Computer structure

The diagram below shows the components used in a typical computer system. It is a simple representation of how a computer works and is often referred to as the ‘four box diagram’.

Four box diagram
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When your computer is switched off all programs and data are held on backing store media such as hard drives, floppy disks, zip disks and CD​R/W. Once the computer is switched on, the operating system is loaded from the backing store into main memory (RAM). The computer is now ready to run programs.

When the user opens a word processor file both the application program and the file itself are loaded into the main memory. The user may then edit the document by typing on the keyboard. It is the processor that controls the timing of operations and runs the word​processing program, allowing the user to add new text.

Once the editing is complete, the user saves the file to the backing store and this overwrites the original file (unless a new file name is used). If there is a power failure or the user does not save the document to the backing store then the file will be lost forever.

Throughout this process the document is outputted to the monitor so that the user can see what is happening. The user may wish to obtain a hardcopy of the document by using the mouse (input) to instruct the processor (process) to make a printout (output).

This example shows the relationship between the backing store, the main memory and the processor.

Computer Structure

The processor

The processor is at the heart of the computer system and forms the main component of the computer itself. Within the processor are the control unit, the arithmetic and logic unit (ALU) and registers. Together they are responsible for the overall operations that make the computer work.
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                                     Main memory (RAM)

Computer programs are simply a list of instructions that have to be carried out in a particular order. The control unit sends signals that fetch each of these instructions in turn from the main memory (they are held in registers within the processor). It then decodes and executes them. The ALU is involved from time to time where it is necessary to perform arithmetic calculations or make logical decisions. This is far removed from the games and application programs with which you are familiar but all programs are run in this manner.

Control unit

The main functions of the control unit are:

1. 
to control the timing of operations within the processor

2. 
to send out signals that fetch instructions from the main memory

3. 
to interpret these instructions

4. 
to carry out instructions that are fetched from the main memory.

In general the control unit is responsible for the running of programs that are loaded into the main memory.


     Arithmetic and logic unit

     The main functions of the ALU are:

     1.  to perform arithmetic calculations (addition, subtraction, multiplication,

          division)

      2. to perform logic functions involving branching e.g. 

          IF…THEN
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Registers

These are temporary storage areas within the processor that are used to hold data that has been fetched from the memory or produced during a calculation.

Main memory
The main memory of a computer is composed of ROM and RAM.

Read Only Memory (ROM) is used to store a small part of the operating system called the bootstrap loader. When your computer is switched on, the bootstrap loader examines the backing store devices to find the operating system. Once found it is loaded into RAM.

ROM has the following features:

1. 
data in ROM is permanently etched onto a microchip

2. 
ROM is read-only so it cannot be changed

3. 
data on ROM is not lost when the computer is switched off.

Random Access Memory (RAM) is the largest part of the main memory. This is where the operating system is stored; it also holds all programs and data. You can purchase additional RAM chips and install them in your desktop computer.


RAM has the following features:

1. 
the data in RAM is read/write so it can be changed

2. 
all data stored in RAM is lost when then computer is switched off

3. 
RAM is sometimes referred to as primary storage.

Storage refers to the media and methods used to keep information available for later use. Some data will be needed right away while some won’t be needed for extended periods of time. Different methods are therefore appropriate for different uses.
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The main memory holds the data that the processor needs immediately and for this reason it is sometimes called primary storage. However, the main memory is not as large as the backing storage devices and there has to be some way of saving data when the computer is turned off (remember that all the contents of the main memory are lost when the power is switched off); this is where the backing store comes in. By saving your files and programs onto the backing store they will still be there even after the computer is switched off. As any data saved to the backing store must first be stored in the main memory, the backing store is sometimes called secondary storage.

Descriptions of different computer systems

The details of the specifications included in this section are accurate at the time of writing. It will be necessary to update them as technology advances by consulting the latest magazines.

This section covers:

· desktop computers

· portable systems, including laptops and palmtops

· mainframe computers

· embedded computer systems.

A computer system is described by reference to:

· its processing power

· the size of its memory

· its backing storage

· its input and output devices.

In the following section, these topics are discussed for each type of computer system listed above.

Desktop computer

Sometimes known as a personal computer, this is a computer system that can fit on your desk at home, work, school or college. The individual elements of a desktop computer vary according to the needs of the user. Some users need a general-purpose desktop computer to run a range of applications; others need a desktop computer that will form a workstation on a network. A typical desktop computer comprises a central processing unit (CPU), a monitor, a keyboard, a mouse and a printer. The CPU includes the processor, the main memory and other important electronic circuits.

Computer Structure

[image: image2.png]Monitor





Processing power

To judge the processing power of any computer system accurately is a complex task that takes into account a range of factors beyond the scope of this unit. It is dealt with in depth in the Computer Systems unit at Higher. For the purposes of this unit we will use the clock speed of the processor as the main indicator of the processing power of a system. The clock in a computer system is a regular stream of electronic pulses in the control circuit that keeps everything working in time. The speed of the clock is measured in MHz (MegaHertz) or, more recently, in GHz (GigaHertz). A processor working at 900 MHz sends out 900 million clock pulses per second. The most recent desktop computers have processor speeds of up to 3.2 GHz. These processors have the ability to handle complicated graphics, text, number, and data processing tasks and are ideal for video editing.

Memory size

Recent desktop computers commonly have 256 Mb of RAM, usually expandable to 3 Gb (depending on the motherboard and processor). Memory of this size is used for graphics, multimedia applications and to meet the needs of ever-expanding operating systems.

Backing storage devices

All desktop computers are fitted with a variety of backing storage devices. These may include:

·  a large-capacity hard disk, which is commonly in the region of 80 Gb

but can be up to 200 Gb. This is necessary to hold digital images,

particularly video; 30 seconds of video can take up to 20 Mb of disk space.
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· a CD ROM drive or DVD drive, used to store software and data files

      that do not need to be updated. Rewritable CD drives may be added

      to the system if needed.

· DVD-RW drives are now becoming very popular both as back-up devices and

      to store digital video images.

Input devices

Most desktop computers have a standard keyboard and mouse. Depending on the use made of the system, additional specialist devices may be required. These include:

· a microphone for speech input

· a webcam for video conferencing

· a graphics tablet for artists or graphic designers

·  a scanner to capture ready-made graphics or images from a page, or to input 

      text and convert it to an editable text file using optical character recognition 

     (OCR)

· a joystick for game playing.

Output devices

All desktop systems can produce printed output (known as hardcopy) and screen output (known as softcopy). Most can also produce sound output. Output devices include:

· an inkjet or laser printer: a standard requirement of all desktop systems. Both 

     inkjet and laser printers are capable of producing quality hardcopy output.

· a screen or monitor: many desktop systems have 17" monitors as standard, 

    1600 x 1200 pixels, which enable desktop systems to produce high-quality 

     graphical images. Thin-film transistor (TFT) monitors (using liquid crystal 

     display (LCD) technology) have also become popular.

· speakers: a desktop system used to run multimedia applications should have 

     a pair of good-quality speakers attached.

· modem: used to transfer data across a public communications system.

· network interface card (NIC): home networking is now a reality, with 

     computers sharing devices, data and internet access.

Typical applications

Typical applications that can be run on a desktop computer are:

· word processing

· database

· graphics

· communications – internet browser

· spreadsheet

· desktop publishing software

· presentation software.
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A multimedia desktop computer can also run multimedia authoring software (for editing videos) as well as multimedia information systems such as Grolier (a multimedia encyclopedia).

Computers that are intended for game playing will usually have a graphics card installed with 256 Mb of onboard RAM. This can process 3D graphics.

Computers communicate with external devices such as printers and modems using parallel and serial ports. However, faster ports have now been developed and are common on most desktop computer systems. They include universal serial bus (USB) and Firewire. In fact, USB 1.0 is now being superceded by USB 2.0, which has a much faster data transfer rate.

Portable systems: laptops

Processors

Processors for laptops are very powerful; in many cases just as powerful as those used on desktops. A current top of the range system is 2.4 GHz, with 512 Mb of RAM. Some manufacturers produce specially designed processors that work at a lower voltage than ordinary processors. These systems reduce the amount of power used, an important factor in a small portable system.
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Backing storage devices

Laptops employ a range of different types of backing storage. A laptop might be fitted with some of the following:

· a 40 Gb hard drive

· a removable 3.5" floppy drive

· a combination 8xDVD-ROM and 8x/4x/24xCD-RW drive.

Input devices

Common input devices are:

· a pointing stick or touchpad: these devices take the place of a mouse, 

         which is bulky to store and carry and also needs space for its mouse mat

· a keyboard: laptops often have the full set of 89 characters found on 

         standard keyboards.

Computer Structure

Output devices

Common output devices include:

· LCD screens: these are used because they are light, compact and can run on 

      the low power provided by small batteries. LCD screens can be quite large, 

      around 12” or 13" in size, and they generally have high resolution (1024 x 768 

      pixels)

· small built-in speakers

· infrared communications facility for sending or receiving data to and from a 

      desktop computer

· modem

· NIC

· USB or Firewire interface to allow other devices to be connected to the 

      laptop.

Uses

Mainly used as a portable computer system between the user’s place of work and home.

Portable systems: palmtops and
portable document assistants (PDAs)


Processing power

Palmtops have less powerful processors that run at slower speeds than desktop processors, often between 200 and 500 MHz.

Memory size

Installed memory is the amount of available memory that comes with the PDA. This is much less than a laptop or desktop. You can usually add more memory through an expansion slot. Even the newer, colour Palm models come with only 64 Mb of memory.
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Backing store

Unlike other computers, the RAM is used as a backing store device in a PDA. This means that a constant current has to be applied to preserve the data. Additional backing store can be purchased and plugged into the PDA (often the same type used by digital cameras). Sizes range from 32 Mb to 2 Gb.

Input devices

Palmtop systems use special input devices to enter data. These include:

· touch screens that require a stylus to enter data. Some devices have a jog 

      dial, which allows the user to scroll through pages and make a selection 

      quickly; others use keyboards

· voice input: many palmtops have a microphone and typically can record 

      around 16 minutes of speech per megabyte of memory available in the 

      system

· a keyboard: some palmtops have a 61-key keyboard

· infrared receiver: many palmtops make use of an infrared receiver/ 

      transmitter to exchange data with other palmtops or with a desktop computer 

      or printer

· some PDAs come with built-in modems for web browsing and e-mail, while 

      others come with wireless capabilities, such as a cellular phone connection.

Output devices

Palmtop systems employ a variety of output devices including:

· LCD screens: often these are backlit for extra clarity. However, screen sizes 

      are small, the largest being around a 6.5" diagonal. Resolutions vary, the 

      highest being in the range 640 x 480 pixels

· a speaker

· an infrared transmitter to receive data from other compatible devices

· a wireless connection to other computers.

Mainframe computers

One of the first types of computers to be used commercially was the mainframe. This system operates by sharing a processor between a large number of ‘dumb terminals’. These terminals are composed of a monitor and a keyboard, but they do not have their own processor, hence the term ‘dumb’.
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Large businesses, such as banks and insurance companies, use mainframes to allow their remote branches access to the processor, which is held in a central location. The processor has to be very powerful as huge amounts of data are dealt with. Imagine the number of credit card transactions throughout the country that are processed in a single day. Mainframes support multi-access and multi-programming.

Processing power

A mainframe computer will have several processors that work together, making the machine extremely powerful.

Memory size

There is usually a vast amount of memory. Some modern mainframes can support more than 32 Gb of main memory!

Backing store devices

These are typically greater than 100 Gb hard disk. Tape drives are also used for back-up or batch processing.

Input devices 

Keyboard.

Output devices

Line printers, page printers and monitors.

Embedded computer systems

An embedded system employs a combination of hardware and software to perform a specific function. It is often part of a larger system that may not be a ‘computer’ and it works in a real-time environment that is affected by time constraints.

Embedded systems come in a tremendous variety of sizes and types. An embedded system may be as small as a single 8-pin integrated circuit that performs the functions of a few logic gates, or may be as large as a system with 256 Mb of memory, a small disk (20 Gb or so), a Pentium processor and a host of intelligent peripherals. The range of physical size and computing power is huge, but all embedded systems have these features:

· they perform a very well-defined task for the product, equipment or system 

         in which they are found

· they do not permit user interaction with their operation except

         where such interaction may be the task of the embedded system

· they are considered to be a component of the (usually much larger)

         product, equipment or system.
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Some applications of embedded systems are:

· consumer electronics

· cameras, camcorders, cellular phones, PDAs

· CD players

· timing and control electronics in microwave ovens, coffee makers

· consumer products

· washing machines, fridges, microwave ovens

· controllers for vacuum cleaners and washing machines for sensing dirt  

           loads

· cars: control of the dashboard, ignition, fuel injection, suspension 

           stiffness and environmental temperature and anti-lock braking systems

· industrial/communications products

· printers, fax machines

· robotic devices

· elevator, environmental and security systems in buildings

· multimedia applications

· video conferencing servers

· interactive game boxes, TV set-top boxes

· keyboards and other controllers for computers.

Anti-lock braking system

An anti-lock braking system (ABS) is a system on motor vehicles that prevents the wheels from locking while braking. The purpose of this is twofold: to allow the driver to maintain steering control and to shorten braking distances.
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A typical ABS is composed of a central electronic unit, four speed sensors (one for each wheel) and two or more hydraulic valves on the brake circuit. The electronic unit constantly monitors the rotation speed of each wheel. When it senses that one or more wheel is rotating slower than the others (a condition that will bring it to lock), it moves the valves to decrease the pressure on the braking circuit, effectively reducing the braking force on that wheel.

When activated, the ABS causes the brake pedal to pulse significantly. As most drivers rarely or never brake hard enough to cause brake lock-up, and rarely bother to read the car’s manual, this is usually not discovered until an emergency. When drivers do encounter an emergency situation that causes them to brake hard and thus encounter this pulsing for the first time, many are believed to reduce pedal pressure and thus lengthen braking distances, contributing to a higher level of accidents rather than reduced! Some manufacturers have therefore implemented brake assist systems that determine that the driver is attempting a crash stop and maintain braking force in this situation.

The ABS equipment may also be used to implement traction control on acceleration of the vehicle. If when accelerating, the tyre loses traction with the ground (icy conditions), the ABS controller can detect the situation and apply the brakes to reduce the acceleration so that traction is regained.

ABS is typical embedded system: it forms part of a larger system, involves the use of sensors and works in real-time.

Seat belt alarm control

Modern vehicles are fitted with a seat belt alarm which is activated once the driver turns the ignition key. When the driver turns on the ignition key a timer is activated. The driver has 5 seconds to fasten his/her seat belt or the alarm will sound. The alarm stops if the driver fastens the seat belt within a further 5 seconds. If the driver fails to fasten the seat belt within the 5 seconds then the alarm will switch off.

The actual workings of the seat belt system are given below.

IF key in THEN

        Start timer

        IF timer= 5 s THEN

              Sound alarm

        END IF

        IF belt on OR key Alarm set to END IF

        IF belt on OR key 

           Alarm set to 

           END IF

END IF
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This is another example of an embedded system:

· it has a well-defined task

· it forms part of a larger system

· it involves the use of sensors

· it works in real-time

· in this case it allows the user to interact with the embedded system as the 

         whole point is to encourage the driver to fasten their seat belt.

In summary, we can say that:

· embedded systems are components of a larger system

· the function of embedded systems is determined by the software installed 

          in them

· embedded systems are available in a large variety of sizes and 

          configurations 

·     the advantages of embedded systems are:

· they can be used to create many new devices and products

· they can be easily adapted or modified

· they are ROM based, so operate very quickly.

Processing power

This varies depending on the manufacturer but a standard computer processor can be used when installed on a compact motherboard. Processor speeds currently quoted are up to 600 MHz.

Memory size

This depends on the particular embedded system but can be as small as a single bit, or as large as the requirements of a full-scale computer i.e. 512 Mb or more.

Backing store devices

Sometimes there may be no backing system (as in the example of a seat belt alarm system). However, where there is a need for backing store it is usually in the form of flash memory, like the cards used in digital cameras. Their capacity is in the range 32 Mb to 2 Gb.

Input devices

As embedded systems are very versatile, there is a wide range of possible input devices:

· mechanical: strain gauges, keyboards, mouse, buttons

· electrical: field probes/sensors, network cables

· magnetic: tape heads, disk heads

· optical: wands, cameras

· sound: microphone.
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Output devices

· mechanical: impact printers, card punches

· electrical: network cables

· magnetic: tape heads, disk heads

· optical: cathode-ray tubes, projectors

· sound: speakers.

Embedded systems are the fastest growing area in the field of computing.
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