for the
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Truth Table
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This is the truth table for the
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Truth Table
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This is the trith table for the
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Other Gate

XOR Gate

On ly outputsa 1 if
. one of the input,

iallowed by a Nm
gate
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Truth Tabl¢

NAND Gate
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Boolean Expre

{so be represented us
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Combining G

2h be combined to bu

I Boolean Expression: ¥ =
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Half Adde

euit is used to add two
producing a surm and a
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Full Adde

ifed together along w
Fll ndddern,

Aiull adder enables the carry from the last
forward.
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Flip-Flop:

reuits made up of logh
memory,

2

They stay in the same state aven after the
stopped.
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For an AND gatei
identified.
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Looking at the t
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Simple AND Ide

an AND»gétéx

Looking at the ¢
& identified.
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Simple OR Ider

le for an OR gate,
identified.
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Simple OR Idet

able for an OR gate,
identified.

Leoking at the

| ‘thed
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Multiplying Expr

eed to multiply out br
the expression.

Multiplying brackets in Boolean algebra w
GCSE Maths.
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More Advanced Sim

TaRe the expression 8
n be rewsitten as .3+ A

2

This can be rewritten as 4.
(as A appears in both parts of tf

The bracketed part simplifies to 1 (as an
giving 8.3 which simptifies to

L2 can be expan
piying each part in the;

irst patt simplifies to & (anything ANG
leaving & + 3.8 which, as above;
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De Morgan’s |

icuit it s usually cheag
ta be abla to redesign syst
or-only OR gates.

MW to change betwe

To change OR to an AND function

Change the pperatar ta anAND
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Machine Co

Hitbsigned to carry out a
Finstruction is represented by
This is called seaching

Each type o

111 660l 1010 6000 0811 0006 B0V 1601
1110 6616 0166 6011 0861 0006 B0 1619
1110 66688 1088 8000 Q88 £0q8 8900 4601

itis hard for humans to ¢ Write ma
languz: tigveloped to m

sigtage features a set of mnemo
ohe machinecode instr
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ADD Add data in a register

SUB Subtract data in a register

STR Store values from register into a
B Branch to a marked position in ¢

MR Compare values in a register

AND Bitwise logical ANMuperation

ORR Bitwise logi Bration

EOR 8 XOR 6;§e}aticn

5¢ logical NOT operation

\'Log icatly shift the value left, use

Logicatly shift the value right, us

HALT Stops the progiam
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Instruction Fo

atd format for writing ir
language.

; 'y 'the opevation
;‘ cade {5 a single insteuction:
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Storage

5°of sterage are used wh
instructions.

Registers ‘

Storage locations contained ‘ The R
within the CPU which are much
faster to access than mamory

CPU at
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Immediate

The data is hard-coded into the || The insi
instruction. It is the fastest loca
method as.it doesn’'t use memeory. || regist
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membry location
10% inta registar T

Subtracts thevale | raummmums
it REfrom the value
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Y Ts an alternative method
muttiptication and division by

7' see, shifting the number one
lent to multiplying by 2 and shifti
equivalent to multiplyin
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p to different |

N R
% N
MO Ra, #50 The value 50 is moved i
MOV R1, #8 | The value 8 is moved in
P RE, R1 | The values stored in fe
| comparied
BGT aumIsGY [ IF the vaslue stored in
the value stored in feg

branches t

STR R1, 160
HALT

numlsGT A label used to define

& G, 109 Stores the value storedi
i locetion 168

HALT i | Stops the pragram
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Database

“store data ir

Afield thar uni:
record. Ensures

5 each
e unique.

Table "student_id \{ First Name
Data is stared in tables. -
i eel Ltois
882 iMel

Elpise

Nicola

This is known as a sompe
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Relational Dat:

amm-én‘Ly used database is

It atlows data to be organised in a wa
processing.

In a relational database, data is sep.
each one stores data relating to a si

the real world

oase; for example, a prody
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Foreign Ke

A keyfrofﬁ another:
the two tables toget

Btudent Table

N
881 Alix Bernett eaz
892 James Hadwan
003 tloise Rabar
@84 Patrie 293
(@IS example the teacher_id field is use
teachers.
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Structured Qumery I

SO is the L
ereis'an example of a

FirsiiNane FROM Studsent W

# A

Fields ta show The table

This statement selects the FirstName field f
only shows the male students. Cor

Curtis

Jackson 1

3 Sapah Swith Lsel

Eields ta show The table
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Comparison Op:

Comparison operator

Equal to

Less than

Greater

&gqualto

tter'than or equal to

@ j Not equal to
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Combining Con
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%
2 %

Curtis

Jackson 75

Sarah Smith 46

oo

| ‘We can use the AND operator to ¢oi

SELECT Fi

WHERE Gander

me FRO
AND Y

2

se are the results of th
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Inserting a Re

TOINTO Stud

Smith

Roberts G
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Deleting a Re

ed from a table using

DELETE FROM Student WHERE

Roberts
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Updating a Re

updated using the &

UPDATE
WHERE Studenilil

e
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@03 - Eloise

ng-condition is used to join the

Dot notation is used to:specify whic
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Sorting Rest

SELECT FirsiName FROM Student Wb
ORDER BY LastNg

This will order the results by the students
sder.
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Creating a T¢

Student {

: INT PRIMARY KEY NO
rstName VARCHAR{Z®)
astiass VARCHAR{(ZS)

fer VARCHAR(L)

‘means the field can’t

Wi CHAR is a stririg with a variable length
) the value in the brack
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Normalisati

wprocess of structuring:
" ensure that is it stored eft

Key Terms
Data This is when fields are nei
Redundancy differen

at an atg
scuddrther; for e
& the fields Title, Fir

Atomic Lavel

A database that has been
for:

nal Form
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First Normal For

evels of normal for
requirements.

Reguirements

| There is no repeated data and only ¢

| The daty is atomig

 record is uniquy

Ery
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INF Examg

1 John Curtis

2 Ben Jackson bjackson@me.com
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Second Normal Fo

Meets the reguirements f

[

All non-key attributes should depend on al
This can be achieved by creatin
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2NF Examg

Afts data about each stud

This Student :
e fields den't degend on the

EEABANE 3
001 Bennett
an2 Hadwen
feitES

B 004 o Patrick
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2NF Examg

R AR RS
001 Alex Bennett
a62 James Hadwen

] T ' RN N
[ @cz Mr Amith

fele Mrg: Patel
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Third Normal For

’—@ Mgets the requirements f

Non-key attributes should not depend on
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001 Alex Bannett
Q02 faes Hadwen
Ba% Efaise Raberts
004 Patrick Bavim
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