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Components of a computer system

What is a computer?

A computer is a machine that processes data.

For the IGCSE course we are mostly dealing with 'General Purpose Computers' which can be programmed to perform a variety of tasks, your computer at home is one of these. Embedded Computers are another type you will come across; these are often unseen and sit inside machines controlling their operation e.g. automatic washing machines. Most people don't think about washing machines etc. being controlled by a computer, but as ICT students you should be aware that many systems are computer controlled e.g.

· Automatic washing machines

· Automatic cookers

· Air conditioning controllers

· Central heating controllers

· Computer-controlled greenhouses

· Burglar alarms

· Production line control

· Robots

Hardware and Software

You will probably already know what these are as the meanings are not difficult.

Hardware

The parts of the computer system that can be touched e.g. printer

Software

The programs that control the hardware, you can't touch these.

Components block diagram

The main components of a general purpose computer are often shown as a simplified 'block-diagram'. 

The arrows show the direction that data flows through the system.

Input devices

Input devices are used to get data into the computer so that the CPU can process it to get the desired output. Input device details can be found here.
Main (internal) memory

The place where data and programs can be stored so that the CPU can access them

The memory in a general purpose computer can be divided into two main types

· RAM (Random Access Memory)

· ROM (Read Only Memory)

Random Access Memory

Random Access Memory is volatile this means that the contents are lost when the power is switched off. The computer uses RAM to store the programs that are running and also the data needed by the programs.

Read Only Memory

Read Only Memory is non-volatile used to store instructions and data that must keep even after the power is switched off.
Output Devices

Output devices are used to display processed data from the CPU. A list of the output devices you need to know about can be found here.
Central Processing Unit

The CPU is sometimes described as the 'brain' of the computer. Its job is to accept data from input devices and use (process) the data according to the instructions given by the software. Once the data has been processed it can be sent to an output device so that the operator can use it.

Secondary/ backing Store

Secondary storage, also called 'backing store' does not lose its contents when the power is switched off. It is used to store data and programs so that they can be accessed when the computer is switched on next. The most common type of secondary storage on a PC is the hard drive.
What is software?

Software means the part of a computer system that you cannot touch. This is easier to describe by example.

· Operating System e.g. Microsoft Windows

· Applications e.g. Word processors and computer games like Crysis
· Utilities e.g. disk defragmenter

Are all examples of types of software. Don't get confused between the software and the DVD it is stored on. You can, of course, touch and hold the DVD, but the software is the data stored on it and you can't touch that.

Operating systems

An operating system (OS) is an interface between hardware and user which is responsible for the management and coordination of activities and the sharing of the resources of a computer, that acts as a host for computing applications run on the machine. As a host, one of the purposes of an operating system is to handle the resource allocation and access protection of the hardware. This relieves application programmers from having to manage these details.

Operating systems offer a number of services to application programs and users. Applications access these services through application programming interfaces (APIs) or system calls. By invoking these interfaces, the application can request a service from the operating system, pass parameters, and receive the results of the operation. Users may also interact with the operating system with some kind of software user interface like typing commands by using command line interface (CLI) or using a graphical user interface. For hand-held and desktop computers, the user interface is generally considered part of the operating system. 
There are many different operating systems available, some you have to buy and others are free to anyone. The main idea you have to understand about operating systems is called the Virtual Machine. This needs a little bit of explaining!

Virtual Machine
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When people use a PC they do not actually have to know about the complex internal workings of the computer before they can actually get it to do something

For example saving a document often just requires a user to click 'Save' from a menu.

The actual processes that occur to get the data from RAM onto a free area of the hard drive are handled by the OS. These complex processes are hidden from the user.

The OS provides a virtual machine for the user to work with i.e. the user instructs the virtual machine what to do (e.g. save) and the OS tells the computer what to do so that it happens. The virtual machine hides the inner workings of the computer from the user.

Controlling the OS

Telling the operating system what to do requires a user interface that lets the user give instructions. There are two main types of user interface.

· Graphical User Interface

· Command Line User Interface

Graphical User Interfaces

All operating systems do not look the same, MS Windows looks different from Mac OS X and they both look different from the GNOME desktop of some LINUX distributions.
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However these examples do have something in common. They are all Graphical User Interfaces or GUI's (pronounced gooey). These are designed to make operating the computer as easy as possible they provide

· Windows

· Icons

· Menus

· Pointer

Collectively these features are known as WIMP.

The only one that might need explanations is ‘Icons’; these are pictures that represent something e.g. a text document icon on the desktop. This icon is not the document itself but it represents the document and when clicked will cause the document to be loaded.
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Command Line Interfaces

Some operating systems have the option of a command line interface or a GUI; others only have a command line interface. A command line interface is not as easy to use as a GUI. Users have to type commands and there is no indication what commands are possible, so users have to know what they are doing!

You can access the command prompt in MS Windows from the accessories folder in the programs menu.

Functions of an operating system

· Input/ Output control

· Handling Errors

· Allocating resources to programs

· Providing the user with an interface to control the computer

· Handling files stored on a backing store

Application Software

These are programs that perform tasks which would need to be done even if the computer did not exist. The following examples should help to describe application software.

· Calculations - Spreadsheets software e.g. MS Excel

· Accounts - Accountancy software e.g. Sage
· Entertainment - Games e.g. EA Crysis
· Letter writing - Word Processor e.g. MS Word

Utility Software

Programs that perform everyday tasks such as decrementing a hard disc drive or performing a backup of data.

If you are familiar with the 'block diagram' used to describe a typical computer then you will be familiar with the idea of input and output devices.

There are many different types of computer available today. They range from giant super computers right down to small hand-held personal organizers.

This mini-website will give you a brief overview of the different categories of computer and an idea of what they are used to do.

Work your way through each page using the menu on the left. At the end, have a go at the quiz to see how much you learned.

TYPES OF COMPUTER

Supercomputers: are the fastest and most expensive computers in the World.[image: image5.jpg]



They can cost over a hundred million pounds to build and very few organisations can afford to purchase one.

They are mainly used by large universities who do a lot of research projects such as scientific research, weather modelling etc and by large organisations such as pharmaceutical companies for drug research or by the military for weapons research.

Whilst supercomputers are working, they generate so much heat that they need to be housed in specifically designed rooms with environmental controls and air conditioning systems. It is vital that the atmosphere is kept free of dust particles and special filters are used to keep the air clean.

There may be many miles of cables which connect the computer to various peripherals. In order to hide the cables, false floors and ceilings are often needed.

Supercomputers usually need their own back up electricity generator to ensure that they can continue to work even when there is a power failure.

Mainframe Computers

Mainframes are large, powerful computers that can carry out many different tasks for many[image: image6.jpg]


different people at the same time.

They are slower than a supercomputer but they are far less expensive. They may cost around 4 million pounds to purchase.

Mainframes can execute billions of instructions per second and can process large amounts of data simultaneously.

They are usually connected to a large number of peripherals e.g. printers, terminals, disk drives etc.

They are used by large companies such as:

· Utility companies e.g. gas and electricity suppliers to calculate customer bills.

· Banks - for managing thousands of customers accounts each day

· Insurance companies - for keeping track of policies and claims

· Airlines - for dealing with bookings, tickets, cancellations etc

· Police - for storing and processing all of the data collected each day about crimes

Mainframe computers need to be operated by specialist, trained staff. They are usually kept in an air-conditioned rooms away from the office or factory floor.

 Personal Computers

In the early days (1980s) these types of machine were called micro-computers, for example,[image: image7.jpg]


schools often had a BBC micro-computer. But now we tend to call them 'desktop personal computers' or just 'PC'.

The desktop PC has a central processing unit housed in a metal or plastic case (often called a tower unit). A keyboard and mouse are usually used to input data and a monitor to output the data.

Until recently, most PCs all looked the same, a very boring beige or grey box. Now manufacturers are coming up with some really interesting designs such as the 'alien' design on the right.

Modern PCs are quite powerful. They can carry out millions of calculations per second.

They are useful for lots of different types of tasks:

· Running office applications such as word processors, spreadsheets and databases

· For CAD design such as designing kitchens

· Editing videos

· Creating and playing music

· Accessing the Internet for research, work and entertainment

Laptops
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were traditionally expensive when compared to a similar specification for a desktop PC. However, with the growing demand for laptops and cheaper production methods, they are now a similar price.

The trend towards the use of laptops has been brought about due to many different reasons:

Changes in working/living patterns

Many workers are no longer 'chained' to their desk. Many people need to be able to move about during their working day. This could be going to different offices or buildings for a meeting or driving to another town for a meeting or conference. It could be that people want to be able to carry on working whilst travelling to and from work on the train.

Schools are beginning to provide all staff and students with their own laptops to ensure that they always have access to a computer no matter where they are in the school. Think about how many schools there are in the country and how many students there are in each school - that is an awful lot of laptops needed!

Growth of wireless networking

Over the last few years wireless networking has grown rapidly. This has enabled people to move around, use their laptops and still be connected to the home or office network to access files and data.

Improvements in battery life

When the early laptops were developed, the batteries didn't last very long and you couldn't rely on being able to use your laptop for any length of time.
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Batteries now last for long periods of time, making it viable to work for quite a few hours before the battery needs recharging.

Size and weight

Early laptops were fairly large, bulky and heavy to carry around. This didn't make them suitable for people who needed to carry them for any length of time.

Laptop design has significantly improved along with smaller, lighter batteries.

Modern laptops are now fairly compact and reasonably light to carry. They can be stored inside a briefcase, doing away with the need for bulky carrying bags.

Embedded Computers

An embedded computer is a single chip that contains all of the elements that are 
essential for[image: image10.jpg]


any computer i.e.

· RAM

· ROM

· CPU

· Input

· Output
Another term often used for an embedded computer is a 'micro controller'. This is because the main purpose of an embedded computer is to control something.

All of the following contain an embedded computer:

· telephones

· televisions

· cameras

· washing machines

· microwave cookers

· dishwashers

· cars

Input Devices
An input device is able to accept data from the the outside world, convert it into electrical impulses and present this data to the CPU.

For each of the following input devices you need to know

· What it looks like

· What it is used for

· Examples of where it is used

· Its advantages

· Its disadvantages

	Keyboards
	Numeric Keypads

	Mouse
	Touch Pads

	Tracker balls
	Remote Controls

	Joysticks
	Touch Screens

	Magnetic Stripe Reader
	Chip reader

	PIN Pads
	Scanners

	Digital Cameras
	Microphones

	Sensors
	Graphics Tablet

	MICR
	OMR

	OCR
	Barcode Readers

	Video Cameras
	Web Cams

	Light Pens
	


Output Devices

You need to know about the following outut devices for the IGCSE course.

	CRT Monitor
	TFT Monitor

	Projector
	Laser Printers

	Inkjet Printers
	Dot_matrix Printers

	Plotters
	Speakers

	Motors
	Buzzers

	Lights
	Heaters


Input Devices

Input devices are peripherals that can accept data and present it to the CPU in a form that the CPU can act upon.

You should be able to do the following

· Identify the device from a picture of the device

· Suggest a suitable use for the device

· State advantages of the device

· State disadvantages of the device

Keyboard: Used to enter user created text in applications. For example creation of a letter using a word processor. Often called a QWERTY keyboard if the letters are arranged so that the first 6 letters from the top left are QWERTY. The arrangement of the rest of the keyboard depends upon the part of the world it is sold.
ADVANTAGES AND DISADVANTAGES:
· Most people know how to use it so specialist training not required

· Cheap

· Easily collects dust and dirt so not suitable for dirty environments

· Requires significant desktop space

Numeric Keypad

Either found as a separate section of a standard desktop PC keyboard or as a completely separate input device in applications only requiring numeric data to be entered. Examples of numeric keypads are found on

· Bank ATM machines

· PIN PADS for enterring a Personal Indentification Number when using a bank card to pay in a shop

Advantages and disadvantages

· Rapid operation for experienced users

· Smaller footprint so good in working environments with reduced space such as an EFTPOS terminal

· Only allows numeric data to be entered

Mouse

A pointing device used to control a pointer or curser. Used to select items on a GUI (Graphical User Interface) e.g. clicking on an icon to run a program.

Advantages and disadvantages

· May de difficult to use by people with physical disabilities

· Requires desktop space to use

· Picks up dust and dirt easily - ball may become stuck

· Most people know how to use it

Touch Pad

Commonly found on laptop computers. It has the same functionality as a mouse. Cursor is controlled by the movement of a finger over a sensitive pad.

Advantages and disadvantages

· Does not require desktop space to useful in reduced space applications

· A sealed unit so less problems with malfunction due to dust and dirt

· Can take time to become familiar with its operation

Trackerball

Same functionality as a mouse. Cursor controlled my moving a ball with fingers or palm. The ball protrudes from the top of the device.

Advantages and disadvantages

· Not common and needs time to become aquatinted with its operation

· Easier to use by people with physical disabilities

Remote Control

Device used to control the operation of devices such as

· T.V's

· Video Recorders and players

· DVD Recorders and players

· Satellite decoders/ receivers

· Music Systems

· Multimedia Projectors

Advantages and disadvantages

· Makes it easier to control device without having to be right next to it

· Often small and portable so easily lost

Joystick

Device used to control movement on a screen in applications such as flight simulators, driving simulators and computer games.

Advantages and disadvantages

· Allows simulators to be more realistic e.g. flight simulators

Touch Screen

Touch sensitive screen that enables a user to select from a limited list of items. Used in applications such as Point-Of-Sale terminals, tourist information kiosks and systems to find out about public transport.

Advantages and disadvantages

· Combines output device (screen) with input device so reduced space requirements

· Operators will require training to use it effectively

· Less prone to malfunction due to dust and dirt.
 Magnetic Stripe Reader

Device to read the magnetic stripe on the back of bank cards and some types of identification cards for security systems. Found in bank ATM machines, EFTPOS terminals in supermarkets and entry systems for secure locations.

Advantages and disadvantages

· Easy operation by untrained users

· Can become unusable by too much dust and dirt

Chip Reader

Device used to read the chip found on bank cards. Used in shops to pay for purchases. Similar applications as magnetic stripes and magnetics stripe readers but more recent technology.

Advantages and disadvantages

· Secure way of storing banking and personal data

· Easy operation for untrained user

· Less common than magnetic strip readers so may not always be available

PIN Pad

A numeric keypad used together with magnetic stripe readers and chip readers to confirm the person is the rightful owner of the card by typing in a PIN (4 digit Personal Identification Number).

Advantages and disadvantages

· Easy operation for untrained user

· Small footprint on shop counters

· Enable PIN entry without others seeing what is typed

Scanner

Used to convert hard copy documents into digital form to allow it to be stored on a computer.

Advantages and disadvantages

· Allows rapid entry of images and text into a digital form for storage on a computer

· Can be used with OCR to enter large amounts of text data rapidly

· Expensive and may require extra software to be useable
Digital Camera

Camera which captures an image on a light sensitive digital sensor (also called a CCD or Charge Coupled Device) instead of a piece of film. The image id captured in a digital form that can be sent directly to a computer.

Advantages and disadvantages

· Reduced cost of processing and buying film

· More expensive than comparable film camera

· Easy to upload images to a computer

· Often more compact than a comparable film camera

· Less chance of dust and dirt entering as it does not need to be opened to change film

Microphone

Used to record audio such as voice for input into a computer

Sensors

Devices that respond to a certain physical property and convert it into an electrical signal. Can be connected to a computer often via an analogue to digital converter. Examples of the physical properties that can be sensed and the applications in which they are found include

· Temperature

· Automatic washing machines

· Automatic cookers

· Air conditioning controllers

· Central heating controllers

· Computer-controlled greenhouses

· Monitoring and recording scientific experiments

· Environmental monitoring and recording

· Pressure

· Burgular alarms

· Automatic washing machines

· Robotics

· Production-line control

· Monitoring and recording scientific experiments

· Environmental monitoring and recording

· Light

· Computer-controlled greenhouses

· Burgular alarms

· Robotics

· Production-line control

· Monitoring and recording scientific experiments

· Environmental monitoring and recording

Graphics Tablet

Device used to convert free-hand drawings into digital form that can be sent to a computer. Consists of a flat surface that detects the movement of a pen and sends this data to the computer.

MICR

Stands for Magnetic Ink Character Recognition. Device used to read the special magnetic ink that banks use to print details on the bottom of a cheque. The magnetic ink is used to record the persons bank account number and branch sort code. This enables to cheque to be machine readable and speeds up the processing of cheques compared to manual input by an operator. The characters printed with magnetic ink are also human readable.

OMR

Stands for Optical Mark Recognition. Relies on a specifically designed paper form that has certain regions where a mark can be placed by a person using a pen or pencil. The presence of the mark on the page has a meaning based on the position of the mark which is understood by the software on the computer. The system does not recognise actual characters such as letters or numbers.

OCR

Stands for Optical Character Recogniction. A device to enable a computer to recognise written or printed characters. Used together with a scanner it enables a page of text to be scanned and enterred into a computer as editable text (for use in a word processor) instead of just an image of the text that cannot be changed.

Barcode Reader

A barcode is a series of black lines on a white background used to identify products. Each number is represented by a line with a different thickness. The barcode reader passes a beam of light over the barcode to detect the lines and their thickness and converts this into a number. Used in supermarkets at EPOS terminals to connect a product being purchased with the correct price stored in the supermarkets database.

Video Cameras

A digital video camera works in a similar way to a digital still camera but enables moving images to be captured as a series of still digital images.

Web Cams

Often mounted on a computer or built into the screen of laptop computers. It enable to capture of moving images in the same way as a video camera.
Light Pen: Used to control the movement of a cursor or to select items from a screen in situations where space is limited so the use of a mouse or graphics tablet would be difficult.
Output Devices

Output devices are peripherals that can display data or information to the user.

You should be able to do the following

· Identify an output device from a picture of the device

· Suggest a suitable use for the device

· State advantages of the device

· State disadvantages of the device

CRT Monitor

These monitors are easy to identify as they have large bulky backs behind a glass screen. They used to be the most common monitors for use with desktop computers. These days other Monitor types have become cheaper and so CRT monitors are not commonly seen except in old equipment.

Advantages and disadvantages

· Cheap to buy

· Produces good colours

· Large footprint so takes up lots of desktop space.

· Very heavy compared to other monitor types

· Screen is generally convex and this makes output at the edges slightly distorted.

Extra Information

TFT Monitor

These are the most common type of computer monitor at present. They use LCD technology which requires backlighting to enable the image to be seen.

Advantages and disadvantages

· Thinner and lighter then CRT monitors making them suitable for portable products

· The back lighting does not evenly light the screen causing dark and light patches

· Narrow viewing angle - Picture quality changes as the viewer moves around.

Multimedia Projector

Computer screens are too small to show something to an audience. Multimedia projectors plug into computers and the normal image on the display is projected onto a large screen.

Advantages and disadvantages

· Allows larger numbers of people to see what is on the computer display

· Bulp lifetime is limited and bulbs are expensive to replace

· Often require significant distance between screen and projector so require large rooms to work

Laser Printer

Laser printers are the main types of printers found in offices and businesses. They produce high quality printouts of both text and graphics and cn produce both colour and gray scale output.

Advantages and disadvantages

· More expensive to buy a laser printer than an inkjet printer

· Less expensive to print per page than an inkjet printer.

· Produce very high quality output

Inkjet Printer

Inkjet printers produce a printout by emitting small drops of ink onto paper. They are not impact printers. Inkjet printers are very common for home printing requirements.

Advantages and disadvantages

· Produce high quality printouts in colour

· Cheap to purchase the printer initially

· Quieter than impact printers such as dot-matrix

· High ink costs per page

· Printouts may not be touch-dry when first produced so will smudge if not handled carefully

Dot Matrix Printer

Dot-matrix printers are impact printers. They work by striking the page with small pins coated in ink at the tip. They used to popular in home printing applications but have now been mostly replaced by inkjet printers. There main use is in printing multi-part forms which require the impact to imprint the character through to the last page.

Advantages and disadvantages

· Very fast for printing text

· Can print onto multi-part forms because they use impact to work (the other types of printer mentioned are non-impact).

· Very noisy so not suitable for offices due to noise polution.

· Still popular in wharehouses, or similar, where noise is less of an issue and mutli-part form use is still common.

· Produce very poor image quality only really suitable for text

Graph Plotter

Also called a 'plotter' these are used to printout line drawings in situations like architects or engineering diagrams. There are two types

· Flat-bed plotters - The paper lies on flat surface and pens are moved across the surface to draw diagrams

· Drum-plotters - The paper is on a roll and as it unrolls pens draw on it.

Advantages and disadvantages

· Can work on very large paper sizes

· Produce very high quality line drawings

· Very large and so take up lots of office space

· Very expensive top buy the plotter

· Pen plotters have mostly been replaced by very large injet printers in most situtions

Speakers

Enable a computer to output sounds as long as there is a sound card fitted into the computer.

Advantages and disadvantages

· Enable to uers to hear sounds - useful for feedback for visually impaired people

· Enables computers to be used a multimedia devices such as in video playback with sound and Require desktop space

Motors

Allows a computer to make other equipment move such as microwaves, washing machines and robots.

Advantages and disadvantages
Enables computers to control automated equipment.
Requires additional equipment like D2A converters to enable computers to control motors

Buzzer

Buzzers enable feedback to users such as alarms for microwaves once they have finished.

Advantages and disadvantages

· Enables computers to give audible feedback if the user is not able to see the device.

· Noise can be intrusive in situations where low noise levels are important

Lights

Found in computer controlled greenhouses, steeet lighting and traffic lights.

Advantages and disadvantages

· Improve the productivity of the greenhouse by maximising the amount of light for the plants.

· Makes driving safer by autmatically turning on when it is dark

Heaters

Used in computer controlled greenhouses. In colder climates and at night the computer can turn the heater on to maintain the optimum temperature for the plants growth.

Advantages and disadvantages

· Improve the productivity of the greenhouse by maximising the temperature for the plants.

· Enables the growth of plants which would not grow in colder climates

· Excessive use of heaters and lights to grow non-native plants contributes to atmospheric warming

Storage Devices and Media
Introduction

A computers RAM is volatile. This is why PCs have at least one type of backing store (also called secondary storage). In most PC's the main backing store device is the hard drive. This is where all of the users data and the installed programs stay when the computer is powered down. Hard discs are not the only type of backing storage the following is a list of storage media that you should know about.

Media Access

There are two ways in which data can be retrieved from storage media.

· Serial access

· Direct access

Serial Access

This applies to tapes. It means that to get data the reading device must start at the beginning of the tape and move through the tape in-order until the piece of data is found. This takes time and so serial access is normally slower than direct access.

Direct Access

This applies to disc media and solid state media. Direct access means that data can be retrieved from anywhere on the media without the need to move through in order.

Types of Storage Media

Magnetic storage Media

	Floppy Disc
	Fixed Hard Disc

	Portable Hard Disc
	Magnetic Tapes


Optical Storage Media

	CD ROM & DVD ROM
	CD R & DVD R

	CD-RW & DVD-RW
	DVD RAM

	Blu-ray
	 


Solid State Storage Media

	Memory Sticks & Pen Drives
	Flash Memory Cards


Floppy Disc

Floppy discs used to be the most common way of saving data so that it could be moved from one computer to another. They have the following features

· 3.5 inches square in size

· Capacity 1.44 Mb

Advantages and disadvantages

· Portable

· Cheaper than other types of storage media

· Low capacity

· Not compatible with most modern PCs

Fixed Hard Disc

These are the most common type of backing storage in modern PCs. They normally hold all of the installed programs and data for the PC while it is switched off.

Advantages and disadvantages

· Not portable - fixed inside the computer

· High capacity typically over 100 GB in modern laptops and more in desktops

· Low cost per byte of storage capacity

Portable Hard Disc

Internally these are identical to fixed hard discs. The differences are

· They have their own case to protect the drive

· They normally connect via USB ports

Advantages and disadvantages

· Portable

· Large capacity often 100Gb or more

· Easily damaged if dropped especially of they are switched on when they are dropped

· Compatible with most modern PCs equiped with a USB port or similar

Magnetic Tape

These are not common in home or small business environments. They are popular in large companies with centralised computer facilities which require huge amounts of storage for backing up files. Mainframe computers will connect to many of these tapes on tape machines.

Advantages and disadvantages

· Huge capcity up to 1 TB

· Only allow serial access

CD ROM & DVD ROM

These are both read-only optical storage discs. They are both 12cm in diameter. CD-ROMs can store about 700 MB while DVD-ROMs can store up to 17 GB

Advantages and disadvantages

· Portable

· Able to store large amounts of text, images and audio

· Both are read only so cannot be used to store user data

· DVD-ROMs can also store full length films

CD R and DVD R

These are both examples of 'Write-once Read Many' (WORM) optical storage media. They are purchased as blank media and can be written to with user data only once but then read from many times.

· CD-R can store up to 650MB of data

· DVD-R can hold 4.7GB of data

Advantages and disadvantages

· Able to store user data

· DVD-R are CD-R are compatible with traditional CD players after data has been written onto the disc

CD RW & DVD RW

Compact Disk Rewritable & Digital Versatile Disc Rewritable.

Advantages and disadvantages

· Can be written to multiple times so advantageous over WORM discs

· May not be compatible with normal CD or DVD players

DVD RAM

A competing technology to DVD-RW.

Blu Ray

Becoming the new format for movies and possibly replacing DVDs in the future. They use a blue laser to record more data onto a disc which is the same physical size as a DVD.

Advantages and disadvantages

· Currently expensive compared to DVDs

· Most computers don't have Blu ray players/ recorders as standard

· Can store large amounts of data compared to DVDs, up to 50 GB for dual layered discs

· Significantly more expensive than DVDs for consumer data storage.

Memory Sticks and Pen Drives

Use flash memory which is 'solid-state' meaning that it contains no moving parts (unlike disks which require drives with moving parts).

Advantages and disadvantages

· Very portable even when compred to DVDs/CDs and 3.5" Disks

· Fast access speeds for reading data

· More resistant to damage from dropping etc.

· More expensive per byte than hard discs

· Packaged with a USB conector making them compatible with most modern PCs

Flash Memory Cards

Same technology as for memory sticks but packaged as cards of varying sizes and types. Common in cameras, handheld computers and modern mobile phones.

Advantages and Disagvantages

· Multiple card formats means that it isn't as widely compatible as memory sticks (PC needs the right type of card slot)

· Very small and so more easily lost

· Very compact so more suitable for smaller devices than memory stick.
Computer Networks
Introduction

These days it would be unusual to find a computer that was not connected in some way or another to a network. It might be an Internet connection or a small home network or perhaps a wireless network in an office.

A network is a group of at least two computers that are connected to each other for the purpose of sending and recieving data or sharing resources.

Keywords for this section

	· Authentication

· Analogue

· Bridges

· Digital

· Encryption
	· Hubs

· Intranet

· Internet

· LAN

· Modem
	· Proxy servers

· Routers

· Switches

· WAN

· WLAN


Types of Network

Networks can be classified by their size, network media, organisation or shape. The following is a summary of the way in which networks can be described.

Size

In order of increasing size.

local Area Network (LAN)

Limited to a building or a small group of buildings

Metropolitan Area Network (MAN)

Covers a city

Wide Area Netork (WAN)

Connects computers that a geographically far away from each other

Network Media

What carries the data around the network?

· Wired Network

· Wireless Network

Organisation

Is their a central controlling computer or not?

· Peer-to-Peer - No central controlling computer

· Client-Server - All computers (clients) connect to a central computer (server)

Network Hardware

building a network usually requires more than just the computers and the network media. Depending upon the complexity of the network the hardware needed may include one or more
· Bridges
· Hubs

· Routers

· Switchs

· Proxy Servers

· Modems

Details of these networking devices can be found  
Network Security

The massive increase in networked devices means that people increasingly send private data across networks that they would not wish others to be able to see.

Measures taken to keep network traffic private include

· Authentication

· Encryption

Security on a network can involve more than just passwords. The following are the key features of network security that you should be aware of.

· Authentication

· Encryption

· Firewalls

· Physical Security

Authentication

Authentication is the process of confirming the identification of a user/computer. This can be done in many ways.

Authentication often consists of a publicly known username and either

· a password

· biometric security

Username & Password
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The purpose of a username is to identify a person to the network.

A password is then required to confirm that the person is the real owner of the username.

Usernames are may be known to other people but passwords should not be.

Biometric Security

Passwords can be discovered by unauthorised people. Biometric security involves using some measurable physical feature of a person to confirm their identity. The person must first register which involves actually recording the physical data. This is then stored and each time the user logs on the measured data is compared with the stored data to check for a match.

Examples include

· Fingerprint recognition

· Iris scanning

· Retinal scanning

Encryption

Encryption means converting meaningful data into a form that cannot be understood by an unauthorised person

The process usually involves one or more keys to encrypt and decrypt the data

Encryption is usually performed before private data is transmitted over a network. The unencrypted data, which is known as cleartext, is encrypted to form the unreadable cipher text. At the recieving end if the user has the required key the cipher text is decrypted into cleartext again.
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Firewalls

A firewall blocks certain types of network traffic. Works in both directions, preventing unauthorised traffic from being sent out onto the network or from being sent to the computer from the network.

Physical security

Lots of money is spent on layers and layers of network security. However none of it is any good if you leave the door to the server room open and have no security on the front door.

Hubs
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Hubs are the simplest type of network hardware. Essentially they are small boxes with ports on the front. Network Cables are plugged into the ports and this enables multiple computers to send data to one another.
Switches
A switch is a more advanced form of a hub. The key difference is that it is able to be more selective about which data is passed to a particular part of the network.

Routers
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Routing is the process of send data via the best route to its intended destination. A router is a piece of hardware that performs this function.

Proxy Servers

Often companies or schools want to control what a user can and can view on the Internet. A proxy server uses rules to prevent unauthorised Internet traffic.

Modem

A computer that send data over an old-fashioned telephone line to another computer needs a modem to change the data into a form that the telephone line can carry. At the recieving end another modem translates the data back into a form the recieving computer can understand.

Modems are an example of analogue-to-digital converters. This is often the idea that examiners want to know about when answering questions about modems: Introduction

This section covers the following topics

· Analogue and digital data
· Modems

Analogue and Digital Data

Data can be categorised into either analogue or digital data. To understand the difference between these two types it is easier if you think about an example. A good example of analogue data is the change in light intensity during 24 hours measured by a light sensor.
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The light intensity changes gradually throughout the day. It is not the case that the light intensity is either 100% (maximum brightness) or 0% (total darkness) there are any number of values of light intensity in between these two extremes. That's the key point about analogue data - it can have any number of in-between values. We describe analogue data as continuous data.

Digital data is not like this, digital data exists as separate values with no in-between values . Counting something on your fingers is an example of this idea. You could count the number of sheep in the two different fields on your fingers. But you couldn't look in-between your fingers to find out how many sheep were in-between the two fields.There are no in-between values. We describe digital data as discrete (separate) data.

Computers can only work with digital data but often 'real-world' data is analogue. To allow a computer to accept the analogue data from a light sensor the data must be converted into digital form. This is done by a process called sampling. This process involves recording the value of the analogue data at set intervals and ignoring the data in between the sampling points. The quality of the digital data we obtain depends on the sampling frequency. This is done by a piece of hardware called an analogue to digital converter
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The more often the analogue data is sampled the less data is lost and the higher the quality of the digital data. However a higher sampling rate leads to larger amounts of digital data and so, possibly, storage problems.

Bridges

A large network can get very busy one way to avoid slowness is to split the network into segments. A bridge allows a large network to be segmented and stops unecessary traffic being passed around the network.

Data types

[image: image17.emf]
Before we enter data into a computer system, we usually need to tell the computer what type of data it is. This is because the computer stores and processes different types of data in different ways...

Numeric Data

Numeric data simply means numbers. But, just to complicate things for you, numbers come in a variety of different types...

Integers

An integer is a whole number - it has no decimal or fractional parts. Integers can be either positive or negative.

Examples
12
45
1274
1000000
-3
-5735

Real Numbers

Any number that you could place on a number line is a real number. Real numbers include whole numbers (integers) and numbers with decimal/fractional parts. Real numbers can be positive or negative.

Examples
1
1.4534
946.5
-0.0003
3.142

Some computer software used strange names for real data. 

You might see this data type referred to as 'single', 'double' or 'float'.

Currency

Currency refers to real numbers that are formatted in a specific way. Usually currency is shown with a currency symbol and (usually) two decimal places.

Examples
£12.45
-£0.01
€999.00
$5500

Percentage

Percentage refers to fractional real numbers that are formatted in a specific way - out of 100, with a percent symbol.

So, the real value 0.5 would be shown as 50%, the value 0.01 would be shown as 1% and the number 1.25 would be shown as 125%
Examples
100%
25%
1200% 
-5%

Inside the computer the 50% is stored as a real number: 0.5, But when it is displayed it is shown formatted as a percentage

Alphanumeric (Text) Data

Alphanumeric (often simply called 'text') data refers to data made up ofletters (alphabet) and numbers (numeric). Usually symbols ($%^+@, etc.) and spaces are also allowed.

ExamplesDOG
“A little mouse”, ABC123, enquiries@bbc.co.uk                                                                                 


Computer software often needs to know that text data being input is actually text and not some kind of special command.

For this reason, text data is often input with speech marks (". . .") around it:

"MONKEY"

(The speech marks also allow a single item of text data to have spaces inside)

"THIS IS ONE ITEM"

Date and Time Data

Date (and time) data is usually formatted in a specific way. The format depends upon the setup of the computer, the software in use and the user’s preferences.

Date Examples
25/10/2007
12 Mar 2008
10-06-08

Time Examples
11am
15:00
3:00pm
17:05:45

With inputting dates particular care has to be taken if the data containsAmerican style dates and the computer is setup to expectinternational style dates (or vice-versa)...

The date 06/09/08 refers to 6th September 2008 in the international system, but would be 9th June 2008 in America!

Check your computer’s settings.

Boolean (Logical) Data

Boolean data is sometimes called 'logical' data (or in some software, 'yes/no' data). Boolean data can only have two values: TRUE or FALSE
Examples

TRUE
FALSE
YES
NO
ON
OFF

Note that TRUE and FALSE can also be shown as YES / NO, ON / OFF, or even graphically as tick boxes(ticked / unticked)

Selecting Data Types

When we are presented with data to be input into a computer system, we must analyse it and select appropriate data types for each value...

e.g. For the following data, we might use the date types shown:

Note that the telephone number in the example to the left has a data type of alphanumeric.

You might think that it should be numeric, however phone numbers often have spaces, dashes, etc. which numeric data cannot have.

Databases and DBMS

This section of the syllabus links directly to the Data Manipulation section. You have to understand types of data, the organization of a database. The idea of digital and analogue data is dealt with in the Networks section of this site.

Organization of a Database

Data in a database is meant to be retrieved by users who need it. This means that it cannot by just one big container with the data all randomly scattered around. The data must be stored in an organized way to make retrieval as quick and efficient as possible.

There are three levels or organization with a database

1. Table(s) - Largest - Hold all of the data about a specific type of item such as customers

2. Record(s) - Records sit inside tables - stores all of the data about a specific item such as a specific customer

3. Fields(s) - Fields sit inside records - these store data about specific features of each item such as customers family name

Tables

A database can have one or more than one table it depends upon the complexity of the data being stored and how it is best organized. If all of the data is stored in one table then it is called a Flat File Database. Unless the database is very simple this is not normally the best way of storing the data.

Often the data is split into multiple linked tables, for example a school might want to store data in separate tables like this

· Students

· Classes

· Teachers
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It would not make sense to store the students in the same table as the classes because students will be in many classes.
Linking

These tables would need to be connected to each other e.g.

· Students should link to classes - else you wouldn't know which students were in a class.

· Classes should link to teachers - because you need to know who teaches a class.

Relational Database

Because these separate tables are linked we describe them as related e.g. products are related to sales. So we call this kind of database a Relational Database
Records

Within a table data also has to be organized into records. Records are the rows in a table.
Fields

With each record data is held in fields. Fields are the columns in the table.[image: image19]
Primary Key Field

Each table should have a primary key field. This is a field that will have a unique value for each record. In the students table this could be a unique student ID number.

The primary key has two purposes

1. Makes finding a particular record faster - this applies to flat-file and relational databases

2. Is used to link one table to another - only applies to relational databases

Effects of Using IT
Main Points

The main points in this large theory topic are/~jl/igcseict.

· Software Copyright

· Hacking

· Viruses

· Employment Patterns

· IT in the home

· Information from the Internet

· Health and Safety

Software Copyright

When a person creates an original piece of work they are given certain rights that are meant to protect their work from other people claiming it as their own.

In the United Kingdom the law that defines copyright is known as The Copyright Designs and Patents Act 1988
Upon purchase of a piece of commercial software the rights of the creator are stated in the licence agreement that must be agreed to before the software can be installed. This agreement also tells the purchaser what can and can't be done with the software.

Hacking

Hacking means attempting to gain unauthorized access to a computer system.

Viruses

A computer virus is a computer program that can copy itself and infect a computer without permission or knowledge of the user.

Not all viruses are meant to cause damage to infected systems although some are, generally they are just designed to replicate themselves and in some way call attention to themselves at some time in some way or another.

The standard type of question that comes up about viruses is how to prevent them infecting a computer. The following are the key points to consider/~jl/igcseict.

· Install anti-virus software

· Keep the anti-virus definitions up-to-date

· Avoid opening email attachments from unknown sources

· Definitely avoid opening executable attachment e.g. files ending in .exe or .scr, files that can contain macros e.g. .mdb and etc. (it's a long list!).

Employment Patterns

This section can be split into two main themes

· Reduced employment due to use of ICT systems doing jobs people used to do

· Increased employment due to new jobs being created to create and maintain ICT systems

Areas of Increased Unemployment

Some jobs have been lost as a result of computers being used to do the same work that people used to do. 
Some examples of areas have suffered job losses:

Manufacturing
Many factories now have fully automated production lines. Instead of using people to build things, computer-controlled robots are used. 

Robots can run day and night, never needing a break, and don’t need to be paid! (Although the robots cost a lot to purchase, in the long-term the factory saves money.)

Secretarial Work
Offices used to employee many secretaries to produce the documents required for the business to run. 

Now people have personal computers, they tend to type and print their own documents.

Accounting Clerks
Companies once had large departments full of people whose job it was to do calculations(e.g. profit, loss, billing, etc.) 

A personal computer running a spreadsheetcan now do the same work.

Newspaper Printing
It used to take a team of highly skilledprinters to typeset (layout) a newspaper page and to then print thousands of newspapers. 

The same task can now be performed far morequickly using computers with DTP software and computer-controlled printing presses.

Areas of Increased Employment

Although many employment areas have suffered job losses, other areas have grown and jobs have been created. 

Sometimes people who have lost their old job have been able to re-trainand get a new job in one of these growth areas.

Some examples of areas where jobs have been created:

IT Technicians
All of the computers in a business need to be maintained: hardware fixed, software installed, etc. 

IT technicians do this work.

Computer Programmers
All of the software that is now used by businesses has to be created by computerprogrammers.

Hundreds of thousands of people are now employed in the 'software industry'

Web Designers
Much of modern business is conducted on-line, and company websites are very important. 

Company websites need to be designed and built which is the role of web designers.

Help-Desk Staff
People often need help using computers, and software applications. 

Computer and Software Company have help-desks staffed by trained operators who can give advice.

IT in the home

The tasks people used to spend hours performing such as washing cloths or heating the building are now performed by a variety of computer controlled devices. This has led to increased leisure time. However the increased leisure time has not led to an increased amount of social interaction or the need to go outdoors.

Information from the Internet

Reliability

The Internet has led to easily available information on almost any subject from sources like Wikipedia or Google. However because anyone can place information on the WWW it has become more important to consider the reliability of the information. With traditional paper based encyclopedias the authors work would be checked by other people before publication but this doesn't always happen with Internet based information sources.

Undesirable Information

One of the hottest topics about Internet based information is censorship. Censorship means to remove material that is considered unacceptable so that others cannot see it. The problem is that different people have different ideas about what should be censored. Schools often censor the information that students can get from the Internet and this can be done using a proxy server. Software is also available for parents to prevent their children from browsing undesirable web sites and to monitor the sites that they do visit.

Security

Many people send personal information to others via email or perform banking over the Internet. The problem is that if a criminal knows how, this information being sent can be read and used for anti-social purposes. Banks, in particular, spend lots of money on securing their Internet based business. You should look for the following features on a web page to check it is secure before sending financial information over the Internet.
· The web page address should begin https
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· There should be a pad lock symbol somewhere which you can click on to see the security information
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Also the following are important

· Avoid using a public computer, Internet Cafe etc., to send banking information.

· Make sure no one can see what you are typing!

Health & Safety

These two points are often grouped together which causes some students to lose marks in their exams by using examples from health problems when they should be writing about safety or vice versa!

Health issues include the following key points/~jl/igcseict.

· Repetitive Strain Injury, RSI

· Eye strain

· Back Injuries

· Prevention of these problems

Repetitive Strain Injury

The human body is not designed to perform the same actions repeatedly for long periods of time without rest. Unfortunately jobs involving activities like typing can be done without rest as they are not physically demanding and this can lead to injuries that are hard to treat. The standard one to know, for activities like typing, is called Carpal Tunnel Syndrome which can prevent a person from working if their job involves typing.

Carpel Tunnel Syndrome

You can move your fingers because of the tendons that connect the muscles in the forearm to each finger. These tendons pass throught the wrist in a small gap called the Carpal Tunnel. A nerve, the Median nerve, also passes through this gap and this lets you feel with your hand and fingers. Excessive typing, or similar, can cause the tendons to swell due to irritation. The swollen tendons press against the nerve causing numbness, tingling and pain which gets even worse if the person continues to perform the same action.

Eye Strain

Eyestrain occurs when your eyes get tired from intense use, such as driving a car for extended periods, reading or working at the computer.

Back Injuries

Sitting at a computer for long periods of time often results in poor posture. If you think about your back as you look at this site, is it straight? or have you slouched causing your spine to curve?

Too much time with your spine bent like that will weaken muscles and lead to back strain.

Prevention

Prevention of these issue can be summed up in tow simple points/~jl/igcseict.

· Take regular breaks

· Ergonomic working environment

Breaks

Even if you don't feel any symptoms you should take a break every so often and do something completely different.

Ergonomics

Ergonomics is about the design of the working environment and tool to reduce the chances of strain or injury

There are lots of site offering detailed advice on ergonomics, see the links page for this section for detailed advice.

Safety Issues

Safety refers to ideas like

· Cables correctly placed to prevent a tripping hazard

· Liquids placed so that they could easily spill over electronic equipment

· Adequate lighting and ventilation of working areas

You should be prepared to think of some appropriate safety issues/problems for a given examination question, use your common sense.
The Ways in Which IT is used (section 7)
Introduction

Information technology is part of the world in which we live. You experience the effects of IT in many different ways including.

· Communication

· Data-handling

· Measurement

· Control

· Modelling

Many industries rely, heavily, upon IT to operate effectively. There are cannot be many examples, these days, of companies that have no IT in their organization (I cannot, at this time, think of even one example!). Examples of IT usage in industry include.

· Publicity

· Manufacturing

· Finance

· Education

· Travel & Leisure

· Banking

· Medicine

· Libraries

· Expert Systems

· Retail

Applications software 

Function of applications software within the system 

The types of applications software used 

Database management 

Spreadsheets 

Charts 

Word processing 

Desk top publishing 

Drawing 

Graphics 

Web design 

Applications – perform real-world jobs that people want to do i.e. Word Processing, Spreadsheets, DTP, Computer Aided Design, Databases, Web design. “Software designed to do a useful job for people”. 

Word-processors – allow users to enter, edit and save text. Useful when a lot of text needs to be entered or when high quality presentation is needed. 

Mail-Merge – function of a word-processor allowing you to send, for example, a standard letter to many people. Fields are set up for variable data. These fields are filled by merging with a data source – for example the Wordprocessor gets the names and addresses from a database. 

Spell Check 
Cut, Copy and Paste 
Also Word-processors have more advanced features: Graphics capabilities, tables, styles, indexes, templates and hyperlinks. 

	Database management – databases are organised collections of data stored on a computer system. Databases are created and managed with Database Management systems (DBMS)

	Tables – data is stored in tables 

	Rows – records 

	Columns – fields 

	Field names – titles for the different records e.g. if the records were ‘Mr Jones’, ’28 years old’, the fieldnames would be ‘Name’, ‘Age’. 

	Key field - unique field that identifies a record 

	Queries – questioning the database – extracting exactly what information is required 

	Reports – printed output from a database 

	Forms – screen objects that make entering and retrieving data easier. Often called a ‘user interface’ for a database. When designing a form, you need to consider what information the database requires. 


(this is just for ur reference)

Spreadsheets – spreadsheets are designed to perform calculations. Data and calculations can be set up to model situations such as a company budget 

Columns and Rows 
Graphs / Charts – column, bar, line, pie – think when each is best used. 

Validation – checks to ensure correct data entry and calculation 

Desk Top Publishing (DTP) – useful for producing leaflets, books, newspapers and advertisements. Can also be used to create simple websites. 

Advantages – images can be positioned and shaped more accurately than with a Wordprocessor. 

Graphics software – used to create and manipulate images. Used for drawings and diagrams, creating and editing web elements such as buttons, editing pre-existing images such as those scanned in or produced by digital cameras. 

Clip Art – prepared images that can be inserted to allow people who are not artists to include professional-looking images in their work. 

Bit-mapped – where pictures are represented as a set of dots. Each dot is stored separately in a file. If enlarged, the dots simply get bigger producing a jagged image. Can be very large files unless compressed (made smaller) e.g. .gif or .jpg format. 

. 

Web design software – used to create webpages. Similar to word processors, web design software allow users to create HTML (Hyper-text markup language) files to upload to the internet. 

Presentational software – slideshow makers / creators that allow users to present graphics and text for presentations. 

[image: image22.emf]Think – what are examples of all these different types of application software? 

Modelling, Control & Simulation

Computer models
Modelling software

Data-logging
Control software 
Simulation

Model – when a real-life situation is represented by computer software.  Models are useful for making predictions – calculations based on rules and data.

Advantages of using Models – much cheaper than using real items, results can be obtained more quickly than in real-life, dangerous experiments can be simulated.

Disadvantages of using Models – it is rare for the exact rules and data to be perfectly known.  Predictions based on models are only approximations i.e. they can go wrong!

Examples – flight simulators, games, science experiments, weather forecasting, economic models and virtual reality.

Modelling software – software written for very specific modelling purposes such as for monitoring Formula 1 racing cars.

Data-Logging – using a computer to collect data – ideal for scientific experiments

Examples – climatic data over a long period, temperature changes during a chemical process, radiation output from a star, gases produced during photosynthesis.

Data-logging is useful because is it automated, accurate, allows for data to be collected over long or short periods of time, allows data to be stored for later analysis and graphs can be plotted automatically.

Sensors – input devices in both data logging and control applications. Convert physical quantities into electrical voltages:  normal PC has no way of knowing what is happening in the real world around it. It doesn’t know if it is light or dark, hot or cold, quiet or noisy. How do we know what is happening around us? We use our eyes, our ears, our mouth, our nose and our skin - our senses. 

A normal PC has no senses, but we can give it some: We can connectsensors to it...

A sensor is a device that converts a real-world property (e.g. temperature) into data that a computer can process.

Examples of sensors and the properties they detect are...

	Sensor
	What it Detects

	Temperature
	Temperature

	Light
	Light / dark

	Pressure
	Pressure (e.g. someone standing on it)

	Moisture
	Dampness / dryness

	Water-level
	How full / empty a container is

	Movement
	Movement nearby

	Proximity
	How close / far something is

	Switch or button
	If something is touching / pressing it


A sensor measures a specific property data and sends a signal to the computer. Usually this is an analogue signal so it needs to be converted into digital data for the computer to process. This is done using by anAnalogue-to-Digital Converter (ADC).

Sensors are used extensively in monitoring / measuring / data logging systems, and also in computer control systems.


Examples – pressure, infra-red, thermistors, pH sensors and many more…

Sampling intervals – the time the computer is set to collect data.  The time interval is the time between each collection of data.  It is important to select a sensible time interval.

Real-time Processing – where processing of incoming data is immediate.  For example: Traffic lights – input = car passes over wires buried in road, action = lights change.
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Modelling



Spreadsheets

A spreadsheet is an application that allows the user to enter numbers and text into a table with rows and columns and perform calculations on them.  

Computer modelling software enables the user to enter data and a set of rules, and then see what happens if bits of data are changed. A computer model of a school's budget, for example, might show that if an extra teacher is hired, the school will run out of money before the end of the term.  

Computers models of mathematical data such as budgets are usually done using a spreadsheet a program that processes data and performs calculations.  
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Computer simulation

A computer simulation is a program designed to imitate a real-life situation. A good example is software which simulates the experience of piloting a plane.

Flight simulation software

Simple simulation software running on a PC offers the user entertainment and practice in simple controls and navigation. A real-life flight simulator - used for training pilots - is far more sophisticated, and is very expensive.  

The pilot sits inside a specially designed cockpit on hydraulically controlled struts which move the cockpit to give the feel of the pitch and roll of a real plane. Sensors detect the actions of the pilot and move the cockpit accordingly. The view from the cockpit window is replaced with computer generated images.  

This sort of computer simulation gives many benefits:  

· different flying conditions can be presented to the pilot e.g. poor weather, night flying

· emergency situations can be simulated without danger e.g. frozen runways, fog, engine failure

· the landing procedures at different airports can be simulated

· cost effective - no fuel is needed and there is no risk to plane or crew

However, computer simulation can never be the real thing. In this example, you can never account for the human factor. The pilot's reaction to a real-life crisis is never going to be the same as sitting in front of a computer. It is difficult to design simulation software to cover every eventuality such as extreme and unexpected conditions.  
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Other applications

· Nuclear power stations use simulation to improve output by looking at temperature, pressure and gas flow in the plant.

· Scientific experiments (for example plant growth) can be observed in varying conditions.

· Coastal erosion (the effect of the sea on the coastline) can be studied to anticipate possible flooding, so that defences can be best positioned etc.

· Traffic flow can be simulated in major cities to investigate the need for new roads and/or traffic lights.

· The aerodynamic effect on the shape of cars can be investigated by simulating air flow over different body shapes.

Virtual Reality  

Virtual Reality (VR) is a computer simulation which allows the user to interact with the system. Special interfaces give the user the feel, sound and view of the virtual system. The user wears a head-mounted display through which the virtual world can be seen. 

Pros and cons of simulation

Pros  

· It can avoid danger and loss of life.

· Conditions can be varied and outcomes investigated.

· Critical situations can be investigated without risk.

· It is cost effective.

· The simulation can be operated more quickly than the actual system, so behaviour can be studied easily over a long period of time.

· Likewise, if the system occurs very quickly in real life, the simulation can be slowed down to study behaviour more easily.

Cons  

· It can be expensive to measure how one thing affects another to take the initial measurements to create the model (such as aerodynamic wind tunnels).

· Some things cannot be effectively simulated because we do not know enough about them, for example, earthquakes.

Data logging

How Can Computers Measure Things?

A sensor, such as a temperature sensor, can be connected to a computer. The computer can then monitor the signal from the sensor, reacting to changes, or it can record the data from the sensor at predefined time intervals.

Computer Measurement Used: Anywhere that data needs to be gathered regularly, a computerized data-logging system can be used. Some examples are shown below…

Scientific experiments: Many experiments can be set-up and left to run with a data-logging system measuring things like the temperature of a liquid, etc.
Weather stations: Often these are placed in very remote areas to collect data about rainfall, temperature, wind-speed, wind-direction, etc. Data needs to be gathered all day, every day. This data can then be used by weather forecasters to help predict the weather over the coming days.
Environmental monitoring: Scientists are very concerned about the effect that humans are having on the environment. Computer-based data-logging is often used to help gather evidence of these effects: the level of water in a dam, the speed of water flowing down a river, the amount of pollution in the air, etc.
The term 'data logging' refers to collecting or gathering data over a period of time.

Over the next few pages, we will be looking at data logging in more detail and finding out what it means. 

Use the menu on the left-hand side to navigate through the pages. 

When you have read all of the theory, have a go at the quiz to see how much you have understood.

Computer Control

Computer control – computers can be connected to output devices that carry out actions.  The computer software makes decisions based on the inputs from sensors.

A control system typically comprises:  

· a computer or microprocessor

· a control program which handles data from sensors and sends signals to output devices

· an interface box to convert signals between the sensors and processor

Role of computers in control

· Computers can respond very rapidly to change.

· Systems can run 24 hours a day, 365 days a year.

· Control systems can operate in places that humans would find dangerous or awkward.

· Outputs are consistent and error free.

· Computers can process data quickly and machines can operate faster than humans.

Computers are now used to control many types of devices such as:  

· Air conditioning and central heating systems in large buildings

· Security systems and burglar alarms

· Manufacturing processes

· Traffic lights and pedestrian crossings

The role of sensors in control

Sensors are used to measure physical quantities such as temperature, light, pressure, sound, and humidity. They send signals to the processor. For example:  

· A security alarm system may have an infra-red sensor which sends a signal when the beam is broken.

· A heat sensitive sensor in the corner of a room may detect the presence of a person.

· Temperature sensors could be used to control the heating in a large building.

· Magnetic sensors are inductive loops in the tarmac to detect metal above them and could detect traffic.

Analogue-to-digital conversion  

An interface box is needed to convert the data from the sensors into computer data.  

Data such as pressure, light and temperature is analogue data. Computers can only work with digital data. An ADC (analogue to digital converter) converts analogue data from the sensors into digital data.

The feedback cycle

The diagram below shows a control program for maintaining the water level in a fish tank  

Data from a water level sensor is continually sent to the processor. The computer has a control program which usually stores the required water level settings. When the water level gets too high a valve is opened to let water out, and similarly, when it drops too low a valve is opened to let water in. The control program stores the details of the water level and the action it must take.  

This continuous process repeats itself and is called a feedback cycle.   

	· Understand the differences between batch processing, on-line processing and real-time processing.




Methods of processing: the notes present are more try to take relevant information as per to syllabus

Batch processing: it is a processing in which data is collected in a batch a then run through the computer in one go rather than running programme as each piece of data is entered.
- here the computer does not carry out any processing or produce any output until all the inputs have been collected in. This method is suited to situations where it is not critical that the actual processing takes place immediately.

· Data is processed in batches so batch processing is suited to non-urgent tasks.

· A batch process can be started automatically or manually and once started, batch processing needs no human intervention.

· Batch processing can process huge amounts of data and can run overnight or longer if needed.

· Once set up, batch processing is very cheap to run.

· Hardware costs are lower because the time taken to process the data is usually not critical so the computer and network speeds are not too important. Failures in hardware would mean the data has to be processed again.

· Creating and setting up the software can be time-consuming, and therefore expensive, as any programming mistakes will mean the data has to be processed again.

· Examples of use:

· An electricity company produces its monthly bills for customers. All the meter reading would be collected in or estimated over the month then the data batch processed and the bills calculated and printed out.

· A mail order company receives orders by post throughout the week and then all the details are entered into the computer on the Friday and are processed over the weekend ready for delivery the following week.

· processing survey results that have been collected in over several weeks.

· processing wages/payrolls monthly, including bank transfers and the printing out of payslips.

· processing mail merged letters to go out once a month to subscribers.

· Real-time processing - here the computer responds immediately to incoming data and produces the appropriate output. This form of processing can be expensive as it requires fast computer processors and good network connections. In critical situations such as aircraft multiple hardware backups may be needed, further increasing costs.

· Examples of use:

· an automatic pilot system where the inputs from sensors on the plane need to produce immediate outputs to control the aircraft.

· a computer controlled production line where sensors are constantly giving feedback on the speed and position of components.

· On-line processing - here the processing takes place as the data is input but the system does not need to be instant, a delay of a few seconds is not critical. Most examples involve updating some form of database and often involve multiple users over some form of LAN or a WAN such as the Internet.  It is more expensive to set up than a batch processing system as the hardware has to cope with peaks of demand and there must be a reliable backup system.

· Examples of use:

· an airline ticket booking system used by a travel agent or accessed directly by customers over the Internet. Each booking updates a central database almost immediately to avoid double booking seats.

· a reservation system for booking theatre tickets.  This could be accessed by booking staff at the theatre or directly by customers over the Internet. 
Communication applications
Introduction

When your teachers were growing up, if they wanted to get in touch with somebody the only methods availble to them were going to see the person, making a telephone call or writing a letter.

Today you are spoilt for choice. Technology has made available many new communication methods such as email, fax, video conferencing and instant messaging.

This growth in communications technology has also revolutionised the way that businesses work and keep in touch with staff and customers.

Fax                                                                                                                             [image: image25.jpg]



A fax (short for facsimile) machine transmits a copy of written and graphical information via the telephone network.  It works in a similar way to a photocopier, except the copy is transmitted to a distant machine via the telephone network.

Each Fax machine has a telephone number, this may or may not be shared with a telephone.

Faxes are widely used in business offices because they make it very easy to transmit invoices, orders, rough drawings, copies of contracts and so on.

It is now possible to send and receive Faxes by email. The email is sent to a service company who then converts it to a normal Fax message and sends it to the telephone number you specify.

 

Advantages of faxes

- Faxes are a fairly inexpensive method of sending a message - just the cost of a telephone call.

- They are simple to use and require very little training

- They allow exact copies of hand written information or images to be transmitted without having to prepare it in any special way.

- As long as the fax machine is switched on, messages can be received at any time day or night.

- They don't need any specialist installation or cabling as they make use of the existing telephone line

Disadvantages of faxes

- If the fax is using the same number as the telephone then it can prevent callers from getting through or calls being made.

- There is no immediate response or feedback from the recipient like there is with a telephone conversation

- You might dial the wrong number and send your document to someone else

- If the receiving machine is busy, your Fax will not be delivered.
- If the receiving machine is out of paper you will think that you sent your fax but it won't actually be printed

- If the receiving machine is busy, your fax might end up under a whole load of other faxes which arrive after it

- It can take a long time to transmit if you have many sheets of paper

- The quality of the document which is received is often poor quality and might have some loss of detail.

E-mail

E-mail stands for 'Electronic Mail'.

The electronic transmission of mail allows you to send formatted text and images to someone else with an email address.

Each E-mail user has a 'mailbox' with a unique address into which messages can be sent ready for the recipient to 'collect' and read.

If you have an account with an Internet Service Provider (ISP) such as AOL, BTinternet or Yahoo then they will provide you with an email address and let you use their email service for no extra cost.

You can also get an email address from one of the many free providers such as Hotmail or Gmail.

Email is now one of the most common methods of communication - ask most people that you know, they will probably have an email address.

Without email, most businesses would not be able to operate.

Advantages of email

- Sending an email to someone is very easy, people need little training to learn how to do this

- Emails are free to send -so long as you have an email account and a connection to the Internet.

- Emails are usually received fairly quickly, most of the time a couple of seconds after they are sent

- People don't have to be present to receive the email

- Emails can be sent any time of the day or night, 365 days a year

- Files and images can be attached to an email

- Multiple copies of a message can be sent to a group of people

- A carbon copy of an email can be sent to other people

- You can request proof of receipt or proof of the email being opened

- Messages can be prepared in advance and saved until you are ready to send them.
- Messages can be encrypted making it possible to send confidential information

Disadvantages of email

- Both you and the person receiving the email must have an email address and access to a computer and the Internet

- If you don't know the email address of the other person then you can't send them a message
- Some people change their email addresses fairly often as they switch ISPs or jobs

- Spam is a big problem, up to two-thirds of mails sent are spam

- People can waste company time at work by sending emails to friends instead of working

- When you are on holiday, your email box can become full and extra messages might not get stored

- You may have to wait a long time to get a reply.

- Email attachments can contain viruses

- Some companies won't allow email attachments to be received

- There are a lot of email scams and it is easy to get fooled by them

Video conferencing

Video conferencing means using computers to provide a video-link between two or more people. Instead of just talking to someone by telephone, you are able to see them as well.

Equipment

The following is needed to take part in a video conference call:

· a computer

· a web cam

· a microphone (most webcams have a microphone built-in)

· speakers

· a broadband internet access

It is possible to buy a special video conferencing machine just for this purpose.

Advantages of video conferencing

· Meetings can take place without leaving the office.

· Travel costs and the time taken to travel can be reduced significantly.

· Meetings can be called instantly worldwide with little notice.

· Delegates can still attend meetings even if they are physically unable to.

Disadvantages of video conferencing

· May not be as productive as a discussion around a table.

· Confidential documents may need to be viewed and signed in person.

· There will always be times when you need to be able to meet face to face.

applications in manufacturing industries

Robots are working for people in many places such as:

· factories

· laboratories

· warehouses

· energy plants

· hospitals

Several years ago, the majority (90%) of robots that '"worked" were used in car manufacturing companies. These robots worked on assembly lines doing a variety of tasks.

Now only half the robots in the world are busy building cars. The other half are spread out among the other industries listed above.

What are some of the tasks that robots can do?

· assemble products

· handle dangerous materials

· spray paint onto cars

· inspect parts to check quality

· cut out materials into the correct shape for making clothes

· disarm bombs

· collect samples from other planets

· gather data from inside volcanoes

Better quality products

· Products made with computers should be of a better quality than before. For example, car bodies are welded more accurately by robots than by humans.

· Robots don't get tired so the quality of work is consistent.

· Machines controlled by computer are more reliable than those controlled by humans.

· Miniaturization - many electrical items, such as mobile phones and video cameras have become much smaller due to developments in technology.

Applications for finance departments

  Stock control:
The stock level of an item is the number of that item in store.

When a shop sells items, it is sometimes important that the shop..

· does not stock too many of an item eg The item might be perishable and those not sold will become unsellable. 

does not stock too few. A customer may want to buy one and there are none available.
A good stock control system will...

· keep track of exactly how many of each item are in stock.

· be able to say which items need re-ordering.

analyse which items are selling well or needed most and which are not
Some shops use barcodes and POS terminals for automatic stock control. A computer stores a master file with records of every item held in stock. One field would be the item's stock level.

Every time an item is bought, the barcode is scanned and the computer will deduct 1 from the stock level for that item. The computer will know exactly how many of that item Some shops use barcodes and POS terminals for automatic stock control. A computer stores a master file with records of every item held in stock. One field would be the item's stock level.

Every time an item is bought, the barcode is scanned and the computer will deduct 1 from the stock level for that item. The computer will know exactly how many of that item are in stock.

A similar system would operate in a warehouse. Each item removed would be logged and the stock level automatically adjusted.

This would be an example of a real-time system. Data is processed s soon as it is received and the system is always up-to-date.
Order Processing.
Customers may buy goods from a business by sending an order - which will have details of which items they want to buy and how many.

Orders may be received...

· ...through the post on order forms. These will need to be entered onto the computer as records on the orders file. 

· ...online. Customers send orders by email or over the Internet. These orders would be saved in the orders file.

The orders file would have fields with information about ...

· the date of the order

· customer details

· item details and quantities
·  money owing or received from the customer.
Appropriate data validation will take place when the orders are entered.

 When the goods are dispatched, an invoice is sent requesting the amount of money due for the order. The customer may then pay by cheque.

Online orders are usually paid for using credit (ordebit) cards.

When an order is processed....

· stock levels are adjusted for the items sent.

· financial information is stored and analysed. Who owes what and how much has been received etc

· statistical information is updated - numbers of sales, best selling products etc...

Payroll: Introduction

People who go to work expect to be paid for their time.

However, actually dealing with these payments used to cost businesses a lot of time and money. In fact, whole sections of the business would be dedicated just to sorting out employees' salaries.

This has changed with the development of computers and the ability to pay money electronically.

Benefits of a computerized system

Why did businesses see the benefit in changing to computerised payments?

- To save having to repeat the same calculations over and over again each week

- Using a computer is much faster than calculating wages manually. This reduced the number of cashiers needed and saved money paying their wages

- Computers are more accurate than calculating wages manually. No matter how careful you are, it is easy to make a mistake when adding up lots of numbers.

- Security. If payments no longer needed to be paid in cash then there was no need to keep large sums of money on the premises

Calculating hours worked

How do employers know how many hours someone worked that week / /month?

 Handwritten and counter-signed by the manager, time sheets

 Punch cards – clock in and clock out cards which are read automatically and stamped by the machine

 Swipe cards – magnetic stripes or bar codes which are read as the employee enters and leaves the business each day.

 

Inputs for the system

Salaried – the annual salary is divided by 12 to calculate the monthly amount to be paid.

Waged – paid weekly – rate per hour, rate for overtime, number of hours worked that week.

In order to calculate the payroll and how much each employee should be paid, the following details or 'inputs' are needed for the 'payroll master file':

· Employee/payroll number – the key field

· Name

· Address

· Date of Birth

· Marital Status

· National Insurance Number

· Tax code

· Date employment started

· P45/P60 details from previous employer

· Hourly rate of pay or annual salary

· Overtime rate

· Bonus details

· Pension payment details

· Private health insurance details

· Bank details

· Statutory sick pay details

· Maternity payment entitlement

· Paternity payment entitlement

· Holiday entitlement

· Holiday taken

· Days sick

Processing in the system

When a payroll system is run:

· Every employee record will be read by the system

· Every employee will be paid
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Every employee record will be updated

Payroll usually uses a system called batch processing. This is where all the data is stored up and then processed together in a batch, maybe each night or at the end of the week / month.

An exception report is produced if an error occurs during the processing.

A payroll assistant checks the exception report and makes manual adjustments to the payroll before the final printing of salary slips and payment to the bank.

This shows at the end of the day it still needs the human touch to deal with people!

Once the payroll is complete, employees are given their payslips and the money is transferred to their bank acount.

Outputs from the system

A payroll system will produce a number of outputs. These are:
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Payslips are produced either weekly or monthly depending on the frequency that staff get paid.

The payslip uses pre-printed stationary. so that data just needs to be printed into the correct space e.g. employee name, number, tax, National Insurance payments.

A template is used so that all of the details are printed in the same place each month.

Payslips are often printed using an impact printer (dot-matrix) so that carbonised paper can be used. The payslips are actually sealed before printing, the front of the payslip just has the employees name and number but no details of salary. There is a carbonised sheet inside the payslip 'envelope'. When the payslip is printed, the impact printer leaves the details on the carbonised paper. This means they are really secure, even the people who are printing them don't see the details.

 Paying the wages

How is the money transferred from the businesses' bank account to the employees' bank account?

Electronic Funds Transfer (EFT) is used to transfer the money from the business bank account into the employees’ bank account.

The same method is also used to transfer the tax and NI payments from the business bank account to the Government bank accounts.

Note, although the employee is really paying the tax and the NI, the business deducts the amount due from the employees’ salary and keeps it in the business bank account. The business then pays that money directly to the Government on the employees’ behalf.

So in summary, wages and salaries are now largely computerised using Electronic Funds Transfer. This has benefits to the employer, employee and the Government.

 

booking systems

Online booking tickets 

Online bookings are growing as fast as online shopping. Theatre, cinemas, concerts, air tickets, train tickets, hotels and package holidays are all available on the World Wide Web, often at cheaper prices than buying them from high street shops. Bookings can be made across the world by Internet connection.  

The advantages are:-  

· Bookings can be done out of office hours. 

· A person can choose exactly which ticket they want from many available. 

· Payment and confirmation can be done immediately.

★Online banking: Advantages to the bank 

There are many advantages for the banks that run an online 'branch'. 

- It allows customers to access their accounts 24 hours a day without having to have branches open. 

- The customers do all of the work themselves so staff numbers can be reduced. 

- Traditional banks are very expensive to run, high street rental for a branch costs hundreds of thousands of pounds per year. On top of that are staff costs, insurance, heating and lighting costs. It has been estimated that banks can save around 50% on the cost of transactions through the use of on-line banking.

- Banks can attract new customers to their online business for a fraction of the cost it takes to get one through the door of a high street branch. 

- Because of the lower operating costs, internet banks can offer very attractive incentives. They often have higher rates of interest for savers and lower rates of interest for borrowers. 

- An advertisement in a Sunday newspaper about a new internet account can generate over 200,000 visits to the website in a day. A traditional bank could never cope with this amount of customers in a day.

★Online banking: Advantages to the customer 

There are many advantages to customers who use an online banking service. 

- You can do almost everything from the comfort of your own home 

- You can bank at a time convenient to you, 24 hours a day, 7 days a week 

- You don't need to queue up in a branch to be served. 

- You don't need transport or have to waste time driving to the bank and trying to find a parking place

- You can get instant statements for your account(s). 

- The savings rate offered are often better than the High Street as online Banks pass on their cost savings. 

- It is easy to compare deals between banks and special offers 

- You can apply for a loan or a mortgage directly from the web site and get an answer very quickly. 

★Online banking: Disadvantages for the bank 

Although there are many benefits to the Bank running an online service, there are some downsides as well. 

- Fraud is expensive. Banks lose a lot of money from fraud and online crime.

- There is a need to be always one step ahead of criminals so investment must be made in coming up with new ways to keep customer accounts secure. 

- Less Customer contact and so it is harder to build personal relationships with their customers 

- It is harder to sell other services to customers that may be on offer. When you see a customer in person, you can say, 'have you thought about this insurance / bank loan / service?' 

- Banks have to employ specialist web developers and expensive computers to run the site. 

- If the web site goes down then customers cannot access their accounts. 

Disadvantages for customers 

Although there are many benefits in having an online Bank. There are some downsides to the customer as well compared to a High Street Branch 

- Security worries what if someone gets your bank details and withdraws your money? 

- Customers like to see who they are dealing with. When you go to a high street bank you will be greeted by friendly, well-trained staff. There is no such personal contact when you only use the online service. 

- If there are problems to sort out, then it is much easier to explain the problem face to face rather than having to use email or telephone 

- You can't easily deposit cheques or cash. You will need to visit the branch or send by post. 

applications in banking:

Electronic Fund Transfer (ETF)

EFT is a system that allows money transfer instructions to be sent directly to a bank’s computer system. Upon receiving one of these instructions, the computer system automatically transfers the specified amount from one account to another. 

Transfer instructions can come from other banks or from businesses. 

A very common use of EFT is when a large business pays its employees’ salaries. On pay day, the businesses tell the bank to move money from the business account to the employees’ bank accounts...

[image: image28.png]Bank Computer System

Employees’
Top Hat Co.'s Accounts
Account

_}szam +$500

+$500

[ s1000





Other examples of where EFT is used are discussed in some of the following sections...

If money is transferred from one bank account to another, nothing is physically moved - no piles of cash are picked up and moved from one place to another. 

The amount of money in a bank account is simply a number in the bank’s computer system. 

When money is transferred between accounts, all that happens is one number in the system gets bigger and another gets smaller.

Obviously the EFT system has to be very secure - the bank can’t allow just anyone to sent transfer instructions (otherwise we would all be sending messages to bank computers to move money into our accounts!) 

The EFT system uses very strong encryption for all messages and the encryption keys are only given to trusted partners (other banks and big businesses).

Using Cash Machines (ATMs)

ATMs can be used to for a range of banking services...

· Withdrawing cash

· Depositing money

· Checking the balance of accounts

· Transferring money between accounts

· Paying bills
A customer identifies him/herself and their bank account by using a bank card. The card is inserted into the ATM where it is read by a magnetic strip reader or a smart card reader. The customer also types a secret PIN into the ATM's numeric keypad to confirm that they are the real owner of the card

ATMs can be used by customers of other banks as the ATM can use EFT...

If a customer of Bank A uses her debit card to withdraw cash from an ATM belonging to Bank B:

1. Bank B gives her the cash

2. Bank B now is owed money by Bank A
3. Bank B sends an EFT instruction to Bank A asking for money to be transferred from the customer’s account to Bank B.

4. Bank B has now been paid back
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Electronic Payments for Goods (ETFPOS)

Banks allow goods to be paid for electronically, using a system called Electronic Fund Transfer at Point-of-Sale (EFTPOS).
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Home / Internet Banking

It is now very common for bank customers to access their bank account from home using on-line banking services. 

Customers use a computer and connect to the bank’s secure (encrypted) website where they login (usually with a username and apassword)

Customers can use the on-line banking system to...

· Check the balance of bank accounts

· Pay bills
· Transfer money between accounts (using EFT)

· Apply for loans, or other services

Processing Cheques (Cheque 'Clearing')

Banks have to deal with thousands of hand-written, paper cheques every day.

When a cheque arrives at a bank, the information on the cheque has to be entered into the bank’s computer system so that the correct funds can be transferred between the correct accounts. Entering this dataquickly and accurately is a time-consuming and difficult task. 

To help speed things up, a special system of printing is used on cheques that can be read by a reader connected to the computer system. At the bottom of every cheque, printed in a special font using magnetic ink, is the bank account number and cheque number:
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Each cheque is passed through an MICR reader that can read these special numbers. (A small reader is shown here, but in large banks the MICR readers are much bigger and can thousands hundreds of cheques.

The hand-written part of the cheque (the payee and the value of payment) can be entered into the computer system by either using a human to read the writing and typing the data in, or by using OCR.
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applications in medicine:
patient monitoring:
Body scanners
A body scanner sends electromagnetic rays through a patient’s body and sensors detect how much different parts of the body absorb the rays.

A computer uses this data to build up an image of the inside of a patient’s body.

Body scanners allow doctors to find and treat conditions such as tumours in their early stages when the chances of treating them successfully are much greater.

Patient monitoring
Computers are used in hospitals to monitor critically ill patients in intensive care units.

The patient has sensors attached to him which detect changes in heart rate, pulse rate, blood pressure, breathing and brain activity.

If any of these fall below a preset level the computer sounds an alarm and alerts the medical staff.

The data is also logged and used to analyse the changes in a patient’s condition over a period of time.

hospital and pharmacy records:

Patient records system:

Until recently, all patient records were paper-based. Every time a patient was admitted to hospital many forms would be completed and added to their folder.

Treatments were recorded on paper charts and nursing records were documented by hand. Eventually these records were added to their file.

For a patient who was admitted to hospital regularly, their paper records could become very large and awkward to handle.

An even bigger problem was the risk of misfiling the records amongst the many thousands stored in the hospital.

Many hospitals are now switching over to computerised record-keeping.

This means that once they have entered patient details, no matter how many times that patient is admitted in the future, their records can be found very quickly.

Computerised record keeping systems allow details of medical treatments to be stored.

At the moment, a national NHS database is being developed which will enable the medical records of every person in the UK to be stored in one place.

Computerized databases are used by every hospital in the country to store information about patients.

Uses of these databases include: organising the transfer of patients between wards recording the history of a patient’s appointments with a consultant booking outpatient appointments booking ambulances ordering equipment.

applications in libraries:

	When a new member joins a library, a membership card is issued which has a bar-code printed on it.

Every book in the library has a bar-code printed inside it.

When a member takes a book out on loan, the barcode of the book is read by a barcode reader - also the barcode of the member's card. Together with the date, this constitutes a 'transaction'.

Input :

· the barcode from the book

· the barcode from the member's card

· the date, librarian's name etc

This 'transaction' is then stored in the library's database.

NB : Barcodes contain a check digit which is used for automatic validation by the barcode reader.

 

	Database :

The library's database would have files (tables) containing details about ...

· the books, magazines etc..

· the members

· the transactions

Information Retrieval :

The librarian will need to be able to find out whether a book is currently in stock in the library or whether it is out on loan -searches would have to be performed on the database.

There may also be a link to other libraries.

 

	Process :

The computer system will need to be able to calculate which books are overdue and whether any fines are due.

Output :

· summary reports

· results of searches.

	The library system is a real-time system as data is updated immediately a book is loaned out.


EXPERT SYSTEM: 

What is an Expert System?

An expert system is a knowledge-based system which attempts to replace a human 'expert' in a particular field.

The system will consist of

· a large database of knowledge

· facilities for searching the knowledge database

· a set of rules for making deductions from the data (inference engine)

How Do Expert Systems Work?

· A user interface - This is the system that allows a non-expert user to query (question) the expert system, and to receive advice. The user-interface is designed to be a simple to use as possible.

· A knowledge base - This is a collection of facts and rules. The knowledge base is created from information provided by human experts
· An inference engine - This acts rather like a search engine, examining the knowledge base for information that matches the user's query
The non-expert user queries the expert system. This is done by asking a question, or by answering questions asked by the expert system.

The inference engine uses the query to search the knowledge baseand then provides an answer or some advice to the user.
Where Are Expert Systems Used?

A medical diagnosis  expert system (eg MYCIN) would have information about diseases and their symptoms, the drugs used in treatments etc.

A patient is asked by a doctor about symptoms and the replies are input to the expert system. The computer searches its database, uses its rules and makes suggestions about the disease and its treatments. Sometimes probabilities are assigned to diagnoses.

The computer does not take the place of the doctor but can be used to help the doctor make decisions.

Playing strategy games like chess against a computer (the knowledge base would contain strategies and moves, the player's moves would be used as the query, and the output would be the computer's 'expert' moves)

Providing financial advice - whether to invest in a business, etc. (the knowledge base would contain data about the performance of financial markets and businesses in the past)

Helping to identify items such as plants / animals / rocks / etc. (the knowledge base would contain characteristics of every item, the details of an unknown item would be used as the query, and the advice would be a likely identification)

Helping to discover locations to drill for water / oil (the knowledge base would contain characteristics of likely rock formations where oil / water could be found, the details of a particular location would be used as the query, and the advice would be the likelihood of finding oil / water there)

Helping to diagnose car engine problems (like medical diagnosis, but for cars!)

Advantages.

· The computer can store far more information than a human.

· The computer does not 'forget' or make mistakes.

· Data can be kept up-to-date.

· The expert system is always available 24 hours a day and will never 'retire'.

· The system can be used at a distance over a network.

Disadvantages
· Well we don't want to do the experts out of jobs!

· Lacks the 'human touch'!

In Medicine, expert systems are being used for disease diagnosis.The patient's details and symptoms are input, and the system outputs probable diagnoses, recommended treatments or drugs which may be prescribed. 
	Some patients would feel happier typing medical information into a computer than discussing it with a human doctor...but others would prefer the 'human' touch.

 

	The advantages of an expert system over a doctor are...

· ...a large database of knowledge can be added to and kept up-to-date - it can store more knowledge than a person.

· ...the system cannot 'forget' or get facts wrong.

· ...it survives forever. There is no loss of knowledge as there is when a doctor retires.

· ...the computer can access specialist knowledge that a doctor may not have.

 


How to create an expert system?

· Gathering data-Interview experts ,use other expert sources such as textbooks to gather as may facts and rules as possible.
· Design the knowledge base/rule base & create knowledge base/rulebase.

· Design & Build the  inference engine.

· Design a method of getting input .
· Design the output format.
· Implement & test the design to make sure the inference is easy to use.

· Document the system and create a user manual.
How to create a medical diagnosis system?
1. Doctors are interviewed for the information needed .

2. Data from other experts , books , internet etc., are collected.

3. Knowledge base –database of information- is designed.

4. knowledge base is created.

5. Rule base – needed for taking decision - is designed and created. 

6. Inference engine – which links knowledge base with user interface- is designed and created.

7. Input screen and output screen – user interface – are designed and created.

          8.Implement & test the design to make sure the inference is easy to use.

9. Document the system and create a user manual.

How to create a car engine fault diagnosis expert system.

· Current system is observed
· Mechanics/potential users interviewed
· Mechanics/potential users given questionnaires
· Existing documents examined
· User requirements decided
· System specification decided
· Knowledge base (designed)

· Inference engine (designed)

· Design rules/rule base
· Designing a method of displaying the results
· Hardware chosen
Evaluating the expert system:

Compare the results of expert system with the known solutions.

Check if the new system does the specifications of the old system.
APPLICATION IN RETAIL INDUSTRY:

What is a Point-of-Sale?

The Point-of-Sale (POS) in a store is the place that you pay for your purchases. It is usually where the till (cash register) is located.

A typical POS will have...

· A method of inputting the codes of goods purchased - usually abar-code scanner. The codes are then used to find more information about the goods, such as price, from a database

· A system to accept electronic payments - EFTPOS (see below)

· A system to update the stock-level of goods whenever they are sold, and possibly to automatically re-order goods that have low stock-levels (see below)

· A method of producing a receipt for purchases - usually a small dot-matrix printer

Handling Electronic Payments (EFTPOS)

When you use a bank card to pay for a purchase in a store, the payment is made using a system called Electronic Fund Transfer at Point-of-Sale (EFTPOS). 

This is how it works…

The EFT in EFTPOS is the same Electronic Fund Transfer system discussed here.



1

Customer gives the bank card to the cashier
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The cashier runs the card through a card reader (the customer may have to enter aPIN). The cashier enters thevalue of the purchase
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The store’s system thenconnects to the bankcomputer and sends amessage
[image: image36.png]Can account number
12345678 afford $1007







4

The bank computer uses theaccount number to access the customer’s record and checks the balance
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The bank computer sends back a confirmation or rejectionmessage to the store’s system
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The cashier now confirms the purchase and an EFT message is sent to the bank
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The bank computer subtracts$100 from the customer’s account and adds $100 to the store’s account
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8.
The cashier gives the card back to the customer along with a receipt
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'Chip & PIN' Payment System

Most bankcards no longer rely on a magnetic strip to store customer account details. Instead the cards are smart cards. The cards contain a small amount of computer memory with the account information stored inside.

Smart cards are more secure (since the data is encrypted) and morereliable than magnetic strip cards.

When a customer wishes to pay for goods in a store, the customer inserts the bankcard into a smart card reader, and then types in a PIN to confirm that they are the true owner of the card. Once the PIN is verified, the customer can remove the card.

One of the reasons this system has proven popular is the extra level ofsecurity it provides for users: At no time does the bankcard need to be handled by anyone other than the card owner, so with this system there is less chance of the card being stolen or copied.

The nickname for the tiny memory device inside the bankcard is a ‘chip’, and the system uses a PIN as identity proof, so the system is nicknamed ‘Chip and PIN’ in the UK.

PIN stands for Personal Identification Number.

A PIN is usually a four digit secret code used to confirm a person’s identity (e.g. when withdrawing cash from an ATM)

Note: You should not say ‘PIN number’ since that would mean ‘Personal ID Number number’!

Automatic Re-Ordering of Stock

In many stores, the POS system is linked to the stock control system...

'Stock' means the things that you have in your store / warehouse.

'Stock Control' is the system that keeps track of what you have in stock



1

When goods are sold, thePOS system send the details of the sale to the stock-control system
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The stock-control systemupdates the stock-levels in the stock database for the purchased goods
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If the stock-level falls belowa pre-set value, the stock-control system sends an orderto the suppliers
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The suppliers send a deliveryto the store.
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The stock-control systemupdates the stock-levels in the stock database for the delivered goods
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Internet Shopping (e-Commerce)

In the last few years, Internet shopping has become very popular. Stores like Amazon and the iTunes Store are some of the largest retail businesses in the world. Online you can buy anything from air flights to fresh eggs.

Customers like Internet shopping because...

· The convenience of being able to browse goods from your home

· Stores are open 24 hours a day, every day of the year

· The wider range of choice - can access stores all over the world

· Easy if you have limited mobility (due to a disability, or old age)

· Goods are often cheaper than in stores

· Payment is simple using credit cards or services such as PayPal

Businesses like Internet shopping because...

· Lower costs since no expensive retail stores and less staff

· Lower costs = lower selling prices = higher sales = bigger profits
· Many more potential customers 
However there are some problems too...

· You cannot try items before purchasing (e.g. clothes)

· You may have to wait several days before receiving your goods

· Returning goods or getting help can be difficult

· There is a security risk using credit cards online. The card details may be stolen and used to commit fraud.

Systems Analysis and Design

All of the software you use has to be created by someone. Often creating software is the work of a large number of people all working together on a project.

The process of creating a new, or updated, piece of software is very important because it helps to make sure that the final product is what customers will actually want to buy and use.

There are five phases to the process of developing a piece of software and the order that these occur in is important; you can't, for example, place the software onto the customers' computer before it has been created!
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· Analysis - Find out what is required by the customer and what they already have in place
· Design - Work out how the software will work and what it will look like

· Development and Testing - Create and test the software

· Implementation - Replace the old system with the new system

· Documentation - Write guide books so that other people can use and maintain the software.

Analysis

This is the first phase of the process. The tasks can be broken down into two parts

1. Find out everything about the current system, if one exists

2. Find out customer requirements for the new system.

The current system

The normal assumption in IGCSE ICT is that the new system is replacing a current system that needs improving. You need to find out about the way the current system works and what its' problems are. You should be able to suggest the following ways of finding out about the current system.

· Interview users of the current system:

The systems analyst can interview key people within the system to find out how it works. 

Interviews allow lots of very detailed information to be gathered, but they take a long time to do, so are not possible if large groups of people are involved.
· Observe people using the current system: This involves the systems analyst walking around the organisation or business, watching how things work with his/her own eyes.

Observation allows the systems analyst to gather first-hand, unbiased information.

The downside to observation is that often people won't work the way they normally do if they know they are being watched.(or people will behave in anomalous way) 

· Send out questionnaires to people that cannot be interviewed or if there are too many to interview: With large groups of people, a questionnaire is a quick and simple way to gather information. 

However the information gathered is limited by the questions set by the systems analyst (people could have a lot of useful information in their heads, but if the questionnaire doesn’t ask the right questions, they will not be able to pass it on)

Also many people do not take the time to fill in questionnaires seriously.
· Collect and analyze documentation of the current system: Most businesses and organizations use documents to record information, or to communicate information (forms get filled in and passed to other offices, etc.) 

The systems analyst needs to collect examples of the documents used to get an understanding of the type and quantity of data that flows through the business or organization.

· Collect and analyze outputs of the current system e.g. printouts and screenshots
· Find out what inputs are required for the current system to work

Once you know everything about the current system and its' problems you have to design the new system.
Designing the New System

This is a major part of the process and lots of questions get asked about this.

The main tasks you have to know about in the design phase are

· Designing data capture forms

· Designing validation routines

· Designing data or file structures

· Choose a suitable way of verifying data

Data Capture Forms

Computer systems need data to be entered. If this data comes from people, perhaps customers, then it may well be entered into on on-screen form. Questions about this come up frequently and require you to have pencils, a ruler and an eraser if you are to get good marks. The key points to think about are

· Is the form meant to be used on-screen? If it is then think text boxes and labels NOT lines for writing on with a pen!

· Layout is important, place text boxes appropriately

· Make it neat, use that ruler

· Read the question and make sure that the form relates to the question!

	Forms are used to capture data.

	· Paper based forms are completed by hand and then the data can be transferred to a computer.

	· Computer based forms input the data directly into a computer.

	Features of a well designed form:

	· Heading - this makes the purpose of the form clear to the person completing it.

	· Question prompts - these labels make it clear what is to be entered at each stage.

	· Marked response areas - these make it clear where the response is filled in.

	Text Boxes - these help to limit the length of the response.
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Character Boxes - these strictly limit the length of the response.
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Formatted Character Boxes - these further limit the possible responses
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Tick Boxes - these further limit the possible responses as well as speeding up data entry and making processing easier.
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Computer-based screen forms:

	All of the above features apply equally to paper and screen forms.  Screen forms can have the following additional features:

	· Drop-down list boxes and combo boxes to speed up text entry and reduce errors.

	Top of Form

	        [image: image52.wmf]

Select make



	Bottom of Form

	· Radio buttons where only one option can be selected.

	Top of Form
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	Bottom of Form

	· Tick boxes which can be selected with a single mouse click.

	Top of Form
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	Bottom of Form

	· Control buttons such as RESET FORM, CLEAR FORM, CONFIRM and SAVE etc.

	· Validation rules to check the data that is entered is sensible.

	· Double-entry boxes with verification rules to check crucial data such as email addresses are entered correctly.


Validation

Everyone makes mistakes, as a designer of a new system you need to try and prevent peoples mistakes ending up as bad data in the system.

Validation is one way of preventing bad data being entered. It helps to make sure that the data being entered is reasonable. There are many types of validation and you will be expected to choose appropriate validation techniques for the data that the question relates to. The key different validation types are

· Presence check - use to prevent required data from not being entered

· Type check - Prevents, for example, numbers being entered when letters are required

· Format check - Do you want your dates entered as 31/12/2009 or 12/31/2009
· Length check - Should a persons first name be more than 20 characters in length? 
Types of Validation

Some of the types of Validation that you could set up are:

	Validation Techniques

	Type Check
Sometimes you only want data of a certain type entered into a field. 

For example, in a clothes shop, dress sizes may range from 8 to 18.  A number data type would be a suitable choice for this data.  By setting the data type as number, only numbers could be entered and you would prevent anyone trying to enter ‘ten’ or ‘ten and a half’.

Some data types can perform an extra type check.  For example, a date data type will ensure that a date you have entered can actually exist e.g. it would not allow you to enter the date 31/02/07.
	2, 3, 4


14/05/07

	Range Check
A shop may only sell items between the price of £10.00 and £50.00. To stop mistakes being made, a range check can be set up to stop £500.00 being entered by accident.

Another example might be that a social club may not want people below the age of 18 to be able to join.

Notice the use of maths symbols:
> 'greater than'

< 'less than'

= equals
	>=10 AND <=50

 

>=18

	Presence check
There might be an important piece of data that you want to make sure is always stored.

For example, a school will always want to know an emergency contact number, a video rental store might always want to know a customer's address, a wedding dress shop might always want a record of the brides wedding date.

A presence check makes sure that a critcal field cannot be left blank, it must be filled in.
	School database: Emergency contact number

DVLA database: Date test passed

Electoral database: Date of birth

Vet's database: Type of pet

	Picture or format check
Some things are always entered in the same format.

Think about postcode, it always has a letter, letter, number, number, number, letter and letter e.g. CV43 9PB. There may be the odd occasion where it differs slightly e.g. a Birmingham postcode B19 8WR, but the letters and numbers are still in the same order.

A picture or format check can be set up to make sure that you can only put letters where letters should be and numbers where numbers should be.
	Postcode: CV43 9PB

Telephone number (01926) 615432

	Check Digit
This is used when you want to be sure that a range of numbers has been entered correctly for example a barcode or an ISBN number:

ISBN 1 84146 201 2

The check digit is the final number in the sequence, so in this example it is the final ‘2’.

The computer will perform a complex calculation on all of the numbers and then compare the answer to the check digit.  If both match, it means the data was entered correctly. 
	ISBN 1 84146 201 2


Data and File Structures

Data will usually be stored in some type of database. You should be able to suggest a suitable structure for the database given the information in the question. This means deciding upon

· What tables will be required to hold the data - maybe more than one

· What fields will be in a record held in a particular table

Verifying Data

Verification is NOT the same a validation - I can't labour that point enough!!

Verification means checking that the data being enterred, or already enterred, is it the data that the person meant to enter?

There are two verification techniques that you should know about

· Proof reading - read the data that has just been enterred and compare it with the source of the data e.g. a filled-in form on paper

· Double entry - two separate people enter the same data and if both enter it identically then the data is accepted. If the two people enter the same data differently then it is rejected and both have to enter the data again.

Development and Testing

The first attempt at designing a new system is unlikely to be perfect. The new system must be tested to make sure that everything works as it should and then it is likely that changes will need to be made to developed the software further so that the final product is what the customer wants.

Testing normally involves

· Testing each individual part of the system on its' own

· The file/ table structures

· The validation routines

· Data entry processes

· Data output processes

· Testing the system as a whole

· Does the whole system work as it should

· Testing with end-users; can the customer use the software correctly?

What happens if there are problems with the system?

If the system doesn't work properly (or needs changing because it is not usable by the customer) then it is normal to go back to a previous stage to fix the problem. If the problem is severe enough then it may be necessary to go right back to the beginning of the design phase and to start the project again!

Testing
Once the system has been created, it needs to be thoroughly tested.

A test plan is usually written whilst the system is being developed. The test plan will contain details of every single thing that needs to be tested.

For example:

· Does the system open and close properly?
· Can data be entered?

· Can data be saved?

· Can reports be printed?

· When you do something wrong, does an error message appear?

· Is invalid data rejected? E.g. if you are not allowed to enter an amount above £1,000 on the system then a value of 1,001 should not be accepted (i.e. does the validation work?)

Test plans are very detailed, and contain many tests. Each test is specified very precisely. 

A typical test would contain:
· Details of what is being tested
· The test data to use

· What is expected to happen when the test is performed

Testing the system requires the use of test data. This is not real data but made-up data. This test data is designed to make sure that any future real data will not cause problems. There are three different types of test data

· Normal data - like the real data that will be entered into the system

· Date of Birth : 15 January 1994

· Extreme data - data that could possibly be entered but at the edge of what is allowed

· Date of Birth : 15 January 1900

· Abnormal data - bad data that would never be acceptable but that system should deal with without crashing

· Date of Birth : "My Birthday is tomorrow”,” after 5 mins”

Implementation

What is implementation?

Implementation is the process of replacing the old system with the new system.

How is implementation achieved?

There are four different ways of replacing the old system with the new system.

· Direct changeover

· Phased implementation

· Parallel running

· Pilot running

The reasons for choosing one implementation type over another depends upon

· How quickly must the changeover happen?

· How important is it to prevent data loss?

· What will the cost of the changeover be?

Direct Changeover

The cheapest and fastest but high risk.

1. Decide upon a date and time for the changeover

2. At that date and time switch off the old system

3. Immediately switch on the new system

The old system is no longer available and everything must run on the new system. Problems with the new system can cause major problems for the business. Only suitable for non-critical systems.

Phased Implementation

Takes longer to complete the implementation but the risks to the business are less than for direct changeover. Only possible is the new system can be split into separate working parts e.g. sales, marketing, payroll etc.

1. Replace part of the old system with new system, e.g. only replace payroll leaving everything else on the old system

2. Wait until the replaced part is working properly

3. Repeat steps 1-2 with another part

4. Continue until the entire old system has been replaced by the new system

Parallel Running

Highly fault tollerant, new system available immediately but very expensive

1. Leave the old system running

2. Switch the new system on using extra staff to run it

3. Do everything twice, once on the old system and once on the new system

4. continue to run both system with twice the staff and twice the work until the new system is working properly

5. Switch of the old system

Due to the high cost and doubling of work this is only really done if the system being replaced is so important that a failure would cause catastrophic problems e.g. air traffic control computer systems can't be allowed to fail because many people might die.

Pilot Running

If the business has many different offices or sites then this is an option.

1. One single site is chosen and the old system is replaced with the new one in the same way as direct changeover but only in that one site

2. The rest of the business continues to use the old system

3. Once the new system is shown to work well in that one 'pilot' site then the new system can replace the old one in the rest of company

Documentation

A new computer system requires people to learn how to use it, these everyday users require Documentation that just tells them how to use it to do their job. They do not need to know how to modify the program. This is why you must create two different sets of documentation.

· User documentation - how to do normal everyday tasks

· Technical documentation - only for people who need to know how the system works in detail

User Documentation

You should be able to give examples of what would go into user documnetation.

· Purpose of the system

· Limitations of the system

· Hardware and software requirements

· How to use the system

· Input and output formats

· Sample runs

· Error messages

· Trouble-shooting guide

· Frequently asked questions

Technical Documentation

You should be able to give examples of what would go into technical documentation.

· Purpose of the system

· Limitations of the system

· Hardware and software requirements

· program coding

· system flowcharts

· file structures

· list of variables

· list of variables

· validation routines

Evaluation
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Now that the system is up and running for real, it is important to evaluate it.

	It is at this point two key questions are considered:

	Does the finished system do what it is supposed to?

	Does it solve the problem that was found in the first place?

	

	Once the new system has bee implemented and is in full use, the system should be evaluated (this means that we take a long, critical look at it).

The purpose of an evaluation is to assess the system to see if it does what it was supposed to do, that it is working well, and that everyone is happy with it.

	What Does an Evaluation Look For?

	When the systems analyst evaluates the new system, the following questions will be asked: 

Is the system...

	...efficient?

	Does it operate quickly, smoothly and with minimal waste?

Is the system saving time, and resources?

	...easy to use?

	Are all of the system's users able to use the system easily and effectively?

Can new staff understand and use the system with minimal training?

	...appropriate?

	Is the system suitable for the particular business / organization?

Does the system actually meet the needs of the business / organization?

	

But how can we find the answers to these questions?

	How is a System Evaluated?

	The systems analyst will use a number of techniques to evaluate the system...

	Check against the 
Requirements Specification

	If you remember, earlier on in the Systems Analysis, the old system was analyzed, and a checklist of targets was drawn up for the new system. 

This list was called the Requirements Specification.

The systems analyst will use this document to check the new system. Going through the requirements one-by-one the analyst will check if they have been met.

	Check the 
Users' Responses

	It is essential to get feedback from the users of the system... 

	· Do they like it?

	· Does it make their work easier?

	· What, if anything, could be improved?

	The systems analyst can get this feedback in the same way they information about the original system...

	· Questionnaires

	· Interviews

	· Observations

	What Happens Next?

	The outcome of the evaluation will be to identify any limitations or problems with the new system.

The system analyst will then need to begin the task of system analysis from the beginning, but this time analyzing the new system, and then designing, testing and implementing improvements.

Thus the whole process repeats...

	The fact that the process of Systems Analysis is often repeated over and over (constantly building upon and improving systems) means that it is often referred to as a cyclic (repeating) process. 



Theory over!!!!!!!!!!!! 
Now what take a break and refresh your mind
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