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HOW TO USE THIS GUIDE

This workbook belongs to you.  It is designed to serve as a guide for the duration of your training programme and as a resource for after the time.    It contains readings, activities, and application aids that will assist you in developing the knowledge and skills stipulated in the specific outcomes and assessment criteria.  Follow along in the guide as the facilitator takes you through the material, and feel free to make notes and diagrams that will help you to clarify or retain information.  Jot down things that work well or ideas that come from the group.  Also, note any points you would like to explore further.  Participate actively in the skill practice activities, as they will give you an opportunity to gain insights from other people’s experiences and to practice the skills.  Do not forget to share your own experiences so that others can learn from you too.  

ICONS

For ease of reference, an icon will indicate different activities.  The following icons indicate different activities in the manual.
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PROGRAMME OVERVIEW 

PURPOSE

This unit standard is intended:
to provide a fundamental knowledge of the areas covered

for those working in, or entering the workplace in the area of Information Systems and Technology Management.

as additional knowledge for those wanting to understand the areas covered 

At the end of the training session you will be able to:

Explain computer architecture elements

Explain the organisation of a computer

Describe the design constraints in the design of instruction sets for computers

The performance of all elements is to a standard that allows for further learning in this area

LEARNING ASSUMPTIONS

The credit value of this unit is based on a person having prior knowledge and skills to:

Demonstrate an understanding of fundamental mathematics (at least NQF level 3)

Demonstrate PC competency skills (End-User Computing unit Standards, at least up to NQF level 3.)
Demonstrate an understanding of types of computer systems. (SGB-ID= IST004).

HOW YOU WILL LEARN

The programme methodology includes facilitator presentations, readings, individual activities, group discussions, and skill application exercises.

HOW YOU WILL BE ASSESSED

This programme has been aligned to registered unit standards.  You will be assessed against the outcomes of the unit standards by completing a knowledge assignment that covers the essential embedded knowledge stipulated in the unit standards.  When you are assessed as competent against the unit standards, you will receive a certificate of competence and be awarded 7 credits towards a National Qualification.

FORMATIVE ASSESSMENT 

In each Learner Guide, several activities are spaced within the content to assist you in understanding the material through application. Activities in the learner manual are not for assessments. Formative assessments are in a separate module written formative assessment. 

Please make sure that you complete ALL activities in the Formative Assessment Guide, Formative activities must be completed at the end of each section. 

SUMMATIVE ASSESSMENT 

You will be required to complete a Portfolio of Evidence for summative assessment purposes. A portfolio is a collection of different types of evidence relating to the work being assessed. It can include a variety of work samples. The Portfolio Guide will assist you in identifying the portfolio and evidence requirements for final assessment purposes. You will be required to complete Portfolio activities on your own time, using real life projects in your workplace environment in preparing evidence towards your portfolio.

Being Declared Competent Entails:

Competence is the ability to perform whole work roles, to the standards expected in employment, in a real working environment.
There are three levels of competence:

Foundational competence: an understanding of what you do and why.

Practical competence: the ability to perform a set of tasks in an authentic context.

Reflexive competence: the ability to adapt to changed circumstances appropriately and responsibly, and to explain the reason behind the action.

To receive a certificate of competence and be awarded credits, you are required to provide evidence of your competence by compiling a portfolio of evidence, which will be assessed by a MICT SETA accredited assessor.

You Have to Submit a Portfolio of Evidence
A portfolio of evidence is a structured collection of evidence that reflects your efforts, progress and achievement in a specific learning area, and demonstrates your competence.
The Assessment of Your Competence
Assessment of competence is a process of making judgments about an individual's competence through matching evidence collected to the appropriate national standards. The evidence in your portfolio should closely reflect the outcomes and assessment criteria of the unit standards of the learning programme for which you are being assessed. To determine a candidate’s knowledge and ability to apply the skills before and during the learning programme, formative assessments are done to determine the learner’s progress towards full competence. 
This normally guides the learner towards a successful summative (final) assessment to which both the assessor and the candidate only agree when they both feel the candidate is ready. Should it happen that a candidate is deemed not yet competent upon a summative assessment, that candidate will be allowed to be re-assessed. The candidate can, however, only be allowed two reassessments. 

When learners have to undergo re-assessment, the following conditions will apply:

Specific feedback will be given so that candidates can concentrate on only those areas in which they were assessed as not yet competent.

Re-assessment will take place in the same situation or context and under the same conditions as the original assessment.

Only the specific outcomes that were not achieved will be re-assessed.

Candidates who are repeatedly unsuccessful will be given guidance on other possible and more suitable learning avenues.

In order for your assessor to assess your competence, your portfolio should provide evidence of both your knowledge and skills, and of how you applied your knowledge and skills in a variety of contexts.

This Candidate’s Assessment Portfolio directs you in the activities that need to be completed so that your competence can be assessed and so that you can be awarded the credits attached to the programme. 

	NOTE YOUR POE GUIDE HAS MORE INFORMATION ON THE ASSESSMENT PROCESS


Assessment Process Flow
SECTION 1:  COMPUTER ARCHITECTURE ELEMENTS


INTRODUCTION

In order to understand why things go wrong with computers you need to know how they work. Have you ever experienced this: you have a tight deadline and your computer just decided not to work? What did you do? If a computer is not working properly you need to understand how it was designed to function so that you can repair it. In order to understand the design of computers you need to know about the elements of computer architecture. This will assist you to understand how the elements work together as a whole. In this section we will explore elements of computer architecture. 
 Definition of key terms
Computer architecture: is a description of the design of a computer system. It has a physical and abstract level. In short, computer architecture refers to how a computer system is designed and what technologies it is compatible with.

Element: one part or feature of a whole system
System: a group of related parts that work together as a whole for a particular purpose. 

The study of computer architecture helps us to look at the way in which the parts of a computer make up a system. 
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Think about how the different parts of a car such as the engine, brakes, gearbox, suspension and electrics work together so that the car functions properly. If one of these parts stops working, then the car cannot function properly. All the parts of a car make up its design and all of them together make up a system so that the car functions as it should. 

Computer architecture works in the same way. 

THE FUNCTIONS OF ELEMENTS WHICH MAKE UP COMPUTER ARCHITECTURE (AC 1- AC 4)

The elements of computer architecture are all part of the design of a computer. All these elements need to be present to make the computer function the way it was designed or built to do. 
Together, the elements of computer architecture make up a complete system that is made up of the following elements:

Internal parts: these make up the hardware inside the computer that processes and stores information.
External parts: this is the hardware outside the computer that you use to view and input information such as a monitor, keyboard and a mouse.

Software: these are programs that you can install to allow the hardware to process and store information in a certain way.

A computer user: this is the person who operates the computer by giving it instructions about what to do.
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Can you identify components of a computer system shown in the diagram above?

A very good example of computer architecture is Von Neumann architecture, which is still used by most types of computers today. This was proposed by the mathematician John Von Neumann in 1945. It describes the design of an electronic computer with its Central Processing Unit (CPU), which includes the arithmetic logic unit, control unit, registers, memory for data and instructions, an input/output interface and external storage functions. There are three categories of computer architecture:


System Design: This includes all hardware components in the system, including data processors aside from the CPU, such as the graphics processing unit and direct memory access. It also includes memory controllers, data paths and miscellaneous things like multiprocessing and virtualisation

Instruction Set Architecture (ISA): This is the embedded programming language of the central processing unit. It defines the CPU's functions and capabilities based on what programming it can perform or process. This includes the word size, processor register types, memory addressing modes, data formats and the instruction set that programmers use.

Microarchitecture: Otherwise known as computer organisation, this type of architecture defines the data paths, data processing and storage elements, as well as how they should be implemented in the ISA.
1.2.1 HARDWARE

Hardware is the name given to all the physical electronic components or parts of a computer which we can see and touch. Examples of hardware include:

Circuit boards

Monitors

Power units

Printers

Wires

Cables

Transistors

Circuits 

The types of hardware that you see outside a computer are called peripherals. Examples of these include;

Scanners

Printers

Keyboards

Modems, and 

Memory sticks

Peripherals are a good example of how different types of hardware can only do the things that they are mechanically designed to do. For example, you can use the printer to print documents because this is what its mechanical function is. You cannot use it to connect to the internet; for this you will need a modem. In addition, you cannot type a business report with a mouse; you need a keyboard instead.
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Practical activity

In pairs, study the diagram below and answer the following questions:

Identify the computer hardware shown in the diagram below.

Explain the functions of each component.
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1.2.2 FIRMWARE
Some types of hardware have software embedded inside them. This type of software is called firmware.  Firmware is therefore an element that is between hardware and software. It is software that depends on a specific piece of hardware to function. The harware component of firmware usually represents the software component. Examples of firmware is the control menus on an iPod. When you make reference to an iPod, you talk about the control menus and the iPod hardware itself as being the iPod. So the hardware component of the iPod represents the iPod’s control menus.

Firmware is usually included with hardware when you buy it. Therefore, you do not usually have to deal with firmware in much detail.

1.2.3 SOFTWARE

Software tells hardware what to do. It allows a computer to perform very specifc functions such as deleting files or storing information. Just as hardware cannot work without software telling it what to do, software cannot work without hardware to process its instructions. There are tow main types of software:

System software, and

Application software
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System Software

The system software is collection of programs designed to operate, control, and extend the processing capabilities of the computer itself. System software are generally prepared by computer manufactures. These software products comprise of programs written in low-level languages which interact with the hardware at a very basic level. System software serves as the interface between hardware and the end users.

[image: image6.jpg]



Some examples of system software are 

Operating System

Compilers

Interpreter

Assemblers etc.

The operating system is the most common example of system software; you cannot use a computer without an operating system. Before using a computer you need to install an operating system such as Microsoft Windows, Linux or Mac OS. Once you have installed system softwae, you can start to use the computer however if you want a computer to be really useful you need to use application software. 
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Features of system software are as follows:

Close to system

Fast in speed

Difficult to design

Difficult to understand

Less interactive

Smaller in size

Difficult to manipulate

Generally written in low-level language

Application Software

Application software products are designed to satisfy a particular need of a particular environment. All software applications prepared in the computer lab can come under the category of Application software.

Application software may consist of a single program, such as a Microsoft's notepad for writing and editing simple text. It may also consist of a collection of programs, often called a software package, which work together to accomplish a task, such as a spreadsheet package.
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Examples of Application software are following:

Payroll Software

Student Record Software

Inventory Management Software

Income Tax Software

Railways Reservation Software

Microsoft Office Suite Software

Microsoft Word

Microsoft Excel

Microsoft Powerpoint
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Features of application software are as follows:

Close to user

Easy to design

More interactive

Slow in speed

Generally written in high-level language

Easy to understand

Easy to manipulate and use

Bigger in size and requires large storage space
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In groups of 4 or 5,
Explain the importance of firmware.

What are the uses of computer software? Identify the main types of computer software.


1.2.4 VIRTUAL MACHINE
A virtual machine (VM) is an operating system OS or application environment that is installed on software which imitates dedicated hardware. The end user has the same experience on a virtual machine as they would have on dedicated hardware.

Specialised software called a hypervisor emulates the PC client or server's CPU, memory, hard disk, network and other hardware resources completely, enabling virtual machines to share the resources. The hypervisor can emulate multiple virtual hardware platforms that are isolated from each other, allowing virtual machines to run Linux and Windows server operating systems on the same underlying physical host. 

Virtualisation saves costs by reducing the need for physical hardware systems. 

Virtual machines more efficiently use hardware, which lowers the quantities of hardware and associated maintenance costs, and reduces power and cooling demand. They also ease management because virtual hardware does not fail. 

Administrators can take advantage of virtual environments to simplify backups, disaster recovery, new deployments and basic system administration tasks.


Virtual machines do not require specialised hypervisor-specific hardware. Virtualisation does however require more bandwidth, storage and processing capacity than a traditional server or desktop if the physical hardware is going to host multiple running virtual machines. VMs can easily move, be copied and reassigned between host servers to optimise hardware resource utilisation. Because VMs on a physical host can consume unequal resource quantities (one may hog the available physical storage while another stores little), IT professionals must balance VMs with available resources.

THE FUNCTIONAL LEVEL OF A COMPUTER (Range)
The abstraction levels that we find in computer architecture are:
Kernel

Assembler

Firmware

Hardware

Hardware and firmware levels which we covered in section 2.2 are at the bottom while the software level is at the top. These levels are called abstraction levels because they show the levels of computer architecture as they move from the most abstract to the most concrete. 

Hardware is on the bottom level because it is the least abstract (or most concrete) element of computer architecture. This is because hardware is physical so you can touch it. 

Software is on the top level because it is the most abstract element of computer architecture. 

The two levels between the firmware and software are assemblers and kernels. 


A kernel is the part of an operating system that translates the communication between the operating system and the devices it controls.

An assembler is a utility program that translates assembly languages into forms that a computer can understand.
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In groups of 4 or 5,
Identify the abstract levels that we can find in computer architecture.

Explain their uses.



Summary

Synopsis

In this section you explained computer architecture elements.
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SECTION 2:   THE ORGANISATION OF A COMPUTER


INTRODUCTION

Computer organisation is also called the micro-architecture of a computer. Micro-architecture explains how the physical parts of a computer work together to allow data to flow. In this section we will look at these physical parts in more detail. 

THE PURPOSE OF COMPUTER COMPONENTS (AC 1, AC 2)
When you study computer organisation you study the purpose of the components that work together to allow data flow. The components of a computer include;
The motherboard

Power supply

Battery

Storage devices

Central processing unit (CPU)

Memory

Cables and leads

Personal computer (PC) cards, and

Other elements such as buses, interfaces, modems, input peripherals and output peripherals 

All types of computers follow a same basic logical structure and perform the following five basic operations for converting raw input data into information useful to their users.

	Sr.No.
	Operation
	Description

	1
	Take Input
	The process of entering data and instructions into the computer system

	2
	Store Data
	Saving data and instructions so that they are available for processing as and when required.

	3
	Processing Data
	Performing arithmetic, and logical operations on data in order to convert them into useful information.

	4
	Output Information
	The process of producing useful information or results for the user, such as a printed report or visual display.

	5
	Control the workflow
	Directs the manner and sequence in which all of the above operations are performed.
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This unit contains devices with the help of which we enter data into computer. This unit makes link between user and computer. The input devices translate the information into the form understandable by computer.
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CPU (Central Processing Unit)

CPU is considered as the brain of the computer. CPU performs all types of data processing operations. It stores data, intermediate results and instructions (program). It controls the operation of all parts of computer. CPU itself has following three components

ALU(Arithmetic Logic Unit)

Memory Unit

Control Unit

Output Unit

Output unit consists of devices with the help of which we get the information from computer. This unit is a link between computer and users. Output devices translate the computer's output into the form understandable by users.

COMPUTER – CPU (CENTRAL PROCESSING UNIT)

CPU consists of the following features:

CPU is considered as the brain of the computer.

CPU performs all types of data processing operations.

It stores data, intermediate results and instructions (program).

It controls the operation of all parts of computer.

CPU itself has following three components.

Memory or Storage Unit

Control Unit

ALU(Arithmetic Logic Unit)

Memory or Storage Unit

This unit can store instructions, data and intermediate results. This unit supplies information to the other units of the computer when needed. It is also known as internal storage unit or main memory or primary storage or Random access memory (RAM). Its size affects speed, power and capability. Primary memory and secondary memory are two types of memories in the computer. Functions of memory unit are:

It stores all the data and the instructions required for processing.

It stores intermediate results of processing.

It stores final results of processing before these results are released to an output device.

All inputs and outputs are transmitted through main memory.

Control Unit

This unit controls the operations of all parts of computer but does not carry out any actual data processing operations. Functions of this unit are:

It is responsible for controlling the transfer of data and instructions among other units of a computer.

It manages and coordinates all the units of the computer.

It obtains the instructions from the memory, interprets them, and directs the operation of the computer.

It communicates with Input/ Output devices for transfer of data or results from storage.

It does not process or store data.

ALU(Arithmetic Logic Unit)

This unit consists of two subsections namely

Arithmetic section

Logic Section

Arithmetic Section: Function of arithmetic section is to perform arithmetic operations like addition, subtraction, multiplication and division. All complex operations are done by making repetitive use of above operations.

Logic Section: Function of logic section is to perform logic operations such as comparing, selecting, matching and merging of data.

COMPUTER - INPUT DEVICES

Following are few of the important input devices which are used in a computer:

Keyboard

Mouse

Joy Stick

Light pen

Track Ball

Scanner

Graphic Tablet

Microphone

Magnetic Ink Card Reader(MICR)

Optical Character Reader(OCR)

Bar Code Reader

Optical Mark Reader(OMR)

Keyboard

Keyboard is the most common and very popular input device which helps in inputting data to the computer. The layout of the keyboard is like that of traditional typewriter, although there are some additional keys provided for performing additional functions. Keyboards are of two sizes 84 keys or 101/102 keys, but now keyboards with 104 keys or 108 keys are also available for Windows and Internet.
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The keys on the keyboard are as follows:

	Sr.No
	Keys
	Description

	1
	Typing Keys
	These keys include the letter keys (A-Z) and digit keys (0-9) which generally give same layout as that of typewriters.

	2
	Numeric Keypad
	It is used to enter numeric data or cursor movement. Generally, it consists of a set of 17 keys that are laid out in the same configuration used by most adding machines and calculators.

	3
	Function Keys
	The twelve function keys are present on the keyboard which are arranged in a row at the top of the keyboard. Each function key has unique meaning and is used for some specific purpose.

	4
	Control keys
	These keys provide cursor and screen control. It includes four directional arrow keys. Control keys also include Home, End, Insert, Delete, Page Up, Page Down, Control(Ctrl), Alternate(Alt), Escape(Esc).

	5
	Special Purpose Keys
	Keyboard also contains some special purpose keys such as Enter, Shift, Caps Lock, Num Lock, Space bar, Tab, and Print Screen.


Mouse

Mouse is most popular pointing device. It is a very famous cursor-control device having a small palm size box with a round ball at its base which senses the movement of mouse and sends corresponding signals to CPU when the mouse buttons are pressed. Generally it has two buttons called left and right button and a wheel is present between the buttons. Mouse can be used to control the position of cursor on screen, but it cannot be used to enter text into the computer.
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Advantages

Easy to use

Not very expensive

Moves the cursor faster than the arrow keys of keyboard.

[image: image17]
Joystick

Joystick is also a pointing device which is used to move cursor position on a monitor screen. It is a stick having a spherical ball at its both lower and upper ends. The lower spherical ball moves in a socket. The joystick can be moved in all four directions. The function of joystick is similar to that of a mouse. It is mainly used in Computer Aided Designing (CAD) and playing computer games.
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Light Pen

Light pen is a pointing device which is similar to a pen. It is used to select a displayed menu item or draw pictures on the monitor screen. It consists of a photocell and an optical system placed in a small tube. When the tip of a light pen is moved over the monitor screen and pen button is pressed, its photocell sensing element detects the screen location and sends the corresponding signal to the CPU.
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Track Ball

Track ball is an input device that is mostly used in notebook or laptop computer, instead of a mouse. This is a ball which is half inserted and by moving fingers on ball, pointer can be moved. Since the whole device is not moved, a track ball requires less space than a mouse. A track ball comes in various shapes like a ball, a button and a square.
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Scanner

Scanner is an input device which works more like a photocopy machine. It is used when some information is available on a paper and it is to be transferred to the hard disc of the computer for further manipulation. Scanner captures images from the source which are then converted into the digital form that can be stored on the disc. These images can be edited before they are printed.
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Digitizer

Digitizer is an input device which converts analog information into digital form. Digitizer can convert a signal from the television or camera into a series of numbers that could be stored in a computer. They can be used by the computer to create a picture of whatever the camera had been pointed at. Digitizer is also known as Tablet or Graphics Tablet because it converts graphics and pictorial data into binary inputs. A graphic tablet as digitizer is used for doing fine works of drawing and image manipulation applications.
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Microphone

Microphone is an input device to input sound that is then stored in digital form. The microphone is used for various applications like adding sound to a multimedia presentation or for mixing music.
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Magnetic Ink Card Reader(MICR)

MICR input device is generally used in banks because of a large number of cheques to be processed every day. The bank's code number and cheque number are printed on the cheques with a special type of ink that contains particles of magnetic material that are machine readable. This reading process is called Magnetic Ink Character Recognition (MICR). The main advantage of MICR is that it is fast and less error prone.
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Optical Character Reader(OCR)

OCR is an input device used to read a printed text. OCR scans text optically character by character, converts them into a machine readable code and stores the text on the system memory.
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Bar Code Readers

Bar Code Reader is a device used for reading bar coded data (data in form of light and dark lines). Bar coded data is generally used in labelling goods, numbering the books etc. It may be a hand held scanner or may be embedded in a stationary scanner. Bar Code Reader scans a bar code image, converts it into an alphanumeric value which is then fed to the computer to which bar code reader is connected.
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Optical Mark Reader(OMR)

OMR is a special type of optical scanner used to recognize the type of mark made by pen or pencil. It is used where one out of a few alternatives is to be selected and marked. It is specially used for checking the answer sheets of examinations having multiple choice questions.
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OUTPUT DEVICES

Following are few of the important output devices which are used in a computer.

Monitors

Graphic Plotter

Printer

A Monitor

Monitors, commonly called as Visual Display Unit (VDU), are the main output device of a computer. It forms images from tiny dots, called pixels that are arranged in a rectangular form. The sharpness of the image depends upon the number of pixels. There are two kinds of viewing screen used for monitors.

Cathode-Ray Tube (CRT)

Flat- Panel Display

a) Cathode-Ray Tube (CRT) Monitor

The CRT display is made up of small picture elements called pixels. The smaller the pixels, the better the image clarity, or resolution. It takes more than one illuminated pixel to form whole character, such as the letter ‘e’ in the word help.

A finite number of characters can be displayed on a screen at once. The screen can be divided into a series of character boxes - fixed location on the screen where a standard character can be placed. Most screens are capable of displaying 80 characters of data horizontally and 25 lines vertically. There are some disadvantages of CRT:

Large in Size

High power consumption
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b) Flat-Panel Display Monitor

The flat-panel display refers to a class of video devices that have reduced volume, weight and power requirement in comparison to the CRT. You can hang them on walls or wear them on your wrists. Current uses of flat-panel displays include calculators, video games, monitors, laptop computer, graphics display. The flat-panel display is divided into two categories:

Emissive Displays - The emissive displays are devices that convert electrical energy into light. Examples are plasma panel and LED (Light-Emitting Diodes).

Non-Emissive Displays - The Non-emissive displays use optical effects to convert sunlight or light from some other source into graphics patterns. Example is LCD(Liquid-Crystal Device)
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B. Printers

Printer is an output device, which is used to print information on paper. There are two types of printers:

Impact Printers

Non-Impact Printers

Impact Printers

The impact printers print the characters by striking them on the ribbon which is then pressed on the paper. Characteristics of Impact Printers are the following:

Very low consumable costs

Very noisy

Useful for bulk printing due to low cost

There is physical contact with the paper to produce an image

These printers are of two types

Character printers

Line printers

Character Printers

Character printers are the printers which print one character at a time.

These are further divided into two types:

Dot Matrix Printer(DMP)

Daisy Wheel

Dot Matrix Printer

In the market one of the most popular printers is Dot Matrix Printer. These printers are popular because of their ease of printing and economical price. Each character printed is in form of pattern of dots and head consists of a Matrix of Pins of size (5*7, 7*9, 9*7 or 9*9) which comes out to form a character that is why it is called Dot Matrix Printer.
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Advantages

Inexpensive

Widely Used

Other language characters can be printed

Disadvantages

Slow Speed

Poor Quality

Daisy Wheel

Head is lying on a wheel and pins corresponding to characters are like petals of Daisy (flower name) that is why it is called Daisy Wheel Printer. These printers are generally used for word-processing in offices which require a few letters to be sent here and there with very nice quality.

[image: image31.jpg]



Advantages

More reliable than DMP

Better quality

The fonts of character can be easily changed

Disadvantages

Slower than DMP

Noisy

More expensive than DMP

Line Printers

Line printers are the printers which print one line at a time.
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These are of further two types

Drum Printer

Chain Printer

Drum Printer

This printer is like a drum in shape so it is called drum printer. The surface of drum is divided into number of tracks. Total tracks are equal to size of paper i.e. for a paper width of 132 characters, drum will have 132 tracks. A character set is embossed on track. The different character sets available in the market are 48 character set, 64 and 96 characters set. One rotation of drum prints one line. Drum printers are fast in speed and can print 300 to 2000 lines per minute.

Advantages

Very high speed

Disadvantages

Very expensive

Characters fonts cannot be changed

Chain Printer

In this printer, chains of character sets are used so it is called Chain Printer. A standard character set may have 48, 64, or 96 characters.

Advantages

Character fonts can easily be changed.

Different languages can be used with the same printer.

Disadvantages

Noisy

Non-impact Printers

Non-impact printers print the characters without using ribbon. These printers print a complete page at a time so they are also called as Page Printers. These printers are of two types

Laser Printers

Inkjet Printers

Characteristics of Non-impact Printers

Faster than impact printers.

They are not noisy.

High quality.

Support many fonts and different character size.

Laser Printers

These are non-impact page printers. They use laser lights to produce the dots needed to form the characters to be printed on a page.

Advantages

Very high speed

Very high quality output

Give good graphics quality

Support many fonts and different character size

Disadvantages

Expensive.

Cannot be used to produce multiple copies of a document in a single printing.

Inkjet Printers

Inkjet printers are non-impact character printers based on a relatively new technology. They print characters by spraying small drops of ink onto paper. Inkjet printers produce high quality output with presentable features.

They make less noise because no hammering is done and these have many styles of printing modes available. Colour printing is also possible. Some models of Inkjet printers can produce multiple copies of printing also.
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Advantages

High quality printing

More reliable

Disadvantages

Expensive as cost per page is high

Slow as compared to laser printer

MEMORY

A memory is just like a human brain. It is used to store data and instructions. Computer memory is the storage space in computer where data is to be processed and instructions required for processing are stored. The memory is divided into large number of small parts called cells. Each location or cell has a unique address which varies from zero to memory size minus one. For example if computer has 64k words, then this memory unit has 64 * 1024=65536 memory locations. The address of these locations varies from 0 to 65535. Memory is primarily of three types

Cache Memory

Primary Memory/Main Memory

Secondary Memory

Cache Memory

Cache memory is a very high speed semiconductor memory which can speed up CPU. It acts as a buffer between the CPU and main memory. It is used to hold those parts of data and program which are most frequently used by CPU. The parts of data and programs are transferred from disk to cache memory by operating system, from where CPU can access them.

Advantages

The advantages of cache memory are as follows:

Cache memory is faster than main memory.

It consumes less access time as compared to main memory.

It stores the program that can be executed within a short period of time.

It stores data for temporary use.

Disadvantages

The disadvantages of cache memory are as follows:

Cache memory has limited capacity.

It is very expensive.
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Primary Memory (Main Memory)

Primary memory holds only those data and instructions on which computer is currently working. It has limited capacity and data is lost when power is switched off. It is generally made up of semiconductor device. These memories are not as fast as registers. The data and instruction required to be processed reside in main memory. It is divided into two subcategories RAM and ROM.
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Characteristics of Main Memory

These are semiconductor memories

It is known as main memory.

Usually volatile memory.

Data is lost in case power is switched off.

It is working memory of the computer.

Faster than secondary memories.

A computer cannot run without primary memory.

Secondary Memory

This type of memory is also known as external memory or non-volatile. It is slower than main memory. These are used for storing data/Information permanently. CPU directly does not access these memories instead they are accessed via input-output routines. Contents of secondary memories are first transferred to main memory, and then CPU can access it. For example: disk, CD-ROM, DVD etc.


Characteristic of Secondary Memory

These are magnetic and optical memories

It is known as backup memory.

It is non-volatile memory.

Data is permanently stored even if power is switched off.

It is used for storage of data in a computer.

Computer may run without secondary memory.

Slower than primary memories.

RANDOM ACCESS MEMORY

RAM (Random Access Memory) is the internal memory of the CPU for storing data, program and program result. It is read/write memory which stores data until the machine is working. As soon as the machine is switched off, data is erased. Access time in RAM is independent of the address that is, each storage location inside the memory is as easy to reach as other locations and takes the same amount of time. Data in the RAM can be accessed randomly but it is very expensive. RAM is volatile, i.e. data stored in it is lost when we switch off the computer or if there is a power failure. Hence a backup uninterruptible power system (UPS) is often used with computers. RAM is small, both in terms of its physical size and in the amount of data it can hold.

RAM is of two types

Static RAM (SRAM)

Dynamic RAM (DRAM)

Static RAM (SRAM)

The word static indicates that the memory retains its contents as long as power is being supplied. However, data is lost when the power gets down due to volatile nature. SRAM chips use a matrix of 6-transistors and no capacitors. Transistors do not require power to prevent leakage, so SRAM need not have to be refreshed on a regular basis. Because of the extra space in the matrix, SRAM uses more chips than DRAM for the same amount of storage space, thus making the manufacturing costs higher. So SRAM is used as cache memory and has very fast access.

Characteristic of the Static RAM

It has long life

There is no need to refresh

Faster

Used as cache memory

Large size

Expensive

High power consumption

Dynamic RAM (DRAM)

DRAM, unlike SRAM, must be continually refreshed in order to maintain the data. This is done by placing the memory on a refresh circuit that rewrites the data several hundred times per second. DRAM is used for most system memory because it is cheap and small. All DRAMs are made up of memory cells which are composed of one capacitor and one transistor.

Characteristics of the Dynamic RAM

It has short data lifetime

Need to be refreshed continuously

Slower as compared to SRAM

Used as RAM

Lesser in size

Less expensive

Less power consumption

READ ONLY MEMORY

ROM stands for Read Only Memory- the memory from which we can only read but cannot write on it. This type of memory is non-volatile. The information is stored permanently in such memories during manufacture. A ROM, stores such instructions that are required to start a computer. This operation is referred to as bootstrap. ROM chips are not only used in the computer but also in other electronic items like washing machine and microwave oven.

Following are the various types of ROM

MROM (Masked ROM): The very first ROMs were hard-wired devices that contained a pre-programmed set of data or instructions. These kinds of ROMs are known as masked ROMs which are inexpensive.

PROM (Programmable Read only Memory): PROM is read-only memory that can be modified only once by a user. The user buys a blank PROM and enters the desired contents using a PROM program. Inside the PROM chip there are small fuses which are burnt open during programming. It can be programmed only once and is not erasable.

EPROM (Erasable and Programmable Read Only Memory): The EPROM can be erased by exposing it to ultra-violet light for duration of up to 40 minutes. 

Usually, an EPROM eraser achieves this function. During programming, an electrical charge is trapped in an insulated gate region. The charge is retained for more than ten years because the charge has no leakage path. For erasing this charge, ultra-violet light is passed through a quartz crystal window (lid). This exposure to ultra-violet light dissipates the charge. During normal use the quartz lid is sealed with a sticker.

EEPROM (Electrically Erasable and Programmable Read Only Memory): The EEPROM is programmed and erased electrically. It can be erased and reprogrammed about ten thousand times. Both erasing and programming take about 4 to 10 ms (milli second). In EEPROM, any location can be selectively erased and programmed. EEPROMs can be erased one byte at a time, rather than erasing the entire chip. Hence, the process of re-programming is flexible but slow.

Advantages of ROM

The advantages of ROM are as follows:

Non-volatile in nature

These cannot be accidentally changed

Cheaper than RAMs

Easy to test

More reliable than RAMs

These are static and do not require refreshing

Its contents are always known and can be verified

MOTHERBOARD

The motherboard serves as a single platform to connect all of the parts of a computer together. A motherboard connects CPU, memory, hard drives, optical drives, video card, sound card, and other ports and expansion cards directly or via cables. It can be considered as the backbone of a computer.
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Features of Motherboard

A motherboard comes with following features:

Motherboard varies greatly in supporting various types of components.

Normally a motherboard supports a single type of CPU and few types of memories.

Video Cards, Hard disks, Sound Cards have to be compatible with motherboard to function properly

Motherboards, cases and power supplies must be compatible to work properly together.

Popular Manufacturers

Intel

ASUS

AOpen

ABIT

Biostar

Gigabyte

MSI

Description of Motherboard

The motherboard is mounted inside the case and is securely attached via small screws through pre-drilled holes. Motherboard contains ports to connect all of the internal components. It provides a single socket for CPU whereas for memory, normally one or more slots are available. Motherboards provide ports to attach floppy drive, hard drive, and optical drives via ribbon cables. Motherboard carries fans and a special port designed for power supply. There is a peripheral card slot in front of the motherboard using which video cards, sound cards and other expansion cards can be connected to motherboard. On the left side, motherboards carry a number of ports to connect monitor, printer, mouse, keyboard, speaker, and network cables. Motherboards also provide USB ports which allow compatible devices to be connected in plug-in/plug-out fashion for example, pen drive, digital cameras etc.
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Identify the purpose of computer components. 

Outline how components achieve their outcomes in terms of their relationships, and the structure of the computer.




HOW COMPUTER COMPONENTS FULFIL THEIR PURPOSES (AC 2)

Different parts of a computer’s micro-architecture work together to contribute to the computer’s architecture.

THE RELATIONSHIP BETWEEN THE MOTHERBOARD, CPU AND RAM

As already discussed, the motherboard serves as a single platform to connect all of the parts of a computer together. A motherboard connects CPU, memory, hard drives, optical drives, video card, sound card, and other ports and expansion cards directly or via cables. It can be considered as the backbone of a computer.


The heart and soul of the PC’s data processing is the CPU. But the processor is not alone in the world, it communicates with the rest of the motherboard. 

Busses do the transfers

Data packets (of 8, 16, 32, 64 or more bits at a time) are constantly being moved back and forth between the CPU and all the other components (RAM, hard disk, etc.). These transfers are all done using busses.

The motherboard is designed around some very powerful data channels (or pathways, as they are also called). It is these busses which connect all the components to each other.

Summary

Synopsis

In this section you explained the organisation of a computer.
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SECTION 3:   THE DESIGN CONSTRAINTS IN THE DESIGN OF INSTRUCTION SETS FOR COMPUTERS


INTRODUCTION

The design of computer instruction sets has been mostly considered as being a manual process, due to complications between hardware and software, and the lack of suitable design tools. The manual process limits understanding of the hardware/ software interface and trade-offs. Motivated by this limitation, the design automation system ASIA (Automatic Synthesis for Instruction-set Architecture) was developed to systematise the design process for instruction sets. Nowadays, things have greatly improved in instruction design. The instruction set is the hardware "language" in which the software tells the processor what to do. In this section we will explore the design constraints in the design of instruction sets for computers.

DESIGN CONSTRAINT OF COMPUTER INSTRUCTION SETS (AC 1)
Computer programs are translated to machine code for execution by the CPU. Once a program has been loaded into the computer’s memory (carried out by the operating system on our behalf), the program may then be executed. This means that the CPU obeys the instructions making up the program and carries them out one at a time. Although processors are getting faster, embedded design problems are not changing drastically. Engineers still face the same power, size, software development, thermal management, and I/O issues that typically complicate designs.
The design constraints in the design of instruction sets for computers include:

Instruction length

Memory transfer

Word length

Instruction format

Instruction fetch, and 

Operand specification

Instruction length 

An instruction is a single operation that a process performs. So it makes sense that the longer the instruction, the more complicated the operation will be. A processor will only be able to execute an instruction if it is not too long for that processor. But what determines how long an instruction is? The instruction for a single operation consists of operands.


An operand is the part of an instruction that is being changed or acted upon. 

The more operands there are in an instruction, the longer the instruction length. Instructions become more complicated as more operands are added to them. 

So you can group instructions by the number of operands that they have. You can get one-operand, two-operand and three-operand instructions for example. One operand instructions are less complicated than three-operand instructions. 


A long instruction length does not mean that the processor needs to perform more operations. It means that the single operation is more complicated. 

Memory transfer

RAM is a working space for computers to use while their processors process data by carrying out instructions. For a computer to process an instruction, it needs to transfer data into correct areas of memory. These areas are the working space areas of the RAM. So the transfer of data into and out of the memory is an important part of the design of a computer’s instruction set architecture. 

Instruction format

A computer operates using a binary system of 1s and 0s. The binary system is a digital system that relies on electrical charges being present or absent or on and off to represent data. The binary system uses combinations of 1s and 0s to represent all numbers. A bit is such a binary digit. In fact, the name bit comes from words binary digit. Binary digits or bits combine to make computer instructions. The format of an instruction is the layout of the bits that make up that instruction. An instruction’s format is a design constraint because instructions can only consist of bits in a particular layout or format to work. 

Operand specification

Instructions use operands to specify exactly what the processor needs to do to carry out the instruction. This is because instruction set architecture deals with registers and memory addresses. 


A register is an area of memory that a computer uses to process an instruction. 

The computer uses instruction registers for example, to store the instructions that they are busy processing. A memory address is the address of a specific area in the computer’s memory where the processor can store information to access it later. So the operands that make up instructions tell the computer which area of memory to use while it processes the instruction. They also tell the computer where to put the information it has processed so that the computer can access the information easily again later. It is therefore important for the instruction to specify which operands to use to process an instruction this is called operand specification. 

Instruction fetch

A computer needs to transfer data from where it is stored into the correct areas of memory for it to process an instruction. These areas of memory are the working space areas of the RAM. When a processor fetches an instruction (this operation is called an instruction fetch) to process, it needs to retrieve the data it needs to process the instruction. Then it needs to place the data into memory so that it can work with the data. When a computer retrieves data and places it into memory we say that it has completed a fetch cycle. 

Word length 

The term length design constraints refers to the number of bits that a computer groups together, when it transfers or moves the data it is processing while carrying out an instruction. Like instruction length, word length affects a processor’s ability to carry out instructions. This is because grouping a large number of bits together to be transferred makes the instruction more complicated. Today’s computers have a word length of 16, 42 or 64 bits etc. 

ACCOMMODATING DESIGN CONSTRAINTS (AC 2)

It is important to find out ways of working around the limitations/constraints above to make the computer process instructions more efficiently. 

BALANCING INSTRUCTION COMPLEXITY, MEMORY SIZE AND PROCESSING SPEED

Longer and more complex instructions take longer to process. A computer has to transfer the data it needs into memory so that it can process instructions effectively. Therefore, is the computer needs to process very long complex instructions in a small area of memory or working space, it will not be able to process the instructions quickly. It is therefore important to balance the complexity of instructions with the amount of memory that a computer has to process these instructions. This means that instructions cannot be long and complex if the memory size is small. When we balance instruction complexity and the memory size, we ensure that the relationship between the instruction complexity and the memory size is equal. 
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For example, a computer that runs complicated applications needs to have enough RAM to run the applications as a suitable speed. This is a way of accommodating a computer’s design constraints. 

Another way of accommodating design constraints is to balance instruction complexity with processing speed. The speed of a processor is measured in gigahertz or GHz. 

If the processor needs to deal with long, complex instructions you need to make sure that its processor is fast enough to handle these instructions efficiently. 
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A modern computer that runs advanced applications may need a CPU of about 1.6 GHz or more so that the computer will not be too slow. 

Improving memory usage

Having enough memory is not always enough to make sure that the computer is able to process instructions efficiently. You need to make sure that the computer is using its memory in the most efficient way. You may consider the following in order to improve memory usage:

Disable any hardware components not being used.

Stop/Disable software running in the background

Stop programs running at start up.

Remove unused programs.
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List six design constraints of computer instruction sets.

How do these constraints affect how computers process information?

How can design constraints be accommodated?




Summary

Synopsis

In this section you described the design constraints in the design of instruction sets for computers
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On completion of this section you will be able to explain the organisation of a computer.
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