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The data is compressed without
permanently removing any data.
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Dictionary-Based

Uotlonaresd

repeated at various point

w g,
i T s B

Each sequence is represented

There are anly three different sequences in
represented using:

COPYRIGHY
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The compressed data would t:

6@ 01 01 11 01 1

3
Caesar Cipt

2
Encryptio

Used by lulius Caesar, this is one of the eat:

a1 s the pracess of changing a mes
without a special ke

It works by offsetting the letters b
For example, with a shift of 3,

o i

BB g

KeyTerms:

Asetiind of engy

COPYRIGHT
PROTECTED

%

COPYRIGHT

The message
PROTECTED

9
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Education

Ciphertext  § The message afNsy it
‘ Education

4 5
Symmetri Asymmetr

The asynstrle encryption method uses di

The symetrie encryption method yses the:
and decryption.

and decrypt the mess

IR Gl The public key can only be us

The private key is used tc

Symmetric encryption is relatively insecur:
easily intercepted

COPYRIGHT
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COPYRIGHT

PROTECTED If someone wants to send you some informai

v

your public kay with them which they can u

Education

Education You can then decrypt the message using y
don’t share so only you can decry
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processing.

Relational Dat:
ty Relationship

The most commonly used database is ¢
It allows data to be organised in a way;
In a relational database, data is sep:
each one stores data relating to a si
is something in the real world
database; for example, a prodt
1

Ent

These are the most common types of rela:

An smivy i
Relationship Type
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Normalisati

o is the process of structuring:
ensure that is it stored ef

k3
Key Terms
o
Data This is when fields are ne:
Redundancy differen
COPYRIGHT ] Data stored at an atc COPYRIGHT
PROTECTED FAGINIT ISV decomposed further; for ex PROTECTED

into the fields Title, Fir

A database that has been
for:

Normal Form

3

4
First Normal For: INF Exam

Here is-an example of fepeated data. T
contain email addresses (the sa

There are different levels of normal for

requirements. 3
B =
3:\, w'.‘g _
& R
o [ e
! 1 John Curtis Jewrtis@hatmatl.con:
| There is no repeated data and only ¢ 3 Ben ks blatksan@rme com

| The data is atomic

COPYRIGHT
PROTECTED

%

COPYRIGHT
PROTECTED

| Each record is uniqt

9

0g

Education Education

5
Second Normal Fc

e |

| Meets the reguirements {

B
2NF Examg

This Student table contains data about each stuc
and TeacherName fields don’'t depend on the

All non-key attributes should depend on ati
This can be achieved by creatin

001 Alex Bennett

002 James Hadwen

a3 Eloise Roberts
COPYRIGHT 004 Patrick Dua-Brewn COPYRIGHT
PROTECTED PROTECTED

v %

Education

Education




8
Third Normal For =

| Meets the requirements t

7
2NF Examg

This Student table contains data about each stuc
and TeacherName fields don’t depend on the

| They should therefore be in a separate

Non-key attributes should not depend on

001 Alex Bennett

o0z James Hadwen

003 Eloise Roberts

004 Patrick Dua-Brown COPYRIGHT COPYRIGHT
PROTECTED PROTECTED

Qa2 Mr Smith
003 Mrs Patel

10

9
3NF Examg 3NF Examg

The FormRoom figld in the Teacher table d:

The FormRoom field in the Teacher table d

To solve this we can create a separat

peles} Alex: Bennatt:

001 Alex Bennett
002 James Hadwar 002 James Hadwen
0a3 Eloise Roberts 003 Eloise Roberts
204 Patrick Dua-Brown 004 Patrick Dua-Brown e
COPYRIGHT ‘}; ;\ COPYRIGHT
PROTECTED s PROTECTED

%

9

Qg
Education

R

= Education

o
Structured Query |

Tt uesy

Rk JUSTY s {8 s the
databases. anexample of a

Fields toshow The table

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

COPYRIGHT
PROTECTED

% i Tohn Lurtis 12
oG 2 Hen

Jackson 1

COPYRIGHT
PROTECTED

%

Education

Education

3 Savah Smith a6




3
Results

3 John Curtis 12
2 Ben. Jackson 1
3 Sarah Swith B8
SELECT FipstNamy FROM Student @k
& 4
Fields to:show “Thetsble

These are the results of tf;

5
Combining Con

&\ - \\%
TR R R R R

k3 John Curtis. 5
2 Ben Jackson 75
3 Sarah Swith i

We can use the AND cperator to co:

These are the results of th

T

Jehn Curtis 12
2 Ber Jagkson 1
4 Eloise foberts B

&
T
S

S

e

COPYRIGHT
PROTECTED

B
2

-x+x+§

LA

COPYRIGHT
PROTECTED

9

Qg
Education

s E COPYRIGHT
Ny PROTECTED

v

Education

4
Comparison Op

| The following campss

Comparison operator |

Equal to

Less than

Greater than

Less than or equal to

Greater than or equal to

Not equal to

5
Inserting a Re

| A new record can be added to a table usin

2 fen Jacksan 1
3 Sarah Smith 6E:
4. Eloise Roberts L]

8
Updating a Re

1 Jahn Curtis 12
2 Ben Jacksan tar
4 £loise Roberts 9

COPYRIGHY
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Py

£ 03 COPYRIGHT
P PROTECTED
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%

Education
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The results of a query can be sorted using

order.

This will order the results by the students

e

.
i

£y
FoTE
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COPYRIGHT
PROTECT

COPYRIGHT
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Computers work with a different

which only has twc

[
THWY

e &

Computers us

tn binary each digit is warth twice as much &
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ing a

Creat

N

A new table can be created using the

NG

Y KEY

'

ol
<%
o
Jood
o
=9
T!
<z

@)

23
£

AR

ame VARCH

Ao
_a

51

't

NOT NULL means the field can

the value in the bracki

VARCHAR is a string with a variable lengtk:

Normally numbers are written in base;

Each digitis worth 10 times more thantl




4
Binary Exam

Converting from binary (base 2) to decimal (i

Wiite out the valge of each dight att

B
Binary Exam

Write out the valie of each digit at t

Add wget;her the value of the coli

COPYRIGHT
PROTECTED

COPYRIGHT
PROTECTED

9

Qg
Education

5
Binary Exam

l Converting from binary {base 2) to decimat {

l Add together the value of the colié

7

Denoting Ba

As the digits look the same, subscripts are us:
number has been writt:

1111,

|

The subscript 10 states this is a Thé
decimal number:

COPYRIGHY
PROTECTED

COPYRIGHT
PROTECTED

%

Education

0

Hexadecim

Numbers in binary can get r

i (base 16) shortens the numbeé
worth 16 times the one to th

10, = 165, 100, = 256y,

‘ Along with 0-9, hexadecimal also o

‘ A=10,B=11,C=12,D=13E

Al = 168, BOG,, = 2816,

COPYRIGHT
PROTECTED

v

Education

9
Hexadecimal Ex

Converting from hex to denary is al

1 2

AR

Writa out the value of ‘e‘achdigit att

COPYRIGHT
PROTECTED
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Hexadecimal Ex

Converting fram hex to.denary is &l

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

A LB £ (1ex256)+(11xd

11
Hexadecimal Ex

Lonverting froim hex to denary isal

1 2 1 3 {1x256)+{3x1
A B8 C {10x256 ) +{11x]

T PSR COPYRIGHT e T o COPYRIGHY
‘ Write out the value of each digitat ¢ PROTECTED Write out the value of each digit at t PROTECTED
i - - i
i Multiply thevslue of the eolumn by the | %29 Multiphy the value of the column byths %099
) Education Education
Add together the totals to getthe ¢
12 13
< . . .
Hexadecimal to Binary to Hexac
BA = e111e118 A[thgugh cng Binary to hex is also a straightfc
P i hex is used:
p1l1  o1ie R Group the binary number into batc
| Each hex digit hi (starting at the right-har:
B9 = @lpesiel T 81100101
E i 1o binary, this s _
alge  olel T R
. To convert & o4 COPYRIGHT &E\\\ \\;\\\X COPYRIGHT
A8 = @lionsde converting PROTECTED PROTECTED
7N R ) :
& 11:3 egrae » ‘Qm;'g gagh' _in %’(?9 Convert each batch of four digits to a %'099
convertt;dé éﬁg} . Education Education
;;;;;; getert Then just join the hex digits b
14 15
Denary to Bii Denary to Bi:
H
!
e Locate the largest number you'll need ang et
ig i9
ag Qg
Education Education




16

Denary to Bii

Converting from denaty to binary uses subtre

Example: 230 in decimal t

230128
=102

Locate the largest number you'll need ant

Subtract that number from the denary youre
the number line,

18

Example: 2468

2400+ 16 =154
remainder 4

154+ 16 =9 Repeat the proces:
remainder A - and wiite

9+16=0 Keep going until t
remainder ¢ ‘ the

' The final remaind
3 ‘hex number;
 penultimate rema;

the remair;

2468 i denary is
2A4 in hex

Remember you can always convert to binan
hexadecimal 4f you findi

&
T
S

S

e

,\\q&?:\,\v
§ % COPYRIGHT
\ PROTECTED

B
2

-x+x+§

LA

COPYRIGHT
PROTECTED

9

Qg
Education

17

Denary to Bi

] Converting from denary to binary uses subty

l Exarnple: 230 In decimal ¢

1 1 i !

1

B 3

|

2302128 10264 3832
=102 =38 <8

l Locate the largest number you'll need ant

Subtract that number from the denary you'e
the number line.

Repeat the process for sach column, pt itting
and atifitis.

2
Binary Addit

The process of performing addition in binart
in decimal. There are four sif

Rules:

0+0=0

0+1=1
1+1=0carryl
1+1+1=1%carryl

ey
i od COPYRIGHT
s PROTECTED

v

Education

COPYRIGHY
PROTECTED

COPYRIGHT
PROTECTED

%

Education

The process of performing addition in binar
in decimal. There are four si

Rules: 1
il 01101
0+1=1

1+1=0carryl 00161
1+1+1=1carrytl oy

COPYRIGHT
PROTECTED




4
Binary Addit

The process of performing addition in binar
in decimal. There are four sif

Rules: 1
0+0=0 01161
0+1=1

1+1=0camryl 066101
1+1+1=1carryl 10

6
Binary Addit

The process of performing addition in binar:
in decimal. There are four sif

Rules: PR 1
0+0-0 11801
0+1=1

1+1=0carrytl 66101
1+1+1=1%carryl 20186

COPYRIGHT
PROTECTED

COPYRIGHT
PROTECTED

9

Qg
Education

5
Binary Addit

The process of performing addition in binar
in decimal. There are four si

Rules: 1 1
9+0=0 01101
0+1=1

1+1=0carrytl 60101
1+1+1=1camryl 810

Binary Addit

The process of performing addition in binar
in decimal. There are four si

Rules: 11 1
0+0=0 011801
0+1=1

1+1=0carryl o101
1+1+1=%1carryl 16010

COPYRIGHY
PROTECTED

COPYRIGHT
PROTECTED

Binary Addit

The process of performing addition in binart
in decimal. There are four sif

Rules: 11 1
0+0=0 01101
0+1=1

1+1=0carryl 66101
1+1+1=1%carryl 180180

COPYRIGHT
PROTECTED

v

Education

9
Binary Addit

The process of performing addition in binar
in decimal. There are four si

Rules: 11 1
il 01101
0+1=1

1+1=0carryl 00161
1+1+1=1carrytl 16010

COPYRIGHT
PROTECTED

%

Education
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The process of performing addition in binar

in decimal. There are four si

Rules:

0
1

0+0
0+1

20101

Ocarry 1

1+1+1

1+1

lee1l1oe0

1carry i

%
i

R

P
E

g

3

i

s
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Addit

Binary

The process of performing addition in binar

in decimal. There are four sii

Rules

1101

6]
1

0+0=
0+1
1+1

90101

Ocarry 1

1ee1e

=lcarryl

1+1+1

12

Binary Addit

in decimal. There are four sii

The process of performing addition in binar:

Rules:

011801

0
1

0+0=
0+1
1+1

06101

Ocarry1

1+1+1

lee1le

1carryl

2

3]

i C
s Bl
S

9
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P
Problem
The problem with sign and magnitude is ad;
& 8 @ 06 & 1 1
18 @ 0 9 1 0
1 € 2 1 1 8
4

Two's Complei

Tars complomient is @ method of representi

binary:

I The most sighificant bit is a neg

-128 + 8 + 4 + |

it s sasy to tell whether a twa's compleme
positive. If the most significant bit §s-a L the
if it'is O then it is posi

COPYRIGHT
PROTECTED

COPYRIGHT
PROTECTED

9

Qg
Education

3
Sign and Magr

5
Subtractic

Two's complement can help with b

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

EE

s,
=

BB

COPYRIGHY
PROTECTED

COPYRIGHT
PROTECTED

6
Subtractic

Two's complement can help with b

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

We do this by ss ng thed
adding 1 to the numb

R
e

45‘,""/::,_5
g

%,
s

oo

P

.
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v
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7
Subtractic

Twa's complement can help with b

First we convert the second number
‘to its riegative equivalent in two's
complement.

COPYRIGHT
PROTECTED

%

Education




8
Subtractio

Two's complement can hetp with b

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

We do this by reversing the bits and

il t e R ey e Sntaav e
acfulinng 3 1o e suvber

Next we add the numbers together
using the rules of binary addition.

10
Another Exar

COPYRIGHT
PROTECTED

COPYRIGHT
PROTECTED

9

0g

Education

9

Subtractic

Twa's complement can help with b

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

We do this by reversing the bits and
adiating o the b

Next we add the numbers together
using the rules of binary addition.

‘ if there is an overflow it is discarded.

11
Another Exar

Reverse the bits of the second number.

EE

s,
e

BB

COPYRIGHY
PROTECTED

COPYRIGHT
PROTECTED

12
Another Exar

‘ Reverse the bits of the second number.

‘ Add 1 to the second number.

R
e

45‘,""/::,_5
g

%,
s

oo

P

.
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13
Another Exar

‘ Reverse the bits of the second number.

‘ Add 1 to the second number.

Add the numbers together using the
rules of binary addition.

COPYRIGHT
PROTECTED

%
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Another Exar

Reverse the bits of the second number.

‘ Add 1 to the second number.

Add the numbers together using the
rules of binary addition.

‘ Discard any overflow.

Fixed Poir

W is the simplest-method of repres
using hinaty.

In a fixed-point binary number the values:
paint are-hatved.:

COPYRIGHT
PROTECTED
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9

Qg
Education

R

RN
N :\:\:\\\:\:
RTINS

Another Exar

=05
Y,=025
144=0125

1/,,= 00625

1 1

L
=l

1

[>4]
4
o
+
et
Il

11 2.5 +
11.625

et

COPYRIGHY
PROTECTED

3 COPYRIGHT
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%
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Floating Po

sy polntis analternative method of re;
with a fractional pa;

As the name suggests, the binary point can
being in a fiked posit;

Afloating-point number is divides
the ssantisss and the o

; i 1 : fo
R T & @t s 8
§ H H :
{
1
Mantissy

This is the actual number

COPYRIGHT
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v
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Floating Po

There are many different formats of floating
we are going to be working with the

i
o®1 18 i1|8]|e]

.

Mantissa

COPYRIGHT
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Floating Po

There ate many different fotrmats of ﬂoatiri\g'
we are going to-be working with the s

R
N\\\\\‘\\\\\\\\\\\\\\\@\\\\&\\\\‘&\ \\\ \\ &\
T 8 1

a 1ﬁ 1 [ a:

7
7

Mantissa

Thie value of the exponent is 3,50 we tieed
three places to the 1i:

Another Exa

Bath the mantissa and the exponent afe in
If either starts with a 1 it needs to be conv
by flipping the bitsand a

_____ S —
: 1 1

N
\\

!
a

i
Bl

v
Mantissa
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Floaﬁng Po

we dre going to be working with the v

There are many different formats of floating:

X

e —
fod ] i

Mantissa

‘The value of the expanent is 3,50 we need

three places to the ri

Another Exa

Both the mantissa and the expanentiare |
Ifeither stasts with a 1 it needs to be'con
by flipping the bits.and

e
K 1 @ 1 @ e 1

¢
Mantissa

COPYRIGHY
PROTECTED
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If either starts witha 1 it needs to be conw
by flipping the bits and a

{ ] 1 |

ERESEX

Mantissa

8 +2 +6.25 +0.1.

COPYRIGHT
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Another Exar

Both the mantissa and the exponentare in

If either starts'with a L it needs 1o be convé

by flipping the bits and a

RANRR N

N
2 16

ae 5 3

¢
‘Mantissa.

8 +2 +8.25 + 0.1

We know the result Is a negative number
negative.

1 3

COPYRIGHT
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Negative Expo

If the exponent is negative we shift the biﬁ;
than to the right.

Mantissa

Negative Expo

than to the right.:

If the exponent is negative we shift the bin:

First we have to convert the expenent to-a |
the nurber of places the binary po

R
R

8 1

Mantissa

COPYRIGHT
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Negative Expo

than to the right.

 the exponeft is negative we shift the bini

First we have to tonvert the exponent to a

the number of places the hinary po;

Mantissa

Negative Expo

than to the right.

If the exponent is negative we shift the bini

=

Fitst we have to convert the exponent to a
the number of places the binary po

X

T
6 |18

..
e | B

{
Mantissa

COPYRIGHY
PROTECTED
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Negative Expo

than to the right.;

If the exponent is negative we shift the bin:

First we have te convert the exponent toa'
the number of places the binary po

\‘\\\\ \ .
e i

;;;;;;; o ——

Mantissa

COPYRIGHT
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Negative Expo

£ the exponent is negative we shift the bin:

thanto the right.

First we have to convert the exponent to a

the number of places the binary po
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Normalisati

When representing numbers in binary we v
smatlest number of bits possible; to dothis®

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

®
=
®
®

Normalisati

When representing numbers in binary we v
smallest number of bits possible; to do this ¢

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

ge1 Q|10 0)| €

The repeated values need to be removed ar;

The binary point has moved one place so t
updated by subtracting 1
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Normalisati

When representing numbers in binary we
smallest number of bits possible; to do this

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

el @1 00|68

The repeated values need to be removed ar:

Comparisc

It is faster to process calculations using fixe
to floating-point numi

Floating-point numbers can represent & lar
fractional parts when compared to fi

This means that floating-point numbers ar
where you need to represent a wid:

On the other hand, fixed-paint numbers are
of processing is more important

EE
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e

BB
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Rounding Er.

Some numbers cannot be represented ué
allocated to them. In this case the number
representable numt;

et

The rausding svvar is the difference betwee:
rounded value. There are two different m
precision of a rounded :

The difference between the actual
number and the rounded number

]
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Example

1f we wanted to represent the decimal value
binary we would end u
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Arrays

o

2 can only store one value; if you ne:
you will need to use an

WHis a set of values of the same da
identifier.

‘ Here is an example array designe:

SroeCTin . = . Srotecren
&&\\\\\ Alex James

3 4
Index Two-Dimensiona

05 ? i T B \ i nsianat
I We access the values stored in an an Arrays can also be twedimension, allowi

values. They are basically arrays of array:

Here is an example two-dimensional array u
‘computar game.

L
T R .

Columns (Levels)

COPYRIGHT a 1 2 ‘:.'-‘; ;\' COPYRIGHT
PROTECTED = I T — i PROTECTED
= 2 4 4 3 &%
‘9 & 1 3 5 3 i
3 = 2 2 4 3 29
sl Education 2 ;;;;;;;;;;;;;;; s Education
& 3 s 3 4
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§]
Pseudococ FOR Loops and

FOR toops and arrays go well togethier; t
through each element |

We can create the one-dimensional names aff
syntax:

This example program cycles thiough each
| array.

We can create the two-dimensional scores ar;

syntax:
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FOR Loops and

FON loops and arrays go well together; t

through each element in an &

| This example program cycles through each
: array.

9
FOR Loops and

FOR loops and arrays-go well together; th
through each slerngnt in an &

. This example pragram cycles through each
| array.
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FOR Loops and

SN

FOR loops and arrays go well together; th
through each element inan g

| This example program cyctes through each
: array.

This example progrant cycles through each

10

FOR Loops and

PO loops and srrays go well together;

throtigh sach element o ané

array.
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FOR Loops and

array.
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FOR Loops and

FOR toops and arrays go well togethier;

through each element in an &

This example program cycles through each
i aHay
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FOR Loops and

FON loops and arrays go well together; t
through each element in an &

| This example program cycles through each |
| array:

15

FOR Loops and

FOR loops and arrays-go well together; th
through each slerngnt in an &

. This example pragram cycles through each
| array.
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FOR Loops and

%

ooy

| This example program cyctes through each
5 array.

3R loops and arrays go well together; tE
through each element inan g

| This exarnple program cycles through eath

16

FOR Loops and

PR loops and arrays go well together; th
througheach element in an &

array.
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FOR Loops and

| This exampla prograni cyclesthrough each
| array.
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Starting Inc

In most programming languages the index of
is 0.

The pseudocode featured in most exams use

element.
i3 2
Alex James
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Stamc ks

X is a data type that operates on eithe;
or first-in last-out (FILO)

Items can either be added to or remaoved

COPYRIGHT
PROTECTED
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3 4
Operation Operation
There are three main operations that can

There are three main operations that can

e

Adds a new item to
the top of the stack.

Adds a new item to Removes the top
the top of the stack. item from the stac

S
COPYRIGHT ‘::; ;\ COPYRIGHT
PROTECTED " PROTECTED
Varkary ) 3
lie}
Susan og

- sl Education
Steven

%

Education

5
Operation

B
Pushing

There are three main operations that can

]

Stacks can be implemented using arrays. A
record the position of the top it

Adds a new item to Removes the top
the top of the stack. item from the stac

This is the pseudocode that can be used to:
stack.

COPYRIGHT COPYRIGHT
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Popping

This is the pseudocode that can be used t¢
stack.

first-in first-out (FIFO} orthe last-in tat

Items can be added to the rear of the que:
front of the quaue

11
Circular Que

Queues can be created using an array; hi
removed it leaves a space that c:

-

Cireslay goanas solve this problem by v
beginning of the ari

1

Barbara

Susan

Ui wW N

]

T
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Queues

A gusue s 8 data structure that op
first-in first-out (FIFO} or the last-in la

tems can be added tothe rear of the que
front of the quey

A
%

Front Re:

10
Circular Que

Queues can be created using an array; h
removed it leaves a space that ¢

P
%?
£

» susues solve this problem by
beginning of the ar

Rear s 1 Harry
Front > 2 Barbara
3 Susan
4 Steven
5 Sarah
12

Circular Que

Queues can be created using an array; h
removed it leaves a space that ¢

Cirendar quaues solve this problem by
beginning of the ar

1

Barbara

Susan

ViR iwlw

EE
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=
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13 14
Circular Que Circular Que =

Queues can be created using an array; h
removed it leaves a space that ¢

Queues can be created using an array; h:
removed it leaves a space that cé

Ciroular qususs solve this problem by v
beginning of the arg

1

2N
1
Front - - 2 Barbara COPYRIGHT Front - > 2 Barbara COPYRIGHY
PROTECTED . PROTECTED
3 Susan 3 Susan
Rear o 4 Steven 4 Steven
S Rear - > 5 Sarah
15 16

Linear Quet

Queues £an also be created using linke;
Doy niases,

items are added to the rear of the queue ang
the queue.

Items are added to the rear of the quetie ané
the queite.

COPYRIGHT \ L {3 COPYRIGHT
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Linear Quet

Queues can also be created using linke;
1% SRS
58

| Items are added to-the rear of the gueus ant
the quete.

A U
U & COPYRIGHT COPYRIGHT
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Arrays

Aveays allow us to store a series of value
Each etement has an index and can |

When an array is created, its size i decle
section of memory; this makes 1

Lok 1ats consist of nodes and sach ane
memory locatian, making the

4
Linked Lis

Each node in a linked list contains a pointet
the next node in the!

| The last node in the list is indicated

i New nodes tan easily be added or removec
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3
Linked Lis:

the next node in the

Each ngede in a tinked list contains a pmnte ;:

5
Disadvanta

A disadvantage of linked lists is that el€;
accessed. The entire list has to be traver

offer a solution to this problem:
and enabling direct access t

Hash tables are used when speedy insertio:
required.

EE

s,
=

BB
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Hash Tabl

The hash funiction takes a piace of data knoy
hash value; this is used as the in}

ity this exarmiple each value is assigned a po
its first letter.

Hash Value

R
e

%,
%

%

§ 8 COPYRIGHT
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Hash Table

Hash tables consist of two parts: an as

.
3

- The hash function takes a piece of data kno
: hash value; this is used &s the ini

m this exampte sach value is assigned & po
its first letter.

Hash Value
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Hash Table¢

9
Hash Table

£ %
T E
Hash tables consist of two parts:an

o

4

o P
s £

333 Hae

The hash function takes & piece of data knoy
hash valug; this is used as the in

In this exarnple each valug is assigned a po
its first letter:

]

Hash tables consist of two parts an asg

- The hash function takes & piece of data kno
: hash value; this is used as the i

in this exampte each value is assigned a po
: its first lettet

Hash Valoe COPYRIGHT

PROTECTED Key

Hash Valug
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Hash Table

Dash 333:

e

Hash tables consist of twa parts; ans

The hash function takes a piece of data ko 58 The hash function takes a piece of data kno
hash value; this is used as the in: :‘f-\:}: ; hash value; this is used as the i

Iy this example-esch value is assigned a po:
its first letter.

ln this examptle each valile is assigned a p
its first letter.

i,
COPYRIGHT T
PROTECTED g 3
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12
Hash Table

13
Hash Table

Hash tables consist of two parts: ar a8
Dash fan

Hash tables consist of two par

Sl &

The hash function takes a piace of data knoy
hash value; this is used as the in

sl

- The hash function takes a pJECE of data knc
: hash value

m this exampte sach value is assigned & po

ity this exarmiple each value is assigned a po
its first letter.

its first tetter.
S5,
i3 3 . PYRIGH
Key T —— Hash Value 5§ ?ﬁ?(;;’ikt‘:?;g Key Hash Value ??@E?}J{g
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Hash Functi

This is'the pse‘udomde ‘fo’r‘ a5l mple hash ﬂ::

subtracted from if

The letter is converted to its ASCH value {for

Inthis example the key i

16

Hash Functi

This is the pseudocode for-a simpte hash i
letter of & key and converts it ;

‘subtracted from it

The letter is converted to its ASCH value {for;
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15

Hash Functi

The letter is converted 1o-fts ASCH value (fof!
: subtracted from il

In:this example the key i

17

if two keys produce the same value:
For example, Alex and Andywould both:

Hesh Valus:

§ Hiway S:‘\ 3
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Linear Prob.

3 method stores the val
position.

Hash Value
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Separate Cha

Values that hash to the same position are p
to'the position.
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GraphS —

connections between

Example: airline flight paths bt
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Structure Neighbours and

Each object in a graph is called a ¥
are called verginag

Whhaies are vertices connec
for example, Eand F are g

Each connection in a graph is ¢

I
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5 8
Neighbours and | Weighted and Direc

Nuight

hours are vertices connegt
forexample, Eand F are ng

ed gvaph is one in which
edges are labelled, with
distances for example,

The degrae of & vertex is the number.
for example, the degree ¢

COPYRIGHT
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7 8 -
AdjacencyM: - AdjacencyL =

wix can be used to represent
processed by a compi

If two vertices are connected, a 1 is placed in ¢
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 filled with Os or}
null symbol (@).

R

COPYRIGHT

COPYRIGHY

PROTECTED

PROTECTED

If graphs are weighted, the weight is placed in

matrix.
The adjacency matrix for an undirected graph Adjacency lists are hest used Whgn there: \\‘\
always symmetrical. vertices.

9
Trees

Atres is a graph that takes on the form off
graph with no cycles {only one path betwe
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l A rooted tee hag a vertex that is designat;
l Education

Abinasy tras s 2 rooted tree with-a maxintug

2
Karnaugh M

Sarnsugh wiags atlow us to simplify truth t2
patterns.

T N
35\\\ SN

e
L e BT B
; o 1 1
The first stage is to create a truth | N 1 P P
table for the expression. ‘ £ COPYRIGHT 1 P " COPYRIGHT
B : PROTECTED PROTECTED
; 1 1 o
1 1 1

v
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Karnaugh M

‘ The next stage is to convert the truth tab

L
® 9 9 8
0 o 1 e
) 1 8 1
o 1 1 °
{1 a a 1
1 2 1 1
1 1 a 1
1 1 1 1

5
Karnaugh M

‘ The next stage is to convert the truth tab:

2] Q

Q
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Rimlirir|leole|e
Rimlojo|rk|m|o
Riolrijo|lr|le|r
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Karnaugh M

‘ The next stage is to convert the truth tab

.
e
4]

1

]

1

1

1

1

il ieo|e|o
Rimilololr|kle
Riolmiolm|o|m

Karnaugh M

‘ The next stage is to convert the truth tab

5] Q@ Q@

We can ther;
use thes:

Bimimirieo|ole
Rikljlolioir|r|s
Rlolriolr|o|r
Rimimimlieo|wlico|le

7

Karnaugh M

‘ The next stage is to convert the truth tab:

e [} [}
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pimiwimio|kio|lo

i iwirio|lole
Rpimloloir ks
Rio|mlolir|o|k

9

Qg
Education

We need to ook at each group and work
constant throughout eac

A is the constant in the red group, so A fo
expression.
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8 and C are constant in the second group so
i of the expression
g
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Truth Tabl¢

D @

All-the possible outcomes of

This is the truth table for the

5

Truth Table

This is the truth table for the:

H

s Aw
R - —

z

g B
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E

When designing a circuit it is usuaily cheag
gate, so it's useful to be able to design syste:

gates or only OR ga

to change between

as

To change OR to an AND function

Change the operator to an AND

Invert each part of the expression

invert the whole expression

De Morgan's Laws:

T S
g8 | L
i 16 T
alE o B85
ol i
o o = ! Srnw =
] m 5 550
G - o
o wE e e
} @ 5 £ ‘58
o Bt A A
" R @ i
L; ‘m bl o
o e
of 1w
1 @ m
20 & |-
o f ool
s o Mo
%R g =
...H.n\“;m; o
B 4
e 3
gt 58
B.E
=1
a

I
|
|
|
|
i
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Truth Table

¢ diagran;

All the possible eutcames of a log

f

S,

3
2.

1 Tal

RN

S0
EEeN

a
This is the truth table for the
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Truth Tabl

All the possible outcomes of a logic diagran
& trath faly

8
Truth Tabl¢

BT

5 T :
X Jp o—
B E ¥ £
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Truth ;l'able;

All the poessible putcomes of a: logic diagran

; g
Other Gate

‘There aré soroe other logic gates you

Only outputsa Lif

1 {not both)

ohe of the Tnputs is | |

| This s equivatentt

toan OR gate
| fotlowed bya NO
| gate
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Truth Tablc
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Boolean Expre

| Logic diagrams can also be represented us

Logic Gate

T =
4

R :

At
% Y

Bt o
A.~——{:}»’-- ¥

JURNRS. e

B o

141 = 8§ carn

")

N
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Combining G

Lagic gates can be combinad to bu

18
Full Adde

Two halfadders are Joined together along

R g Sp
TR S

farward.

A full adder enables the carry from the {ast;

et
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Flip-Flop:

Wty are dighal Circuits made up of logl
mermnary.

They stay in the sarne state even after the-
stopped.

p This'is the:

ey
£ 3 COPYRIGHT
’ PROTECTED

v
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D-Type Flip-F

Two flip-flop circuits can be joined together

D—d N o

A
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Sequence

¢ is the simplest progt

3

The stads

It reprasents a single instruction and usualls
of code like the one shoy

This is an example of a sequence that is des
of a rectangle.

3
&
=

o i

BB g
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Sequence

The statament’is the simplest prog

It represents a single instruction and usuall
of code like the one sho

- hacess
la

e
i . e

.
s
.

i Think o
: ta
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The user has inputted the vatues 3 and 5.
the width and height vai;
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The user has inputted the values 3 and 5.
the width and height va

| The value stored in the width variable is m
-in the height variable; the resutt is sto
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Variables

. There are three variables in this program: w
| -athow they change as the pr

The user has inpltted the valdes 3 and 5.
the width and Height va

| The value'stored in the-width variable is m
! In the height variable; the result is stor

-9
Selection
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8 N
Selection

in this

10
Selectior

I this:

1 the result of the condition is TRUE then 1
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11
Selection

1 If the result of the condition is TRUE then t

] Othisrwise this lins of code wil
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v

Education

l 1f the result of the condition is TRUE than il

| Otherwise this line of code wi

These are the different comparison operators
statements.
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lterat

When programming, it is often necessar:

instructions several

allows us to do this by repeating
number of times or until a ¢

0

¥ loopuses a variable as a counter; the ¢
time the statements are repeated untit it
Watch what happens to the autput and the.

below is executed:

3]
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time the statements are repeated until it

below is executed:

Watch what happens ta the output and the;

D
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Types of Iter

There are two types of iteratic

Count-controlled

Used to repeat a group of
statements a set number of times

Examples

G

7

Q
Education

FOR loop

R

P

R loop uses a variable as 3 counter; the ¢

3
&

AF

time the statements are repeated until it

below is executed

Watch what happens to the output and the;
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FOR Loop

ATOR loop uses a variable asa counter; the ¢
tire the statements are repeated until it

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

9
FOR Loop

W loop uses a variable as s counter; the ¢
time the statements gre repeated untit it

| Watch what happens to the output and the,
betow is executed
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FOR LOOpséz

AFOR loop uses a variable as a counter; the
time the statements are repeated until it

lﬁ'

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

AWRALE loop uses a condition to deten
‘statements should be executed. The statem
result of the condition

Watch what happens to the output and th
below is execute:
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AWHLE loop. uses a condition to deter
‘statements should be'executed. The statem
resutt of the condition

Watch what happens to the output and th
batow is execute
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AWHILE loop uses a condition to deterr
statements should be executed. The statem

‘Watch what happens to the output and th
betow is executet
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ANNMUY loep uses:a condition to deter
statements should beiexecuted. The statem
result of the condition

Watch what happens to the output and th
betow is execute

WLE loop uses a condition to deter
statements shiould be executed. The statem
result of the condition

Watch what happens to the output and th
betow is execute
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14

AWHALE loop uses a condition to determ:
statements.should be executed. The statemé
result of the condition §

Watch what happens to the output and the!
betow is execute
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Watch what happens to the output and th
below is execute
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REPEAT UNTIL

I 2 RENEAT UNTN toop the statements are e
is tested: The statements are repeated.as
condition is false;

Watch what happens to-the output-and th
balow is executel

B
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REPEAT UNTIL

2 REBEAT UNTIL loop the statements are ¢
ts tested. The stalements are repeated as
conditian is false.

Watch what happens to the output and the:

below is execute
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1l
REPEAT UNTIL

I 2 REFRAT UNTH, loop the statements are ¢
is tested. The statements are repeated as
condition is:false:

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

21
REPEAT UNTIL

N TR oop the statements are g
is tested The statements are repeated as |
-condition is false:

Watch what happens to the output and the:
betow is executed

&
i

]
S

e

COPYRIGHT
PROTECTED

e

LA

COPYRIGHT
PROTECTED

9

Qg
Education

20
REPEAT UNTIL

b & REPEATUN
is tested. The statements are repeated as
condition 1s Talse

Vi loop the statements are &5

Watch what happens to the output and th
below is execute

22
REPEAT UNTIL

T loop the statements are e
is tested The statements are repeated as
conditian is false
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REPEAT UNTIL

bna R

condition !s;false,

Watch what happens to the output and the
balow is executed
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Recursion pecurs when a subrous

4
Trace Tablt

| You need to be able to trace the exetution ¢
! 3 trace table.

fri this example, the courtdown procedus
countdown(3}t
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3
Example

Fhe recursive procedure below counts dow:;
passed to it

You witl now seethe result of calling the ¢
countdewn(2):

5

You need to be able to trace the exetution ¢
; a trace table.

In this example, the countdown procedus
countdown(3)

EE

i,
2

BB
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You need to be able to trace the execution ¢
| & trace table.

Ir this example; the countdown procedus
countdown(3);

]

T

"5,
b

BOF
s
Fe®

.
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{ You riged ta be able to'trace the execution ¢
| 3 trace table.

In this example, the countdown procedus
countdown(3):
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Trace Tabl¢

| ‘You need ta be able to trace the execution ¢
! a trace table.

In-this example, the countdewn procedus;
countdown(3);

10

=
=,
~r
0
2
8
=

This means the subroutine wilt keep runsir;
out of available mem

| To aveid this you need a stopping candition

w g,
i T s B
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Trace Tablc

{ You nieed to be able to trace the execution ¢

a trace table.

I this example, the countdown procedus!
countdown(3}):

2
Subroutin¢

When programming we often need to perfc
times, at different points in the program; this
in handy.

i is a section of code that perfor
be called from the main routine
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Asubroutine that does not Asub
normatly return a value to the
main program

COPYRIGHT
PROTECTED

%

Education




4
Parametel

When writing a subroutine you need to te;

 This is usually done by adding variable
Thesa varfables are calied

Example

The procedure shown below accepts two v
then outputs the largest. It is called wi:
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Argu:;nentéz

‘Subroutines won't run unless they are callé

subroutine when it is called are know

7

The pracedure showi below accepts twio v

then putputs the largest. It is called wit
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Function: Functions
“Remember 2 fanctian 14 2 subroutin that re Remember a function is a subrottine that e
outine; Toutine.
The AreaCalc function js designed to calcul The AreaCale function is designed to calcul
-and return it to the calling routine where: and return it to the calling routing where
- variable. variable.
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Function:

‘Remember a function is a subroutine that re:
routine.

The AreaCalc function is designed to calcul:
and return itto the calling routine where!
variable.

12
Variable Scc

There are two types of v

s

saf variables are accessible throughout a
inside its subrouting

A

{ variables are only accessible from witk:
they were defined

When a subroutine is called, a new instanc:
created; they are then destroyed w:
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Function:

‘The AreaCalc function is designed to: calcul
and return it to the calling routing where
variable.

2
Machine Co

Each type of CPU is designed to canry out &
Each instruction s represented by
This is called maching |

language was developed to m

ge features a set of mnemoi;
one machine code instrg
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Mnemonic
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These are the mnemonics that are commeonly

Mnemenic | Descriptiord

ADD Addition

SUB Subtraction

STA Store
LDA Load
INP input

ouT Output

HLT End Progran:

DAT Data tocatio:

The Littte Man Computer a simplified simulat
to teach students how the C
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Instruction Fo

This is the standard format for writing instruc;

apaddst the operation
code is a single instruction

{: the valg

BN

™ N \‘
R
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Asks the user to input a value,
and stores it in the accumulator.

Stores the inputted number in
the Numl memory location.

Asks the user to input a value,
and stores it in the accumulator.

Adds the value in Numl to the
value in the accumulator.

QOutputs the contents of the
accumulator.

Stops the program.

Reserves a memory location and
labets it Numi.
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Branching Example
Sravwhing is used to jump to different t Here is an example program that
R RO NN N
A[Ways }ump to a differer: &m\ \\WQK\QW\&N\\\\\
INP The Lisei ing
STA The value int
. ) . the Numl me
Branchtoa dlffer;snt;po.mfck i g ; The user inpi
in the accumu, BRZ  mumIsZera | The valve inf
3 jurhps to-the
% iy,
R COPYRIGHT ADD: B chaies £ % COPYRIGHT
Branch w8 Fﬂff‘erem: POl PROTECTED sumlsZers | QUT i Thevalue in P, PROTECTED
in the-accumula; g
“““““ :agg BLY : The ﬁmgr‘zlrﬁ %09
sy Education Ml BAT 3 The:labet N Education
8 9

Storage

Two different types of storage are used wk
instructions.

Storage locations contained The R
within the CPU which are much CPU ar}
faster to access than memory
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Addressin

There are different methods to access data a
these are called memory sdd

T

The data is hard-coded into the The ins
instruction. It is the fastest loca
method as it doesn't use memory. regist;

Indirect

The address of the data is held in || A base
another location which needs to || stored i
tooked up first.
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Tree Trave

Traversal is the process of searching a tre
tree once. There are two main typ

Depth-first Traversal -

Starting at the root, each node in Start|
one branch is visited before expli
exploring the next branch.

w g,
i T s B
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Pre-Order Tra\

4
Post-Order Tra

One type of breadth-first traversal is

| One type of depth-first traversal is |

Steps: Steps:

BB g

o i

1. Explore the [eft sub-tree,

| 1. Start at the root node. MO
working bottom-up.

2. Explore the left sub-tree,

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

working bottom-ug.

3. Explore the right sub-tree,
working top-down.
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COPYRIGHT | 3. Retusrn to the root node.
rorrern | i Dl i,

9
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Education

Uses include copying a tree and creating a

) Used fora binary searc;
expression tree.

5
In-Order Trav

Steps: Depth-first Traversal

1. Explore the teft sub-tree,
waorking bottom-up.

| Thisalgarithim uses a stack.

2.Visit-the root node.

3. Explore the right sub-tree,
waorking bottom-up.
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Uses include infix to Reverse Polish nots
expression from an expression tree ¢




7
Depth-First Tra

| In depth-first tiaversal each vertex is marked g
| when itisvisited and added to the stack, R

| ‘When'there dare no reimalning unvisited

| neighbours, vertices are popped off the stack:

| until one is reached:that has unvisited
neighbouss.
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Breadth-First Tr

in breadthfﬁrst traversal each vertexis | §§
marked when it is visited and added to |
the quaue. :

‘Whevrthere gre no remaining P
unvisited neighbours for the current
vertex, it moves ta the next vertex in

the queue. |
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3
Binary Sear

Binary search is a good way of searching lis:
each step it halves the number of items i
example we are going to se

£ 3 COPYRIGHT
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Linear Sear
Linear search is the simplest searching alg

element in the list and checks every elemer:
looking for. In this example we ar:

The problem with this method is that;

4
Binary Sear

Binary search is a good way of searching lis
each step it halves the number of items i
example we are going to se
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5
Binary Seat

Binary search is a good way of searching lis:
each step it halves the number of items i
example we are going to se

7
Binary Search

The drawback of the binary search methos
sorted. Even if a list is already sorted, it wil:
as a new element is a

The binary search tree can be used to get ar:
can easily be added or r¢

Rules

[

The left subtree of a node
contains values that are less than
the value of the node.

The right subtree of a node
contains values that are more
than the value of the node.

w g,
i T s B

o i

BB g
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6
Binary Sea

Binary search is a good way of searching lis
each step it halves the number of items i
example we are going to se

8
Using Binary Sea

‘ It is easy to find the highest and towest va

LR R

Searching for a particular value in a binar:

From each node we simply move either r
whether its value is higher or lower than tk
Let’s search for the va

Bubble sort is simple to implement
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3
Bubble So

The bubble sort algorithm works through a Li:
and swapping them if ne;

troe

Lidaiaaaag

Bubble sort is simple to implement §
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Bubble So

The bubble sort algorithm works through a ti
and swapping them if ne

Bubble sort is simple to implement

EE

s,
=

BB
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Bubble So

The bubble sort algorithm works through a Li
and swapping them if ne;

Bubble sort is simple to implement §

7
Bubble So

The bubble sort algorithm works through a Li
and swapping them if ne;

Bubble sort is simple to implement {
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Bubble So

The bubble sort algorithm works through a Li
and swapping them if nei

Bubble sort is simple to implement

8
Bubble So

The bubble sort atgorithm works through a t
and swapping them if n

S3a

Bubble sort is simple to implement
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Merge So

The merge sort algorithm works by spli
elements and then gradually merging them:
until they are all in one s¢

HiD e

N
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Merge Soi

The merge sort algorithm works by splitt
elements and then gradually merging them
until they are all in one s

L]

et
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Merge Soi

The merge sort algorithm works by splitt:

elements and then gradually merging them
until they are all in one s¢

e
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Insertion S¢

and one for unsorted elé

Elements are gradually moved from the un;
place in the sorted

Sorted § Unsorted

El DI/ E e
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Insertion S«

and one for unsorted el¢

Elements are gradually moved from the un
place in the sorted §

Sorted } Unsorted

B D
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Insertion S¢

and one for unsorted el¢

Elements are gradually moved from the un;
place in the sarted

Sorted § Unsortei

RN KN
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Insertion S¢

The

5

1 st algorithm uses two Lists
and one for unsorted el¢

Elements are gradually moved from the un
place in the sorted §

Sorted § L

COGIEIE

oo

o
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Insertion S¢

sart algorithm uses two lists
and one for unsorted el¢

Elements are gradually moved from the un;
place in the sorted

AT
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Insertion S¢

The snsertion sort algorithm uses two lists
and one for unsorted el

Elements are gradually moved from the un
place in the sorted §

B
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Quick Sor

One the elements in the list is setected as
elements are placed on the left of it and the
to the right.

This process is then repeated for the sublig
been a pivot.

DN EN RN
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Quick Sor

One the elements in the list is selected as

elements are placed on the left of it and the;

to the right.

This process is then repeated for the sublis
been a pivot.

L
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Quick Sor

One the elements in the list is selected as
elements are placed on the left of it and the}
to the right.

This process is then repeated for the sublig
been a pivot.

e L

Gl R
|l 1.1

w
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Quick Sor

One the elements in the list is selected as
elements are placed on the left of it and the:
to the right.

This process is then repeated for the sublis
been a pivot.

L

AT A AN
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2
Dij kstra’s Algo

We use Dijkstra’s shortest gath slgeriths t
path between vertices in a we

4
Worked Exan

We start by finding the distance from the
neighbours;

Next we repeat the process with the vertex
from the starting vei

&
T
]

Rt

e
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Worked Exan

We start by finding the distance from the:
neighbours.

Kext we repest the process with the vertex
from the starting v

5
Worked Exan

We stant by finding the distance from the
neighbours,

Next we repeat the process with the vertex
from the stagting ve

The distance is only updated if a
shorter route is found,
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Worked Exan

We start by finding the distance from the:
neighbours.

Next we repeat the process with the vertex
from the starting ve

The:distance is only updated if a
shortet route is fouhd.

8
Worked Exan

We start by finding the distance from the;
neighbours.

Next we repeat the process with the vertex
from the starting ve:

The distance is only updated if &
shorter route is found.

10
Common Us

There are a number of uses for the
shortest path algorithm.

Finding the shortest route to drive
between two addresses.

Finding the shortest route for
packets to take between two devices
in a network.

N
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Worked Exarn

We start by finding the distance from the
) neighbours.

Next wa repeat the process with the vartex
from the starting ve

The distance is only updated if a
shorter route is found.

9
Worked Exan

We start by finding the distance from the:
neighbours.

Kext we repest the process with the vertex
from the starting ve

Thedistance is only updated if a
shorter route is found.

11

A" Algorith

algorithm.

It uses heuristics to estimate the distance k
and the end node

The use of heuristics makes it more efficie
path algorithm.

It is commonly used in games to allow char:
a virtual world.

et
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PageRanl

FageRanX is the algorithm used by search
rank of webpages and therefore where t
search resulis,

This'graph represents a simple onting v
The arrows represent links ing
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Voting

The algorithm uses the number of inbo;
calculate its rank. Each inbound link is ¢
importance of the p
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Voting

The algorithm uses the number of inbo:
calculate its rank. Each inbound link is
importance of the pi
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Weightin¢

In the PageRank algorithm not all votes @
given a greater weigl:

This is based on the number of inbound §
the more inbound links, the greater the;
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Damping Fa¢

this is factored in using the &

It is unlikely that the user would continue:

The damping factor is a value between O
probability of the user continuing
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Big O Notat

Hig & notation is used to describe how the
algorithm grow in relation to the number

This allows algorithms to be compared
complexity.

Big O looks at how long an algorithm takes

‘ An O is used as a prefix for all expressions

‘ n is used to refer to the num

EE

s,
e

BB
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Constant éomp

The time complexity remainsftfzce same r;
T
This graph itlustrates ‘?:
constant complexity. E

For example, finding the first item in a
same amount of time regardless of:

5
Linear Compl

The time complexity is proportional t¢

M&g&\i\\\\\%

This graph illustrates

linear complexity.

Time to Complete

Linear search is an example of linear c
in a list has to be evat

R
e

45‘,""/::,_5
g

%,
s

oo

P

.
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Logarithmic Con

L Alogarithm s the inverse of &

items increases

The increase in time complexity decre;

o

This graph illustrates

logarithmic complexity.

Tiine ta Complete

~ binary search and binary ti

Examples of algorithms with logarit;

8
Polynomial Com

The rate at which time complexity r
number of items gets

m?i&\\\\\\é

k is a constant value. |

Time ta Complete

This graph illustrates
polynomial complexity.

Bubble sort is an example of an al:
polynomial comple
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8
Exponential Con Order of Comp

The'time complexity increases exponet
iterns gets larger

e

This is the order of complexity from best

Complexity | Big O Not

g
g Constant 13
B N s socussc e ;
" B - Logarithmic
This graph illustrates 3 gh sl
exponential complexity. v Linear
COPYRIGHT Polynomial COPYRIGHT
PROTECTED o PROTECTED
Exponential

The travelling salesman problem has expt
involves a salesman wanting to find the she
him to visit every city only once before e

9

Examples
Algorithm
Linear Search
Bubbte Sort
Binary Search REHN
Binary Tree Search | Uife
Merge Sort R
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