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1.0 Hardware
1.1 Input Devices
1.1.1 Keyboard
Itis an input device used to key in data into the computer. When a user press 3 key which

contains aletter, numeral, symbol or punctuation mark, then the computer sends a signal to the
monitor to display corresponding keys pressed.

There are several keyboard layouts such as QWERTY (ENGLISH), AZERTY (FRENCH) due to the
language in use. Keyboards are simple, familiar and reliable technology to use. However, they
are slow compared to other automatic data capture device such as OCR, OMR etc.

The QWERTY keyboard is the most common keyboard.
Why do we have different layout?

Each layout has been designed for fast data entry in their respective language by arranging keys
mostly used at strategic positions on the keyboard.

Note:
v Keyboard is prone to damage from dirt or liquids because of the gaps between the keys.
v There is a special keyboard known as Braille keyboard which is meant for blind people

Touch-sensitive / Numeric keypad:

* Fewer keys simplifies input required and leads to fewer input mistakes.
* Keys are touch sensitive.
=  Protected from elements / vandalism.
* Made of more resilient material because of volume of use.

Musical keyboard ‘
It is arranged like a piano keyboard and needs a MIDI (musical instrument digital interface).

1.1.2 Mouse
It an input device used to point the graphical user interface by an associated cursor. Selection is

made by pressing (clicking) switch buttons on the mouse body. It imitates the natural human
action of pointing Main types of mouse include: mechanical (uses ball underneath) and optical
(senses reflected light).

Advantage Disadvantage
* Fast method for input commands * Can be easily damaged
* Intuitive to use to point at things * Disabled person have difficulty to use
a mouse
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Usually needs a flat
operate

1.1.3 Tracker mouse
A tracker ball is rotated by hand and the sensors detect the movement

of the ball and relay the data to the CPU. The advantage over a mouse
is that it remains stationary and as such does not require as much space

as a mouse.
Advantage Disadvantage T
* Disabled person with limited * It is more expensive than|]
movement can use it. conventional mouse.
*  Usually takes less space since it does * Itcan be tricky to get used to.

not need to be moved around.
= |tis more accurate than mouse.

*  Use:Itis used mainly for people who have limited movement

1.1.4 Scanner
Scanners usually convert hardcopy format to an image format. There are several types of
" scanners 2D and 3D scanner. Scanners can be categorised as Flat bed and Hand held scanners.

Flat Bed Scanner Ha:n:d Held Scanner
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. 1 30 Flatbed Scanner 5
4
, e |
“hese 3re usually used to convert (Iucumcntlobe scanncd |
€ diital [ glass plate c—————————— = e i
58S and text into a digital format. movable |lghl source -
o dizgram shows how it works. > ’
The Gieo fived m-nni/ - == >
rlebed Sconner works? movable mirror //
ﬂ-ecb'ecu is placed on Lhe glass pane ‘
CCD capluteg
t=rp dcililn' The ||ght moves IO the del'rice

¢:zrt of the document and illuminates a slices. The latter is then reflected into the CCD where its

‘mage is stored. The light and mirror then move down to the next slide. Once all the slices are 4
completed, the finalimage is constructed. |
1 1.4.2 3D Scanners

A 3D scanner is a device that analyses a real-world
object or environment to collect data on its shape and
possibly its appearance (i.e. colour).The collected data
can then be used to construct digital, three dimensional
models in the x, y and z axis.

] B =T s
Fir r
LtULiiio

Optical technologies encounter many difficulties with '

shiny, mirroring or transparent objects.

[JI (e

* Entertainment industry in the production of movies and vudeo games
* Industrial design

*  QOrthotics and prosthetics

* Reverse engineering and prototyping |
* Quality control/inspection and documentation of cultural artefacts.

sl o R bl e 4 L

1.1.5 Sensors

Itis aninput device that produces an electrical signal in response to a stimulus. There are several
stimuli which can be chemical or physical in nature. These devices are highly accurate and are
usually used in monitoring and control environments without human intervention. Frequently, 1
an analogue to digital converter (ADC) is needed since sensor data is often in analogue form and

computers can only process digital data. ;
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Disadvantage o

Advantage
* Take accurate measurement . = Need an ADC (Analogue m
* Can give readings continuously and Convertor) to work in mefODFOCESsor
frequency can be set as required environment
= Can be used hazardous
environment
. . . ‘—.-\-
Use : Usually used in monitoring and control systems
T —
'1.1.5.1 Types of Sensors
SENSOR TYPE APPLICATIONS i
Itis used in controlling and monitoring of temperatures in
Temperature chemical processes , green house , modern vehicle engines
temperature.
It is used in controlling central heating systems or washing
machines
It is used in measuring blood pressure monitor
It is used in chemical plants to control pressure of gases or
Pressure liquids in vessels
It is used in burglar alarm systems
Itis used for automatic doors to detect presence of a person
Light It is used in car for automated system that control
headlights
It is used in robotic factory to follow a route
Itis used in traffic lights to detect the presence of a vehicle
Moisture / Humidity It is used in monitoring of greenhouse environment
It is used in controlling heating, ventilation and
airconditioning (HVAC) system in musuems, library ,
research labs and others
Itis used in meteorological stations to measure humidity for
weather forecasting.
It is used for environment (e.g. measuring oxygen content
Oxygen in a river to check for pollution) ]
Infrared [t is used to detect movement by interrupting an infra red
beam in security systems I

|
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It is also used in counting materials as each one travels
through the beam

Itis used in remote control in TV appliances

Motion

Itis used in detecting speed of vehicles in radar system

Accoustic

Itis used to pick up sound

Itis used to detect movement of liquids in pipes in chemical
plants

PH

Itis used to monitor soil acidity in greenhouses
It is used to measure acidity levels in rivers for pollution
monitoring applications

Itis used tomonitor/ control processses where acidity levels -
are crucial

Gas

It can be used to monitor the atmosphere in case of leakage
in plants or other applications
It can be used in environment monitoring of air pollution

It can be used in a breathanalyser to measure/estimate the
concentration of alcohol vapour in blood

Magnetic Field

It can be used to study the field around permanent
magnets, coils, and electrical devices.

1.2 Output Devices
1.2.1 Inkjet printer
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1.Papertray | 2. cartridge | 3. printhead | 4.sliding 5. belt 6. =

assembly motor rod printhead
7. ink | 8. nozzles 9. ink chambers | 10. 11. B—

cartridge droplets resistor xj

Inkjet printing is a non-impact process. Ink is emitted from nozzles while they pass over media

Operation of an Inkjet Printer

1. Liquid ink in various colours being squirted onto paper and other media, like plastic film
and canvas, to build an image.

2. A print head scans the page in horizontal strips, using the printer's motor assembly to
move it from left to right and back again, while the paper is rolled up in vertical steps,
again by the printer.

3. Astrip orrow of the image is printed, then the paper moves on, ready for the next strip.,

4. Tospeed things up, the print head doesn’t print just a single row of pixels in each pass,

but a vertical row of pixels at a time.

For mostinkjet printers, the print head takes about half a second to print the strip across a page.

On a typical 8 1/2"-wide page, the print head operating at 300 dpi deposits at |east 2,475 dots

across the page. This translates into an average response time of about 1/5000th of a second.
There are several types of inkjet printing. The most common is "drop on demand" (DOD), which
_means squirting small droplets of ink onto paper through tiny nozzles; like turning a water hose
on and off 5,000 times a second. The amount of ink propelled onto the page is determined by
the print driver software that dictates which nozzles shoot droplets, and when.

The nozzles used in inkjet printers are hairbreadth fine and on early models they became easily
clogged. On modern inkjet printers this is rarely a problem, but changing cartridges can still be
messy on some machires. Another problem with inkjet technology is a tendency for the ink to
smudge immediately after printing, but this, too, has improved drastically during the past few
years with the development of new ink compositions.

Advantage - Disadvantage
* It printin relatively high resolution * [t has a low rate of printing thought
® Ithas alow purchase cost suitable for home and office
® Itis physically small and light * Ink costis relatively high

* The water-soluble ink, which runs if
prints get damp

Use : for printing coloured pages documents for home users
|

[ ——
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Operation of a laser printer

A laser scans the drum to print an image which is charged negatively and the toner (powdered

ink) also is charged negatively. The area where the laser beam has burn the images are neutral

and as such toner particles are attracted and the rest rejected. The roller press the sheet of

paper against the drum to transfer the toner to paper and then it is fused to melt it definitely on
paper.

Advantage . Disadvantage
® Prints high resolution details * Expensive to purchase.
* Print more copies a minute than a ink * Bulky and heavy.
jet printer.(Rate of Output) * Toner content are toxic and must be

* Inklasts for longer so they don't need
to change the cartridges so often.

disposed carefully after use

Use: Applications which require rapid, higﬁquality and high volumes of output, e.g.
most offices and schools.

L _
1.2.3 Speakers

A speaker converts electrical signals into acoustical energy that is sound. The speaker moves

back and forth which increases and decreases the air pressure in from of it and creates sound
waves, The diagram below show some essential parts of the speaker.
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The larger the cone, the more mass and surface area a speaker will have. This more air will move
which results in a louder speaker. Essentially the voice and standing magnetic field trigger the
cone movement. When an electrical signal from an audio amplifier is put into a speaker’s voice
coil, the voice coil generates an alternating magnetic field. Hence, this causes attraction and
repulsion of the cone attached to the voice coil to move. When the cone moves between 20Hz

20 KHz, the speaker generates the sound wave.

1;“3 Storage Devices

1.3.1 Solid State flash memary
These are non-volatile re-writable memories evolved from the EEPROM; they are often

connected to the USB port on the computer enabling a user to transfer files between computers.
»  SD (secure digital) cards are a type of flash memory used in digital cameras and mobile

phones.
= XD (extreme digital) cards are also a type of flash memory used in digital cameras and

are similar to SD cards.
» Digital storage cards (DSCs) are used as removable storage for phones, camera, PDA and

other devices.

4_—-4
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The hard disk consists of rotating
disks called platters in the fore of 2
cylinder that spins usually betweer
5400 to 10000 revolutions per
minute(RPM). A thin  ragretic
coating is layered onto the surface of
the platter that is polished to mirror
type srnoothness,

Thereisa Read Write head per platter
each one attached to the actuator
shaft which moves altogether during
reading and writing of data. The dats
are stored in microscopic areas called
magnetic domains. The HOD records
data in concentric circles, known #5
tracks which are numbered from the

outermost to the innermost edge of —
gE o IDE Connectrr Power Connsetor

the platter.  These tracks are
subdivided into srnaller units called <ectors,

ATV EATIT
I LTI AE)

A-Track
B = Geometrical Sector
C ~Track Sector

D - Cluster

15,3 Optecasl diges,

Optical disks as the name suggest uses reflection of a laser from the pitted surface of the disk to

read information. Large amount of data can be stored on the surface and offers portability from
one machine 1o another,

1331100 mAM

Itis similar to DVD-RW but differs in the way data is stored on the surface of the disc, It can be

reviritten more times than conventional DVD-RW
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; ;":“ROM and the media on which files are recorded is called DVD-R.

10

Elu-ray are similar in appearance to a normal DVD but has larger storage capacitjes (usual ]
25 GB (Single tayer) and 50 GB (Dual Layer)).The format was developed to enab|

. L. € reco,
rewriting and playback of hrgh definition video. rd ng,

Use : HD Video industry

Drawback : The disc is very expensive compared to corresponding DVD media type.
BD-ROM - read only format for distribution of HD content, games, software etc.
BD-R - recordable format for HD video recording and PC data storage.

BD-RE - rewritable format for HD video recording and PC data storage.

1.3.3.3 Digital Versatile Disks (DVDs)

A single DVD can hold as much information as several CDROMs. A typical DVD has a storage

capacity ranging between 4.7 GB -8.4 GB. (Single or Dual Layer). This means that a single DY
can be used to hold an entire movie. A film stored on a DVD can even give the viewer a choie
b, - of several languages in which it can be played back. The device used to read DVD is called D"

1.3.3.4 Compact Disks {CDs)

It is secondary storage medium and is portable. It can be read only memory and as such v
cannot change data once written. E.g. used to store programs/data/pictures/films, etc. s
storage capacity varies between 650 -700 MB. The device use toread CD is called CD-ROM and

'the media on which files are recorded is called CD-R.

Advantage Disadvantage 3
* Portable, many computers have a CD " Slower access times and smaller |
ROM drives. storage capacity than a hard disc. |
* Llarge storage capacity = Alterable.
* Fastaccess time =
Use : Applications which require a single ‘burning’ of data: ]

E.g.
* Recording of data for archiving or a one off backup.
* Recording of music downloads from the Internet.
* Recording of music from MP3 format. _

4
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Advantage

Disadvantage

Portable, many computers have a CD
ROM drives.

Large storage capacity
* Fast access time

Alterable (as many times as you
want).

= Slowsr access times and smaller

storage capacity than a hard disc.

= Alterable.

data.

Use: Applications which require the updating of information and ability to record over old

1.3.4 Actuators

An actuator is defined as a type of motor that is responsible fer moving or controlling a

mechanism or system. The actuator is the mechanism by which @ control system

environment.

acts upon an

1.4 Hardware — Main Memory

LA 1 RANTV/S RONY

RAM (Random Access Memory)

ROM (Read Only Memory)

Temporary Storage  -Data is temporary - it

is only there as long as the computer is on

and it can be changed

Volatile -Datais lost if the computer

crashes or is turned off.

Read /write -Data can be written to or

read from.

Use : To store OS, Programs

L

Permanent Storage -Data is permanent

- it can never be changed

Non Volatile -Data is never lost
Read Only -Data can only be
read

Use: To keep the bootstrap routine.
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1.4.2 DRAM (Dynamic RAM)

This is the RAM people are talking when they are adding memory in their computer. Itisy 1
computers since it is cheaper than any other type of memory. Dynamic refers to the me
chips’ need for a constant update signal (also called a refresh signal) in order to keepinfon |
‘that is written there. In case this signal is not received every so often, the information will " ¥4
to exit. Popular implementation of DRAM are: SDRAM, DDR, DDR2, and DDR3

1.4.3 SRAM (Static RAM)
SRAM does not require a refresh signal like DRAM. The memory chips are more complex and- '.
such more expensive. However, they are faster. Static RAM uses switching circuitry instead,
capacitors and can hold a charge without a constant refresh. Due to the speed, SRAM i
commonly used for CPU cache but is rarely used as the primary RAM because of its cost. E.g, of‘*?
SRAM include: CPU L1 Cache, CPU L2 Cache

4_..—-4
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7.0 Information Representation — Number Representation
Introduction to Binary Numbers

2.1 Number Systems
Number systems are simply ways to count things. Ours is the base-10 or radix-10 system.
0
10° 10° 107 10° 10° 10* 10° 10?2 10% 10°

s 1 T2 T3 Ta Ts5 s 7 |8 13 |

1. BASE2 - BINARY -0,1

2. BASES - OCTAL -0,1,2,3,4,5,6,7

3. BASE16 - HEXADECIMAL -0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F
4. BASE10 - DENARY

-0,1,2,34,5,6,7,8,9

2.1.1 Denary (Base 10)
Base 10: 0,1,2,3,4,5,6,7,8,9 - It uses those 10 digits only

v From an Abacus point of View

10° 10 10* 10°
TH H T U
4 7 2 1
4721=4*10%+7 *10%+2* 10' + 1 *10°
2.1.2 BINARY (Base 2)
v"Itis also known as Binary Digits
v" ltuses either 0 or 1 to represent the numbers in the required number of bits

Nibble

Half a byte is known as a nibble, i.e. 4 bits

Byte

A byte consists of 8 bits and is usually used to represent a character.
Converting a Binary Number to Denary

To convert a binary number to denary, simply follow the following steps:

1. Starting from the RHS (Right Hand Side), Label the binary digits starting from 2 power 0

to the number of digits in ascending order.
2. Multiply each binary digit with the corresponding power of 2 above it.
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3. Simply add the sum of each multiplication and you get the final result

e.g. (1110 1111}, = (239)10

27026 25 4 23 22 1 0

1 1 1 0] 1 1 1 1
___1*27+1*26+1*25+1*23+1*22+1*21+1*20
=239

Convert Denary to Binary

There are 2 methods that may be used to convert denary to Binary:

v"  Method 1: Long Division
v" Method 2: Tabular method or Weight System

Method 1:

v Repeatedly divide the number by 2 till number is 1 and note the remainder in reverse order
as shown in the diagram below

19 lr
2 |9 R 1
2 |4 R 1
2 |2 R o0
1 R O

v" Hence, (19), in 8 bits = (000 1 0011),

Method 2:

v" Imagine in a country the following notes are available and you have to pay exactly using
those notes. Each time you pay the largest note and try to settle the rest by highest note
available.

v" Infactitis a table of base 2 in 8 bits or more if required

2.1.3 Octal Numt 27 26 23 24 23 22 21! 20 | Value
[0l oo To 111 1]s1s
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The Octal Number system uses digits from 0 - 7 only. Hence, all the numbers are represented

using 3 bits binary digits. The table below shows the denary number with its octal and binary
equivalent

DENARY | BINARY | OCTAL

0 000
001
010
011
100
101
110
111

NS iwIN =

Noaojn|[alwiN— O

Converting From Octal ta Denary

To convert from octal to denary, simply multiply each digit by the weight system of base 8.
Hence:

e.g. (723)s=(467)10

82 81 80
7 2 3
=7%82+2%81+3%g0
=467
Tip for faster calculation:
= g =1 g =
- g =64 8 =512
« g = 4096

Convert from denary to octal

Simply divide the number repeatedly by 8 till value is less that 8 to express to octal form.

202
8 |25 R 2
3 R -1

Convert Bmary to Octal

In the octal (base 8, number system, only the 8 digits from 0 to 7 are used). To convert binary to
octal, simply dive the number into groups of 3 bits staring from the right hand side first.
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s can then be represented by a number between 0 ang 7. Eg. (11010 1101\'

11 010 110 i
3 2 6

The Octal number system uses digits from0-9, A(10

) B(11),C(12) ,p(13) £
the numbers are represented in 4 bits binary digits.

(14) ,F(15) only . Af
Hexadecimal js also a

sometimes X, or base 16

bbreviated ¢, HEX,
DENARY | BINARY | HEXADECIMAL (HEX)

0 0000 0 o
1 0001 1
.2 0010 2
s, 0011 3
B 0100 4
5 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 5
10 1010 A
11 1011 B
12 1100 C
13 1101 D
14 1110 E
15 1111 F

Convert From Hexadecimal to Denary

To convert from hexad

ecimal to denary,
is a letter, A-F, replace

simply use the weight system and as base use 16. Ifit
It with the corresp

onding denary value

Eg1
(769)15= (1897)10
16* 162 16' 16
7 6 9
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=7°16%+6"16'+9*16°
= 1897

tg 2

(1AB)16=(427)10

16> 162 16! 16°
1 A B

=1%*162+A*16'+B*16°

=1*162+10*16%+11*16°

=427
Tip for faster calculation:
* 16°=1 16'=16
= 162=256 163 = 4096

= 16°=65536
Convert From Denary to Hexadecimal

To convert from denary to hexadecimal, simply do long division with base 16 till the value is less
than 16 and look up for corresponding values in hexadecimal table

e.g. 1. (69)10 = (45)16

16 | 69
4RSI

e.8.2.(58)10 = (3A) 16

16 | 58
3 R 10(A) T

Note: in this case, the remainder is 10 which is equivalent to A in Hexadecimal

Convert Binary Lo Hexadecimal

To convert binary to hexadecimal, simply group the binary numbers in 4 bits and convert it to

the denary equivalent or look up in the hexadecimal table values. There are 2 methods to
convert binary to hexadecimal

Method 1:

i.  Convert Binary -> Decimal
ll.  Convert Decimal -> Hex
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. Eg 01101110 = 26 +25+23+22421

« (0110 1110): = (110)w
. (llO)m =(6E)1s

Method 2:

* To convert a binary number to hexadecimal, divide to groups of 4 bits starting from the right
hand side (RHS). Then write the hexadecimal equivalent of each group of 4 bits by looking at the
hexadecimal table.

1101 0111

L

{1101 0111)2= (D7) H
Note:
Hex is used to write assembly code instructions because:

v Hex s short form of binary
Y' Itis easy to convert hex to binary and vice versa
2.1.5 BCD (Binary Coded Decimal)

Some numbers are not proper numbers because they don’t behave like numbers. A barcode for
chocolate looks like a number, and a barcode for sponge cake looks like a number, but if the
barcodes are added together the result is not the barcode for chocolate cake. The arithmetic
does not give a sensible answer. Values like this that look like numbers but do not behave like
them are often stored in binary coded decimal (BCD). Each digitis simply changed into a four bit
binary number which are then placed after one another in order.

In binary coded decimal, each decimal digit is represented in 4 bits binary

DECIMAL | BCD
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110

|
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7 0111
8 1000
9 1001

e.g. 902 in BCD is (1001 0000 0010) gcp

j ply replace all decimal digits by its corresponding BCD value

The following are ways data may be represented.

1. Representing unsigned integers (Values without Sign Consideration)
2. Representing signed integers
v' Signed magnitude

v One’s complement
v Two’s complement
Hexadecimal
Octal
Binary Coded decimal
Representing real numbers
v Fixed point
v Floating point

Representing characters
v ASCH

v EBCDIC
v UNICODE

< are whole number both positive and negative, e.g. +17, -18, 45. It is used to

v Unsigned integer:0,1,2,3 .....

0000 o 0101
(MSB) Most Significant Bit T~ e ( Least Significant Bit)

Consider a Byte,

v Maximum unsigned integer that can be represented in 8 bits  =1111 1111 = 255

¥ Minimum unsigned integer that can be represented in 8 bits = 0000 0000 =0
i i 8

v Maximum unsigned integer in 8 bits =255=28-1

¥" Hence, in n bits, unsigned integer maximum =2"—-1
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2.2.1 Representing Signed Integers ’
If a computer system uses a byte to store anumber in the way that was suggested above

are three problems that arise. there
1. The firstis that the biggest number that can be represented is 255 because there 3
. . .. . ’
enough bits to store bigger numbers. This is easily solved by using more than one ren‘y
to represent a number. Most computer systems use either two or four bytes to sto
number. There is still a limit on the size that can be represented, but it is o mre:
’ UC

larger.
2. The second problem is not so easy to solve, how to represent fractions. This w
looked at later in this chapter.
3. The third problem is how to store negative numbers.

ill be

The example we used for binary storage was 117 which becomes 01110101 in binary. If we want
to store +117 or —117, these numbers need a second piece of data to be stored, namely the sign

Hence, the following representation were introduced:

1. Sign Magnitude (SM notation) = wrong method
). One’s complement
3. Two's complement

" Note: using the above 3 notations, their positive representation are the same but they differ in
the way they represent negative values.

2.2.1.1 Sign Magnitude

Sign Magnitude

+17:
* Sign =+
* Magnitude =17
-17:
* Sign = -
®* Magnitude =17

There are only 2 signs (+ or -). One bit is sufficient to represent sign.

_ . . itude
Usually O represent positive and 1 negative. Hence, using n bit to represent a signed magnlttl:‘gr
number, it is to be noted that the most significant bit is reserved for sign and the res
magnitude

e.g. if we use 8 bits , 1 bit for sign (left most ) and 7 bit magnitude( the rest)

SM NOTATION [ SIGN (1BIT) [ MAGNITUDE (REST) B

Q|
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procedure (for negative values):

1. Convert the denary number to binary first

2. Then put the positive denary number in the number of bits required
3. For Negative , simply change the MSB to 1

For example, using 8 bits to store 3 signed integer, using SM notation

+17= [0 |0010001
-17 = {1 | 0010001

S

Disadvantage of SM Notation

SMis not 3 good method because there is need

to compare sign and magnitude before adding
or subtracting which makes these operations slo

W,

2.2.1.2 One's Complement

If the number is positive, it is represented as an ordinary binary number (sign bit = 0 (MSB))

Ifthe number is negative, it is represented as the one’s complement of the positive number,
1——= O
Procedure (for negative values):

1. Convert the denary number to binary first

2. Then put the positive denary number in the number of bits required
3. Inverse all the bits, i.e.allOto 1and all 1to 0

For example, using 8 bits to store a signed integer, using One’s Complement

+17 = | 0001 0001
-17 = 111101110

2.2.1.3 Two's Complement
Ifthe number is positive, it is representgd as an ordinary binary number (sign bit = 0).

If the number is negative, then sign bit =1,

v There are 2 methods that may be used to convert a number to 2's Complement
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Method 1:

1. Invert the bits as in one’s complement
2. Add1tothe answer

217 = 11101110 One ‘s complement representation of -17
1 +

2’s complement 11101111

Note: In 2’s complement, the Most Significant bit value is negative. E.g. using 8 bits

-27 26 25 24 23 92 91 20

Hence, |
_27 26 25 24 23 22 21 20
-17=(1 (1)1 (o [1]1 1 T1
-17 = |-27 426 425 23422421, 30
Method 2

Starting from the RHS (Right Hand Side) i.e. Least Significant Bit, the least significant zeroes and
the first 1 remain unchanged and the rest of the digits are inverted

e.g.
27 26 25 24 23 2 1 o
+56 |0 (0|11 [1]0]0]o0
-56=]1 |1 |0 |o |1 [0 |0 o
-56 = [-27 426 +23

Maximum and Minimum Values
=27 26 25 24 23 22 21 20
Maximumin 8 bits [0 1 |1 [1 |1 [1]1 |1
= 26 425 $244234224214.20

Scanned by CamScanner



= 127 = 2‘, -1
i Maximum in n bits 2n .1

Minimum in 8 bits {1 |0 |0 |0 [0 |0 |0 |0

= -2/ =-128
Minimum in n bits .2n-1_1

2.3 Binary Addition Laws

[‘ SUM  CARRY

é 0+0 0 0

| 0+1 1 0
140 1 0

E 1+1 0 1

: 1+1+1 1 1

2.4 Two's Complement Addition

Add two numbers, including sign bits and start any carry out. Negative numbers must be in

two’s complement representation. The sum is obtained after addition if negative is also in the
two’s complement representation.

3 Consider the following addition in 8 bits which shall apply to any number of bits by principle

0 1 0 Carryln=0
L 19 00001001
' +5 00 000101
+14 0 0 0 0 1 1 1 Q CarryOut=0
1
Note:=23+ 22 + 21
11 1 1 1 1 0 Carryin=0
+9 0 0 0 0 1 0 0 1
-5 1 1 1 1 1 0 1 1 Two'sComplementof+5
+4 0 0 0 0 01 0 0 CarryOut=1,Discarded to obtain correct value
Note : = 22
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Advantage of Twa’'s Complement

¥ Thereisno need to compare sign and magnitude before adding or SUblracting 1

Cverflow occurs when the result an arithmetic operation is tog large to fit i the
bits allocated to it. Consider, the following example in 8 bits .

v largest 2’s complement in 8 bits value = +127

1

1 1 _ 0 carryin=0
+ 80 0] 1 0 1 0 0 0 0
+50 0 0 1 1 1 1 0 o Two’s Complement of
+140 1 0 0 0 1 1 9 o

Note:= -27 4 23 +22 = -116 Ca’WOUt‘-'l,MSB:l’
Answer shouid have been +140 but we obtained -116

4
If two negative numbers are added and an overflow occurs, the overflow will be posi

Consider the following example in 8 bits

0

0 Carryin=0
-80 1 0 1 1 0 0 0] 0
-60 1 1 0 o o0 1 o 0 Two’s Complement of
-140 0 1 1 1 0 1 0 o

C Out=1,MSB=0
Note:= 26 4+ 25 +24422 - 1116 arry Ou
Answer should have been -140 but we obtained +116

Algorithm to detect overflow
IfCarry In <> Carry Out then

Overflow has occurred
End if

Scanned by CamScanner



e omputer system usually uses several types of encoding system to exchange or store data.
sy ascll and Unicode are the most common one.

1 ASC

Il (American Standard Code for Information Interchange) is most popular and widely used.

The AsCll codlﬁg system uses seven bits to represent each character and the eighth bit as a
neans of checking the rest.

Thismeans that 128 different characters can be represented in the standard ASCII character set.

or 256 for Extfanded_ ASCII, (As this is the most common character set, people generally consider
,byte to be eight bits). e.g. Character ‘A’ =65 in ASClland ‘2’ = 90

pdvantage of Using ASCII

since each character uses only 8 bits, the data stored takes less space in memory compared to
Unicode

2572 Unw[_(;ifi‘.‘

Unicode is @ more recent, 16-bit code that uses two bytes or 32 -hit (latest) that uses 4 bytes to
encode characters. Using 16 bits makes it possible to represent over 65,000 characters. This
means that all the characters used by the world's languages can be represented in Unicode.

Use

* [t is widely used to handle documents, particularly if a single document needs to be
written in, for example, English, Arabic and Chinese.

A byte consists of 8 bits. E.g. 0101 1010. It is used to represent a character. There are different

version commonly known as UTF- 8, UTF -16, and UTF-32 where the digits accompanying the
UTF-is the number of bits used.

Advantage of Using Unicode over ASCII

v ASCIl stores a much smaller set compared to Unicode and hence, ASCll is limited in the
representation of Latin character set and characters in other languages.

3.0 Information Representation - Images
Images

Digital images requires lots processing due to the amount of information they need to store.
They can be grouped in two main categories which are namely:

* Vector
* Bitmap.
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lamcnrdent hitrm Factar iy

3.1 Bitmap (also known as device independent bitmazp (D

n"

00
(é]

LRL e S

ap graphics is defined as a collection of pixels from an image mapped into specific memon

cations whereby their binary colour value is stored.

e AR

Sometimes it is also called raster images. The image takes the form of an array where the value
of each element represented by a pixel represents the colour of that part of the image. The
diagram below shows how a letter ‘a’, might be represented in a matrix whereby the valyes

indicated on right hand side depicts the image brightness.

Note: Each horizontal line in the image is known as a scan line.

al e (/1010090605061010101010

, 10(500000000000005101010
' A 10402 02 05060505 0000051010
N L] 10i(910101010100900000910
Bl ' ] [I010101010161005000510

T B | [JL0100SOSUSUSUSUY00U510
T0C9000U00U0UOUU0U0I 0510
| YC0UU61010101005000510
1% 106101010101005000%10
1 7 inininininnonNnasin
CRCONG1IAININLANSNNNANASIN
(9r1NNNEN7070500050NN510

rir701NNNANNNTNINANANSIN
| | V¥4 I (11010060009101010101010
Use of Bitmap
» |t is usually used to store natural images, graphic images with lots of details and
photographs.
BITMARP file Header

It is defined as the block of bytes at the start of the file which is normally used to identify the
file.
Use : Application usually read this block initially to ensure that the file is 2 typical BMP file and

is not damaged.

3.2 Image Terminologies

Pixel
It is defined as the smallest possible addressable area defined by a solid colour, represented as
binary, in an image. In the above diagram, each box represents a pixel

Resolution

Itis a measure of the sampling density and is often measured in ppi (pixel per inch). The.hlghif
the resolution, the crisper is the image since there is more pixel available to represent the image.

Scanned by CamScanner



olution

s defined as how many pixels an image contains per inch/cm.

an Resolution

vis defined as the number of pixels PErrow by the number of pixels per column.

Ry 5 5Y
JO LIV

1he number of bits used to represent the colour of 3 single p'iXEI.

3.2 File Estimation of Bitmap Images

We are going to work out how many pixels are required to display a single frame on a VGA
screen.

Checking the resolution:

* Height =480
* Width =640
* Area =Width* Height

= Total Pixels
* Area =640,*480

=307200

Area = Width * Height = Total Pixels
Questions on Images Bitmaps

1 What is the resolution of a 100 pixel by 70 pixel image? : 100 * 70 = 7000 pixels

2 What is a benefit of having a higher resolution image?

Higher resolution images are able to display more detail, providing crisper images

3 What might be a drawback of having a very high resolution image?

* Itwill require a lot of space to store it. Meaning you'll quickly run out of memory, or it'|l
take a long time to transmit images across the internet or other data route.

34 Colour Depth imopl;
Consider the following set of images to understand colour depth implication

Colour 1 Bit 2 Bit 4 Bit
Depth . .
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Colours per
Pixel

28=256

224=16777216

Example
U E iy ,
Description Stores only white and | Stores 4 colours Stores limited colours
black- also known as | - :
monochrome
No_  of =9 22=4 2% =16
Colours per .
Pixel ) _ i |
Colour 8 Bit 24 Bit )
Depth
Example
4 i A
Description | Close to reality Very hard to see any
difference between
B reality
No_ of

Calculating file size for different colour depths

All the images above are of the same resolution: 300*225 = 67500 pixels

If the first image uses 1 bit to store the colour for each pixel, then the image size would be :
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number of Pixels * Coloyr Depth = Image Size

675C0 * 1 bit = 67500 bits

for the second image uses 2 bits to store the colour for each pixel, then the image size would
be:

Number of Pixels * Colour Depth = Image Size

67500 * 2 bit = 135000 bits

For a colour depth of 8 bits, how many colours could each pixel store ? 28

Torepresent 1024 colours per pixel, what coloyr depth would | need? 21°= 1024

How many colours can each pixe| store if it has a colour depth of 4bits?

Pth have to be if we want to store 64 colours per pixel? 26
=64 , therefore ->6

How many bits would an ima

ge be that has a size of 20 by 30 pixels,
display 8 colours? ) _

with each pixel able to

& colours is 3 bits per pixel as: 22 =8 colours
h*w*b=20*30*3=1800bi_ts
When might one want to decrease the colour depth for an image?

When you want to save file Space or when you only need a specific palate of colours such a
mono-chrome '

3.5 Vector Images

Vector image describe animage using shapes and geometric forms such as curves, points, circles,
rectangles, lines and polygons. A coordinate system is used to represent the shapes. The objects
and properties are stored mathematically. Each of these objects has properties to tell you the
size, colour, position etc.

Avector image is resolution independent and hence we can enlarge or shrink the image without
affecting the output quality.

Scanned by CamScanner



30

Circle ‘ Rectangle

Drawing List | <circle cx = “100” cy = 100" r = | <rect x= “14" y = "23" width ="250" |
wsq” fill = * blue” stroke = “black” | height “50” fill= “blue” stroke = “black”
stroke-width = “5" /> stroke-width = “3" />

Centre is defined via cx,cr and ris | X and y gives the tip left start location |
the radius
|

Notes

Use of Vector Image

= Todesign logo’s and scalable high end graphics
Example of Popular 5VG Format

What is SVG?
SVG stands for Scalable Vector Graphics and is used to define vector-based graphics for the Web.

It defines the graphics in XML format and does NOT lose any quality if they are zoomed or
resized. Every element and every attribute in SVG files can be animated. SVG is a W3C

recommendation.

SVG Advantages
Advantages of using SVG over other image formats (like JPEG and GIF) are:

SVG images can be created and edited with any text editor

SVG images can be searched, indexed, scripted, and compressed
SVG images are scalable

SVG images can be printed with
SVG images are zoomable (and the image can
SVG is an open standard

SVG files are pure XML

high quality at any resolution
be zoomed without degradation)

NAESNSNSNS

er Flash is the compliance

The main competitor to SVG is Flash. The biggest advantage SVG has ov e
with other standards (e.g. XSL and the DOM). Flash relies on proprietary technology that is
open source.

___...A 1
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/G images €an be created with any text editor, but it is often more convenient to create SVG
(

Leeswith @ drawing program, like Inkscape. To create an SVG, you need to add the tags <svg
IZS—' http://www.w3.0rg/2000/svg"> at the beginning and </svg> at the end.

Copy the following into a text file and save it as image.svg

g xmins = “http://www.w3.0rg/2000/svg”>

<rect width = "100" height = “80" x = “0” y = 0" fill = “green” />

(llne xl-_—nsn y1:l|5" XZ:HZSOH v2:l(96|| Stl’Oke:"I'ed" />
<circle cx = “90” cy = “80” r= “50” fi|| = “blue” />
<text x = “180" y = "60" > sa'mple Text </text>

¢[sVg>

once you have saved this, drag it into a browser window and you should see some shapes. SVGs
are very powerful and you can attach code to their structure, making them interactive.

Questions

1. Give some objects that can be used in vector graphics:

= Line
= Text
= Rectangle
= C(Circle
2. Give the properties needed to display a rectangle:
| | x'y
= width, height
= fill

= stroke (colour), stroke-width
3. Give the properties needed to display a line:

* x1,yl- startcoordinates
* x2,y2 - end coordinates
* width

= Aill

* stroke (colour)

What would the following drawing list produce?

<|ine x1=|l0|l y1=u0u X2="6" y2=u6n stroke="red" />

<rect width="4" height="4" x="1" y="1" fill="yellow" stroke="green" stroke-width=1 />
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<line x1="6" y1="0" x2="0" y2="6" stroke="hlack" />

3.6 Comparison between Bitmap and Vector Graphics

Bitmap Images Vector Images
= Bitmap images scale resulting in file * Vector images scale without file size
size increase / decrease increase / decrease
* Bitmap images distort (pixelate) * Vector images scale without
when scaling distortion to the image
* Bitmaps are better for photo editing
* Bitmaps require less processing
power to display

Advantages of vector images over bitmapped images for displaying images on the Web
v" Scalable
v'  Efficient

Why is the Adobe Flash .swf file format becoming a-less appropriate way of presenting
. graphical content on the Web?

v" Not supported by iOS and Android, and mobile is growing
V" Improving support for SVG, which is a W3C standard

Image file format best suited to presenting photographic images on the Web.

v JPEG

JPEG

Joint Photographic Experts Group format is used to display photographs and other continuous®
tone images on the web

JPEG format supports CMYK, RGB (millions of colours), and Grayscale colour modes..Unli.kE GbIF
format, JPEG retains all colour infarmation in an RGB image but compresses file sizé bY
selectively discarding data.
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compression Type

LossY compression and this results in 5 loss of qualit

1 most image editing programs you can specify ho y if a high level of compression is applied.

| w much compression or loss of quality you
want

pifference between GIF and JPEG

» Another important difference b

etween GIF :
transparency. and JPEG is that JPEG does not preserve

image file format best suited to Presenting non-photographic images on the Web
v PNG

PNG
Portable Network Graphics (PNG) is a little bit like the best of both worlds.

Compression Type
Lossless compression and for display of images on the web.

Unlike GIF, PNG supports 24 bit images and produces background transparency without jagged
edges; however, some older web browsers do not support PNG images.

PNG format supports RGB, Indexed Colour, Grayscale, and Bitmap mode images. PNG also
preserves transparency in grayscale and RGB images.

1.0 Information Representation - Sound

4.1 Sound
Sound is an oscillation of pressure transmitted through a solid, liquid, or gas (there is no sound
in outer space as space is a vacuum and there is no solid, liquid or gas to transmit sound

through!).
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aleft and right speaker whose Outpyy,
$

Sound is often recorded for two channels, stereo; feeding
alled mono. 5.1 surround

may differ massively. Where one channel is used, thisis ¢

'n cinemas and home media set ups use 6 channels.
ans they have an almost infinite amount Ofdeta'l
i

Sound waves in nature are continuous; this me
t sound. This makes them very difficult to recorg

that you cou!d store for even the shortes
perfectly, as computers can only store discrete data, data that has a limited number of data

points.

Human can hear scunds in the frequency range of 20Hz - 20, 000 Hz

4.2 Digital Sound

it is recorded often using a microphone which converts analogue sound into digital format by
altering the output signal from the device. Hence, to store the sound file digitally, the voltage js
sampled at frequent intervals (such as 48 KHz)) and stored in binary code usually in 16 or 32 bits

per sample.
hat sounds close to the real thing you need to look at the analogue sound

To create digital musict
waves and try to represent them digitally.
te the analogue (and continuous) waves as discrete values.

The first step in doing this is deciding how often you should sample the sound wave, if you do
it too little, the sample stored on a computer will sound very distant from the one being
recorded. Sample too often and sound stored will resemble that being recorded but having to

store each of the samples means you'll get very large file sizes.

This requires you to try to replica

To decide how often you are going to sample the analogue signal is called the sampling rate.

13 igh sample rate 1 4 ligh sainpk 1ate \

[ Ot soumt llff Hgh e e _ 4__-1;{,@3”@!5_-?5;__4.,_% ug g e[ 14 g
~ o
' | | VIRV

el coamos somsd wve ’dmal boks He ongral disalboses shupees

[oor resnbluxe fo ozt

4.3 Sound Terminologies

sampling Rate - The number of samples taken per second

- The Sl unit of frequency defined as the number of cycles per second of 3

Hertz (Hz)
periodic phenomenon

—
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sampling Resolution - The number of bits assigned to each sample

the sampling resolution allows you to set the range of volumes storable for each sample, If you

have a low sampling resolution then the range of volumes will be very limited, if you have a high

sampling resolution then the file size may become unfeasible. The sampling resolution for a CD
is 16 bits used per sample.

File sizes
v Bitrate - the number of bt required to store 1 second of sound

To work out the size of a sound sample requires the following equation:

File Size = Sample Rate * Sample Resolution * Length of sound

Or

File Size = Bit Rate * Length of sound

Sound File Sizes

If you wanted to record a 30 second voice message on your mobile phone you would use the
following:

Sample Rate = 8,000Hz, Sample Resolution = 16 bit

Length of Sound = 30 seconds

Therefore the total file size would be: €,000 * 16 * 30 = 3 840 000 Bits = 480 000 Bytes
4.4 Sound Editing

If you are interested in sound editing you can start editing your own music using a program
called Audacity. Using Audacity you can create your own sound samples with different sample

rates and sample resolutions, listening to the difference between them and noting the different
file sizes.

Sampled sound

Why might a digital representation of a sound struggle to be a perfect representation?

A'sound wave is continuous data, whilst digital data is discre‘te and the representation is an
approximation of the original
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Why might you choose to have a lower sampling rate than a higher one for storing a song on
your computer?

The higher the sampling rate the more data is needed to be stored, meaning the larger the fila
size.
What is the sampling resolution?

The number of bits assigned to each sample, effecting the range of volumes that can be storegd

in a sample
. What is the equation to work out the bit rate of a song?

Sampling Rate * Sampling Resolution

For the following sound sample work out its size:

v' Sample Rate = 16,000Hz

v Sample Resolution = 8 bit

v Length of Sound =10 seconds

v Answer :16,000 * 8 * 10 = 1 280 000 Bits

Work out the sample rate of the following sound ﬁ'_le:

v" Sound File = 100,000 bits
v"  Sample Resolution =10 bit
v'  Length of Sound =5 seconds

: 100,000 / (10 * 5) = 2,000Hz

v'  Answer
Why might a song recorded with the following settings:
v' Sample Rate = 22,000Hz
v"  Sample Resolution = 16 bit
v Length of Sound = 10 seconds
v Have a file size of 7,040,000 bits?
v Answer: The file might be recorded in stereo, meaning twice the amount of data would

have to be stored

4.5 Sound Compression .
As you can see we have some serious issues with the size of sound files. Take a look at the sizé

of a 3 minute pop song recorded at a sample rate of 44 kHz and a sample resolution of 16 bits.

44,000 * 16 * 180 = 126 720 000 bits (roughly 15 MB)

As you are probably aware an mp3 of the same length would be roughly 3Mb, a fifth ofthes

So what gives?

ize.

ud
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Ly tosee that the raw file sizes for sounds
pn e

are just too big to store and transmit easily,
s qeeded AWy to compress them
wi!

1\~~|t‘\‘ compression - compression doesn't lose
\

. any accuracy and can be decompressed into
\ (dentical copy of the original audio data.
ALl

pample of Lossless compression

« WAV files don't involve any compression at all

«  [LAC compress the WAV file into data generally 50% the original size.

1o do this ituses run length encoding, which looks for repeated patterns in the sound file, and

nstead of recording each pattern separately, it stores information on how many times the
pattern occurs in arow.

Let us take a hypothetical set of sample points:

0000000000000000000001234543210000000000000000000123456787656789876

As you can see the silent area takes up a large part of the file, instead of recording these
individually we can set data to state how many silent samples there are in a row, massively
reducing the file size:

(21-0)123454321(17-0)123456787656789876
Another technique used by FLAC files is linear prediction.
4.5.2 Lossy

FLAC files are still very large, what is needed is a format that allows you to create much smaller

file sizes that can be easily stored on your computer and portable music device, and easily
transmitted across the internet.

Lossy compression - compression loses file accuracy, generally smaller than lossless
compression

Example of Lossy compression

* MP3
* AAC
* 0GG

As we have already seen, to make smaller audio files we can decrease the sampling rate and the
Sampling resolution, but we have also seen the dreadful effect this can have on the final sound.
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How it works?
The compression works by reducing accuracy of certain parts of sound that are considereq td“h
beyond the auditory resolution ability of most people. ?
This method is commonly referred to as perceptual coding. It uses psychoacoustic mo
discard or reduce precision of components less audible to human hearing,
remaining information in an efficient manner.

dels o
and then recorgs the

Because the accuracy of certain frequencies are lost you can often tell the difference between
the original and the Lossy versions by being able to hear the loss of high and low pitch tones,

5.0 Information Representation - Video

| 5.1 Videos
Video is defined as an electronic medium for the recording, copying, playback, distribution,
display of moving visual and audio media. The world of video has evolved from CRT to more
advance modern technologies. Video data may be represented as a series of stil| image frames.
5.2 Video Terminologies
1. Frame rate: is the number of stil images (or frames) recorded every second.

Usually frame rate is expressed in frames
fps.
2. Resolution: is how many pixels the image has.

per second (fps) and most video cameras record at 30

Resolution is usually expressed by numbers for horizontal and vertical: 640 by 480 means 640

pixels wide, by 480 pixels tall. Multiply the numbers and you get the total number of pixels. In
this case 640x480 = 307,200.

3. Aspect Ratio: is what defines the width and height of your images

@ Most common aspect ratios are 3:2, 4:3, and 16:9.

Ipression and Format: is to save space the movie gets compressed to make it smaller.

a camera compresses the image data and records it is the recording format.

A aracteristics of Video Streams
Frame Rate

Itis defined as the number of still images

per second. Usually it ranges from 6 -8 for old camera
to 120 or more for modern cameras.
Commoan Standards:

* PAL
* SECAM
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» NTSC

/ - .
spterlaced V/S Progressive encoding
Lnterlaced

lnterlacmg. was designed to reduce flicker in early video displays and devices without
ncrementing the number of frames per secon

S T d, which would have sacrificed image details to
emain within the limitations of narrow bandwidth g

How it works?

It uses the horizontal scan lines of each complete frame with them being treated as numbers

consecutively and captured as two fields (Upper field-consist of odd numbered lines, lower field
-consist of even numbered lines).

Hence, analogue d_lspiay devices reproduce the frame rate similarly and even doubling the frame
rate to overcome issues of flicker.

Images capture devices acquire the fields one at a time and doubles the frame rate motion. This

results in smoother real life details of rapidly moving parts of the image when viewed on an
interlaced CRT device but causes problems when displayed on a progressive scan device.

£

Fxamples of Interlaced Formats:

v" NTSC,PAL and SECAM
Sometimes the letter | is added to video resolution to indicate interlacing. E.g. PAL video format
-7 576i50 where 576 is the total number of horizontal lines and 50 indicates the fields (half
frames) per second.

/2 Progressive Scans

In'such systems, during each refresh period, all the scan lines in each frame in a sequence is
updated. :

It results in optimum spatial resolution of both stationary and moving parts of the image when
disolaying a recorded signal or natively progressive broadcast.

tresults in degradation of spatial resolution when natively interlaced signals are displayed.
Fickers and “comb” effect is often seen in moving parts of pictures unless the signal k processed
N3 snecial way. The latter is known as de-interlacing which results in optimisation of display of
én interlaced video from a source such as DVD, analogue or satellite source on devices like LCD
Teevision, digital video projector or plasma panel.

Note: Despite using de-interlacing, the produced video quality does not match true progressive
LN source materials.
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5.5 Video Compression

i i ing in information t :
Video compression is the practical implementation of source coding i heory-_.,{'d
is used to reduce redundancy in video data:

In practice, most video codecs also use audio compression techniques in parallel to COMpregs
the separate, but combined data streams as one package

We need to compress video (and audio) in practice since:

a) Uncompressed video (and audio) data are huge. Hence, it causes big problems for
storage and network communications.

b) Lossy methods have to employ since the compression ratio of IOSSI.ESS methods (eg,
Huffman, Arithmetic, and LZW) is not high enough for image and video compression,
especially when distribution of pixel values is relatively flat.

5.5.1 Compression Algorithm

5.5.1.1 Interframe

It is one of the most powerful technique for video compression. The latter uses one or more
earlier or later frames in a sequence to compress the current frame.

How it works?

Simply each frame is compared with the previous ane and copies unchanged portion into the
nextone. If part of the frame movesin a simple manner, the compressor
decompressor to manipulate the frame. (

Use

issues command to the
Shift, rotate, lighten or darken the copy)

* Interframe suits wel| for program that will

playback video but Poses several issues if the
. Video sequence needs to be altered. ' '

pies data from one frame to another, if orj
rames cannot be reconstructed properly.
Commonly used compression types

ginal frame is cut out, then
the consequent following f

a) Spatial Redundancy Remova

I-Intraframe coding (JPEG)
b) Spatla)l and Temporal Redundancy Removal - Intraframe and Interframe coding (H 261
MPEG -

4
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Coatial Redundancy
as the redundancy of information tha

ofined t exi ithi
- defir odundancy). Th sts within the same frame (also known as

: - ere imilari e
frame ! are similarity between the pixel values between frames within

» given frame. oo o
o space of F"‘-’ & i Hence, a frame contains pixels which have similar or near similar
{h s to their adjacent neighbours,
41UE

atrd

s 15 exploited, predictions can be made about adjacent neighbours with acceptable

: ually, this correlati )
Jracy. Eventually, elation means we have lesser information to be encoded and

(¢ d. As such we have video frame compression

tvﬂnsmiuc

fthe picture section is not complex, then this algorithm is very efficient in compressing a video

<qu)(?ﬂtc

(g invideo telc.phon\./, the adjacent pixels in the face or eye region have similar values, there is
qinimal (numerical) difference among them which means there is lot of spatial information that
cn be reduced '

remporal Redundancy

1his technique looks for differences between consecutive frames. If most of an image in two
(rames hasn’t changed, why should we waste space to duplicate all of the similar information?

spatial compression removes redundant information within a frame.

for instance, a line compression algorithm, instead of representing a white line as a series of
dots with individual colour info, it can represent it as how many dots of white colour (saving

sorape space)

This problem is essentially the same as that faced when compressing still images.

Lo Compression
Itis important that data be represented efficiently for two reasons:

a; storage of information

To1educe the bandwidth required for transmission and also to reduce storage requirements
Wideo. audio and speech)

1

5} transmission of data

T v (1 i i
UItduce the volume of data to be transmitted (text, fax, images)
SO[ e i

e common text compression techniques:

keyword encoding
fun-length encoding
Huffman encoding

r-
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Compression can be classified as:

i.  Lossless compression

This technique is normally used for legal and medical documents, computer PrOgra
exploit only data redundancy and is not as effective as Lossy compression. 4

ii. Lossy compression

This technique is normally used for digital image, audio and video where some errors g g
be tolerated. It basically exploit both data redundancy and human perception propertjes

i Constant bit rate versus variable bit rate coding
5.6.1 Keyward Enceding

In this encoding technique, frequently used words are replaced with a single chard

example:
Word | Symbol
and’ +
many S
as A
the '“
it #
in &
is | %

Consider the following:

)mputer Science is merging as the most important field for a nation development in the
world. As it is right now many countries are adapting the curriculum to inculcate the ess
this subject in their education system. As it is, England has been the first one to'g

Encoded Text

Computer Science % merging » ~ most important field for a nation development A.‘

world. * # % right now $ countries are adapting ~ curriculum to inculcate ~ essence of.t

& their education system. A#%, England has been ~ first one to gear its educationallg
this sense + % being followed by $ developed countries. L

v’ Original Text (Characters + Space + Punctuation) =371
v Encoded Text (Characters + Space + Punctuatign) =341 &
v’ Compression Ratio =341/371~=09

Note; The characters we use to encode cannot be part of the original text.
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rength Encoding

e data streams, it often occurs that a single character may be repeated over and over
|f.‘ alto

PEIL ind
5"

long sequence.

-length encoding, a sequence of repeated characters is replaced by a flag character,

ru i
N 4bythe repeated character, followed by a single digit that indicates how many times the

| m;:owe
[Wacter is repeated.

pxample: cccceccc would be encoded as: *C7

*A6*B5*C7*28 would be decoded into the following original text:
AAAAAABBBBBCCCCCCCZZz222Z27Z2

The original text contains 26 characters, and the encoded string contains 12 characters, giving
45 a compression ratio in this example of 12/26 or approximately 0.46

since we are using one character for the repetition count, it seems that we can’t encode
epetition lengths greater than nine. Instead of interpreting the count character as an ASCII digit,

we could interpret it as a binary number.

ltisto be noted that:

» The repeated occurrence of the same character is called a run
. The number of repetition is called the length of the run
«  The run of any length is represented by three characters

eeeeeee/tnnnnnnnn
@e7t@n8

Huffman Encoding
' this Lechnique, fewer bits are assigned to symbols that appear more often and more bits to

Lhe symbols that appear less often

“uffman codes using variable-length bit strings to represent each character. Some characters
may be represented by five bits, and another few by six bits, and yet another few by seven bits,
and sa forth,

s very efficient when occurrence probabilities vary widely
The Huffman codebook from the set of symbols and their occurring probabilities
Two properties:

Y generate compact codes
Y prefix property

Consider the Following Huffman Code:
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Huffman Code | Character
00

01

10

110

111

1010

1011
1111

O|lZ|H|=|>|=|z2|w

The word TRANSMISSIONS would be encoded in binary as
: 101011111001 001011100000 100001 00

Let’s say we use Huffman encoding for the above string, it is 32 bits long.

If we use a fixed size string of |et’s say 8 bits to represent each character, the binary form of
original string would have been :13 *8 = 104 bits

Compression ratio
:32/104 =~ 0.31

important characteristic of any Huffman encoding is that no bit string used to represent a
acter is the prefix of any other bit string used to represent a character.

A
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 processor Fundamentals — CPU Archit
O Prov” S PU Architecture
aored program Loncept
(‘l SV )
COHCEPt states that a program must be in main'memlory for it to be executed. The

this
inst! Cuo.n IS' t'l:jel:ifittc: gi::i,cf()ded,and executed one at a time. One should remember that the
ry is divide contiguous locations which is accessed by the processor to read

and write data.

iter Architecture and the Fetch-Execute Cycle

¢ Compt
Neumann Architecture

! \/on

b s
0.

john von Neumann introduced the idea of the stored program and realised that data and
(ograms are indistinguishable and can therefore use the same memory.

yon Neumann architecture key aspects and features are:

= Applies to single processor
= Program consists of a sequence of stored instructions
« |nstructions and data are stored in a continuous block of main memory

= instructions are executed in sequence

| |naVonNeumann machine:

Al dzta and instructions are stored in the Main Memory. Instructions are sent to the Processor
dlong the System Bus to be executed. Any input and output (such as printing and entering
ine-ction) is performed by 1/O devices with the data travelling from the 1/O devices to the

precessor and Main Memory by means of the System Bus

CPU Memory Input /
Output
‘ 1 I I —>
System Bus

ecode— execute operations for the sequence of

folows a linear sequence of fetch—d
in order to do this, the processor has to use some

‘”\':T . .
5‘\ :”,JCUO”S which make up the program.
Pecia| registers.
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1 s is 2 connection between different devices. Thu-s connect.lon will normally consist of m
_ h signals, instructions and data will be carried. In Von Neumann Archjy

wires 3I0Ng Wi . .
wiorp i< 2 Sgle bus tomanage the connection between the three main components. The Syst 3
_;\ <« consists of 3 separate buses, each with a specific task that you need to know.

-

Control bus is used to send control signals from the control unit to the other components of the
system. A separate wire is dedicated to a particular control signal, for example:

s 3 completed data transfer (read or write) operation
= interruptrequest

£.2.1.2 ALU (Arithmetic Logic Unit)

R

..LU Performs arithmetic (ADD, SUBTRACT), andilogical (AND.OR, NOT) comparison operations.
it handles all calculations.

' 6.2.1.3 CU {Controi Unit)
It controls the flow of instruction from memory to CPU, coordinates the 1/O devices of the
computer and directs the operation of ather components via control signals.

6.3 Clock
The processor clock is a timing device that synchronises when the fetch, decode execute cycle

runs. A computer may contain several clocks each one used to regulate a particular thing. The
CPU does no work until told to—even though data may be on the External Data Bus. You need
a buzzer to tell the processor to start. This is referred to as a clock which is actually a stream of

pulses.

6.3.1 Clock Speed

k. Itis defined as the number of cycles that are performed by the CPU per second. Clock Speed ls
.~ the CPU’s maximum speed, not the speed at which the CPU must run. It is used to synchret &
eternal and external activity. '

One cycle per second = 1 hertz (Hz); 1 million cycles per second = 1 megahertz (MHz)
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ommand requires at least two clock cycles. Clock speed is the maximum clock cycles per
g\m’; Aclock cycle is the time taken by the special wire to charge. The CPU needs at least t\'NO
il |os to act on cach command. A cycle is one complete up-and-down segment of the sine

kO

‘\\‘3"0

clock speeds
_hertz (1H2) =1 cycle per second
_ 1megahertz (1 MHz) =1 million cycles per second
_ 1gigahertz (1 GHz) =1 billion cycles per second

intcl 8088 ran at 4.77 MHz
Modern CPUs run at 3+ GHz ( core i5,core i7)

- ncreasing the performance of our computer
”']Cm ,re 3 things that can boost our computer’s performance:

/ Increase the word length

- Word Length or word size is the number of bits that processor can process at
one time. ' '
—  The larger the word size, the larger and precise instructions it can handle.
- Some specific game console even exist with word size 128 bits. E.g. IBM system
/370 is considered as 128 bit
v Increase the clock speed

— With a faster clock speed, the CPU would be forced to perform more
instructions per second. .e.g. Clock speed 3 GHz is 3 times faster than 1GHz.
- However, note by increasing the clock speed, the processor uses more current
and eventually it gets hotter and can even be damaged.
- Gamers often use the feature of overclocking their processor for processor
intensive games but use high quality heat sink for cooling (liquid cooling).
v Increase the bus width

— It is defined as the number of bits of information that a bus can carry at one
time.

~  If your processor bus width was 64 bit but your other bus 32 bit it would lead to
a bottle neck, hence the larger the bus the faster is our computer.

- Modern processor are 64 bit based while few are still 32 bit.

- e.g. Intel Itanium 2 processar system bus is 128 bit

Pl]l'?_g
Ti

'®se are method through which input or output is performed between the processor and

Peripheral devices i .
” evices in the computer. Common ports that are used are USB (Universal Serial Bus),

Registered Jack), Firewire etc.

Scanned by CamScanner




48

’,
(. & Hl'”i'.""

Aregister is simply a location that can store data. Registers can be thought of in the seme%
as individual locations in memory in that they store d'ata, although memory locations ha""!lo
special purpose. The registers are outside the immediate access store and consequemwa"“é‘
faster access to the data they store, :
0.0.1 List of Repisters

v Program Counter (PC) -itis also called Sequence Contrg| Register(scm

v Current Instruction Register, (CIR)

v Memory Address Register. (MAR)

V' Memory Data Register, (MDR) - it also called Memory Buffer Register (MBR)

v Accumulator. (ACC)

v Index Register ~ (IR)

0.6.2 Register Purpose and use during the Fetch Execute Cycle

Program Counter (PC)

instruction.

Current Instruction Register (CIR) .
The CIR holds the current instruction. The instruction is divided in

to the op-code angd operand.
This register holds the instruction while th(_e op-code is decoded a

nd then sends the address to

operand of the current instruction in the CIR js loaded into the MAR.

- Index Register {IR)

: Index Register modifies the address held in the CIR b

¥ the addition of the contents of IR or an
Integer value. It is used in indexed addressing.

Memary Datg Register (MDR)

tch stage the contents of the address in the MAR is copied into the MDR. The
DRis the instruction to be used (this is copied to the CIR).During the execute s'tage
(store instruction) the contents of the Accumulator js copied into the MDR. During the execute
stage (load/add instruction) the contents of the memory location is copied into the MDR

During the fe
contents of M

Accumulator

Accumulator hold the

(o e held In
data currently being processed. Result of calculation is h
accumulator before bein

B passed to memory unit.
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. of the Fetch-Execute Cycle
once of steps describing the fetching and execution of a single program instruction

sedl
1M sTAGE

copy the address that is in the program counter (PC) into the memory address register

(MAR)
ncrement the PC for the next fetch instruction

" |gad the instruction that is in the memory address given by the MAR into the memory
" (Jala register (MDR).

p (gad the instruction that is now in the MDR into the current instruction register (CIR).

]

jicopt STAGE

iJentify the type of addressing being used by the instruction
|, If the address is a direct address, load a copy of the address into the MAR and
retrieve the contents of the address.

I, Ifthe address is anindexed address, add the address to the contents of the index

register (IR) and copy the result to the MAR. Retrieve the contents of this
address. : ’

(  Decode the instruction,

IECUTE STAGE

/I theinstruction is a jump instruction then
|, Load the address operand into the PC.

. Gotostep 1.
i Lxecute the instruction.
0 Gotostep 1.
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FFetch B te Cycle Typical Diagram of processor
5.8 . rersion of Fetch Execu
6.8 pseudocode \
Note: — means assignment operator h
main memory

[PC] ——
[PC]+1

MAR  +

;‘ central processing unit (Cpu) z A

PC -
MDR —  [(MAR]]

1

2

3.

4. CIR [MDR]
5. Decode

6

7.

Execute

GotoStep 1

6.9 Detailed Diagram of Processor

Program counier PC Memory address register | MAR
Address
Memory
Data
IR| Op-code Adaress [ 1 Memory buffer register i
Do
Control Lnit
D1
D2 )
D3 )
Address pIhs EEEEE—— D4 )
Daa pahs [ >
D5 k
D& *
regEe e | =] o7 N
8 daaredisters L (
ALU >~ |i
(Anihmetc & logic uniD C_.__:—J__J

'r“ v
e
q&.
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‘ “\IJH(V'I"U'”S Start

" pterruptis @ _5'3”_‘3‘ sent to the processor by devices .

o prOgrams indicating that they require the attention i

of the processor: Feich instruction

Jy

Execute instruc tion

v
Any morc insts uctions?

Yes o

v

6101 Types of Interrupts
End
/o or Hardware interrupt

/ Generated by hardware (1/O devices) to signal a service request (allows resolution of speed

mismatch implications) or an error has occurred.

v E.B .
Printer has emptied the buffer and wants it refilled. (1/0)

Printer is out of paper oris not connected. (I/0)
Close down safely in the event of a power failure from: (HW)

+ An Uninterruptible Power supply (UPS) which took over when the main electricity was

lost but now its rechargeable power supply is running low. -
«  The device which measures how much power is still leftin a laptop battery informs the

processor it is running low.
fimer Interrupt

Y Generated at fixed intervals.
v Allows for display refresh and to control access to proces

orogramming system.

sor in multi-access or multi-

Program interrupt
v o g
Generated due to an error in a program:
*  Violation of memory use {trying to use par

other use). .
* Anattempt to execute an invalid inst

t of the memory reserved by the OS for

ruction (e.g. division by zero).
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6.11 Handling of Interrupt by OS ;
How can the interrupted program be resumed from where it left off when the intemhﬁa;

been serviced?

Fetch instruction

l

Yecs . .
Excculc instruction
Any more inslwuctions? i: =
T I: there an interrupt
o in the interrupt quouc?

Ne l!es

J Service the next interrupt
in the terrupt qucuc

|

The contents of all the registers (small, permanent storage locations within the CPU used for a
particular purpose) in the processor must be saved so that the processor can use them to service
the interrupt but can load their contents back in to resume the job being interrupted once the

interrupt has been serviced.

What happens if the current job is more important than the interrupt?
Priority of interrupt compared with current job.

If higher:

Interrupt is serviced by the processor.

If lower:
Place interrupt in a queue. Current job continues with next cycle.
What happens if some interrupts are more important than others?
The Interrupt is allocated a position in job queue according to priorities. Now how this priority

is decided is called scheduling.

el
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., pandling of Interrupts Summary
7 current cycle is completed
priority of interrupt compared with current job
If higher:
— Contents of special registers saved, current job allocated position in job queue
according to priorities
- Interrupt is serviced by OS.

- On completion values of special registers from original program are loaded and
original job restored.
If lower:
- Interrupt allocated position in job queue according to priorities.
- Current job continues with next cycle.

jil.
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7. o * y] "
0 Processor Fundamentals — Processor’s Instruction Set

7.1 Assembly Language :

As i

> §embly lang-uage is an example of low level language. It is CPU specific and makes direct
internal registers. It uses Mnemonics to give instruction from its instruction set. &

7.2 Processor Instruction set
It is the range of instructions that a CPU can execute. They can be grouped according to the king

of processing they cover.

1. Arithmetic (ADD,INC,DEC)

2. Data Transfer (IN,0UT)

3. Logic (OR,AND,XOR,NOT)
4. Jump (JPE,JPN,IMP)

5.

Compare Instructions (CMP)

Fawad Khan 0321-6386013

The instruction are made of two main parts which are:

.  Opcode - instruction name
ll. Operand - data or address

E.g. of a Machine instruction

LDM # 69
LDM # 69
Opcode Operand
LDM #

Operation Addressing mode

nd depends on the word size. Some

The number of bits allocated for opcode and opera
processor have lots of different instructions and a smaller operand {Intel, AMD -> used in PC)
ce for operand (ARM — used in tablet and

while others have less instructions and more spa

mobile phones)
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struction Explanation
operan

gpc/w/;ﬁ Immediate addressing. Load the number nto ACC

:L"M//,fj‘.‘i‘i@> Direct addressing. Load the contents of the given address to ACC

ﬂ/ <address> | Indirect addressing. The address to be used is at the given address.

10! Load the contents of this second address to ACC

K <address> | Indexed addressing. Form the address from <address> + the

0 contents of the index register. Copy the contents of this calculated

. address to ACC

ﬁ/ <address> | Immediate addressing. Load the number n to IX

ET/O/— <address> | Store the contents of ACC at the given address

W <address> | Add the contents of the given address to the ACC

‘LH\]T‘/ <register> | Add 1 to the contents of the register (ACC or IX)

D?"'_f_rﬁg_istcw Subtract 1 from the contents of the register (ACC or IX)

| w’p/—- <address> | Jump to the given address
| W <address> | Compare the contents of ACC with the contents of <address>

’[W/ #n Compare the contents of ACC with number n_

P <address> | Following a compare instruction, jump to <address> if the compare
was True _

W <address> | Following a compare instruction, jump to <address> if the compare
was False

W_—_’ Key in a character and storc its ASCI| value in ACC

ouT Output to the screen the character whose ASCIl value is stored in
ACC |

|END Return control to the operating system

\x

All guestions will assume there is only one general purpose register available
(Accumulator)

#ACC denotes Accumulator
IXdznotes Index Register
ftznotes immediate addressing

Bdenotes a binary number, e.g. 801001010
&denotes a hexadecimal number, e.g. &4A
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/.3 Addressing Mode
‘Addressing mode is defined as the rule for interpreting or modifying the address fielq
of

dan

instruction.

Effective address is the address of operand produced by the application of the ry|
interpreting or modifying the address ficld of the instruction before the operang is acteufor
ally

referenced.

There are 5 main types of addressing mode that we shall co nsider:

Immediate Addressing
Direct Addressing / Absolute Addressing

1.
2.
3. Index Addressing
4.
5.

Indirect Addressing
Relative Addressing

Imrnediate Addressing

In this mode, operand is part of the instruction itself. It implies that the operand = address figlg

E.g. LDM #25 means the accumulator will hold value 25 (operand)

[ Advantage | Disadvantage
= Since there is no memory reference » [t hasalimited range
to fetch data, it is fast

[ Use : It might be used to simulate constants

Direct Addressing / Absolute Addressing

In this mode, address field contains address of operand. Effective address (EA) = address field
(A). E.g. LDD 1000 means that the value 1000 in the address part of the machine code instruction

is the address of the data.

- Disadvantage

Advantage
= Memory is accessed only once to get = ' Limited address space i.e. it does
not allow access to all memory

the operand.
= Single memory reference to access addresses as there are memory
addresses larger than can be held in

data
= No additional calculations to work the address part of an instruction.
For e.g. in a standard 32 bit word, 8

out effective address
= Simple to use bits are used for the instruction code
(op-code) and 24 bits are used for

the address of the data this allows
ONLY 2% locations in memory to be

addressed.

Use : One use might be to simulate variables j
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000 will load the value at address 1000 in accumulator

4 oD 1
Instruction
lﬁde Address 1000 Memory
998
999
» 1000 200
1001
ACC 200 1002

lirec! _""(‘_';'1'((7!}‘.';,1.’1:(:
in this addressing mode. The memory cell pointed to by address field contains the address of

ointer to) the operand. Effective address (EA) = address of address .i.e. look into address (A)
and look there for operand E.g. LDI 1000

Advantage Disadvantage
™ « |t offers a large address space of 2" * We have to access multiple memory
where n is the word length. to find operand which makes it
slower.

Use : It might be used to simulate pointers

cg. LD 1000 will load the value 50 in ACC

. Instruction
i Opcode Address 1000 Memory
| 998
999
» 1000 1002
1001
ACC 50 - 002 | 50 ¢
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ress part of an instruction (Indexed

Indexed Addressing
X 998 = LDX (998 + Index

st the add

al register is used to adju
dex register. E.g. LD

In this mode, @ speci
ddress (EA) = address + in

Register). Effective @
Register)
Advantage
v Allows a set of contiguous data locations to be accessed such as an array or compute
memory without modifying the instruction. Hence, the address in the instruction doe
not change but rather only the content of the Index register.

Use
/ Itis used to simulate arrays
| load the value found at (998 + 3)in the accumulator i.e. 69

E.g. LDX 998 wil
Instruction

Memory

998 40

/
IR - 999 50
1000" | 78

69

1001

22

ACC (- 69 __J 1002

(Program Counter). It is
The address field in the

ess + address of PC
form the address of

d as index register.
s added to the PC to

Relative Addressing
the actual addr

ex addressing except th
o be a signe

ess is the current addr
at the PCis use

In this mode,
d integer which i

similar to ind
instruction is considered t

the operand.
- address + Program Counter

Effective address (EA)
Uses

v It mig
e.g. LDA-5

ht be used for cache usage and locality of reference
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Lorocessor Fundamentals — Assembly Language

_ -m‘.b]\" Language
TS i :
o Language is an example of a LLL. (Low Level Language). It is usually used to program
Cf and are specific to them. It makes use of registers, mnemonics to program code and

AS .
() chips .
pUET | gifferent memory modes, and labels to jump from one point to another portion.

ther€

ﬂa ntage ' Disadvantage

'my efficient since they are » They are difficult to use

close to machine code = Programmers need to know the
.t allows excellent control for the internal architecture of a CPU to code
processor which is suitable for properly

writing hardware drivers.

here are 3 types of statements in assembly language. Usually, one statement should appear

onalint.
1. Executable Instructions

« |tgenerates machine code for CPU to execute during run time.
« |tisinstructions to tell the processor what to do.

2. Assembler Directives

» |t provides information-to assembler during translation of programs.
«  |tis used to define data, select memory model etc.
« |t should be noted that non—executable directive are not part of instruction set

3. Macros

»  These are shorthand notation for a group of statements.
« Itis usually a sequence of instructions, directives or other macros.

Assembly Language instructions have the format:

<Label :> mnemonics <operand> <; comment>

8.2 Machine code :
P‘.,C code is simply binary instruction such as 1011 1101 0010 1010 is very efficient but is
very ifficult for human to programs. As such CPU maker provide a set of Mnemonics to use with

thelr pracessor.

©L1 Mnemonics

Mnermoni i |

md:.ﬂomcs are simply a set of programming instructions that are later translated into machine
by an assembler. The same binary instruction could yield to MOV ACC 32.

ot Aﬁsmbly language, mnemonics are the opcode {Operation Code) command such as LDD, ADD
et of assembly instruction set has already been seen above.
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8.3 Symbolic Addressing
Symbolic addressing is used to use define a symbol for the data item or location in memory
instead of an absolute address. Normally, a word is used to represent the actual data,

Advantage of Symbolic addressing over direct memory references

* Program in memory is re-locatable (i.c. we do not particularly care about its absolute
location)
» The software becomes more understandable by using symbols

8.4 One and two pass assemblers

It is not easy to translate assembly language in one single pass through the ASSEMBLER source
code. The problem of forward references arises. The assembler solve this problem by performing
two different passes over the user program.

How it works?

The goal of a two pass assembler is to draw a symbol table. After the first pass, all user defined
identifiers necessary information are recorded in this table. The second pass, allows full
assembly to occur by referring to the symbol table whenever it is necessary to determine an
address for a named label or the value of a name constant.

During the first pass, errors also are uncovered while in the second pass depends on the first
pass Lo be able to rescan the program.

f * Ssymbol Table g

Source Code = Pass 1 » Pass2 __» Object Code

v > p Listing

Assemblers all make heavy use of table.

* The Opcode Translation Table
*  The Symbol Table

*  The Directive Table

*  The String Table

The first pass aim to create a symbol table. The first pass also keeps track of the address entries

as It goes through the source code. It then supervise the source handling, lexical and semantic
analysls,
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ass is mainly responsible for cod
cond P . ) code generati i ‘
Lo e yntactic analysis. ion while repeating some of source

. cthics and Ownership — Computer Ethics

. romputer Cthics
sasetof code of conduct laid down by professional bodies so that their member adhere

;:h;CS )
It scts out the standards of behaviour that its members are expected to follow in thew

n: | . )
;meSS'lOnal life.

puter ethICs needed due to ethical problems aggravated, transformed or generated by
technology. Computer ethics should be considered as part as the power to trigger

(0
4 standards of good practice and conduct in the computing industry and

_n\'C]Oment an
,,mfessionals.

why do We need ethics?

theneed of aproc

potential tO do “goo
-,cry individual has pride in his work and want it to be given recognition an

coftware controls many aspects of our lives from safety (Car ABS, Airbags to

o financial (banking, Tax filing) and more.
| organisations have code of professional conduct. They provide guidance for

~ow or young members of the profession who want to behave ethically or those who do not

know what is expected of them. There are several organisations for the range of professions
included in the computer industry. The main ones arc the ACM and IEEE Computer Society. They

develoned a Code of ethics and Professional Conduct.

essional code of ethics in computing arise from the fact that software has the

” .
d” or cause harm or to enable or influence others to do well or cause harm.
d respect. Nowadays

Air Traffic Control)

\iany professiona

One o them is BCS (British Computer Saciety)

The 305 produced a code of Practice which has four pillars:

¢+ The Public Interest

* Duty to the Relevant Authority

“ Duty to the Profession

* Professional Competence and Integrity .

———
I
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The ACM (Association for computing) is one of the body that has its own code of ethjcg

o - ‘ e and g
of ethical principles approved by the IEEE (Institute of Electrical and Electronic Engmeers),
[ Advantages DisadvarﬁgQ
= It sets out the responsibilities and * The standards are obligatory
ideals of the profession. * Thereis the question whether such 3
* Itimprove the profile of a profession code of conduct is desirable or
* Itexerts a de factor regulatory effect feasible
which protects both the clients and " It does not cover all aspects of
professionals software development
* It provides guidance on acceptable * It cannot provide. a Universg|
conduct guidance given the heterogeneom
* Theimproves quality and consistency - nature of the profession
"t raises awareness and * It does not provide clear explanation
consciousness of issues on who determines the violations,
how the rules are interpreted and the
penalties that exist for violations.#

8.4.2 Characteristics of a Code of Ethics
v These are not simple ethical algorithms that generate ethical decisions
v" Sometimes part of the code may be in conflict or tension with each other or other
sources.
v Hence a good code of ethics provide fundamental principles which require thought
rather than blind allegiance.

8.4.3 ACM/IEEE Software Engineering Code of Fthics

they have to adhere to a Code of Ethics and Professional Practice.

The code contains 8 principles on behaviour and decisions made by software developers or
engineers and other software industry actors. Eaci clauses states some obligations for each
individual claiming to be or aspiring to be a software developer. The code expresses the
con.ss.ensus of the profession on ethical issues, it is a means to educate both the public and
aspiring professionals about the ethical obligations of a| software engineers.
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plic . .
Py . software engineers shall act consistently with the public interest

 cans that software developers have to approve software only if it is safe, meets
_ired standards and passes test. The software should not diminish the quality of life,
Lu':", or harm the environment.

~rVe

L.~ coftware developer should disclose any actual or potential danger to the user.
. hould be fair and avoid deception in all statements concerning software.

ent and Employer
software engineers shall act in a manner that is in the best interests of their
client and employer , consistent with the public interest

cli

-he cngineers should be honest about any limitation of their experience and education.
“here is need to keep private and confidential information consistent with the public
terest and the law.

they should not knowingly use software that is obtained or retained either illegally or

Jnethically.

product :
- Software engineers shall ensure that their products and related modifications

meet the highest professional standards possible.
The developers should strive for high quality, acceptable cost and a reasonable schedule
-d ensure that significant trade-offs are clear.
~ere should be adequate testing, debugging and reviewing of software along with

-4 Q)

relzted documents.
‘| forms of software maintenance should be treated with same degree of

2rofessionalism as new product development.

idgment _
~ Software engineers shall maintain integrity and independence in their

) professional judgement.

"2y developers should not engage themselves in deceptive financial practises.

Conflict of interests that cannot be reasonably avoided or escaped should be disclosed
all concerned parties

Maﬂagement
~ Software engineering managers and leaders shall subscribe to and promote an

ethical approach to the management of software development and
maintenance.
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Software engineers should be informed of the standards before they are held to them

* There should be fair and just remuneration.
Expression of ethical concerns about a project by someone must not be Punishable,

6. Profession :
» Software engineers shall advance the integrity and reputation of the profession

consistent with public interest ‘
Everyone should strive to promote public knowledge of software engineering
They should be accurate in stating the characteristics of software on which they work.
They should take responsibility for detecting, correcting and reporting errors in software

and associated documents on which they worked.

7. Colleagues
» Software engineers shall be fair to and supportive of their colleagues.

Others work should be given full credit and one must refrain from taking undue credit
There should be a fair hearing to the opinions, concerns, or complaints of a colleague.
If a situation arise where it is outside of a software engineer’s own area of competence,
there is need to call upon the opinions of other professionals who have competence in

that area.

8. Self
~ Software engineers shall participate in lifelong learning regarding the practice

of their profession and shall promote an ethical approach to the practice of the
profession.

Software Engineers should further their knowledge
One should improve their ability to produce accurate, informative and well written

documentation.
One should improve their ability to create safe, reliable and useful quality software.

The principle of Public Interest is central to the code.

Problermns with codes of conduct

1. Notall aspect are covered in every case nor should they.
2. There is questions on whether a list of rules can define a behaviour that is acceptable

by everyone
3. There s little penalty for non-compliance to the code.

Why should we be interested in ethics and professional conduct?

v" The quality of software produced by software developers is crucial to society ( Lives

depend on safety and reliability if many software systems)
v’ Apart from the technical capability, the quality of software depend on the ethics and

professional conduct of the software engineers that develop them.

— P
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pifference between a Code of Conduct and Law

¢/ e in all and every situati

¢ lics in al ry situation while a code of '

v e conduct is rele i

A'mfﬁccr organisation etc. levant in a context such as
3N 0

[thics and Ownership.— Ownership of software and data

-

|
3L

C

E '._;}«‘ig;ht;ion
'}IVWC5C are [aws pertammg’in one residing country. In the computer related industry, several
cgulation’ have been put in place. Some of the most common acts:
/ Healthand Safety Act
s Copyright, Design and Patents Act

/ Computer Misuse Act
/ Data Protection Act

able creators of intellectual wealth to

ion for copyright and ownership is to en
o continue publishing their creations.

the justificat
t themselves and give them a motive t

financially suppor

Who is responsible for ensure proper protection?

s responsible for the protection of rights

The WiPO (World Intellectual Property Organisation) i

of owners and creators of intellectual property worldwide. It forms part of the United Nations
spc =lised agency.

05 Data Protection Act —mean to protect individual’s data and its use.

y for one or more specified lawful purpose and shall not be further

Dat2 must be obtained onl _
processed in any manner incompatible with that purpase or purposes.

N
VI

This has Eight Principles:
nd processed. fairly.and lawfully

d lawful purpose
not excessive for the required purpose

Personal data should be obtained a
Personal data can be held only for specified an
Personal data should be adequate, relevant and

Personal data should be accurate and kept up to date
Personal data should not be processed in the accordance with the rights of the data

subject
s- Personal data should not be kept longer than is necessary
8- Appropriate security measures must be.taken against unauthorized access
- Personal data cannot be transferred to countries outside/other countries unless the

country has similar legislation as the DPA

_QJ":JE-L.L)r\JF.

Scanned by CamScanner



66

Cemponents of DPA

1. Personal data: facts and opinions about a living individual

Data Subject: is the person whom the data is needed for

Data User: is a person who need to access or use a data as part of their job

Data Controller: is the person in charge of ghe organization (not necessarily each time)

he decides what data the organization needs to collect and what it would be ysegq for

5. Data Commissioner: this is the person who enforces the data protection act. this js the
person that organization need to apply in order to gain permission to collect ang stora
personal data '

B owon

8.6.3 Intellectual Property Rights — is governed by different laws concerned in respectjyq
countries and are usually intangible property such as software. The law crosses national borders,
There are 4 different main types of Intellectual Property Rights:

Copyright is concerned with the right to copy something

Patents are intended to protect inventions (applicable for a certain period of time)

3. Confidential information js concerned  with information obtained in particular
situations and that cannot be passed on

4. Trade marks identify the supplier or product of a particular manufacturer

N

8.6.4 Copyright
Copyright gives the quthor of any text, including code, rights of protection from copying,
Copyright prevents others from copying, issuing or amending software that it covers,

Only certain types of work are protected by copyright law. The types that concern us here are
‘original literary, dramatic, musical or artistic’ works. In practice this applies to almost all
software. Copyright comes into existence automatically and, in the UK, does not need to he
registered.

The practical effect of this is that copying software without permission is forbidden. One-off
. copying can give rise to a civil action leading to the award of damages or a court order to desist.
- Commercial copying can be a criminal offence

" 1n Mauritius, we have the following act in place amaong others:

' The Copyright Act, adopted in 1997
v The Patent, Industrial Designs and Trademarks Act 2002
v" The Protection Against Unfair Practices (Industrial Property Rights) Act 2002
Y The Layout Designs (Topographies) of Integrated Circuits Act, 2002
. Y The Geographical Indications Act, 2002

hts of Copyright Owner

The certain exclusive rights are:

v" The right to make copies of the work

et
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, The right toissuc copies of the work to the public, wh
» whether or not th
. ey are charged for
/ Therightto adapt the work: This includes translating it

e copyright law does not give the owner of the copyright any power to prevent someone

(o using OF publishing identical material, provided they can show that they did not produce it

‘ he copyright work.

by copying t

sl yOU Can do to a copyright work

v ltis ngt an infringement of copyright to make a backup of a program that you are
authorized to use but however, only one such copy is allowed.

/ Youcan ‘decompile’ a programin orderto correct errors in it or for writing interoperable
programs ;

Y You can scll your right to use a program in much the same way that you can sell a book

you own but however, when you do this, you sell all your rights.
isht Infringement

P
Lopyrisl

Firstly, infringement takes place whenever any of the exclusive rights of the copyright owner is
breached. It is @ matter for the civil courts and the usual remedies are available: a claim for
gamzzes or an injunction to refrain from the infringement is the most likely. Secondly

infrinzement occurs when primary infringement occurs in a’business or commercial context. In

the czsc of software, this could involve trading in pirated software or it could involve using
piraicc software within a business. . ‘ | '

8.6.5 Trade Marks (IN UK done via UK Patent Office) . |

A trese mark is any sign capable of being represented graphically which is capable of
distinguishing goods or services of one undertaking from those of other undertakings. A trade
mark tay, in particular, consist of words (including personal names), designs, letters,

numerzls or the shape of goods or their packaging.

is an offence for organisations other than the owner
: ' ade mark when its software is
from falsely claiming that they
otect its reputation.

fasymbol is registered as a trade mark, it , al
TO display the trade mark on their products. By displaying the tr
%aded, the owner of the trade mark prevents other organisations

have produced the software. In this way, the trade miark ownercan pr

egistered.

T . . M .
"#demark protection is only effective in countries in which the trade mark is r
Microsoft

T :
ademarks are an effective way of protecting retail package software from piracy e.g.

966 : i
p;-‘)-ﬁ Patents (IN UK done via UK Patent Office)
peop[’e“t is a temporary right, granted by the state, enabling an
¢ from exploiting his invention without his permission.

inventor to prevent other

od unlike copyright. The grant of a patent

Ciny .
allgy,. . LOF must apply for the patent to be grant . . !
t anyone else from exploiting the invention,

Ben i thQ Person owning it (the patentee) to preven
Cy have discovered it for themselves.
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What can be patented?
Based on the European Patent Convention the following invention can be patented only if:

v s new;

v" Involves an inventive step;

v' Is capable of industrial application;

v Isnotin an area specifically excluded.

Obtaining a Patent

Applying for a patent can be an expensive and time consuming business. Patents are granted by
national patent offices in their respective countrics. In practice, there are schemes run by the
European Patent Office and the World Intellectual Property Organisation. Since the computing
is a global industry, any patents relating to computing need to be taken out in enough countries
-to make sure that the market in which the invention is not protected is too small to attract a
competitor.

8.7 Software Licensing
There are two types of software:

V" Public Domain software —these are freely available to anyone
v Licensed Software — these are copyrighted and / or patented
which is made available for use under some limitation.
Commercial Licensed Software — pay a fee with often binary form only no source code
is provided
Shareware — licensed with conditions depending on its usage. It

usually has limited usage according to number of time or days.

Open Source — software source is provided with or without license
fee '
Free software (Software Libre) — source code is provided with licensing conditions to

ensure freedom of use of the software for all users.

8.7.1 Commercial Licensed Software

In return for a licensing fee, the user is licensed to use the software subject to terms and
conditions. The rights and obligations are clearly stipulated in the license itself. The main
contents include:

v" Typical Rights - specify if can install a single copy or multiple copy
v’ Typical Restrictions - may specify the limitations on software platform
v" Typical Obligations - ensures that conditions are not breached.
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aware | icensod Software
r‘ \ MASA M

- of licensing with individua| devel

o 0 Onmcirsoftwarc through free trial

aucﬂtion

; Typicd , ownload ang .
ysual contains some restricted rights Nd loading the product for personal use.

i ictio - i -
Typical F:i:;rma:ie | contains restriction to some features, over how it can be used
. C'\::(:; (})bligations . ?ttl:\d restriction. These tend to be associated with trial editions.
Typ! o e software has 3 trigger that often requires the purchase of

C point in ti . .
point In time. 1t usually includes number of uses, time
non-commercial use.

/
v

software was installed or the

2 omen Source Software (QSS)

chis type of software contains the lease restriction of all

v Typical Rights ~ User get access to source code and are allowed to do most
things without much restriction.

v Typical Restrictions - There are very few rights

v Typical Obligations - These may be obligations such as maintaining copyright

.attributions, some artistic license such as modifications of software to be offered back
to original author for use in the original package.

§7.4 Free Software (Software Libre)

This licensing scheme was proposed by Richard Stallman. The original license (GNU — General
purpose Liccnse) ensures that software is available to anyone to use with quid pro quo that no
one takes any rights that they don’t pass on.

The free software does not necessarily means free of charge. Someone has the right to charge
for passing on a free software package. Charges can be made for warranty or support of the
product.

Y Typical Rights — we have access to the form of the software used to write it
such as the high level language source code. If binary form is available, an offer for
desired form can be made. We have rights to modify and examine the software and
redistribute it as well. -

Typical Restrictions - if the software modify and redistribute it, it must remain
licensed under the original free license. Even derivative works must be published under

a license compatible with the original one. o
Y Typical Obligations - all the facts mentioned in the restrictions must be observed.

v

o bl

88 Measures 1o restrict access to Data on Web / Internet
Use proper licensing scheme (Creative Commons, GNU etc.)

Y Use DRM mechanism ( Digital Rights Manager-n'ent)
Y Use Encryption mechanism to distribute sensitive data

TR
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9.1 Flat File Database

All data are held in one single file consisting of multi
in one table. The same piece of information may b

is dependent on the file structure.

9.2 Relational Databases

It comprises of a number of tables linked to
table stores data about an entity. Each rec

attribute.

Flat File
database

Relational
database

plerecords. Allitems are stored se
e repeated several times. The user

gether via a relations often called fore
ord is known as a tuple and each field i

quemially
interfacE

ign keys. Each
s known as an

Advantages

Disadvantages

1. Easiertohuman to read 1. Slower data entry
2. Fast data retrieval 2. Duplicated data
‘ 3. Data inconsistency is possible
4. Data Dependence
5. Little or no access control
6. Queriesand reports are slowto
produce
1. Llessdata inconsistency 1. Slower data retrieval
2. Less data redundancy 2. Difficult to read original table
3. Better security data
4. Program data
independence

9.3 Comparison between Flat File and Relational database

Flat Files

Relational Database

Data Storage

A number of files are used to store
data / information

A single software application is
used to store the data contained.

The data are duplicated and may
become inconsistent ( not all parts
of related data have been updated)

+along with the chance of data

Duplication of data is reduced

inconsistency minimized.

Good database duplication avoids
duplication and data can be
accessed via links in the table

Volume of data stored is large due
to duplication

Volume of data is considerably
reduced since there is less data
duplication which in turn fead to

faster sorting and searching of data |
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—T i the data structure is modified
the software being used must b(;

data coded again

(a
b l dence

]
The data structures remains the
same even if the tables are altered.
Thus, there is no need to alter
existing programs due to table
design changes.

tel” |
views of data are dictated by the
distinct files used to control the data
and produced by individual
departments. Due to this, it is very

e
Queries and reports areé easily
generated using the wizards of
data manipulation language even
for novices.

-

//_ time consuming.

. OBMS (Database Management Systems)

|’t'|5 apic
sing auer!
Database design and query design

co of software that allows the manipulation of databases so that users
aintain and view data. The dataare organised into tables, viewed in f
es and displayed in reports. It usually offers the following facilities:

can access the
orms, retrieved

1.
) Data Definition Language (DDL) to define tables
3. Data Dictionary (DD) that describes the tables, relationships and indexes along with the
rules for data integrity and validations. -
4. Data Manipulation Language (DML) which allows for data manipulation using structured
query language
5. Backup features
6. Controlling multi user access to data
7. Security and access right features to individual or groups of users
041 Data Modeliing
DATABASE SYSTEM
REALITY
MODEL
" Structures Data modelling
* Processes

Amodel represents a perception

?}fécaesption of structure of reality an

in‘Qgri2QCtS and we abstract. A data mo
y constraints and operations-

del consists 0

of structure of reality.

d represent the latter. |
f notation for expressing data structures,

The data modelling process fixes a

n data modelling process, We select

Scanned by CamScanner



72

9.4.2 Schema
It defines its entitics and the relationship among them. Database schema is 3 descriptiye dety:
of the database, which can be depicted by means of schema diagrams. All these activitiag a:ﬂ
done by database designer to help programmers in order to give some ease of under_e,t;mdh,.e

g

all aspect of database.
9.4.3 Logical Database Schema

This defines all logical constraints that need to be applied on data stored. It defines tables Views
and integrity constraints otc.

9.4.4 Query Processar

A query processor sits between the DBMS interface layer and executes requests to store ang
retrieve data efficiently and robustly as possible, The query processor handles not only requests
 toretrieve data, but also handles requests to insert, update and delete data in the database,

Graphical Tools Applications

Programming Interface (SQL, JDBC, ODBC...)

F‘\
[ querypaser ]
Query Optimizer Query
System = Processor
Services Code Generator
Runtime Execution _J

itoragc Manager

Data

9.4.5 High Level Language support for databases

* VB.net programmers can use Microsoft ADO.NET framework to connect to access
database by using the OLE DB data provider. The OleDbDataAdapter class to obtain rows
from the Access database and to insert the rows into a DataSet object. .

* PHP can access virtually any database available today. One may use ODBC driver on
windows platform. : oracle

®* Pythoncan use the python DB-API to access a range of databases such as MySQL, Oraci¢,
PostgreSQL, Informix etc.

*  Delphi provides the Borland Database Engine to access databases.
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‘ ‘m ]‘a(“
! i Co[lccnon of data or information which is held together in an organised or logical
jat?
AL
i gatabases - >school register, telephone directory
\/(
\W”ualler's‘?d databases -> bank databases, search engines, customers database for 3
u
(omprss

- Man: sgement Systems — DBMS
os are used to collect and organise information. DBMS are the software packages that
bag~crcat'0” of databases. Ex —MYSQL, MICROSOFT SQL SERVER, ORACLE, POSTGRESQL,
s‘l‘);' é T ACCESS.

PAPER BASED

ld 3V35t amount ofdata . Limited by physmal storage space availaible
2 fast to find a Spectflc record ~ Can take a while to manually search through all of
e the records

Wm a spccific criteria Difficult to search for specific criteria
o used to analyse the data — e.g Very difficult to analyse the data

(an b

popular item sales _

ata can be orted into ascending or  Difficult to sort data on more than one criteria

joscending order on multiple criteria :

(an casily update or amend a record Changes have to be done manually. Records can
look messy if scribbled cut

[

24 Database Terminologies

Arecord is all of the data or information about one person or one thing. In computerised

Gatabases, in cach table, each row represents 3 record.

ation about a person or thing. It usually has a unique name

hield is or inform
one piece of data h a length. In tables, each column in the table

and has data type associated with it along wit
"tpresents a field.

2y or Ley field
tis 3 fiold that uniguely identifies a record in a database. E.g. student id, national 1D
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Foreign Key

"M

A toreign key Is the primary key of another table and 16 used to link tables together 16 create
relationship, In the diagram below , In table thi Class, the foreign key s class_form_teacher,

AL TR T
[ T
LA T
’ vt daanptin
LR TR
(TR

fenil o maey

V

Vonah et mivan
LUYL AT IY )
b oy
Vb e
Voher oeadd
1OARIL, genae
b racnpud
Teaihion el
LCLTL LT R )
Leathor gent

Field Length

Itis the number of characters that the field will actually store. It is usuall

type. E.g. for Name, the field length can be 50

Reports

Reports are produced as a result of questions such as

down” or “which cities have the highes

[
? e i
ras) fyme
Vi ety
1450 form (e arnie

e 1 aree
{ vvnw

Y vt

'lr'l"‘-»‘u
1,5 v

VNI A
YO AL aar
1":'/,”'-')'.‘,"
LRV 7%
(SR 2 A
“ 'I'll =
NG YAty

|
{
|
|
[
f
|
0
=] SN L s

y applied to text field

“how many times has a type of car broken

t house prices”. Reports can be printed out, viewed on

the screen or exported (e.g. to a word processor, an email message, etc.).

Queries

Queries most commonly allow information to be retrieved from tables. Since the information is
often spread across several tables, queries allow it to be viewed as one single datasheet. They
also allow filtering so only the records required are seen. Queries can be either results seen
directly on the screen or the output to another form or report. Example of 3 query: (house > 200

000) OR (no_of_room:s < 4),

A Field
Sample Table in a Database SN
Table Student
ID NAME | TELEPHONE | HEIGHT [[DoB PARENT SOCIAL_AID
S01 | SAM 57777777 185 02/12/198] | 5.5AM YES
1502 | HELEN | 59999999 175 09/09/1990 { MWILLIAMS | NO
Esoa ASHLEY | 58888388 160 17/07/199p | M.RA) NO l
N/
A Record
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10 Above Example
In

v Numberof Records ( 3) — 3 Rows( 501
v Number of Ficlds (7) “7Fie|ds(( 502,503)

ID,NAME, TELEPHONE HEIGHT Do
; ' ,DOB,PA ,
v/ Primary Key I RENT,SOCIAL_AID)

v Query > (HEIGHT >170) AND (SOCIAL_AID="YES")

g.7 Data Types
Note: In Different DBMS, the datg types ma

y be known differently.
_Data Types

e — ] Examples

v Text or Alphanumeric or String or | Name :James
Varchar

| Telephone : 02059586320
v Nlows you to type in text, numbers

Note: For telephone we use text as a
and symbols

number can be preceded by 0 and it exists
- as a value

v Date/ Time

This restricts data entry to 1-31 for day
(28,30) in appropriate months and 1-
12 for month

Checks whether a date can actually
exist

Short Date :20-Jan-14

Long Date  : 20 January 2014
Medium Date : 20/01/2014

Llong Time  :23:20:23

Medium Time : 05:23 PM

Formats the data into medium, long, | Short Time  :17:23

short date/time

v Note :in US ,MM/DD/YYYY and in UK,
DD/MM/YYYY

v For example 12/01/2014 in US Format
Mcans 1* December 2014 while in UK
format it means 12 January 2014.

Autonumber or Serial Record 1: 1
Y This datatype will automatically | Record 2: 2
increase by 1 as a record is added to
the database /table

It may be used as an index or even
~——__Primary key in some cases

v

v

Currency 58.23
v

This automatically formats the data to | £ 69.86
have a $ or £ in front of the data and
also cnsures that there are two

Qmal places
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v Boolean or Logical or Yes /NO ON /OFF
v" Often restrict to two choice only that | TRUE /FALSE
is to either true or false Yes /No

9.8 Database and Modelling: Relational Database Terminologijes

Entity
* An entity is defined as an object, person, event or ‘thing” about which data cap be
recorded. It has a set of attributes (property / characteristic).
* An association or link connects two entitics.
* E.g. Customeris an entity and may have attributes such as name, address, gender etc.

Tuple
®= Therecordin a table is known as a tuple in RDBMS

Attribute
* The field in a table is known as attribute in RDBMS

Referential integrity

Referential integrity ,
* A referential integrity constraint is specified between two relations and is used to

maintain the consistency among tuples in the two relations,
* Example : if a foreign key in a table is defined as a particular type say number, in the
table where the latter is being used as primary key, they should have same data type

and must exist in that table(relation).

Candidate Key
A candidate key is another keyin a relation schema or table which is unique and could have been
used as a primary key. Often database designer choose the most appropriate field to be the key

field from the candidate keys available.

Example: in a particular table, a student might have a student code as primary key but we could
have use his/her National ID card which represents another candidate key.

Secondary Key
A secondary key is defined as an attribute which is used to access the data in some way other

than by using the defined primary key. Normally secondary key are used as indexes to facilitate
and enhance searching/sorting of records.

9.9 Entity Relationship Diagram (E-R diagram) e ofech
E-R diagrams illustrates the relationships between entities in the databa;e and ?tmvaL: e
via diagrams. The entity is generally represented in boxes while the attributesin o
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STUDENT

gxample of a Data Model

Note: the relationship depends on your interpretation of the context. You should consider the
wulethat pertain to that context. However, because of distinct interpretation, Cambridge already
gives the different relationship in the question itself so that student don’t make confusion.

To decide which type of relationship, we must consider the rclat|onsh|p of the entity at a time
|at a particular moment].

Consider a School wishing to computerise its actual manual system to store data about its
student.
» A teacher can teach only one subject at a time but a subject can be taught by many
teachers at a time. [Many — One]
* Atecacher attend aclassatatime and a class canis attendcd by a teacher at atime. [One
to onc]
» An HOD is responsible for a department and a department can only have one HOD at a
time. [ One to One ] )
» Aclass consists of many students and a student is attends one class at a time. [One to
Many])
* A student can take many subjects and a subject can be taken by many students [many
to many)
* Ateacher can be in only one department but a department consist of many teachers. [
one to many]

Entities and their relationships in this example data model above

Note: Entities have to be written in singular and not in plural.
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9.10 Fntity Relationship types and Symbols

1. Oneto One which is represented by
One to Many  which is represented by
3. ManytoOne whichis represented by

el

4. Many toMany which isrepresented by

[Tl

ER Diagram for Model above

A teacher can teach only one subject at a time but a subject can be t3
ught b man
a time. [Many - One] , BNt by many teachers 5

Teacher Can teach a Subject

Can be taught by many

Ateacher attend a class at a time and a class can is attended by a teacher at a time. [One to one)

Attend
Teacher i Class

Is attended by a

A class consists of many students and a student is attends one class at a time. (One to Many]

Consists of many
Class Student

Canbeina

A student can take many subjects and a subject can be taken by many students [many to many]

Can take many
Student Subject

Can be taken by many

A teacher can be in only one department but a department consist of many teachers. [ one to
many]

worksin a
Teacher Department

Consists of many
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g it all together we obtain:
puttif'e
Department
Works in a3
consists of many /\
Can be taught by many
Teacher Subject
~Canteacha ~
¢ sttended by a \Vcém take many

Attends a Can be taken by manV/\

Class ' Student

steps in forming relationships

To avoid confusion, the following strategy may be adopted when deciding which type of
relationship and always study the context and remember at a particular instance in time.

Different interpretation may lead to different design.!!!
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9.11 Database Normalisation

It is defined as a technique that is used for designing relational database tables
minimise duplication of data which can eventually lead to inconsistencjes and ¢
leading to the loss of data integrity.

50 as ¢,
he Iq"e'

Normalisation consists of analysing relations to meet increasingly more
leading to progressively better groupings of attributes. Normal forms a
function dependencies identified by the database designer.

tringent norma| forms
re specified in terms of

UNF (Un-normalised Normal Form)

1. 1¥Normal Form - a relation is said to be in 1" normal form if it does not have 3 repeat
group of attributes ed

2. 2" Normal Form — a relation is said to be in 2" normal form if it is in 1%
and there are no non key field’s attributes which are dependent on on|
primary key. ‘

3. 3" Normal Form - a relation is said to be in 3™ normal form if it is in 2

- normal form
and there are no dependencies between non-key attributes.

Normalisation Process

Consider the following receipt _
Nand Chicken Eater Ltd
Royal Read Venise

Inv No : 769
Date :10/12/2014

To : Navin Cassanova
Venise
Italy
Item No  Description  Quantity
1 Crispy Strips 3

2 Box Master 2
3 Zinger Regular 2
4 Virgin Mojito 2

Un-normalised Form - RECEIPT (Num, CusName, City, country, (ItemlID, Description))

, cription
RECEIPT is the name of the relation while Num, CusName, City, Country, ProdID and Des

are attributes. - j
nce, custome

i . He
Note: ItemlID, Description are inside () because they form a repeating group
can order more items or fewer items)

el
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Num Cusﬂame City Country | ItemiD | [)_»e';:sc_-riptlon -
__-"E‘_g_, Naw-n Cassanova | Venice ltaly 1 Crispy Strips
769 Navin Cassanova | Venice | Italy 2 Box Master
769 Navin Cassanova | Venice | Italy 3 /mgorR(guhr
769 Navin Cassanova Vc.nicc ltaly 4 Virgin Mojito
| 666 M.Ahmed Cairo Egypt 1 Crispy Strips
| 666 M./\hme.d Cairo Egypt 3 Zinger Regular
| (022 John Smith London | England | 4 Virgin Mojito

_ The table is completed and the primary key is identify to make each tuple unique
Underline attributes shows primary key

. Num + ItemID = Primary Key (Composite Key)
. RECEIPT (Num, CusName, City, Country, ltemiD, Description)

Num | CusName City Country | ltemlD Descrﬁ)tion
769 Navin Cassanova | Venice Italy 1 Crispy Strips
769 Navin Cassanova | Venice [taly 2 Box Master
769 Navin Cassanova | Venice [taly 3 Zinger Regular
769 Navin Cassanova | Venice Italy 4 Virgin Mojito
666 M.Ahmed Cairo Egypt 1 Crispy Strips
666 M.Ahmed Cairo Egypt- 3 Zinger Regular
022 John Smith London | England | 4 Virgin Majito

Note: The details of every customer for each item on the reccipt are duplicated.

el
T Norma Form

- Allthe incomplete dependencies have been removed.
- CusName ,City and Country depend only on Num and not on Item|D
- Num determines CusName, City ,Country
Description only depends on ItemID, it does not depend on Num
- ItemID determines Description
- Relationship showing which items have been bought by which customer is lost, thus to
keep this connection :
Num ,Item|D ( Dummy functional dependency ) relationship is created
Hence , relations in 2" NF are : '

RECEIPT (Num, CusName, City, Country)
ITEm (ltemID, Description)

RECEIPT \TEM (Num, ItemID)
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Note: RECEIPT_ITEM needs a compound key because a receipt may contain severga| items p
similar items may be found on several receipts. Nq

3 Noermal Form
All non —key elements are fully dependent on the primary key.

- Country depends on City not directly on Num
- Customer Name depends on customer number

- Hence, relations in 3 NF

RECEIPT (Num, CusName, City)
CITY_COUNTRY (City, Country)

ITEM (ItemlID, Description)
RECEIPT_ITEM (Num, ItemID)

5.12 Database and Modelling: Data Definition Language (DDL) and

Data Manipulation Language (DML)
SQL
SQL is Structured Query Language, which is a computer language for storing, manipulating and
retrieving data stored in relational database. SQL is the standard language for Relation Database
System. All relational database management systems like MySQL, MS Access, Oracle, Sybase,
Informix, PostgreSQL and SQL Server use SQL as standard database language.

Why SQL?

Allows users to access data in relational database management systems.

Allows users to describe the data.

Allows users to define the data in database and manipulate that data.

Allows to embed within other languages using SQL modules, libraries & pre-compilers.
Allows users to create and drop databases and tables.

Allows users to create view, stored procedure, functions in a database.

Allows users to set permissions on tables, procedures and views

ASANE N NENENEN
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. mands
- ord SQL commands to interact with relational data

?'fstft pELETE and DROP. These commands can bo cla

s
A
)

bases are CREATE, SELECT, INSERT,
ssified into groups based on their
-:TJrc:

DDL - Data Definition Language

5 mma"d ' Description

(REATE Crea?e.s a New -Ta.ble -3 view of a table, or other object in database

JTER Modifies an ex'lstmg database object such as a table

OROP Deletes an entire table ,a view of a table or other object in the database

DML - Data Manipulation Lan
NSERT Creates a record

UPDATE Modifies records
DELETE Delete records

guage

DCL - Data Control Language
GRANT Gives a privilege to user

REVOKE Takes back privilege granted from user

DQL - Data Query Language
SELECT Retrieves certain records from one or more tables
0.1250L Demonstration using WAMP server (Windows Apache MySQL PHP)
The following software is a freeware that can be obtained from:

http://www.wampserver.com/en/
* Al SQLU statements start with any keywords such és SELECT, INSERT, UPDATE, DELETE,
ALTER, DROP, CREATE, USE, SHOW and finishes with a semicolon (;)
Note SQL is case insensitive meaning even if you write in capital or small letters it means the
same except for table name

The following is a sample database that we are going to create and manipulate using SQL

statements
TRATE Ditabase statement
: v
rmat | CREATE DATABASE database_name;
Barre .. .
“MHle . CREATE DATABASE ComputerScience; -
E*F:*?’naticm - The above command creating a database called ComputerScience as shown
¢ C\’.'J,
.
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SOL CREATE TABLE Statement
Format : CREATE TABLE table_name(
Column1 datatype1,

Column 2 datatype?2,

Column N datatype
)

Explanation : The create table command is simply creating a table in the database we created
with the respective field names and data type specified.

Example: let us create the following 3 tables that we would use as example throughout:
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t sble Customer
(r?
el
¢ 1D pig!
pame varchar(100) NOT NULL,

ET/\BLE customer(

qt(20) unsigned NOT NULL AUTO_INCREMENT,

(Lname varchar(100) NOT NULL,

cAddress varchar {255) NOT NULL,

cTel varchar(8),
(Dob Date,
UNIQUE KEY ID (C_ID)

structure 4. SQL -4 Search (g Query (w4 Export = More

Run SQL query/queries on database computerscience: & j

et ey o e A R T 7 Y PR e - -

| (REATE TABLE Customer( . i
€ 10 bigint(20) unsigned NOT NULL AUTO_INCREMENT,

{(Ename varchar(l uu; NOT NULL, !

CLname varchar(10@) NOT NULL, i
(AdUress yarchar (25%) NOT NULL . ) !
(el varchar(8) , {
Chob Date , !
UNTQUE KEY 1D (C_1D) {
)

§ 1 Genver.niysql Waspsatier » § Solass BompLoRoe e
: 4 Quary i~ Export ¥ More

1A Structure [} SQL A Search

 MySQL returned an emply result set (i.e. zet0 1ows). (Query took 0.1960 sec)

- custo o  rustonsr( €_10 BIEANLLZD) unsipred 1T RILL AUTO_THCREMENT, {Fodme
LR 2 G Crare e e Tna varchar(100) BT UL, ChRlcmsa varchar (235) JE
i Cotumns UL AT re] varchar(s) o Coch Dafe, INIQUE CEUID (e10) )
iy New i
ii CAddress 2 (-#akine ) | Edtt ]{ Create FHP Cade )
il CDob #
il CFn i
ame 4| Show query box
il Clname ;3 i ——
4 CTel C
WcC_o /'

\\‘4 Indexes
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Create Table Item
CREATE TABLE item (

ID bigint{20) unsigned NOT NULL AUTO_INCBEMENT,
Description varchar(100) NOT NULL,

Cost double NOT NULL DEFAULT 0,

Quantity int(11) NOT NULL DEFAULT 0,

Date_Expiry date NOT NULL,

UNIQUE KEY ID (ID)

S———

¥ Structure [ SQL 4 Search | Query s Export v More

Run SQL query/queries on database computerscience: ¢
| CREATE TABLE item (
. ID bigint(20) unsigned HOT NULL AUTO _INCREMENT,

3 Description varchar(100) NOT NULL, ;
4 Cost double NOT NULL DEFAULT 0, i

5 Quantlty int(11) NOT NULL DEFAULT o, I
& Date_Expiry date NCT NULL, ;
! UNIQUE KEY ID (ID) ;
M) i
!
p h p M i J A d m i fi .- ms;ﬂer my-ul wmz{mmcn ] D.amlm w;wmmammn
P -J-. o a ¥ Suuctwie .| SQL u Swaarch 4 Quely |we Export ¥ More
Roz lab!} R .
( I:J:;:‘ reta | w7 MySQLreturned an empty result set (i.e. zero rows) (Query took 0.0146 sec)
o !
- computerscience fs
I
| customer 2 ':‘ :nmu 140LF fvem (1D nu 10L{0) anelgnel NOT WULL AUTG INCREMENT, Description

car b {1COY ML BHL, Gt daabile Maf btL DEFAULY B, Quantity int(11) NO1 MRL.

=« itom :(an G, Datd _bpiry u.n Tt RILL, UNIQUETKEY 1B (I0) 1)

=gl Columns
[~ U Now
§ -4y Cost
! ua Date_Expiny

| |~ &4 Description

I 1 i ID

l -4 Quantity.

-0 Indexes

[ Inbne ) [ Edit ) [ Crente PHP Code ]

Show query box
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ate Table Orders
¢

ATE TABLE orders (

K-\-
L0 bigint(20) unsigned NOT NULL AUTO_INCREMENT,

~ bggint(ZO) unsigned,

higint(20) unsigned,

JNIQUE KEY ID (O_ID,1_ID,C_ID)

1.
o
. Query s Export ¥ More

» Structure L] saL , Search

Run SQL query/queries on database computerscience: &

(REATE TARLE orders
0 1D Ligint{20C) unsigned MOT KULL AUTO_TNCREMENT,

171D bigint(20) unsigned ,
(_ID bigint(2€) unsigned ,

ODate Date , 1
UNIOUE KEY 1D (0_10,1_10,C_ID)

)
, Search : Quary == Export

13K

# Structure j.i saL

/ , 5
2 % W »

phpMyAdmin

result set (i e. zero rows). (Query took 0.0469 sec)

(Recent tables) ;
’ 7 MySQL returned an ernply

o Hew =
B
computerscience ;
o New
CPEAIE TABLE orders { G 10 biging(m) unsigned NOY L AUTO INCREMENT, 11
‘ UDate Date , UKIQUE XEY 10

| * {010, 1_30.0_E0) )

[+ 2
P cutlomer 2 bigint(/0) unstgeed o C 10 Digint(2e) unsigned ,

< Ofders
~ i Columns

[ Inkine ) [ Edit] | Creale PHP Code ]

i, News
iy Cc_Io il Show query box , _
ii 110 ’f;ﬁ ' e =
-4l ODale o
Wwoup g
\* L Indexes
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sQL ALTER TABLE
The ALTER command is used to modify the struc
. ALTER TABLE table_name ADD column_nameé data_type;

ture of a table usually.

Format
= ALTER TABLE item ADD Origin varchar(100);

Explanation: The command above simply modify the table item and adds a new column calleq
Origin with data type varchar and maximum length 100 characters.

» ALTER TABLE orders ADD Qty int(11)

Format : ALTER TABLE table_name DROP column_name data_type;

= ALTER TABLE item DROP Quantity;
Explanation: the above command is being used to delete the column called Quantity from the
table item.
Format : ALTER TABLE item CHANGE Quantity Qty int (11);
Explanation: The command above is simply renaming the table item column Quantity to a new
column name entitled Qty with data type integer.

SQL TO ADD Primary Key or Foreign Key tc a table

Primary Key
* ALTER TABLE item ADD PRIMARY KEY (ID);
* ALTER TABLE customer ADD PRIMARY KEY (C_ID);
= ALTER TABLE orders ADD PRIMARY KEY (O_ID);

Explanation: the above command are simply adding a constraint that is a primary key to

specified table.

rip 1E3bER ) g ampe: v §

€ C N learesopy
AT egen [ iy Mated () brpoted om Bidt

phpMuAdmin | R e R
A PSR ¢ Stuctwre £/ SQL 4 Search i Query inj Export w} Inport ¥ More

(Recenttabies) .+ '

CoNew ih SO queryiqueriss an database computersciance: @ |

1OALTe® TRELE ftea 50D PEDMAY VEY (I9);
2 ALTER l'tﬂ&_ Custenzr AU PADRRY kgt (C 10);
;’- ‘A'.TEP. TABLE orders WX PRAITSKY KEY (0_10);

=+ ) compusterscience ; i ’f .
|
!

J
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| yﬂR TABLE orders ADD FOREIGN KEY (C_ID) REFERENCES customer(C_ID);
' ALTER TABLE orders ADD FOREIGN KEY (I_ID) REFERENCES item(ID);
A

The above two commands are adding the constraint of foreign key to the respective
ing them with the table they should be connected.

L o
of
¢ sy g 4008 .
phip!! " g [
" # Strueture /.0 SQL 4 Search Query ~s Export st Import ore )
H K W .4 “
- ]
gerent 12bES iy - N ‘ L]
1 Run SQL quetyiqueries on database compulerscience: & _
_ Hew \ ’ ’ ;1
compulelstience ’ : ;
sk AUTEE TGEIE ardars SO FISCIA RIY (6_J0) PIFEREMCS custorer (£_1D); 7
‘.;Ne‘v'-’ | LOALTEZ TRELE erders A FOREIVI vV (11D) PEFEPEMES itenlID);
- customer | ! g
i 4
L fem | :_i
+- 1 Orgars ! E

il DATA Maintenance
SQLINSERT INTO Statement

Format: INSERT INTO table_name(columni, column2,.....,columnN) VALUES (valuel,

value2,.....,valueN);
Explanatlon The INSERT INTO command simply adds a record to a specufled table with

respective field data given in that sequence.
Insert Data into table customer

* INSERT INTO customer  (CFname,CLname,CAddress,CTel,CDob) VALUES
('NAVIN','BACHA','RD ROYALE SURINAM','59999999','1968-12-06');

* INSERT INTO  customer  (CFname,CLname,CAddress,CTel,CDob)  VALUES
('NAVIN','BACHA','RD ROYALE SURINAM','59999999','1968-12-06");

* INSERT INTO customer (CFname,CLname,CAddress,CTel,CDob) VALUES
('S/\RAH','JONES',' ROCHE NOIRE BLK 4','58888886','1990-10-09');

* INSERT  INTO customer  (CFrame,CLname,CAddress,CTel,CDob) VALUES

gglf;AMY','HUNTER','ZB A THEODORE SAUZIER STREET CUREPIPE','51115467','2000-02-

INSERTINTO customer (CFname,CLname,CAddress,CTel,CDob) VALUES ('SUNNY','LEQ",'

ROYAL RD PORT LOUIS','59876432','1987-02-11');
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Insert Data into table item

Structure [/ SQL 4 Search ' Query w4 Export 4} Import ¥ More

L INSERY IKTO customer (an.\mn,(mee,(hddmu,l’lel,(.'lmb) VALUES ("HAVEI', "BACHA', ' KD ROYALE

10

Run SQL querylqueries on database computerscience: v

——————

SURTNAN®, *50909000 ", *1068-12-06");

INSERT TNTQ customer (CFnama,Clnama, (Addrass,CTal,Chob) VALLIES ("HAVIN®  CBACHAY, TRD ROYALE
SURINNA' L 50909909 | "1948.- 12-06"); ' .

INSERT TNTO customer (CFname,Cloame,CAddross,Clal,CDab) VALLES ('SARAN', " IONES ', ' ROCHE NOTRE
BLK &', "SBABSSE86', '1950-10.09° )

INSERT INTO customer (CFname,CLname, CAddross ¢ Tel,COob) VALUES ("JINMY ', "HUMTER', ' 23 A THEODORL I
SAVZICR STRLLT CURLPIPC', '5aL1S467 ) 2000+ 92°0)" )}

INSERT INVO customenr (Canmo,(.‘l.num..(hddrul,(hl,l‘(lub) VALULS  ("SUNNY ', *LEQ', ' MO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>