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1.1 Learning Objectives

After studying the chapter, students will be ablé to:
e Elements of computers system setup;
® Discuss the components of a computer;
e EBxplain the different inpt{t and output devices;
°. Expiain the’ RISC and CISC architecture;
> Discuss the various generation of computers;
o Define Programming Languages; ‘
-® Describe the generations of Programming Langﬁages;
e Define Operating System;

» List the characteristics of Operating Systei_n.

1.2. Introduction.

The computer has revolutionized business and personal activities and even the way we
talk and think. Nothing symbolizes modem life better than the computers. For better
or worse, computers have infiltrated every as_pect'of our society. Today, computers do .
.| much more than simply compute. From the outset; the creation of the computer was
based on the concept that a single unit would be used to perform complex calculations
with greater speed and accuracy than humans could achieve. Probably, the first computer
on the earth was Abacus, invented about 5,000 years-ago in Japan and is still in use
today. This device allows users to make computations using a system of sliding beads
arranged on a rack. Early merchants used Abacus to keep trading transactions. But as
the use of paper and pencil spread, particularly in Europe, Abacus lost its importance. In
1642, Blaise Pascal invented a numerical wheel calculator. This brass rectangular box,
also called Pascaline, used eight movable dials to add sums up to eight figures long.
Pascal’s device used a base of ten to accomplish this. In 1694, Gottfried Wilhem von
Leibniz, a German mathematician improved Pascaline by creating a.machine that could
also multiply. Like its predecessor, Leibniz’s mechanical multiplier worked by a system
of gears and dials, Partly by studying Pascal’s original notes and drawings, Leibniz was
able to refinc his machine. It was not until 1820 that mechanical calculators gained
widespread use. Charles Xavier Thomas de Colmar, a Frenchman, invented a machine

2 Self Learning Material



that could perform four basic arithmetic functions. Colmar’s mechanical calculator, the
arithometer could add, subtract, multiply and divide. With its more practical approach

to computing, the arithometer was widely used until the First World War.

The word ‘computer’ owes its origin to a Latin word compute which means
‘o calculate’. Therefore, a computer is considered 10 be a calculating device that can
" perform arithmetic and logical operations. It is not just a calculating device; rather it
has the capability to process logic operations like comparisons, etc. It acquires the
data through an input device, processes it as per the instructions given and gives the
information as output. A computer has memory and can store a lot of information. The
stored information can be retrieved, used and operated upon as desired. Computations
are done at an extremely fast speed with complete reliability and accuracy.

A computer is an electronic device that accepts data and instructions, processes
the data according to the set of instructions, and produces the desired information.

In fact, computer can be understood as a data processing. machine. In other words, a

computer is a problem-solving machine that accepts data, stores data, processes data,
and presents results.

Data and
Instruction ———> Computer — Information
Input ' Processing S Qutput

p Fig. 1.1: Computer as a Processing System

Computer components can be broadly divided into two categories — Hardware
and Software. Hardware refers to any physical component of a computer. For example,
CPU, Monitor, Keyboard, Hard Disk, Floppy Disk, etc., are physical components and
thus, are hardware. Software refers to the programs which are required to operate the
computer. For example, DOS (Disk Operating System), BASIC, COBOL, dBASE, an
Accounting Software, etc., are all software. An analogy of hardware can be the book
which you are reading and then software would be the text written on this book. Another
analogy could be — “brain’ i$ a hardware but ‘memory stored in brain’ is a software.

Both hardware and software are dependent on each other. CPU, Memory Unit,
Hard Disk, etc., are useless until they are provided instructions and data for storage

- and processing. Similarly, BASIC-or COBOL language has no usc until it is stored and
processed by hardware components of a computer.

1.3 Definition of Computer

In a layman’s language, a computer is a fast calculating device that can perform
arithmetic operations. Although the computer was originally invented mainly for doing
high speed and accurate calculations, it is not just a calculating device. The computer
can perform any kind of work involving arithmetic and logical operations on data. It

Basic Concepts of
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Term x : Meaning ) .

" | | Data © | Aset of basic facts and entities which itself has no meaning
Information . . |Data has some meaning or value . .
Instruction A statement givén to computer to perform a task -

{ Input . ‘Data and instructions given to ¢omputer
Process ‘ Mampulanon data
Output ~ Information obtained after processing of data

gets the data through an input de\:iée, processes it as per the instructions given and gives
the information as an output. We can define computer as follows:

Definition -
A computer is a fast electronic device that processes the input data according to the

instructions given by the programmer/user and provides the desired information as an
output. '

The terminology used in the above definition is summarized in Table 1.1. . :

Table 1.1: Termmo]ogy Used in Deﬁmnon of Computer

1.4 Importance and Characteristics of Computers

After the human brain, a computer is the fastest machine on the earth. Computers can
perform millions of calculations at an unbelievable speed. Computers are not only fast,
they are very accurate and reliable too. For us, the smallest unit of time is a second
but for a computer; a second is not the _s:mallest unit. Rather, it can be divided into
millisecond, microsecond, nanosecond and picosecond. A nanosecond is eqgual to one

~billionth or thousand-millionth of a second.

* Computers play a vital role for processing of data in an organization. Those helpin -
processing the voluil_les of data efﬁéiently and accurately within a short time. A computer '
has the following characteristics which make it so important for an organization: ,

I Fast:A computer is so fast that it can perform the given task (arithmetical or logical)
in few seconds as compared to man who can spend many months for doing the
same task. A computer can process millions of instructions per second.

2. Accurate: While doing calculations, a computer is more accurate than a human. A

- human can make mistakes in calculations but a computer does not make mistakes, _

if it is provided accurate instructions. _

3. _Diligem;'e: A computer does not suffer from the hurhan traits of tiredness and

boredom. Man will be tired and bored whilc doing millions of calculations but a

computer, being a machine, does this _]Ob very efficiently and without any tiredness
and boredom.

Self Learning Material



4. High Memory: A computer has much more memory or storage capacity than human
being. It can store millions of data and instructions, which can be retrieved and
. recalled even after a number of years. This is not possible in case of human brain.

5. No Intelligence: A computer is a machine and obviously has no intelligence of its
own. Each and every instruction must be given to the computer for doing a task.
Man has an intelligence and it is the man whe invented computer and gives it all
the instructions and logic to work. A computer cannot take decisions on its own
and it is the main drawback of it.

1.5 Functions/Operations of a Computer

A computer can perform a variety of tasks. We use computers for programming, word-
processing, spreadsheets, data management, graphics and communications. Much of the
processing computers can be separated into two operations—arithmetic operations and
logica'l opcrations'. Processing is built around the computer’s ability to perform arithmetic
and logical operations. Software is a set of instructions written by humans and given to
the computer. These instructions (programmes) tell the computer which operates to apply
to the data, to ultimately produce informational output. Software directs the processing
sequence and allows a computer to perform specific tasks.

1. Arithmetic Operations: Arithmetic operations are computations with numbers
(additioﬁ, subtraction, division, multiplication, etc.).

2. Logical Operations: Logical operations are 2 comparison of any two numbers to
determine if one is greater than, smaller than, or equal to'the other. A computer can
compare numibers, letters, or special characters. The computer can then take action
based on the result of the comparison.

A computer is termed as a data processing machine. It accepts data and then stores
or processes it immediately and displays the output for the user. The basic model of a
computer shows the working of a computer. All computer systems perform the following
five basic operations:

Input Function

The input function is the process of entering data and instructions into the computer
system. The computer accepts the data and instructions from the user through various
input devices like keyboard, mouse, scanner, etc.

Storage Function

A computer can store data and instructions for future use and processing. A computer
has ‘memory’ and can store a large amount of data.

Processing Function

A computer can process the input or stored data as per the instructions by the user. It
performs arithmetic and logical operations on data in order to convert them into desired

~ output. Processing is the main function of the computer.
. ™~

Basic Concepts of
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Output Function

- With the heIp of this function, a computer displays the processed results or output.

The output is communicated to the.user through various output devices like monitor,
printer, etc.

Control Function

All the other functions performed by the computer are controlled by this contro! function.

-Control function guides the computer to process-and give output in the right manner
“and proper sequence.

Input E— Processing (e ) o{,tput

* Storage : ' ’

Flg 1.2: A Slmple Model ofa Computer

The following diagram shows the interaction of the components of the simple model
of a computer. The arrows indicate the flow of control in the form of data and instructions,
An input unit provides the input for the processing to CPU (Central Processing Unit)
which, after processing, directs the processed data to output unit for dlSplay to the user.
The storage unit or the memory of computer stores the data. :

1.6 Computers in Business

Computers can process vast quantities of business data at enormous speed with unfailing
consrstency and unimaginable flexibility.

These capabilities of computers open new approaches to problem solvmg and
data processing.

Following six characteristics of co_mputers rnake them indispensable for use in

" business:

1. Speed: Computers speed up data processing by many orders.of magmtude as
compared to the manual system

Data Volume: Vast amount of data can be stored and processed very quickly.

Repetitiveness: The more repetitive the task, the more profitable it is to
automate it.

Self Learning Material



4. Complexity: Problems with several i_nteracting variables ¢dn be solved quickly
and accurately. '

5. Accurate Ougput: As high accuracy can be obtamed as needed; also accuracy is
not affected by boredom and fatigue and is not Subjective.

- 6. Declining Costs: There has been a steady decline in the cost of p'er unit of data
processed. '

1.7 Elements of Computer System Setup

The computers-about which we have been discussing come in all shapes and sizes and
can be used for various purposes. But all of them have certain characteristics in common.
Two of the most important constituents of computers are — hardware and software.

Apart from these two main elements.of the computer, i.e., hardware, which
represents the physical parts of the computer, and software that represents the programs
that instruct the computer what is to be done, computers also include processing.
Processing transforms data into information and involves data, people and procedures.
Thus all these together are the five elements of the computing process (as a whole).
These five elements are: -

1. Hardware

2. Software
3. Data

4. People

5. - Procedures

But all these elements have to be organized in such a way that each element works
smoothly and efficiently, both individually and in coordination with others. During the
computing process, computers jntegrate all these five elements.

Thus we can say that the computing process includes everything necessary to

accomplish an activity or to perform a task. All the five elements of computing process |

are explained below in detail.

Hardware

The term ‘hardware’ refers to the physical parts of the computer or includes anything
in the computer that we can touch. It consists of interconnected electronic devices that
control everything in the computer. )

Hardware can be divided into four major categories. They are:
1. Processor '
Memory

Input and Output Devices

=

Storage Devices

Basic Concepts of
Computer

Notes
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Processor

The complex procedure that-transfdxins data into information (usefial and meanin gful data)
is called processing. This type.of transformation mainly includes two compenents—the
_processor and the memory.

. The Processor acts like the brain of a computer. It organizes and carries out -
the instructions given to the'compt_lter by .the- user or the message passed on by the
software. There are’ various types of processors available in thé market. In PC, we
use microprocessor(s) (a number of microprocessors can also be used in oné PC).
"Microprocessors are made of silicon- or-some other material and are etched with many
tiny electronic circuits. The mi§r0processor- is plugged into the circuit board — a hard

rest of the hardware, This circuit board is called ‘motherboard’. The number of chipsand
circuit boards (on which the proéessors are pfugged in) is increased when the computer-
is to be-'made more powerful. The term Central Processing Unit (CPU), in real teﬁns, is -
the processor of the computer. This is the “brain” of the computer, without which nothing

| can be done. Tt is very small in size and occupies just a few square inches of space.

These RAM chips are used for «
teniporary storage

Fig._ 13:

Mgmmy

The software is loaded into the mem(;ry of the computer and runs from there only. Not
only the soﬂwﬂ_re Or programs, but also all the data are loaded into the memory for easy
access. This memory is called Random Access Memory (RAM) When one talks about
memory one often means RAM only. . -

The main thing to be. kept in mind while working on the computer is that RAM s .
a volatile memory and everything disappears if power goes off or is turned off abruptly
-in the middle of work. Thus, it is always advisable to frequently save the work on the

storage disk while you are working. - ' ‘

The amount of RAM in a corh'puter tremendously affects the speed and _powef' of

the computer. The more the RAM, the greater is the power and speed of the computer.

The measurement unit of memory is byte, The bigger units of bytes are:.

8 . Self Learning Material . N -
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Kilobyte (KB) ~ 1000 bytes [210 bytes = 1024 bytes to be precise]
‘Megabyte (MB) ~ 1000 KB ~ 10,00,000 bytes

Gigabyte (GB) ~ 1000MB ~ 10 ‘KB ~ 10" bytes

Nowadays PC’s have 8 to 16 GB of RAM.

ROM

Read Only Memofy holds permanent data or instruction that can only be read, and
nothing can be written on it. Information is permanently recorded in it. It is a nonvolatile
memory: ROM contains instructions to get the computer started when it is switched on.
If also holds instructions for the control of the various peripheral units of the computer,
such as graphic display, disk drive, etc. The controls of ROM are built into it at the
time of its manufactunng

Input and Omput Devices

The computer accepts the instructions and delivers the results to the user by means of |.

some devices. There are two main types of devices. Input devices are used to enter the
instructions whereas output devices are used to see the results of processing. The term
- “‘device’ is generically used to refer to any piece of hardware. -

Thus, input devices accept the instructions or the data from the user and output
devices return the processed data back to the user in the form of visual display or on
paper. New types of mput devices keep on coming as technology and the users * demands
grow. The most commonly used input device is the Keyboard, which accepts numbers,
alphabets and commands from the user. Anjother input device is the Mouse that works
with the action of a click or by moving. The diagrams or some drawing is made on
the screen by pressing its button and moving it on the surface. Even the commands are
executed by clicking it on the commands displayed on the screen. The other commonly
used input devices are trackballs, joysticks, scanners, lightpens, microphones, digital
" cameras, etc. These will be discussed in detail later. o

Both Mouse and Trackball are used almost in the same way. Both of them allow
one to draw or to execute some action on the screen by a click. The Joystick is generally
used to. play videogames. A scanner is used as a photocopying machine. It copies the
photographs, drawings or the text as it is into the computer memory, thus saving time
of drawing or keying in manually. '

Lightpen is used to directly ‘draw the figures on the screen of the monitor.
Microphones belp in inputting our voice directly in the computer or inputting music
from CDs or audiocassettes by attaching them to the computer. Digital cameras are used
to bring in live images onto the screen, where some changes can also be made thereon.
They are generally used in the barber’s shops (to see the best hairstyle that suits the
customer) or in the optical shops, etc. :

The output devices are used to see the results of processed input. The title case
output devices mainly used are the screen or VDU (Visual Display Unit) and the Printers.
When the soft copy of the output is required it is seen on the screen of the monitor and

Basic Concepts of
Computer

Notes
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Storage Devices

if hard copy (on paper) is required then the computer sends it to the printer. Apart from
these two output devices, Speakers can also be used as output devices to produce sound,
llsten to audio CDs or music.

There are some more devices that act as both input and output devices. One such

{ device is the Touch Screen which is a type of monitor that displays virtual buttons

which you can touch. -

Modem is an example of a communication device that is used to commumcate
through telephone lines. It performs both the functions. It is used to interconnect the
computers. The process of interconnecting the computers is called networkmg The
network interface cards are used to ‘connect the input of computers so as to share the
data and the devices.

-

Although the computer can be said to be complete with input and output devices, memory
and CPU, and can function quite well, but when it comes to the need of storing data or
even programs files for future use, some place is required to store them. Storage devices
are used to store data permanently or seml-permanently

Storage holds the data and the software brings i into the memory (RAM) a particular
program or data requxred at that point of time. After you have finished with the work;
you again put back the programs and data (new one or processed) into the storage.

. Storage can be differentiated from memory thus:
L Storage is cheaper than memory
2. Storage has more space than RAM

Storage is not volatile whereas RAM is, i.e., data remains in the storage even if the
power is switched off unlike RAM

4.- Ram is faster than storage.
" The most widely used storage medium is the magnetic disk, which is round i n

shape and flat. Read and write heads (51m11ar to the heads-of cassette players or VCRs)
fidat above and below the disk near the surface. The disk spins around their center.

The devnce which holds the disk, is called ‘disk drive’. There are some dnves whlch
have built-in disks and these disks cannot be detached from them whereas some drives
are meant for removable/replaceable disks. Almost every PC uses non- removable disks,

| but additional removable diskétte drives can also be used. The non-remiovable drive is

the Hard Disk Drive (HDD) and the removable one is the Floppy Disk Drive (FDD).
A computer can have any number of HDDs and FDDs as per the uset’s Tequirements.

DVDis the digital optical disk storage with 4.7 g]gabyte storage capacity on single
sided. DVD are the devises that can read DVD disk on computer. DVDs can be single
or double sided and can have to layers on each side, a double sided, two layered DVD
will hold up to 17 gigabytes of video, audio, or other information.

Pen Drive is a device used to data storage. Itisa small portable flash memory card
that plugs into a computer.
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HDD can store far more data than a diskette can, so the HDD serves as the
computer’s primary filling cabinet. Diskettes are used to load new programs or data on
to the HDD to transport the data or make the backup copies of the data of the HDD.

The floppy diskette or the removable disks are made of plastic, and, to protect them
from dust and scratches, are kept enclosed in vinyi cases. Initially, floppies measured 8
inches; they were reduced to 5% inches and now we use 3% inches diskettes. The size
of diskettes is decreasing in diameter, but its storage size is increasing. The capacity of
the 8” diskette was 360KB, and that of the 5% inch was 1.2 MB, whereas the 3% inch

diskette stores 1.44MB of data. The name floppy was given because the vinyl cover (on |

8” and 5” diskettes) used to be very flimsy or floppy.

Other types of storage devices include CD-ROM drives, tape drives, optical drives
etc. CD-ROM is the most popular type of drive after Hard Disk Drives and Floppy
Drives. Compact Disks are optical storage devices similar to audio CDs and can store
approximately 640MB. In personal computers we generally use CD-ROM (Compact
Disk Read Only Memory). The information on CD-ROM cannot be changed.

Since new writable CDs have come into the market, it has become very _convenient
to store large amount of data, making it easy to transport. '

1.8 Strengths and Weaknesses of Computer -

Strengths

Following list demonstrates the advantages of computers in today’s arena.
¢ . High Speed

- Computer is a very fast device.

& Ttis capable of performing calculation of very large amount of data.

. The computer has units of speed in microsecond, nanosecond, and even
the picosecond.

It can perform millions of calculations in a few seconds as compared to man
who will spend many months for doing the same task. '

e Accuracy
» In addition to being very fast, computers ar¢ very accurate.
. The calculations are 100% error free.

. Computers perform all jobs with 100% accuracy provided that correct input
has been given. '

e Storage Capability
+ Memory is a very important characteristic of computers.
- A computer has much more storage capacity than human beings.
» It can store large amount of data.

. It can store any type of data such as images, videos, text, audio and many
others. 7

Basic Concepts of
Computer

Notes

Self Learning Mﬁterial 11



- Infbj‘mation Systems ] Dllxgence

Jor Management - | = Unlike human beings, a computer is freé from monotony, tiredness and

lack of concentration.
" Notes + It can work continuously without any error and boredom.

% Itcando repeated work with same speed and accuracy
° Versatlhty

+ A computer is a very versatile machine.

<+ . A computer is very flexible in performing the jobs to be done

. - + This machine can be useq to solve the problems related to various
fields.

& Atone instance, it may be solving a complex scientific problem and the
very next moment it may be playing a card game.
o Reliability L
< A computer is a reliable machine.
+ Modem electronic components have long lives.
+ Computers are designed to make maintenance easy.
. Aﬁtomation -
~ #+ Computér is an automatic machine.
-+ Automation means ability to perform the given task automatically.
+ Oncea program is given to computer, i.¢., stored in computer memorf, the
" program and instruction can control the program execution without human .
interaction.

} |- Reduction in Paper Work

' < The use of computers for data oroccssing inan organization leads to reduction
in paper work and results in speeding up a process.

'+ Asdatain electronic files can be retrieved as and when required, the problem
of maintenance of large iumber of paper files gets reduced.

< Reduction in Cost '

< Though the initial investment for mstallmg a computer is hi gh it substannally
reduces the cost of each of its transaction.

Weaknesses

Computer is, no doubt, a marvellous tool. Yet it has some limitations. Some of the major
limitations of computer aré:

1. A computer cannot think on its own. It has to be given instructions to perform
any operation. Research is currently underway to impart artificial intelligence to
computer. Once this becomes possible, computers will be thmkmg on its own, then
it will be a reasonable repllcatlon of human mmd '
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2. 1t does not have intuition.-It cannot draw a conclusion without going through all
intermediate steps.

3. Itcando atask only if it can be cxpressed in a series of ﬁmtc steps leadmg to the

" completion of the task.

4. Similarly, it cannot handle a situation where a finite number of steps generate an
impossibly large number of computational operations.

5. It cannot learn from experience. It will commit the same error repeatedly and

cannot learn from experience. But changes are taking place in this area as research
_ progresses on artificial intelligence.

1.9 Difference between Computer, Human Beings and Calculator

Computers and calculators are similar in the sense that both are calculating devices.
But what is the difference betwecn a computer and a calculator? Before the advent
of computers, calculators were the tools that were made use of by the students to do
computation while solving mathematical problems Not that they are not used these
" days, in fact, by the time you switch on your computer, you complete the operation on
the hand held device known as calculator.

Modern calculators are electronically powered either by dry cell batteries or solar
cells. During nineties, there was a calculator in every student’s pocket to aid and assist him
in carrying out calculations involved in mathematical problems With modern computers
having a built-in calculator to carry on basic mathematical operations, calculators have
all but gene from households today.

We know that a calculator can work only with numbers. But so can a computer.
Modern calculators are extremely fast in carrying out complex calculations. But so are
computers. Then what is the difference between the two?

Simply put, calculators can.carry only one function at a time. Even when you néed
to solve a small problem, you need to press a number of buttons to arrive at the solution.
On the contrary, a computer is capable of carrying out many operations at the same
instant. Computer programs are a.series of instructions that are given to computers and
it can perform complex calculations with the assistance of those instructions. So if the
necessary program is installed on the computer you do not need to tell the computer
what to do next as it can perform all the steps required in getting the answer. It will come
with the answer at a lightening fast speed without you having to press any buttons, or
mouse clicks in this instance. On the other hand, you need to keep on pushing buttons
to solve even easy mathematical problems while usmg a calculator.

The word ‘computer’ has become very broad in 'modern times and has come to

include smart devices such as smartphones, MP3 players, desklops and laptops. These
devices all have a basic calculator that can perform simple mathematical operations, but
they are capable of many more operations which are beyond the capacity of a calculator.
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-mation Systems : .
Inform Y Characteristic

Calcuiator |

* for Management Human Computer
: Speed Slow Fast Very Fast
Accuracy Possible to do errors " | Good Very Geod
Notes : . '
Memory Less internal memory | No Large Memory
Operation All operations. But Arithmetic Arithmetic and Logical
) slow : ' : -

1.10 Components of a Digital Computer

1. Input unit
Output unit

2
3. Central Processing Unit
4. Memory (Auxiliary)

Adigital computer can be broadly classified asa collection of four components. They are:

A block diagram representation of the above is-shown in the figure:

Input Unit

Central
Processing
Unit
(CPL)

Auxiliary/Memory

___’

Output Unit

The Input _Unit

" Keyboard
Mouse

Joy stick

. Light pen
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1
2
3. Voice data entfy
4
5

Somie common'input devices are listed below:

Fig. 1.4: Basic Components of a Digital Computer

The Inbut Unit provides an interface between the users and the machine, for inputting
data and instruction, etc. One of the most common examples is the keyboard. Data can
be input in many more forms — audio, visual, graphical, etc.




LS
) - ey
“a mER o,y o m

Bo mamr §o1 o= €

H BRI

#=~5

A Mouse

— PR rERTND S S wFR
CERERECERY L G, V. PREY]

PR TS W L BN FEE B

"Light Pen

Touch

Screen
B = Hand
20000 0

Function Buttons
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Fig. 1.5: Compiter Input Unit

6. Scanner
7. Secondary storage devices such as floppy disks, magnetic tapes, etc. '

The data in any form is first_ digitized, i.e., converted into binary form, by the input
device before being fed to the Central Processing Unit (CPU).

_The Output Unit '

Like the Input Unit, the Output Unit also provides an interface between the user and the
machine. A common example is the visual display unit (monitor)of a personal computer.
The output unit receives the data from the CPU in the form of binary bits. This is then
converted intoa desired form (graphical, audio, visual, etc.) understandable by the user.
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Some common output devices are:
Visual Display Unit (Monitory
Printers

Speakers

— Secondary Storage Devices

The input and output unit collectively are referred to as ‘peripherals’.

The input and the output units shall be discussed in more d_etaii in the next chapter.

The Central Processing Unit

The central processing unit is the brain ofa computer system. The input and the output
devices may vary for different applications, but there is only one CPU for a particular
computer. The specifications of a computer are basically characterized by its Central
Processing Unit.

—» ALLU.

i

C.U.
Main
Memory

Fig. 1.6: The Central Processing Unit

The Central Processing Unit can be further divided into:
The Arithmetic Logic Unit (ALUY
The Control Unit

~ Main Memory

The arrows in the above Figures may represent data as well as control information

The CPU processes the data it receives as input (either through input devices or

through the memeory). As mentioned earlier the CPU receives the data in the form of
binary bits, which it can understand.

- The CPU performs many tasks, some of which are listed below: |

The CPU can perform arithmetic calculations such as addition, subtraction, etc.

The CPU can perform logical decisions.
The CPU with the help of other devices can perform data transmission.
The CPU can perform manipulating tasks such as word processing.



5. After performing the required task the CPU may place resuits in memory or send
results to the output device according to the instruction given to it.

6. The CPU with the help of its control unit generates timing signals (also known as
enable signals) which provide synchronization between the different devices and
the CPU. :

As mentioned earlier, the Central Processing Unit consists of:
1. The Arithmetic Logic Unit (ALU)
. 2. - The Control Unit
The Main Memory Unit

The Arithmetic Logic Unit (ALU)

As the name may indicate the arithmetic logic unit performs ail arithmetic and logic
calculations on the data it receives,

Arithmetic Calculations

The arithmetic calculations may be addition, subtraction, multiplication, division,
exponentiation, etc.

Logical Calculation

Logical calculations are basically decision making statements, for example, A>B decides
whether A is greater than B or not; If A is greater than B the statement is true and logical -
‘1’ would be generated, otherwise a logical ‘0* would be generated. Some logical decisions
decide the further routing of the program. This will be further explained by the figure:

No . It Yes
A>B

Fig. 1.7: Part of a Flow Chart

‘In the above Figure the decision box has split the flow chart into two.

The functioning of the arithmetic logic unit would be better understood when we
discuss the ‘accumulator’. o

The Control Unit

The control unit controls the entire operations of the computer and the CPU. It controls
all the other devices connecting the CPU, i.¢., Input devices, Output devices, Auxiliary
Memory etc. Hence, the control unit acts as the nerve centre of the computer.

Basic Concepts of
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- The control unit upon receiving an instruction decides what is to be done with
it. That is, whether it is to be sent to the ALU for further processing or to the output

~ devices or to the memory, ctc. In other words tle control urit coordinates and controls

all hardware operations.

The control unit has an electronic clock that transmits electronic pulses at-equal
intervals of time. The control unit gives instructions to other devices based upon these
pulses. Suppose there are three instructions to be performed. Let the first instruction
take three clock pulses to complete; when the fourth clock pulse is received the control
unit would start processing the second instruction and so on. Suppose an instruction’
takes three and a half clock pulses to complete. In such a case the control unit could
wait for the fourth clock pulse to complete and take up the next instruction with the

| fifth clock pulse.

The clock pulse basically provides synchronization between the different parts
of the computer. The control unit generates millions of clock pulses per second. The
speed at which an instruction is executed depends upon the clock speed which is in
MHZ (10° HZ).

The Mam Memory Unit

The main memory, also known as the primary memory is 2 part of the central processing

| unit and is a combination of both RAM (random access memory) and ROM (read only

memory). We shall discuss the RAM and the ROM later but for now we shall deﬁne
them as follows:

RAM

The random access ‘memory is a read write memory, i.e., information can be read as
well as written into this type of memory. It is volatile'in nature, i.e., the information it
contains is lost as soon as the system is shut down unless ‘saved’ for further usage by -
the users. It is basically used to store programs and data during the computer’s operation.

ROM

The read only memory, as the name may suggest contains information that can only
be read, i.e., you can’t write on this type of memory. It is non-volatile or permanent
in natire. It is basically used to store permanent programs such as program for the
functioning of the monitor.

The main memory is a fast-memory, i.c., it has small access time. It is because
of its limited capacity that it is fast. The main memory contains the programs that are
currently being worked on. It passes on this information to the control unit as and wher
required. In case the CPU wants to access some data that is present in a secondary storage
device, this data is first transferred to the main memory and then processed.

The main memory is much more costly than the secondary storage devices.
Although the ROM IC’s of various computers do not vary much in their capacities, the
RAM chips are available in wide ranges of storage capacities. In fact, the capacity of
the random access memory is an important specification of a computer.
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A larger RAM means larger programs (in terms of memory) can be loaded and Basic Concepts of
executed. Suppose you want to run a 68-KB program on a machine with 64-KB. This Computer
means that the whole program can not be loaded into the main memory at once resulting
in either the non-execution of the program’or a very slow execution.

A 64-K memory means that there are approximately 64000 (65,536 to be precise) Notes
storage locations which can store 1 bit of data each.

Different memories can be classified on the basis of their concepts:

1. Access Mode: Tt means how easily thgy are accessible.

2. Access Time: The average time required to reach a storage location and obtain its
content is called access time.

3. Transfer Rate: The transfer rate is the number of characters or words that a device
can transfer per second after it has been positioned at the beginning of the record.

4. Capacity and Cost: The capacity and cost may depend upon the requirement and
the budget. :

The main memory has a very low access time and a very high transfer rate. It is
limited in capacity and costlier than secondary storage devices.

The Cache Memory

Another important concept is that of the cache memory, which is also a part of the CPU.

The cache memory lies inl the path between the processor and the main memory.
The cache memory therefore, has lesser access time than the main memory and is faster
than the main memory. A cache memory may have an access time of 100ns, while a
main memory may have an access time of 700ns.

The cache memory is very expensive and hence is limited in capacity. Earlier
cache memories were available separately but the latest microprocessors contain the
cache memory on the chip itself.

Processor

v

Cache Memory
i—A

Main Memory

Fig. 1.8: Cache Memory

The need for the cache memory is due to the mismatch between the speeds of the
main memory and the CPU. The CPU clock is very fast, whereas the main memory access
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time is comparatively slow. Hence, no matter how fast the processor is, the processing
speed depends more on the speed of the main memory (the strength of a chain is the
strength of its weakest link). It is because of this reason that a cache memory-having
access time closer to the processor speed is introduced.

The cache memory stores the program (or its part) currently being executed or
which may be executed within a short period of time. The cache memory also stores
temporary data that the CPU may frequently require for manipulation.

The cache memory work_s according to various algorithms, which decide what
information it has to store. These algorithms work out the probability to decide which
data would be most frequently needed. This probability is worked out on the basis of
past observatiops.

We shall discuss the ‘memory” later when we discuss the auxiliary memory.

" Functioning of the Arithmetic Logic Unit

Register

A reglster is a combination of memory storage locations called flip-flops. Each flip-fiop
is capable of storing one bit of information. An n-bit register contains ‘n’ flip-flops and
is capable of storing ‘n’ bits of information.

1 2 3 : . n-l n

Fig. 1.9: n-bit Register

Accumulator

The accumulator is a register that is present within the arithmetic logic-unit. The
accumulator stores data, which is either the result of an operation, or which is to be

| processed through arithmetic and logical operations.

ALU

Accumulator

- Fig. 110: The Detailed A.L.U.

Memory Data Register

The memory data register like the accumulator is used to store data. This register holds
all data and instructions temporarily as they pass in or out of the main memory.

t



Memory Address Register
The memory address register contains the address of the memory location
(in main memory) whose data is to be transferred into the memory data register.

In the Figure, the memory address register (MAR) contains the address of the third
memory location, the dsata of which is transferred to the memory data register (MDR).

We shall try to explain the functioning of the ALU with the help of an example.
Suppose two numbers are to be subtracted. The following steps are involved:

1. Letthe first instruction cause the number 13 to be placed in the accumulator. When
the control unit receives this instruction it decodes it and performs the controlling
and coordination function by sending the number to the accumulator. A special
purpose register that holds the instruction currently being processed by the control
unit is called Current Instruction Register (CIR).

"2 The second instruction asks the control unit to send the address of the second
number stored in the main memory to the MAR.

3. The control unit then causes the contents of that specific address of the main memory
to be copied to the MDR.

4. Once the numerical data is passed on to the MDR, the control unit signals the ALU
to perform the SUBTRACT Operation which causes the number in the MDR to be
subtracted from the number in the accumulator.

Functioning of the Control Unit

The control unit as said earlier is the nerve centre of the computer. Every instruction
before being executed is first interpreted by the control unit. The sequence of operations
involved in processing an instruction is known as the instruction cycle. The instruction
cycle can be divided into two parts:

1. Fetchcycle

2. Execution cycle

Fetch Cycle -

The control unit fetches the instruction from the memory data register and places it in
the current instruction register.

Execution Cycle

The control unit then decodes this instruction in the current instruction register and
sends the appropriate signal to the concemed device for the execution of the instruction.

The flowchart in the figure 1.9 describes the functioning of the control unit.

Let us now turn our attention back to the memory devices.

Memory

Auxiliary Storage Memory
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The auxiliary storage memory, also known as the secondary memory is an external (to
the CPU) memory. The auxiliary storage devices store system programs, large data files,
assemblers, compilers and other programs. In other words, the auxiliary storage devices
are used for bulk storage of data. The storage capacity of these devices is unlimited as
an empty device can replace them once the existing device is completely filled. Even
the individual storage dev1ces such as the magnetic tape have more capacity than the
main memory.

The secondary memory is permanent in nature, i.e., the information stored in these
devices is not lost unless specifically deleted. Secondary storage devices being permanent
in nature can also be used for transportation of data from one computer to another,

Secondary storage devices are cheaper than the main memory. The information
stored in the secondary memory is first transferred to the main memory and then
processed by the CPU. The final result may then be placed in the secondary memory. It
is because of this that the access time of the secondary memory is comparatively high.
Hence, the data stored in the secondary storage devices take more time to process than
the data already present in the main memory. In fact the access tie for data stored in
the secondary memory is one thousand times the data stored in the main memory.

- Secondary memories may also be considered as input and output devices as they
provide the information as input and store the final results in the output.

The secondary storage devices would be discussed in detail in a later chapter.

Memory Hierarchy
The figure 1.10 above is self-explanatory.

Types of Memory

Although various types of memory have been discussed in the previous sections the
block diagram given below acts 4s a good visual aid for memorizing.

As promlsed earlier we shall now discuss the random access memory (RAM) and read

only memory (ROM) in detail. -

Random Access Memory (RAM)

The RAM as mentioned earlier is volatile in nature. It retains the étored informafion as
long as the power supply is on. Its contents are lost when the power supply is switched
off. The power requirement of the random access memory chips is comparable to that of
the microprocessor itself. It is also partially due to this reason, that the RAM is very fast.
RAM is of two types:
L. Dynamlc RAM (DRAM)
2. Static RAM (SRAM)
We shall discuss each of these in detail:

Dynamic RAM (DRAM): The dynamic RAM chips contain a transistor that acts

as a-gate to a capacitor, which is capable of storing electric charge. The charge on the
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capacitor indicates a 1’ bit and no charge indicates a ‘0" bit. The charge on the capacitor

leaks away after a few milliseconds. Therefore, a dynamic RAM has to be refreshed
periodically after every two milliseconds. A D-RAM uses its contents in a very short
time even though the power supply is ON. A D-RAM consumes less power and has
higher packing density. It is cheaper than the static RAM. :

Static RAM (S-RAM): Static RAM’s are also volatile in nature but they need no
regenerator to retain the data. They retain the data as long as they receive the power.
The static random access memory COnsumes more power and is more expens—ive. The
static RAM chips are more complicated and hence require more space. Static RAM's
are faster than the dynamic RAM’s. Static RAM’s have an access time of approximately
85 to 90ns while the dynamic RAM’s may take 150 to 200ns to provide information.
Static RAM’s are recommended for medium sized memories while dynamic RAM’s
are recommended for large sized memories.

Read Only Memory (ROM)

The read only memory (ROM) contains non-volatile or permanent information. As the
name suggests the information contained in this type of memory can only be read; it
can not be altered or overwritten. Information is entered into the ROM chip at the time
of manufacturing. ROM chips are used for applications which require a permanent
information, e.g., a program for the functioning of the visual display unit, a program
for controlling the working of a washing machine, efc.

With the advent of technology erasable ROM’s have become available. We shall
discuss thesc and other ROM’s in the following section.

Types of ROM

e Programmable Read Only Memory (PROM): A PROM progfam is used
to record information in the PROM chip. Information once programmed
into the PROM chip is pérmanent and can not be changed or erased. The
process of entering the information into the PROM chip is known as “burning
the PROM.” PROM chips are seldom used in modern day computers,
but they still find their use in devices where a perrﬁanent ROM is
required.

o Masked Read Only Memory (MROM): In the masked ROM, the information
is permanently recorded by the masking and metallization process. It is
not easy to perform this process as a large infrastructure is required,
and therefore, it is usually the manufacturers who perform this process.

s Erasable Programmable Read Only Memory (EPROM): An EPROM is
an erasable PROM. An EPROM can be (re) programmed using an EPROM
programmer. Exposing it to high intensity ultraviolet light for 30 minutes
(approximately) can erase the contents of an EPROM chip. An ultra-violet source
with a wavelength of 2537A (angstrom) is used for this purpose. The process
of changing the contents is not convenient, as the chip has to be removed from
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the board for exﬁosure to the ultra-violet light source. Another disadvantage
is that the user can’t erase the contents of a single memory location and the
entire memory contents have to be erased. The EPROM chip is cheap, reliable
and widely available. '

o Electrically Erasable Programmable Read Only Memory (EEPROM):
- EEPROM is an electrically erasable PROM. Using electrical signals can alter the
- information and that is why the chip need not be removed from the board. One
major advantage that this chip has over the EPROM is that even single memory
can be altered, i.c., the entire memory need not be erased and reprogrammed
unless required. The change in the contents of the EEPROM 6hip is made in
milliseconds, which is much Iess than the erasing time for EPROM,

o Non-Volatile RAM: A non-volatile RAM combines a static RAM and EEPROM.
Such a device operates as normal RAM but in case the p(;wer fails the entire
contents of the RAM are stored in EEPROM. When the power is restored, the
data from EEPROM is transferred back to the RAM. '

. Now that you have an idea of the computer’s internal architecture. We shall discuss
the RISC & the CISC.

1.11 -Reduced Insfrucﬁon Set Computer (RISC)

An important aspect of computer architecture is the design of the instruction set for the
processor. The instruction set chosen for a particular computer determines the way that
‘machine language programs are constructed. Early computers had small and simple
instruction sets, forced mainly by the need to minimize the hardware used to implement
‘them. As digital hardware became cheaper with the advent of integrated circuits, computer
instructions tended to increase both in number and complexity. Many computers have
instruction sets that include more than hundred and sometimes even more than 200
instructions. These computers also employ a variety of data types and a large number
of addressing modes. The trend for computer hardware complexity was influenced by
various factors, such as upgrading existing models to provide more customer applications,
adding instructions that facilitate the translation from high-level language into machine
language programs and striving to develop machines that move functions from software
implementation into hardware implementation. A computer with a large number of

_instructions is classified as a Complex Instruction Set Computer, abbreviated CISC.

In the early 1980s, a number of computer designers recommended that computers
use fewer instructions with simple constructs so they can be executed much faster within
the CPU without having to use memory as often. This type of computer is classified as

"] a Reduced Instruction Set Computer or RISC.

CISC Characteristics

The design of an instruction set for a computer must take into consideration not only
machine language constraints, but also the requirements imposed on the use of high-
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level programming languages. The translation from high-level to machine language
programs is done by means of a compiler program. One r¢ason for the trend to provide a
complex instruction set is the desire to simplify the compilation and improve the overall
computer performance. The task of a compiler is to generate a sequence of machine
instructions for each high-level language statement. The task is simplified if there are
machine instructions that implement the statements directly. The essential goal of a CISC
architecture is to attempt to provide a single machine instruction for cach statement
that is written in a high-level language. Examples of CISC architectures are the Digital
Equipment Corporation VAX computer and the IBM 370 computer.

The major characteristics of CISC architecture are:

1. Alarge numbgr of instructions-typically from 100 to 250 instructions
2. Some instructions that perform specialized tasks and are used infrequently
3. Alarge variety of addressing fnodes-typically from 5 to 20 different modes
4. Variable-length instruction formats -
5. Instructions that manipulate operands in memory

RISC Characteristics

The concept of RISC architecture involves an attempt to reduce execution time by
simplifying the instruction set of the computer. The major characteristics of an RISC

. Processor are:

I. Relatively few instructions

Relatively few addressing modes

Memory access limited to load and store instructions
All operations done within the registers of the CPU
Fixed-length, easily decoded instruction format

Single-cycle instruction execution

S A

Hardwired rather than micro programmed control

A characteristics of RISC processors is their ability to execute one instruction
per clock cycle. This is done by overlapping the fetch, decode and execute phases of
two or three instructions by using a procedure referred to as pipelining. A load or store
instruction may require two clock cycles because access to memory takes more register
operations. Efficient pipelining, as well as a few other characteristics, are sometimes
attributed to RISC, although they may exist in non-RISC architectures as well. Other
characteristics attributed to RISC architecture are:

I.  Arelatively large number of registers in the processor unit )

2. Use of overlapped register windows to speed-up procedure call and return
3. Efficient instruction pipeline
4

Compiler support for efficient translation of high-level language programs into
machine language programs

%
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_Information Systems 1,12 Indian Computing Environment
for Management

Office work includes many administrative and management activities. The preparation,
distribution, processing and review of documents are the common activities of an
Notes - ( organization. Prior to the advent-of computers, these office activities were either
performed manually or with the help of mechanical and electrical machines. . During the
past few decades, the basic nature of office has changed remarkably. Office automation
deals in application of latest technologies in improving the overall proﬁ01ency of the
office. We may define office automation as follows:

Definition L _ ;
Office automation is the application of computer and related technblogics like

communication and networking to integrate the gerieral office tasks so that the efficiency
of office work is improved.

Office automation does not mean Just to install computers and communication
devices in an office, but it is much more than that. We will discuss in later part of this
unit, how an office can be automated in a real sense.

1.13 Role of Computers in Management

Although all the work of a small or big office can be performed manually, it is very
difficult or even impossible today for an organization to compete in the market without
office automation. There are many essential requirements of today’s ofﬁce environment,
which are listed below:

o To reduce cost of administrative overhead;

¢ To increase the efficiency of office tasks;

¢ To provide better service to the custoﬁers;

* To provide accurate information to the management:
¢ To provide best and fastest way of communication.

The above requirements cannot be achieved without using latest technologies and
- therefore, office automation is needed for an organization.

Office Functions Needed 10 be Automated

Many types of functions are performed in an office. Thc basxc functions, which are
needed to be automated in any office are:
1. Document Generation: In all offices, many documents are needed to be prepared,
- typed and printed. Typewriters,- computers and printers are widely used in
automating this routine task of offices.

2. Document Processmg' Documents are also needed to be processed in order to
extract useful information required for MIS and other official purposes. Many
office automation tools like word processing, desktop publlshmg ete. are used to
perfonn this task. _ '
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3. Document Distribution: All offices require an electronic distribution system for Basic Concepts of

transferring documents and data within and outside the organization. The main Computer
office automation tools for distribution of documents are Photocopiers, Teletax
and Fax machines.

Notes

4. Archival Storage: The office documents are also needed to be stored for a long
period, so that they can be retrieved when required. This task is achicved by the
. use of different storage devices like tapes, disks, ete. '

Office Automation Systems

For achieving the basic functions of an office, different types of office automation
systems are used. These systems can be broadly classified into following four types:

1. Document Management Systems: These systems include computerized tools for
generation, storage, processing and distribution of documents. '

2. Commnnication Systems: These systems are used for sending messages, documents

" and data within and outside the organization.

3. Teleconferencing Systems: An electronic means of communication for conducting
seminars and training programmes in an organization is achieved through various
teleconferencing systems. :

4. Support Systems: Besides the above major office automation systems certain ‘
support systems for managing the activities of work groups are also used in some

offices.

1.14 Generation of Computers

The computer evolved as a result of man’s search for a fast and accurate calculating
device. Abacus was the first manual calculating device, which was invented in Asia many
centuries ago. In 1617, John Napier, a Scottish mathematician invented a mechanical
calculator called “Napier’s bones’. Thereafter, many kinds of computers have been
designed and built during the evolution of the modern digital computer. [n order to
provide a framework for the growth of computer industry, the computer era has been
referred to in terms ‘of generations. Computers are classified into following six types
based on their historical advancement and electronic components used.

Zeroth Generation Computers ’ .

The zeroth generation of computers (1642-1946) was marked by the invention of
mainly mechanical computers. Pascaline was the first mechanical device, invented by
Blaise Pascal, a French mathematician in 1642. In 1822, Charles Babbage, an English
mathematician, designed a machine called Difference Engine to compute tables of
numbers for naval navigation. Later on, in the year 1834, Babbage attempted to build
a digital computer, called Analytical Engine. The analytical engine had all the parts of
a modern computer, i.e.; it had four components—the store (memory unit), the mill
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(computation unit), the punched card reader (input unit) and the punched/printed output
(output unit). As all basic parts of modern computers were thought out by Charles

"Babbage, he is known as Father of Computers. In later years, Herman Hollerith invented

amachine for doing counting for 1880 US census, which was called Tabulating Machine.
In 1944, Howard A. Eiken invented first American general purpose electro-mechanical
computer, called Mark I and later on its successor, Mark II. The Zeroth generation of

| computers or the era of mechanical computers ended in 1946 whén vacuum tubes were

invented.

First Generation Computers

The first generation of computers (1946-1954) was marked by the use of vacuum tubes
or valves for their basic electronic component. Although these computers were faster than
earlier mechanical devices, they had many disadvantages. First of all, they were very
large in size. They consumed too much power and generated too much heat, when used
for even short duration of time. They were very unreliable and broke down frequently.
They required regular maintenance and their components had also to be assembled
manually. The first generation of computers became out-dated, when in 1954, the Philco
Corporation developed transistors that czi_n be used in place of vacuum tubes.

Examples:

® ENIAC (Electronic Numerical Integrator and Calculator) It was the first

electronic computer using vacuum tubes. — 1946

e EDSAC (Electronic Delay Storage Automatic Calculator) It was the first stored-
program computer. - . : _ - 1949

¢ EDVAC (Electronic stcrete Variable Automatlc Computer) It was a successor
to EDSAC. - . - 1951

® IAS machine (Princeton’s Institute of Advanced Stitdies) It was a new version
" of the EDVAC, built by von Neumann. — 1952 -

The basxc design of IAS machine is now known as von Neumann machine, which
had five basic parts, viz., the memory, the arithmetic logic -unit, the program control
unit, the input and the output unit.

Features o

1. They used valves or vacuum tubes as their main electronic component.
They were Iargé in size, slow in processing and had less storage capacity.
They consumed lots of electricity and produced lots of heat.
Their computing qapabilitiés were limited.
They were not so accurate and reliable.

They used machine level language for programming.

T T

They were very expensive.



Second Generation Computers

The second generation of compliters (1954-64) was marked by the use of transistors in
place of vacuum tubes. Transistors had a number of advantages over the vacuum tubes.
As transistors were made from pieces of silicon, they were more compact than vacuum
tubes. The second generation computers, therefore, were smaller in size and less heat
was generated than first generation computers. Although they were slightly faster and
more reliable than earlier computers, they also had many disadvantages. They had limited
storage capacity, consumed more power and were also relatively slow in performance.
Like first generation computers, they also required regular maintenance and their
components had also to be assembled manually. Manual assembly of components was
very expensive and later many attempts were made to reduce such manual assembly.
It was in 1964, when it was discovered that a number of transistors could be sealed up
into a tiny package, called Integrated Circuit (IC) or Chip. Second generation computers
became outdated after the invention of ICs.

Examples:

e PDP-l, developed by DEC was the first minicomputer.
e NCR 304 (National Cash Register), was first all-transistorized computer.

Features

1. Transistors were used instead of Vacuum Tube.

2. Processing speed is faster than First Generation Computers (Micro Second)
3. Smaller in Size (51 square feet)
4

The input and output devices were faster.

Third Generation Computers

The third generation of computers (1964-1980) was marked by the use of Integrated

Circuits (ICs) in place of transistors. ICs were more compact than transistors, as hundreds

of transistors could be put on a single small-circuit. These computers removed many
drawbacks of second generation computers. The third generation computers were even
smaller in size which generated less heat and required very less power as compared to
earlier two generation of computers. These computers. required less human labour at
the assembly stage. Although, third generation computers were faster and more reliable,
they also had a few disadvantages.

They still had less storage capacity, relatively slow performance and thus could not
fulfil the-requirements of the users and programmers. The third generation computers
became outdated around the year 1978 when it was found that thousands of ICs could

. be integrated onto a single chip, called LSI (Large Scale Integration).

Examples:

o IBM 360, developed by IBM in 1964 was the first product line designed as
a family. .

Basic Concepts of
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Information S);stem 5 ‘o PDP-8, developed by DEC in 1965 was the first mass-market miricomputer.

forMan_agemer_:t e PDP-1, de_velobed by DEC in 1970 was the first highly successful

minicomputer.
e CRAY-l, developed by Cray in 1974.was the first supercomputer.

Notes
. e VAX, developed by DEC in 1978 . was the first super minicomputer.

Features

1. They used Integrated Circuit (IC) chips in place of transistors.
2. Sémi conductor memory devices were used.

3. The size was greatly reduced, the speed of processing was high, they were more -
" aceurate and reliable.

4. Large Scale Integration (LSI) and Very Large Scale Integration (VLSI) were also
developed. ' ' '

5. The mini computers were intreduced in this generation.

6. They used high level language for programming,

Fourth Generation Compixters

The fourth generation of computers (1978-till date) was marked by use of Large Scale
Integrated (LSI) circuits in place of ICs. As thousands of ICs could be put onto 4 single
circuit, so LSI circuits are still more compact than ICs. In 1978, it was found that
millions of components could be packed onto a single circuit known as Very Large
Scale Integration (VLSI). VLSI is the latest technology of computer that led to the
development of the popular Personal Computers- (PCs), also called Microcomputers. All
present day computers belong to the fourth generation of computers. These computers:
are very powerful having a high memory and a fast processing speed. Today’s PCs are
even more powerful than mainframe computers. Although fourth generation computers
offer too many advantages to users, the major drawback of these computers.is that they
have no intelligence on their own. Scientists are now trying to remove this drawback
by making computers which will have artificial intelligence.

Examples: -
1. IBM PC, developed in 1981 was the first indﬁstry standard personal computer,
having Intel 8088 memory chip.

2. IBM PC/AT, developed in 1982 was the first advanced technology PC, havin'g
Intel 80286 memory chip. )

386, developed in 1985, had Intel 80386 memory chip. '
CRAY-2, developed in 1985, was the fourth generation supercomputer.
486, developed in 1989, had Intel 80486 memory chip.

N

 Pentium, developed in 1995, has pentium (80586) memory chip.
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1. They used Microprocessor (VLSI) as their main switching element. Computer
2. They are also called micro computers or personal computers.

3. Their size varies from desktop to léptop or palmtop. Notes
4. They have very high speed of processing; they are 100% accurate, reliable, diligent

and versatile.

5. They have very large storage capacity.

Fifth Generation Computers

The fifth generation computers (Tomorrow’s computers) are still under research and
development stage. These computers will have artificial intelligence. They will use ULSI
(Ultra Large Scale Integration) chips in place of VLSI chips. One ULSI chip contains
millions of components on a single IC. The most important feature of fifth generation
computers is that they will use an intelligent software. This software will enable the user
to tell computer ‘What to do’ and not “How to do’ by using intelligent programming and
knowledge-based problem solving techniques. So, the programmets or users would not
be required to give each and every instruction to the computer for solving a problem.
These computers will also have user interface in form of speech in natural languages.

Example:

s Yet to develop but ROBOTS have few features of fifth generation
computers. Cot

1.15 Classification of Programming Languages

For the purpose of understanding the programming, languages can be categorized into
Low Leve! and High Level languages as follows: . -

Low Level Languages

A low level language is a language in which each statement is directly translated into a
single machine code. These languages can be further classified under two heads:

1. Machine Languages, 2. Assembly Languages

Machine Languages-

Unfortunately, the computer’s own binary-based language, or machine language, is
difficult for humans to use. The programmer must input every command and all data
in binary form, and a basic operation such as comparing the contents of a register to
the data in a memory-chip location might look like this: 11001010 00010111 11110101
00101011.

Machine-language programming is such a tedious, time consuming task that the
time saved in running the program rarely justifies the days or weeks needed to write the
program. Therefore, the set of instruction codes, whether in binary or in decimal notation,
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which can be directly understood by the computer without the help of a translating
program, is called machine code or machine language program.

Let us understand this: a computer understands information composed of only
zeros and ones. This means that a computer uses binary digits for its operation. The
computer’s instructions are therefore coded and stored in the memory in the form of (s
and Is. A program written in the form of Os and 1s is called a machine language program.
There is a specific binary code for each instruction. For example, to add the contents of
register A and register B, the binary code is 10000000 for Intel 8085. The binary code
(machine code or object code) for a certain operation differs from computer to another.
Each microprocessor has its own instruction set and corresponding machine codes.
Machine code is the fundamental language of a computer and is normally written as
strings of binary 1s and 0s. However, a machine language program need not necessarily
be coded as strings of binary digits (1s and 0s). It can also be written using decimal
digits. However, the circuitry of the computer would be extremely compiex and such
computers have not been built. b

Two Part Machine Code

The circuitry of a computer is wired in such a way that it immediately recognizes the
machine language and converts it into electrical signals needed to run the computer. An
instruction prepared in any machine language has.a two-part format, as shown below:

LMC assembly language . LMC machine code translations
Get - 901
_Store_99 ‘ ' o 399
Get ’ 901
Add 99 199
Pt~ | 902

- Operation Code

The first part is the command or operation, and it tells the computer what function to
perform. Every computer has an operation code or opcode for each of its functions.

Address

The second part of the instruction is the operand, and it tells the computer where to find
or store the data or other instructions that are to be manipulated. Thus, each instruction
tells the control unit of the CPU what to do and what is the length and location of the
data fields that are involved in the operation. Typical operations involve reading, adding,
subtracting, writing, and so.of.

We know that all computers use binary digits (s and 1s) for performing internal
operations. Hence, a computer’s machine language consists of strings of binary numbers.
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This is the only language which the CPU understands directly. When stored inside the
computer, the symbols which make up the machine language program are made up of
1s and 0s. We know that machine language is not a very easy language to learn, because
it is difficult to read, understand and remember the long sequences of 0s and 1s. Since
human programmers are more at ease with the decimal number system, they preferred
to write the computer instructions in decimal numbers. An input device is then used to
convert these to binary.

Advantages and Limitations of Machine Language

Programs written in machine language can be executed very fast by the computer. This
is mainly because machine instructions are directly understood by the CPU and no
translation of the program is required. However, writing a program in machine language
has several disadvantages which are discussed below.

The internal design of computers is different from one another and needs different
electrical signals to operate; the machine language is also different from one type
of computer to another. It-is determined by the actual design or construction of the
Arithmetic Logic Unit (ALU), the control unft, and the size as well as the word length
of the memory unit. Hence, it is ‘importan't to note that after becoming f)roﬁcient in
the machine code of a particular computer, the programmer will be required to learn a

new machine code and would have to write all the existing programs again, in case the
" computer system is changed. '

Although machine language is easily used by the computer, it is very difficult to.
write a program in this language. It is nepeséary for the programmer either to memotize
dozens of code numbers for the commands in the machine’s instruction set or to
constantly refer to a reference card. A programmer is also forced to keep track of the
storage locations of data and instructions. A machine language programmer must also
be an expert who knows about the hardware structure of the computer. '

For writing a program in machine language, the programmer not only has to.

remember the opcodes, but also has to keep a track of the storage locations of data and
instructions. It therefore becomes very difficult for him to-concentrate fully on the logic
of the problem. This frequently causes errors in programming.

It is very difficult to correct or modify machine language programs. Checking
machine instructions to locate errors is about as tedious as writing them initially.
Similarly, modifying a machine language program at a later date is so difficult that
many programmers would prefer to code the new logic afresh instead of incorporating
the necessary modifications in the old program. In short, writing a program in machine
language is so difficult and time consuming that it is rarely used nowadays.

Assembly Languages

One method programmers devised to shorten and simplify the process is called assembly-
language programming. By assigning a short (usually three-letter) mnemonic code
to each machine-language command, assembly-language programs could be written
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Information Systems  apd debuggcd-cleaned of logic and data errors - in a fraction of the time needed by
Jor Management machine-language -programmers. Unlike the othér programming languages, assembly -
language i_s-not a single language, but rather a group of languages. Each processor
o ~ family (and sometimes individual processors within a processor family) has its own
Notes assembly language. o
' In assembly language, each mnemonic command and its symbolic operands equal
one miachine instruction. An-assembler program translates the mnemonic opcodes
(operation codes) and symbolic operands into binary-language and executes the
program. Assembly language, however, can be used only with one type of CPU chip
or microprocessor. Programmers who expended much time and effort to learn how to
program one computer had to learn a new programming’ style each time they worked
on another machine. What was needed was a shorthand method by which one symbolic
statement could represent a sequence of many machirie-language instructions, and a way
that would allow the same program to run on several types of machines. These needs
led to the development of the so-called high-level languages.

In contrast to high-level languages, data structures and prograin structiires in
assen}bljf language are created by-directly implementing them-on the underlying hardware.
So, instead of cataloguing the data structures, the program structures can be built (in
assembly lanéuage you cén build any structures you so desire, including new structures
nobody else has ever created). Because of the close relationship between assembly
languages and the underlying hardware, we will discuss hardware implementation as

_well as software,

-

Assemblers

Assembly language is the oldest non-machine language, allowing for a more human
readable method of writing programs than writing in binary bit patterns (or even -
hexadecimal patterns). We know that a computer does not understand any program
written in a language other than its machine language. Hence, the programs written in
other languages must be translated into the’ machine language of the computer before
they are executed. Such translation is performed with the help of software. A program -
which translates an assembly language program into a machine language program is

| called an assembler. An assembler which runs on a computer for which it produces object
codes {machine codes) is called a self assembler (or resident assembler).

Cross Assemblers

A less powerful and cheaper cofnputer may not have enough software and hardware
facilities for program development. In such a situation, a faster and more powerful
computer can be used for program development. The programs so developed are to be
run on smaller corﬁputers. For such program development, a cross assembler is tequired.
A cross assembler is an assémbler that runs on a computer other than that for which
it produces machine codes. These are further classified as: One-pass Assemblers and
-Two-pass Assemblers. : '
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One-Pass Assemblers

It is an assembler which reads the assembly language programs only once. Such an
assembler must be equipped with some means to assign addresses to the labels used in
the assembly language program.

Twao-Pass Assemblers

It is an assembler which goes through the assembly language program twice. On the
first pass, the assembler reads the assembly language program and collects all labels. It
assigns addresses to the labels counting their position from the starting address. On the
second pass, the assembler produces the machine code for each instruction and assigns
addresses to each instruction.

Advantage and Limitations of Assembiy Languages -

The advantage of assembly language over high-level languages is that the computation

time of an assembly language program is less. An assembly language program runs faster
to produce the desired result. Following are the majbr limitations or disadvantages of
assembly languages:

Programming is difficult and time-consuming. In addition, assembly languages are
machine dependent. The programmer must have detailed knowledge of the structure of
the computer he is using. He must have the knowledge of registers and instruction sets
of the cox_nputer; connections of ports to the peripherals, etc.

The program written in an assembly language for one computer cannot be used in
any other computer, i.e., the assembly language program is not portable. Each processor
has its own mstructlon sets and hence its own assembly language.

An assembly language program contains more instructions than a high- level
language program. Each statement of a program in a high-level language (such as
FORTRAN, PASCAL, etc.) corresponds to many instructions in an assembly language
program.

In case of an assembly language, instructions are still written at the machine-code
level—that is, one assembler instruction is substituted for one machine-code instruction.

Assemblers are available for just about every processor ever made. Native assemblers
produce object code on the same hardware that the object code will run on. Cross
assemblers produce object code on different hardware that the object code will run on.

Structure of Assembly Language

" Format: Free form or column (depends on the assembly language)

Nature: Procedural language with one to one correspondence between lan‘guage
mnemonics and executable machine instructions.

Assembier languages occupy a unique place in the computing world Smce most
assembly language statements are symbolic of individual machine-language instrugtions,
the assembler-language programmer has the full power of the computer at his disposal
ina way that users of other languages do not. Because of the direct relationship between
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assembler. language and machine language, assembler language is used. when nigh

efficiency of programs is needed and especially in areas of application that are so new.

and amorphous that existing program-oriented languages ‘are ill-suited for descnhmg
the procedures to be followed. '

Perhaps the most glanng difference among the three types of languages [hi gh—level
assembly, and machine] is that as we move from high-level languages to lower-levels,
the code gets harder to read (with understanding). The major ad.vantages of high-level
languages are that they are easy to read and are machine-independent. The instructions
are written in a combination of English and ordmary mathematical notation, and programs
can be run with minor changes on different computers.

The second most visible difference among the different types of languages is
that several lines of assembly language are needed to encode one line of a high-level
language program.

There are a number of situations in which it is very desirable to use assembler

language routines to do part of a job, and use some higher-level language for other parts:

It makes sense to use higher-level languages such as. FORTRAN, COBOL, or PL/I for
parts of procedures for which they are well-suited, and supplement with assembler
language routines for those parts of procedures for which the hloher-level language is
awkward or inefficient.

If one has a choice between assembly language and a h:gh-level Ianguage why
choose assembly language? The fact that the amount of programming ‘done in assembly
language is quite small compared to the amount done in high-level languages. It mdlcates

that one generally does not choose assembly language However, there are situations’

where it may not be convenient, efficient, or possible to write programs in high-level
languages. Programs written to control and communicate with peripheral devices

(input and output devices) are usually written in assembly language because they use

special instructions that are not available in hi gh-level languages, and they must be very
efficient. Some systems programs are written in assembly language for similar reasons.
In general, since high-level languages are designed without the features of a particular
machine in' mind and a compiler must do its job in a standardized way to accommodate
all valid programs, there are situations where to take advantage of special features of a
machine, to program some details that are inaccessible from a high-level language, or
perhaps to increase the efﬁc1ency of a program, one may reasonably choose to write in
assembly language.

In situations where programming in a high-level language is not appropriadie‘, itis

clear that assembly language is to be preferred to machine language. Assembly language
- has a pumber of advantages over machine code aside from the obvious increase in.

readability. One is that the use of symbolic names for data and instruction labels frees
the programmer from computing and recomputing the memory locations whenever

a change is made in a program. Another is that assembly languages generally have a
. feature, called macros, that frees the programmer from having to repeat similar sections -

of code used in several places in a program.
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Kinds of Processors

Processors can broadly be divided into the categories of: CISC, RISC, hybrid, and
special purpose. - ‘

Complex Instruction Set Computers (CISC) have a large instruction set, with
hardware support for a wide variety of operations. In sciéntific, engineering, and
mathematical operations with hand coded assembly language (and sorhe business
applications with hand coded assembly language), CISC processors usually perform
the most work in the shortest time.

Reduced Instruction Set Caniputers (RISC) have a small, compact mstruction
set. In most business applications and in programs created by compilers from high level
language source, RISC processors usually perform the most work in the shortest time.

Hybrid processoﬁ are some combination of CISC and RISC approaches, attempting
to balance the advantages of each approach. '

‘Special purpose processors are optimized to perform specific functions. Digital
signal processors and various kinds of co-processors are the most common kinds of
special purpose processors.

. Executable Instructions

There are four general classes of machine instructions. Some instructions may have
characteristics of more than one major group. The four general classes of machine
instructions are: computation, data transfer, sequencing, and environment control.
Computation: Implements a function from n-tuples of values to m-tuples of values.
The function may affect the state. Example: A divide nstruction whose arguments are
a single-length integer divisor and a double-length integer dividend, whose results are

a single-length integer quotient and a single-length integer remainder, and which may

produce a divide check interrupt.

Data Transfer: Copies information, either within one storage class or from one

storage class to another. Examples: A move instruction that copies the contents of one
register to another; a read instruction that copies information from a disc to main storage.

Sequencing: Alters the normal execution sequence, either conditionally or
unconditionally. Examples: a halt instruction that causes exccution to terminate; a
conditional jump instruction that causes the next instruction to be taken from a given
address if a given register contains zero. _

Environment Control: Alters the environment in which execution is carried out. The
alteration may involve a transfer of control. Examples: An interrupt disable instruction
that prohibits certain interrupts from occurring; a procedure call instruction that updates
addressing registers, thus changing the program’s addressing environment.

High Level Languages

To overcome the difficulties associated with assembly languages, high-level or procedure-
oriented languages were developed. High-level languages often use English-like words
- for example, LIST, PRINT, OPEN, and so on - as commands that might stand for a
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seqﬁence of tens or hundreds of machine-language instructions. The commands are
entered from the keyboard or from a program in memory orina 'storage device, and they
are intercepted by a program that translates them into machine-language instructions.
The instructions written in a high-level language are called statements. The statements
resemble more closely English and mathematics as compared to mnemonics in assembly
languages. Examples of high-level languages are BASIC, PASCAL, FORTRAN, COBOL,
ALGOL, PL/I, PROLOG, LISP, ADA, SNOBOL, etc,

High-level languages permit programmers to describe tasks in a form which is

problem oriented rather than computer oriented. A programmer can formulate problems -

more efficiently in a high-level language. Besides, lie need not have a precise knowledge
of the architecture of the computer he is using. '

Advantages

One of the biggest advantages of a high-level language is that it is machine independent.
This is a very valuable advantage because it means that a company changing computers—
even to one from a different manufacturer—will not be required to rewrite all the
programs that it is currently using. In other words, a program written in a high-level
language can be run on many different types of computers with very little or practically
no modification. -

High-level languages are independent of computer architecture. The same program
will run on any other computer which has a compiler for that language. The compiler
is machine-dependent and not language-dependent. -

- Aproblem oriented lariguage is a computér language designed to handle a particular’
class of problems. For example, COBOL was designed for business 5pplications.
FORTRAN was designed for scientific and me_lthématical problems. Query languages
are designed for phrasing questions (interrogation problems).

Translation

. When a program is written in a high-level it has to be converted into the appropriate

machine language program before it can be executed. The compiler software is used
to compile and create the object codes in machine language. The compiler does not -
immediately produce machine language program. Suppose a programmer calls from
main program, a subprogram from library of subprogram files, then he should submit
the source codes for all these together, to the compiler. This will force a compilation of
this subprogram whenever it.is used by the program. Instead, if we compile the main
program and subprogram separately and link them up as necessary for ﬁroducing the -
final executable machine program, it will save duplication of compiler effort. The linking
of these library programs, the main program is done by-an operating system program
called ‘linker’. )

Interpreter

An Intérpreter is a translator program for a high-level programming language that
translates and program at the same time. The program is still interpreted in its original



source language, the way the programmer wrote it. The mterpreter translates one
program statement into language and then causes the machine language be executed.
It then translates the next line, -and so on, until the program is finished. Interpreted
programs run more slowly than their counterparts, because the compiler translates the
entire program all at once before the program is run. However, it is convenient to write
a program using an interpreter. Each single line of code can be tested interactively,
hence the program-test the results of a programmmg statement right away. Programs
that are interpreted are not one program and must always be run with the interpreter in
the computer. For example, if you run a BASIC source language program, the version
of the BASIC intérpreter must be in the computer.

Complier vs Linker

Usually a longer program is divided into a number of smaller subprograms called modules.
It is easier to develop, test and debug smaller programs. A linker is a program that links
(combines) smaller programs to form a single program. While developing a program,
subroutines are frequently used. The subroutines are stored in a library file. Thé linker
- also links subroutines with the main program. Further, the linker links machine codes
of the programs. It accepts the user’s programs after the editor has edited the program
and the compiler has produced the corresponding machine codes.

Interpreter vs Compiler

An interpreter is a program which translates statements of a high-level language program
into machine codes. It translates one statement of the program at a time. It reads one
statement of a high-level language program, translates it into machine code and executes
it. Then it reads the next statement of the program, again translates and executes it. In
this way it proceeds further till all the statements of the program are translated and
executed. On the other hand, a compiler goes through the entire high-level language
program once or twice and then translates the entire program into machine codes. A
compiler is 5 to 25 times faster than an interpreter. An interpreter is a small program as
compared to a compiler. It occupies less memory space, so it can be used in a smaller
system which has limited memory space. The object program produced by the compiler
is permanently saved for future reference. On the other hand, the object code of the
statement produced by an interpreter is not saved. If an instruction is used the next
time, it must be interpreted once again and translated into machine code. For example,
during the repetitive processing of the steps in a loop, each instruction in the loop must
be reinterpreted as the loop is executed.

Some of the popular high-level languages are briefly explained below:

FORTRAN

The first commercial programmer was probably Grace Hopper (1906-92), an American.
After programming an experimental computer at Harvard University, she worked on
the UNIVAC 1 and II computers and developed a commercially usable high-level
programming language called FLOWMATIC. To facilitate computer use in scientific
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applications, IBM then deve]opcd a language that would simplify work involving
complicated mathematical formulas Begun in 1954 and completed in 1957, FORTRAN .

" (FORmula TRANslator) was the first comprehensive high-lével programming language

that was widely used. It is a very useful language for scientific and éngineering

computations as it contains many functions for performing complex mathematical
operations. It is a compact programming language. It is not suitable for processing large
business files. It has a number of versions. Earlier, FORTRAN 1V was very popular.

In 1977 the American National Standards Institute (ANSI) published a standard for
FORTRAN called FORTRAN 77 with the objective that all manufacturers should use
the same form of the language.

ALGOL

In 1957, the Association for Computing M achmcry setout to develop a universal language
that would correct some of FORTRAN’s perceived faults. A year later they released
ALGOL (ALGOrlthrmc Language), another scientifically orented language. It was
suitable for scientific and ehgineering computations. It was used in some universities and
computer centres, but-not in industries. It was widely used in Europe in the 1960s and
1970s, it has since been superseded by newer languages, while FORTRAN continues
to be used because of the huge-inve_stment in existing programs.

COBOL ‘

Itis an abbreviation for Common Business-Oriented Language. COBOL was developed
specially for business data processing, It was introduced by the US industry/government
committee in 1960. COBOL is used for large business and commercial applications -
such as handlmg of ledgers, accounts, payroll files, etc. It supports simple and limited
numeric operations, but it can handle complex non-numeric operations. It is more
suitable for mampuIatmg alphanumenc characters than FORTRAN. It can be writtenin -
a quasi-English form that. may employ commonly used business terms. Its Enghsh like
statements can be understood very easily, for example, SUBTRACT WITHDRAWALS
FROM OLD BALANCE GMNG NEW BALANCE. Its demerit is that it is not a
compact language. It is not easy to learn, and it cannot handle complex mathematlcal
computations as FORTRAN does:.

PASCAL

PASCAL, ongmally designed as a teachmg tool, is now one of the most popular
microcomputer languages. It is a high-level language named after Blaise Pascal a
seventeenth century French mathematician; phllosopher and inventor. The mechanical -
calculator was invented by him. This language was developed by Prof. Nicklaus Wirth
at Switzerland’s Federal Institute of Technology in the early 1970s. It is 4 multi-purpose
language suitable for both sc1ent1ﬁc and business applications. Beside numbers, it can
also manipulate vectors, matrices strings of characters, sets, records, files and lists. As

| PASCAL is a compact language, its compiler is quite suitable for a smaller system.
Program design debugging is made simpler. It produces a very efficient machine-code
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program. The program compiled from PASCAL runs several times faster than the same
program compiled from FORTRAN BASIC. Like ALGOL, it is block-structured. It is an
offspring of ALGOL. 1t is more versatile than BAS and more modular than FORTRAN.
PASCAL is quite similar to C language, but it is not used in profess'ional programming
as C language is. It became an ANSI standard language in 1983.

Basic 7 .
BASIC (Beginner’s All-purpose Symbolic Instruction Code) was developed at Dartmouth

College inthe carly 1960s for use by nonprofessional computer users. The language came
into almost universal use with the microcomputer explosion of the 1970s and 1980s.

- Condemned as slow, inefficient, and inclegant by its detractors, BASIC is nevertheless |

simple to learn and easy to use. Because many early microcomputers were sold with
BASIC built into the hardware (in ROM memory) the language rapidly came into
widespread use. As a very simple example of a BASIC program, consider the addition
of the numbers 1-and 2, and the display of the result. This is written as follows (the
numerals 10-40 are line numbers):

10A=1"
20B=2
30C=A+B
40 Print C

BASIC is a widely used language for simple computation and analysis. It is now

by far the most popular high-level language used in personal computers. To translate |.

BASIC instructions into machine-language codes, interpreters are frequently used in
PC systems. However, BASIC language compilers are also available for these systems.

PLA

It is an abbreviation of Programming Language/I. PL/I was introduced by IBM in 1965.

It is a multi-purpose language suitable for both scientific and business applications.
It is more powerful than FORTRAN. PL/I is designed to include the features of both
FORTRAN (as a scientific language) and COBOL (type file processing techniques as
business data processing language). This has made the language flexible and sophisticated.
PL/I became an ANSI standard language in 1976. '

C

C, a language Bell Laboratories designed in the 1970s, is widely used in developing
systems programs, such as language translators. It is a general-purpose high-level
language. This language was designed by a group at Bell Telephone Laboratories, USA
in the early 1970s. It has features similar to PASCAL. It permits manipulation of internal
processor régisters and hence a programtner can write low-level machine instructions. C
has the features of assembly language programming. It is a small and concise language.
It makes use of a library of functions that are equivalent to subroutines. C programs
can use modular and structured concepts. A problem may be divided into smaller tasks
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and a function may be used to solve each tagk. C program may represent a grouping of
functions that are linked together to produce the solufion of the problem. The advantage
of C is that the programs written in it can be shifted from one machine architecture to ‘
another without much difficulty. This language is used by system programmers to develop
complex programs such as an operating system and application programs. AT and T (Bell
Lab’s parent company) produce the C compiler and UNIX operating sYstern tools as a
single software package. It has many versions which run on PCs and larger machines.

RPG _ .
Report Program Generator (RPG) was developed in 1964, and it was one of the first

 program generators designed for business reports. RPG II, introduced in 1970, was an

advanced version that was widely used as a programming language to develop business
applications for small computers. RPG statements are written on pre-printed format
and that provides the fixed columns for writing each of the statement. Programs like
these were the forerunners of today’s fourth-generation langnages which allow users to
process data without having to know how to be a programmer.

LOGO

LOGO was developed to introduce children to corr;putefs. It is an abbreviation for Logic
Oriented Graphic Oriented. It was developed by Seymour Papert and Colleagues at MIT

in the late 1960s. It is used in serious scientific work in universities. It has also been

popularized as a first educational language that children can use to achieve intellectual
growth and problem-solving skills. LOGO has graphics capability and children can easily
use it to make drawings. They can draw, colour and animate images. It runs on PCs. It
is also used to compdse music, manipulate text, and manage data, etc.

| LIsp

LISP and PROLOG are widely used in artificial intelligence. This language was deveioped
by McCarthy in the early 1960s. LISP is suitable for non-numetic operations involving
logical operations. It is used extensively in artificial intelligence and pattern recognition.
It is also used in designing computer games, proving theorems etc. LISP is capable of
searching, handling and sorting long strings or lists of text. So it has often been used to
implement computerized translators. It is used priniarily on larger computers but LISP
coﬁpilers are also available for PCs. ‘ ’

PROLOG

‘| PROLOG is primarﬂy used for artificial intelligence. It is a suitable language for

developing programs involving complex logical operations. This language was developed
in France. The Japanese have chosen it as a standard language for their fifth generation
computer projects. It is quite suitable for handling large databases and for producing
rules-based expert systems applications. PROLOG stands for PROgramming in LOGig.-
It is based on mathematical logic. PROLOG consists of a set of facts and rules that -
describe objects and relations between objects in a givén domain. The statements that

-



are unconditionélly true are called facts, while rules provide properties and relations
which are true dependmg on given conditions.

Comparison of Assembly and High Level Languages

Assembly languages are close to a one to one correspondence between symbolic
instructions and executable machine codes. Assembly languages also include directives to
the assembler, directives to the linker, directives for organizing data space, and macros.
Macros can be’used to combine several assembly language instructions into a high level
language like construct (as well as other purposes). There are cases where a symbolic
instruction is translated into more than one machine instruction. But in general, symbolic
assembly language instructions correspond to individual executable machine instructions.

High-level languages are abstract. Typically, a single high-level instruction is
translated into several (sometimes dozens or in rare cases even hundreds) executable
machine language instructions. Some early high-level languages Had a close
correspondence between high-level instructions and machine language instructions. For
example, most of the early COBOL instructions were translated intora very obvious and
small set of machine instructions. The trend over time has been for high-lével languages

to increase in abstraction. Modern object-oriented programming languages are highly.

abstract (although, interestingly, some key object-oriented programming constructs do
translate into a very compact.set of machine mstructlons)

Assembly language is much harder to program than high-level Janguages. The
programmer must pay attention to far more detail and must have an intimate knowledge
of the processor in use. But high quality hand-crafted assembly language programs can
run much faster and use much less memory and other resources than a similar program
written in a high-level language. Speed increases of 2 to-20 times faster are fairly
common, and increases of hundreds of times faster are occasionally possible. Assembly
language programming also gives direct access to key machine features essential for
implementing certain kinds of low-level routines, such as an operating system kernel
or micro-kernel, device drivers, and machine control.

High-level programming languages are much easier for less skilled programmers to
work in and for semi-technical managers to supervise. And high-level languages allow
faster development times than work in assembly language, even with highly skilled
' programmers. Development time increases of 10 to 100 times faster are fairly coinmon,
Programs written in high-level languages (especially object oriented programming
languages) are much easier and less expensive to maintain than similar programs written
in assembly language (and for a successful software project, the vast majority of the
work and expense is in maintenance, not initial development).

1.16 Input Units

Data must be entered into a computer before processing may take place. You can enter
data into the computer in many ways. A device that allows the user to_enter data into
a computer is called input device. Most commonly used input devices are keyboards;
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Information Systems  pointing devices such as mouse and track balls; and scanners. Many other spec:al-purpose
Jor Management ¢ devices are also available., Computets often have more than one input device -
attached. For example most personal computers have both a keyboard and a mouse. -

‘Notes Keyed Input - ' S
Most input data is entered into the computer by using a keyboai‘d. This input method is
similar to typing on a typewriter.

Most typewriters and computer keyboards are QWERTY keyboards. The alphabetlc
keys are arranged In a manner so that the upper-left row of letters begins with the six
letters Q WERTY. Designers of other keyboards claim that their boards are easier to
learn than the QWERTY keyboard. The Dvorak keyboard is one example. It is not widely
accepted, however,-because most peopie have already learned the QWERTY keyboard.

In different parts of the world, we find different keyboards. The coding used on the
1 QWERTY and Dvorak keyboards works with an 8-bit code, which accommodates 256
different characters. Asian languages have many more characters. The Kanji alphabet,
for example, has 50,000 characters. Japanese keyboards have to work with a 16-bit code
to accommodate all the characters.

Computer keyboards also include keys that are designed to perform speaﬁc tasks
instead of entering characters only. These special keys include function keys, dlrectlonal
keys and special-purpose keys such as Alt, Ctrl, Enter, Ins, and Esc. These keys enable
the user to perform complex tasks easily while using the application. For example, many
applications use & function key to access online help for the user.

Some new keyboards have even 110 keys, with three new keys designed to simplify
workmg with Windows operating systems. Two of these keys, next to the Alt key, bring
up the Start menu. The third key, next to the right Ctrl key, brings up a menu of functions
that are frequently accessed in whichever application is currently being used.

Prolonged keyboard use can cause wrist problems, sometimes so serious as to
require surgery. To help prevent these problems, ergonomic keyboards have been
intreduced in the market.

One special type of keyboaird construction is the MEMBRANE-SWITCH
| KEYBOARD, in which a protective film covers the keyboard. Membrane-switch
keyboards are reliable, durable and resistant to such hazards as liquids or grease. However,
membrane keys rlaquire more pressure than keys on a standard computer keyboard. You
have probably seen membrane-switch keyboards in fast-food restaurants. Membrane- -
switch keyboards are ideal in situations that require little actual keying.

Many computer systems are designed for SOURCE-DATA AUTOMATION.
These systems place keyboards and display units at the most convenient spot for data
entry. An example is the use of Point-of-Scale (POS) cash registers in retail stores. POS
registers send data directly to a computer file for later processing: This technique has an
advantage, because most so-called computer eIrors are actually keying errors. Capturing
data at the source minimizes érrors, because the people who key in the data are doing
a variety of tasks and are, therefore, less likely to make errors due to boredom or loss
of concentration.
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A tiny chip, called keyboard controller, detects that a key has been pressed. The

keyboard controller places a code into a part of its memory, called keyboard buffer,
indicating which key is pressed. This code is called keys scan code. The keyboard
controller then signals to the computer’s system software that something has happened at
~the keyboard. It does not specify what has occurred, just that something has. The signal
that the keyboard sends-to the computer is a special kind of message called an interrupt
request. The keyboard controller sends an interrupt request to the system software when
it receives a complete keystroke. For example, it you type the Ietter ‘D’ the controller
immediately issues an interrupt request.

When the system software receives an interrupt request, it evaluates the request
to determine the appropriate response. When a key press occurs the system reads the
memory location in the keyboard buffer that contains the scan code of the key that was
pressed. It then passes the key scan code to the CPU.

Pointing Devices

Wherever possible many people use pointing devices 1nstead of keyboards . An
input device is used to move the pointer (cursor) on screen. Pointing devices minimize
the amount of typing (consequently, the number of errors). Movements of the pointing
device are echoed on the screen by movements of the mouse pointer and by other visual
changes. The many pointing devices available include the mouse, the trackball, the light
pen, the digitizing tablet, the touch screen and the pen-based systems. Some of them
are shown below.

Fig. 1.1t

Major Pointing Devices: Clockwise from the upper left are the mouse, the trackball,
the pointing stick (red tip) and the touchpad.

Mouse and Track Ball

A mouse is a palm-sized device with a ball built into the bottom. It is usually connected
to the computer by a cable (computer wires are frequently called cables) and may have
from one to four buttons (usually two). A mouse may be mechanical or optical and cotnes
in many shapes and sizes. When you move the mouse over a smooth surface, the ball

Basic Concepts of
Computer

Notes

Self Learning Material 45



Information Systems  ylls and the pointer of the display screen moves in the same direction. Apple Macintosh, -
" for Management . with its graphical user interface, made the mouse-popular. Today, most micracomputer
systems, regardless of the manufacturer use a mouse. With the mouse you can draw,

_ select options from a menu, and modify or move text. You can issue commands by .
- Notes pomtmg with the pointer and clrckmg a mouse button. In addition to minimizing typing
. errors a mouse makes operating on a nncrocomputer easier for the novice. The underside
of the mouse houses a device-that detects the-movement of the mouse relative to the
flat sirface on which it sits. The 2D motion of the mouse is typrcally translated into the

motion of a cursor on the display. .

" A mouse is so called, primarily because the cord on early models resembled the

rodent s tail, and also because the darting motion of the pointer on the screen appears
to be mouse-like.

Fig. 112 _

Opcratmg a mechamcal mouse. 1: Pulllng the mouse turns the ball. 2. The X and
Y rollers grip the ball and transfer the movement. 3. The optical encoding disks include
- light holes. 4. The infrared LEDs shine through the disks. 5. The sensors then gather
' | the light pulses to convert to X and Y veloc1t1es

Howa Mouse Works IR

I The most common type of mouse has a ball inside it that extends just below the housing.
When you slide the mouse around on a flat surface, such as the desktop or a mouse -
- pad, the ball rolls.

On two sides of the ball, at 90 degrees angle from each other, are two small
rollers that touch the mouse and spin when the ball rolls. A sensor detects how. much
each roller spins and sends this information to the computer. The computer translates
the mformatlon and changes the position of the on-screen pointer to correspond to the
position indicated by the mouse. :

L1kc the keyboard, the mouse does not send amessage drrectly to thc program that
the computer 1s running. Rather, it sends an mterrupt request to the CPU. The program
that is running checks regularly to see whether a mouse has been used; if it has, the
program reads a memory location to see what has happened, and then reacts approprlately

Like all input devices; the mouse needs some connection to the host computer
1n order to transmlt its input. Typrcally the mouse uses a thin electrical cord
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(e.g. an RS-232, ADB or USB cable) for this purpose. It was most likely the combination
of the tail-like cord, its size, and shape, which led the inventors of the mouse to name
it as such. Cordless (“tail-less”) mice use wireless communication to transmit data via
infrared, radio or Bluetooth.

There aré several other micthods of using a mouse apart from the most basic
movement of the device to make a cursor move. A mouse click is the action of pressing
and releasing (i.e., ‘clicking’) a button on a mouse in order to trigger an action, usually
in the context of a Graphical User Interface (GUI), as in pressing an onscreen ‘button’
~ by “clicking’ on it, or in a computer game to firc 9 gun in a first-person shooter. The
clicking noise is made due to the specific switch tezhnology used nearly universally in
computer mice. This switch, called a micro switch or a cherry switch, uses a stiff but
flexible metal strip that is bent to actuate the switch. The bending of the metal makes
a snapping or clicking noise in the same way as the safety button does on the lids of
vacuum-packaged jars to indicate that they have been opened.

Single Clicking

1t is the most common method of distinguishing mouse-based input. On a single-button'
mouse this involves using the mouse’s one button. On the multiple-button mouse, it

involves any one of the buttons, and is usually characterized by which button is pushed
(e.g., lefi-clicking, right-clicking).

Double Clicking

A double-click occurs when the user presses the button twice in quick succession. This
triggers an action separate from that of a single-click. For example, in the Macintosh
Finder, the user single-clicks to select a file, and double-clicks in order to open that file.
Usability studies have found that the double-click can be confusing and hard to use—for
example, users-with poor motor skills may not perform the second click fast enough, with
'tfle_'resuit that the action is interpreted as two single-clicKs rather than a double-click.
Ironically, the double-click was introduced because the previous solution—separate
mouse buttons for separate actions—was also found to be confusing in user studies. Most
multiple-button mice allow setting one button to emit a double click on a single press.

Triple-click

A triple-click occurs when the user presses the button three times in quick succession.
This also triggers an action separate from that of a single click. It is most commonly
seen in word processors to select a whole paragraph and in web browsers to select a
whole line of text.

Click-and-Drag

A user “drags” a mouse by depressing and continuing to hold down a mouse button’

while moving the mouse across the surface.

ATRACK BALL is like an-upside-down mouse. Used in the same way as the mouse,

the trackball is frequently attached to or built into the keyboard. It is a pointing device |
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consisting of a ball housed in a socket which contains sensors to detect the rotation of
the ball on two axes—like an upside-down mouse, but with the ball sticking out more.
The user rolls the ball with his thumb, finger, or the palm of his hand to move the cursor.
Trackerballs are common on CAD. workstations for ease of use, and also on modern
portable computers, where there may be no desk space on which to use a mouse. Some
trackballs c]ip onto the side of the keyboard and have integral buttons, which have the
same function as mousé buittons. The main advantage of a track ball is that it requires
less desk space than a mouse. Some individuals in the computer industry believe that
devices that do not require as much space to use will soon replace the mouse.

- Fig. 1.13: Logitech Marble Mouse Trackball

A mouse is not a practical option for people using a laptop computer in a small
space. Early alternatives, such as trackballs clipped to the side of the keyboard, have
not proved satisfactory either. The Apple PowerBook uses a central trackball. The IBM
ThinkPad replaces the trackball with a red plastic button, called trackpoint, located in
the middle of the keyboard. You move the button with your thumbs. The newest Apple.

| PowerBooks have a small square of plastic on the front of the keyboard which moves

easily to control the pointer.

Touchpad _

The TOUCH PAD is a stationary pointing dévice that many people find less tiring to use
than a mouse or a track ball. The movement of a finger across a small touch surface is
translated into cursor movement on the computer screen, The touch sensitivity surface
may be just 1.5 — 2 inch square, so the finger does not have to move much. Its 51ze
makes it most suitable for notebooks and laptops.

J oysticks

- A JOYSTICK is a pointing device often used for playing games. It has a gearshift-like”

lever that is used to move the pointer on the screen. On most joysticks, a button en
the top is used to select an option. In industry and manufacturing, joysticks are used
to control robots. F light simulators and other training simulators also use them. Most
Joysticks are two-dimensional, having two axes of movement, _]U,St like a mouse, but
three-dimensional joysticks also exist. :

Joysticks are often used to control games, and usually have one or more push
buttons whose state can also be read by the computer. Most 1/0 interface cards for PCs
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- have a joystick (game control) port. Modern joysticks generally use 2 USB interface
for connecting to the PC. '
An analog one is one that has continuous states, i.e., it returns an angle measure
of the movement in any direction in the plane or the space. On the other hand, a digital
joystick gives only on/off signals for four different directions, and for mechanically
possible combinations (such as up-right, down-left). Additionally, joysticks often have
one or more fire butfons, which are used to trigger some kind of action. These are digital.

1)
. g

o4&

Fig. 1.14

Joypstick elements: 1. Stick 2. Holder 3. Fire button 4. Extra buttons 5. Autofire
switch 6.Throttle 7. Hat Switch 8. Sucker

Touch—sensitive Screens

Perhaps the easiest way to enter data is with the touch of a finger. TOUCH SCREENS
enable the user to select an option by pressing a specific part of the screen. Touch screens
-are commonly used in grocery stores, fast-food restaurants and information kiosks.

Pen-based -Systems

Pen-based Systeins are especially useful for people who do not like to type or for those
who are frequently on the move. PERSONAL DIGITAL ASSISTANTS (PDA), such as
the Apple Newton, aredesigned for people on the go. The Newton can link entries with
data on stored files. For example, if you write, “Call Annie and Wish Happy Birthday™,
the Newton adds a line to your “To do” list and links Annie’s phone number from your
telephone directory. If your friend Ken moves, you can simply change his address and
phone number. The Newton serves equally well as a calendar, a calculator and a notepad.

Pen-based systems are not perfect—they do not always register handwriting
correctly Pen-based computing is just a beginning to gain widespread acceptance. For
example many stores no longer ask you sign a carbon form to charge a purchase; instead
you sign on a tablet that automatically records your signature.

Many engineers and architects use a different type of pen called LIGHT PEN The

light pen uses a phetoelectric (light sensitive) cell to indicate the screen position to the

computer. You operate the pen by touching it to the screen. Light pens are frequently -

used for Computer-Aided Design (CAD) applications. .
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Another tool used in CAD and other graphics applications is a digitizing tablet.
A DIGITIZING TABLET consists'of a grid on which designs and drawings can be entered.
Most tablets are pressure-sensitive and the user draws directly on the tabIet using a
special pen called sTyLus or puck. Dlgmzmg tablets are used to demgn cars, bmldmgs
medical devices and robots.

1.17 Data Scanning Units

Optical Recognition Systems (ORS)

Optical Recognition Systems provide another means of minimizing keyed input by
capturing data at the source. These systems enable the computer to“read” data by

scanning printed text for recognizable patterns.

In the 1950, the banking industry developed one of the earliest scanning systems
for the purpose of processing cheques. The Magnetic Ink Character Recognition (MICR)
system is still used throughout the banking 'Ln’austry. The bank, branch, account number
and cheque number are encoded on the cheque before it is sent to the customer, After
the customer has used the cheque and it comes back to the bank, all that needs to be

“entered manually is the amount, MICR has not been adopted by the other industries

because the characlcr set has only fourteen symbols.

Bar Code Readers

Ofall the scanning devices, you are probably most familiar with BAR CODE READERS.
Many retail and grocery stores use some form of the bar code reader to determine the
name of the item being sold and to retrieve its price from a computer system. The
code reader may be a hand-held unit or it may be embedded in a countertop. The bar
code reader reads the Universal Product Code (UPC), a pattern of bars printed on
merchandise. The UPC has gained wide acceptance since its introduction in the 1970,
lhitia‘lly, workers resisted the use of the code because the system was used to check their
accuracy and speed. Today, bar codes are used to update inventory and ensure correct
pricing. Fedéral Express uses a unique bar code to identify and-track each package. N
Federal Express employees can usually tell a customer w1thm a matter of minutes the
location of any package.

Many different types of barcode scanners are available. They can be dlstmgulshed-
in the following manner. ‘

By Light Source

e LED scanners, also réferred to as CCD scanners—even if the CCD is in fact
the photo conductor.

® Laser scanners, much more expensive than LED scanners, but capable of
scanning barcodes at a distance of up to 25¢cm (~10").
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By Housing .

, » Hand-held scanner with a handle and, typically, a trigger buttoﬁ for switching
on the light source. : '

o Pen scanners (or wand scanners), a pen-shaped scanner that is swiped across
a barcode.

e Stationary scanners, wall or_table-mounted, under or beside which the barcode
is passed. These are commonly found at the checkout counters of supermarkets
and other retailers.

Optical Mark Readers

You will probably be familiar with Mark Sense Character Recognition systems if you
ever take a written examination of the “fill in the bubble” type. Such forms are called
Scantron forms. They use a #2 lead pencil; you darken the circular area with the pencil
creating input suitable for an OPTICAL MARK READER (OMR). A #2 lead pencil
works best becduse of the number of magnetic particles in that weight lead. The OMR
senses the darkened marks, enabling the reader to determine which responses are marked.
OMR is very helpful for researchers who need to tabulate responses to large surveys.
Almost any type of survey or questionnaire can be designed to be suitable for OMR
devices. An OMR unit can be attached to a microcomputer and the data transferred to
a file directly.

Optical Scanners

OPTICAL SCANNERS can scan typed documents, pictures, graphics or even handwriting
into a computer. Photographs scanned into a microcomputer appear clearly on the
screen and can be displayed whenever desired. The copy that the computer stores never
yellows with age. Early scanners could recognize only text printed in a special OPTICAL
CHARACTER RECOGNITION (OCR) typefacé._ A scanner converts the image that it
sees into numeric digits before storing it in the computer. This conversion process s
known as DIGITIZING. )

Depending on the volume and type of material to be scanned, you can use a drum
scanner, a flatbed scanner, a sheeted scanner or even a small handheld scanner. The small,
handheld scanners (priced at about $150) are used most frequently with microcomputers;
however, only 5 per cent of all microcotmputer systems are equipped with scanners. In
1995, manufacturers responded to user-reluctance to scanners by releasing a number of
new, small paper scanniers priced between $200 and $500. In 1994, full-page scanners
cost between $500 and $700. Most of these new devices sit between the keyboard and
'the monitor, and can interface with a fax machine, send e-mail, and store-documents
on the disk for archive purposes. '

Voice Recognition Devices

Voice input and control systems have the potential of revolutionizing the way we
communicate with computers. Steady progress has been made in this area, although

Basic Concepts of ‘
Computer

Notes

Self Learning Material 51



52

S~

Information Systems
for Management

Notes

_some problems still exist. The day may soon come when we will be able to-talk to our

computers the way the actors do in sci-fi movies like Star Trek.

Computer scientists and linguists have been working on VOICE RECOGNITION .
SYSTEMS for two decades. The rﬁajor difficulty has been that different people speak
with different accents and intonations, For this reason, most successful voice recognition
systems require a period of “trammc” forthe system to get accustomed to an individual’s
accent and intonation.

The first few systems could recognize only a few dozen words. A system recently ‘
released by IBM, known as Voice Type, is capable of reccgmzmg as many as 32,000 -
words and is speaker-independent.

Voice recognition has unlimited possibilities and will make computers much easier N
to use. Speech recognition systems are already being used in many types of settings.
In factories, workers use speech recognition systems to control robotic arms when the
worker’s own hands are busy. Speech recognition systems enable the physicatly disabled
people to use computers. A microcomputer Voice User Interface WUI) capable of
recognizing input from a variety of individuals, will be considered standard soon.

VIDEO DIGITIZERS can capture input from virtually any type of video device,
such as VCR, television and camcordeér. Audio digitizers can digitize music or voice
from a microphone. It is fairly easy to capture a portion of a television show, add some
music that complements the picture and play back the result on a mlcrocomputer to
create a multlmedxa prescntatlon

1.18 Output Units

Output devices are varied and as innovative as input devices. From traditional printed
output to audio output and robots, there is'a multitude of forms of computer output.

Most output can be divided into two categories: soft copy and hard copy. Soft
copy is ideal when you are writing a document, playing a game, watching a video clip,
or reading the latest news. A soft copy is what you see on the monitor. It is temporary;

|-after you have finished with it, there is nothing solid to hold. You can, however, transfer

a,soft copy toa disk to téansport it. A hard copy on the other hand, can be touched and
carried. It is usually some form of paper output. It is especially helpful if you need to
have a colleague look at your work or you need to give your work to a supervisor or
a teacher. '

Monitors

When you think about viewing computer output, you probably visualize a monitor.
Monitor output is a soft-copy; when you have finished viewing it, you cannot move it.

.| Monitor dlsplays are the most common form of soft copy.

Sometimes while watching television, you may notice that the picture looks a
little snowy. This condition occurs because the i 1mages are not solid but rather created
by conﬁguratlons of dots. These dots, ot picture elements, combine to form the image
you see. The more picture eléments, also known as pixels, the better is the resolutxon
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of the image. The better the resolution, the clearer is the plcture Computer monitors

are similar to television screens.

The large monitors that you see connected to desktop computers are Cathode-Ray
Tube (CRT). Monitors that are used on laptops and notebook computers are known as
flat-panel displays. Flat-panel displays weigh less and consume less electricity than
CRTs. Commion types of flat-panel displays include Liquid Crystal Displays (LCDs)
Electro Luminescent (EL) displays and Gas Plasma (GP) displays. Flat-panel display
monitors are still more expensive than CRTs, but eventually their prices are expected
to decrease. (PixelVision recently released a 16-inch flat-panel display that includes a
two million-colour palette and sells for $10,000.) Can you imagine monitor hanging on
the wall like a painting? It may be commeon in a few years.

Most new monitors dre SVGA (Super Video Graphics Adapters), with a pixel
configuration of 800 by 600 at low-resolution mode and 1024 by 768 at high-resolution
mode. The first number designates the horizontal pixel count, and the second is the
. vertical pixel count. The higher resolution, with more pixels, provides a clearer, more
detailed image. Each p1xe1 displays a single colour at a time. Each colour is represented
by a numeric code. For example, bright red could be 12. If the monitor displays only
16 colours, the numeric code can be represented with only four bits. To display 256
colours (each with its own code) requires eight bits.

One monitor may look “sharper” than another, even though they may have
the same pixel configuration. This is due to the dot pitch, which is the distance between
pixels. A .28 dot pitch gives a crisper image than a .30 dot pitch. The .28 dot pitch is
fairly standard. You should consider dot pitch while purchasing a monitor. The dot pitch
is built in by the manufacturer and cannot be changed.

With users increasingly viewing video clips, animated objeets and complex graphics,
monitors have taken on a new importanée. Users now must decide how large a monitor
they need. Fourteen-inch to seventeen-inch monitors are commonly used with desktop
microcomputer systems. Larger monitors are available, but are expensive.

Display in black and white (monochrome) or colour categorizes monitors.
Monochrome monitors are rapidly becoming a thing of the past, as most applications
today require colour. In fact, a display of 256 colours is usually necessary for working
with informational CD-ROMs and clip-art collections.

In order to connect a monitor to a mlcrocomputer you must have a graphlcs
adapter board (also known as a video card). Each type of monitor requires a dlfferent
type of board. The graphics board plugs into an expansion slot inside the computer and
the monitor plugs into the board.

In order to run today’s graphics-intensive programs properly and qu1ck1y,
. most graphic beards coime with some memory capability, known as video memory.
It is important to realize that Video RAM (VRAM) must meet higher performance
specifications than regular RAM. It is recommended that instead of using RAM on a
video card, the user should place’VRAM or dynamic RAM (DRAM), which is slightly
slower than VRAM, on a video card. ’
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The refresh rate of a monitor is also important and is affected by the video card.
Even a steady image is constantly regenerated, or refreshed, from top to bottom. A slow
refresh rate of 60 times per second (60HZ) can cause headache; 70Hz is a reasonable
minimum. Some monitors, known as interlaced monitors, refresh every other line; non-
interlaced monitors are easier on the eyes. The Motion Picture Expert Group (MPEG),
has developed standards for video compression that improve the quality of the video on .
the monitor. MPEG drivers are available as software or as hardware (buiIt-'in video card).

Audio Output

Have you ever listened to a concert or watched a television show on a computer? Audio
output is the second type of softcopy. New computer systems have such good audio
systems that it is possible to listen to music while you work, have the computer tell you
when the printer needs paper, play games that include sound, or compose music on the . -
computer. in order to have high quality audio output good quality sound cards as well
as good speakers are needed..- ’

New sound cards even include the capability to have the computer read a text file
to you while you continue working on a different application. Voice input and output
has proved helpful to individuals with speech and vision impairments. People ‘with
speech impairment can key a message into a computer and have the computer repeat

it. Of course, computer generated voices are not human; they are synthesized. Speech .

synthesis, having the computer speak, is a much simpler process than speech recognition.

Printers

. The second most common form of computer output is the printed document. Although a-

computer ¢an operate perfectly well without a printer, it is certainly helpful for the user.
to have one. Because you can hold printed output, it is considered a form of hard copy.

Printers can be categorized by whether anything mechanical touches the paper; .

whether they do or do not produce a solid character or how many pages or a line, or a '
character they produce, at a time.

When a part of the printer presses the paper to form the character, the printer is
considered an impact printer. Irhpact printers can produce carbon copies and are fairly
loud, although covers are available to muffle the noise. In contrast, non-impact printers
are quiet. However, because nothlng presses on the page, a non-impact printer cannot
produce carbon copy. This fact is usually not a problem because it is easy to produce
multiple originals, but sometimes carbons are rcqulred for legal purposes:

Impact Printers

Impact printers can produce a page, a line, or 'a chai'actcr at a time. Large computers
use line printers. The main drawback of line printers is that they can produce only text -
and no graphics.

Many small computers use character printers. Although only one.character can be
produced at a time, many types of character printers can produce graphics as well as text.
The most common character printers create images by using a dot pattem These printers are
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known as dot matrix printers. If you use a magnifying glass to look ata repox;[ created with a
DOT MATRIX PRINTER, you can see the small dots forming each character.

LINE MATRIX is a type of line printer that uses an oscillating row of print hammers.
The hammers form characters and graphics by impacting a ribbon and transferring dots
of ink onto the paper. An impact printer is the one that prints a line at a time. Printronix
pioneered this technology in 1974.

BAND (LINE CHARACTER) is a type of line printer that uses a fixed set of
characters attached to a continuously revolving metal band. A set of hammers (one for
each column) hits the paper, pushing it into the ribbon and. against the character image
on the band.

Non-impact Printers

Non-impact printers are increasing in popularity largely because of improvement in
print quality coupled with decreasing cost. Non-impact-printers can produce both text
and graphics. Because nothing actually strikes the paper, non-impact printers are fairly

quiet. Some of the most popular non-impact printers are laser printers and inkjet printers. |-

Laser Printers.

Laser printers work in the same manner as copy machines. A laser beam creates electrical
charges that attract the toner to form an image and transfer it to paper. A printer uses
the laser and the clectro photographic methods te print a full page ata time. The laser
is used to “paint™ a charged drum with light, to which the toner is applied and then
transferred onto paper. Laser printers come in a variety of sizes; generally the larger and
faster the printer, the more expensive it is. Large laser printers' are used on mainframes

and minicomputers where high quality graphic output is required. Small, “personal”-

laser printers are suitable for home use. Hewlett Packard recently began production of
wireless printers. The HP5P (IBM) and the HP5PM (Mac) enable the user to beam a
docurnent from the laptop to an infrared receiver in the front of the printer. The laptop
needs to havea built-in infrared transmitter installed, but no cables or wires are required.

o
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The Laser Mechanism: The laser printer uses electrostatic charges to (1) create
an image on the drum, (2) adhere the toner to the image, (3) transfer the toned image to
the paper, and (4) fuse the toner to the paper. The laser creates the image by “painting”
a negative of the page to be printed on the charged drum. Where light falls, the charge
is dissipated, leaving a positive image to be printed. o '

Inkjet Printers .

Inkjet printers are also popular among microcomputer-users. Although the resolution is
lower on inkjet printers than on laser printers, it is higher than that of dot matrix printers.
Iﬁkjgt printers are significantly less expensive than laser printers. Electronically charged
ink is sprayed through a jetnozzle and passed through an electronic field, which deflects
the ink to form a dot matrix character. Colour inkjet printers, which use niultiple nozzies,
are available at very reasonable prices. Canon recently released a colour inkjet printer that
weighs 3 pounds and stands 2 inches high. The perfect choice of printer while travelling!

A well-equipped office at home or at workpléce includes an inkjet printer, a fax
machine (with its own telephone), a copier and a full sheet scanner. A recent addition to
the market is one device that does all four functions. The technology to print a document
that has been faxed to you and the technology to copy a document are similar to the
technology to print a document from a PC. All three technologies use similar digital
patterns and the mechanical aspects are nearly identical,

Other high quality printers include Thermal-wax ptinters, Dye-sub printers, Fiery
printers and IRIS printers. )

The thermal-wax printers are primarily used for presentation graphics and handouts.
They operate with a ribbon-coated pane of coloured wax that melts and adheres to plain
paper as coloured dots passed over a focused heat source, As the paper and the ribbon
travel in unison beneath the thermal print head, the wax-based ink from the transfer ribbon
melts onto the paper. When cool, the wax is permanent. This type of thermal printer
uses a like-size panel of ribbion for each page to be printed, regardless of the contents
of the page. Monochrome printers have a black panel for each page to be printed, while
colour printers have either three (CMY) or four (CMYK) coloured panels for each page.

The dye-sub printer is a printer that produces continuous-tone images thdt look like a

' photographic film. It uses a ribbon containing an equivalent panel of dye for cach page to

be printed. Colour printers have either three (CMY) or four (CMYXK) consecutive panels
for each page, thus the same amount of ribbon is used to print a full-page image, as it
is to print a tenth of the page. Special dye-receptive paper is used, and the consumables
(ribbon and paper) cost more than other printer technologies.

The paper and the ribbon are passed together over the print head, which contains
thousands of heating elements that can produce varying amounts of heat. The hotter the
element, the greater is the amount of dye released. By varying the temperature, shades
of each colour can be overlaid on top of each other, The dyes are transparent and blend
into a continuous-tone colour. ' '
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Fiery printer servers are special type of computers that transmits documents to a
digital colour copier, where they are printed. ’

Basic Concepts of
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IRIS printers are large-format colour printers from the Iris Graphics division of

.CreoScitex, that are used for digital proofing. Iris printers use a patented contmuous
inkjet technology to produce consistent, continuous-tone, photo-realistic output on several
varieties of paper, canvas, silk, linen and other low-fibre textiles. Iris prints are widely
noted for their colour accuracy and ability to match printing and proofing standards.
They are also known for their low-cost consumables as compared to other technologies.

Plotters

A plotter, like a printer, produces hard copy output. Plotters, which produce high quality
colour graphics, are usually categorized by whether they use pens or electrostatic charges
to create images. A continuous curve plotter is used.to draw maps from stored data.
Computer generated maps can be retrieved and plotted or used to show changes over
time. Plotters are generally more expensive than printers, ranging from about $1,000
to $75,000 (or even more). .

A plotter uses a robotic arm to draw with coloured pens on a sheet of paper. The -

instructions that a plotter receives from the computer consists of the colour and the
beginning and ending coordinates for a line. With this information, the plotter picks
up the appropriate pen, positions it at the beginning of the coordinates, drops the pen
down to the surface of the paper and draws to the ending coordinates. The plotter draw

curves by creating a sequence of very short, straight lines.

3

1.19 Defining Operating System

Let us observe some of standard definitions of the operating system:

“An Operating System can be defined as the set of instructions or programs, which
make the computer work.”

*

The above definition gives the basw insight into the functionality of operating
system. Let us examine another view about it:

“An Operating System or OS is a software program that enables the computer
hardware to communicate and operate with the computer software.”

The above definition emphasizes the role of OS as an Interface between user and
computer. Yét, we can have another definition as:

“An Operating System is a software, which controls the computer and its peripherals
and makes the computer ready to use by a process called booting.”

As per this definition, OS puts life into the dead hardware.
Thus, an Operating System:
e Is a collection of programs

e Is'an intermediary between a user of a computer and the computer
hardware
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Information Systems e Makes the hardware usable in an efficient manner

Jor Ma ragement ¢ Makes the computer system convenient to use
¢ Is the manager of resources ,
) Notes Therefore, an operating system is the most essential software that marnages the

operation of a computet. The operating system falls under the category of system software.
Without an operating system, it is not possible to use the computer. The computer is
useless unless it is provided essential software that makes it ready to use. We have seen
that an operating system is a software, which makes the computer ready to use by a -
probess called booting. Before discussing more on the operating systems, let us first see
what exactly we mean by booting. When we switch on the computer, the instructions
stored in ROM are automatically executed. These instructions help the computer to load
the operating system from external storage device (disk) to internal storage (RAM). This _
process of loading of operating system from disk to RAM is called booting.

1.20 'His'tory of Operating Systems -

To exactly see what operating systems are and:what operating systems do, let us
consider how they have developed over the last thirty years. By tracing that evolution
you can identify the common elements of operating systems, and see how, and why they
developed as they are now. Operating systems and computer architecture have a great
deal.of influence on each other. To facilitate the use of the-hardware, operating systems
were developed. As operating system were designed and used, it became obvious that
chaﬁges in the design of the hardware_cquld simplify the operating system. In this short
historical review, notice how the_introduction of new hardware features is the natural
solution to many operating system problems.

Operating systems have been evolving over the years. Let us now take a brief look
at this development. Since operating systems have historically been closely tied to the
architecture of the corhpufcrs on which they run, we will look at successive generations
of computers to see what their opefating systems were like. This mapping of operating
Systems generations to computer generations is admittedly crude, but it does. provide
some structure where there would otherwise be none.

Around twenty years ago Jobs and Wozniak, the founders of Apple, came up with
the very strange idea of selling information processing machines for use in the home.
The business took off, and its founders madc a lot of money and received the credit they
* deserved for being daring visionaries. But around the same time, Bill Gates arid Paul Allen
came up with an idea even stranger and more fantastical: selling computer operating
systems.'_'l‘his was much weirder than the idea of Jobs and Wozniak. A cornputer at least
. had some sort of physical reality to it. It came in a box, you could open it up and plug
it in and watch lights blink. An operating system had no tangible incarnation at all. It
arrived on a disk, of course, but the disk was, in effect, nothing more than the box that
the OS came in. The product itself was a very long string of ones and zeroes that, when
properly installed and coddled, gave you the ability to manipulate other very long strings
of ones and zeroes. Even then new versions of operating systems are launched almost
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every month in the market. The market for them is vast enough but people worry about
whether it has been monopolized by one company. Even the least technically minded
people in our society now have at least a gross idea of what operating systems do; what
is more, they have strong opinions about their relative merits.

Every general-purpose computer requires some type of operating system that tells
 the computer how to operate-and how to utilize other software and or hardware that
are installed onto the computer. All software progranis’developed today require some

type of an operating system to properly operate. MS-DOS, Unix and Windows are all [

examples of operating systems.

Because the history of computer operating systems parallels that of computer
hardware, it can be generally divided into five distinct time periads, called generations,
that are characterized by hardware component technology, software development, and
mode of delivery of computer services the user, by hiding the hardware component from
the user and thereby helping him to design application programs. )

121 Functions of an Operating System

An operating system provides certain services to programs and to the use of those
programs. The specific services provided will, of course, differ from one operating
system to another, but there are some common types of function that we can identify.
The main functions provided by most operating systems of today are as follows: '

Process Management’

A process is a program in execution. During execution, a process needs certain resources
such as CPU time, memory space, files, and VO devices. At a particular instance oftime, a
computer system normally consists of a collection of processes. The process management
module of an operating system takes care of the creation and deletion of processes,
scheduling of various system resources to the different processes requésting them, and
providing mechanism for synchronization and communication among processes.

Memory Management

To execute a program, it must be loaded, together with the data it accesses, in the main
memory. To improve CPU utilization and to provide better response time to its user.
a compute system normally keeps several programs in main memory. The memory
) management module of an operating system takes ¢are of theallocation and deal location
of memory space to the various programs in need of this resource.

File Man agement

All computer systems are used for storage, retrieval and sharing of information. A
computer normatly stores such ihformation in units called files.. Processes can read

information from files and can create new files for storing newly generated information. '

Information stored in files is made persistent by storing them on a secondary storage
media such as a magnetic disk. Files provide a natural and casy means of information
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Information Systems . sharing. That is, a file can be created by one application and then shared with different
Jor Management applications at a later time. The file management module of an operating system takes
care of file-related activities such as organization, storing, retrieval, naming, sharing

and protection of files. It allows programs to use a set of operations that allocates and

Notes layouts the secondary storage devices. )

v

Device Management

A computér system normally consists of several I/O devices such as terminal, printer,
disk, and tape. The device management module of an operating system takes care of
controiling all the computer’s /O devices. It keeps track of I/O request from process,
issue commands to the /O devices, and ensures correct data transmission to/from and I/O
devices. It also provides an interface between the devices and the rest of the system that
is simiple and easy to use. Often, this interface is device independent, i.e., the interface
1s same for all types of I/O devices. . i

Security . )

Computer systems often store large amount of information, some of which is highly

- ' sensitive and valuable to their users. Users can tiust the system arnd rely on it only

if the various resources and information of a-computer system are protecfed against
destruction and unauthorized access. The security module of an operating system ensures b
this, This module also ensures that when several disjoint processes are being executed
simultaneously, one process does not interfere with the others, or with the operating
system itself, ' Lt

Conumand Interpretation _

Auser communicates with the operating system, for using the various systems resources,
via a set of command provided by the operating system. The operating system also
provides a simple language; known as command language (CL) or job control language
(JCL), using which a user can put several commands together from the command set
to describe the resource requirements of the job. The command interpretation module
of an operating system takes care of interpreting user commuand, supplied-individuhlly
or in the form of command language, and directing the system resources to handle the
request. With this mode of interaction with system, the user is usually not too concerned
with the hardware details of the system, or with how the operating system will direct
* the hardware to handle certain request. '

In addition to the above listed major functions, operating system performs few
other functions such as keeping an account of which users (or processes) use how much
and what kinds of computer resources, maintenance of lo g of system usage by all users,
and maintenance of intemnal time clock. '

1.22  Structure of Operating System

An operating system is basically designed in layered fashion. Or, in other words we
can state that most modern operating systems organize their components into a number
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of layers (levels), each built on top of lower l:ayers. The bottom layer {layer 0) is the
hardware, and the highest layer (layer n) is the user interface. The number of in-between
layers and their contents varies from one operating system to another. How this is
decided is explained below.

The main advantage of the layered approach is modularity. The layers are selected
such that each layer uses the functions and services provided by its immediate lower
layer. This approach greatly simplifies the design and implementation of the system
because each layer is implemented using only those op erations provided by its immediate
lower level layer. o ' '

Kernel

The kernel of an operating system is its central controlling part that implements the most
primitive of the system’s functions. It is the only part of an operating system that a user
cannot-replace or modify. The precise interpretation of the system’s functions that are a
part of the kernel vary from one operating system to another, However, typical operating
system kernels contain basic functions thatare required for process management, memory
management, device management, and low-level security features like access control. In
some systems, the kernel is larger and provides for more than these functions, whereas
in others, it is smaller.

Monolithic Kernel and Micro Kernel

The two commonly used models for kernel design in operating syslcms are monolithic
kernel and micro kernel. In the monolithic kernel model, most operating syster: services
such as process management, merhory management, device management, thic kernel
provides file management, and security. As a result, the kernel,has a large, monolithic
structure. ' ‘- '

On the other hand, in the micro kernel model, the main goal is to keep the kernel as
small as possible. Therefore, in this model, the kernel is a very small nucleus of software
that provides only the minimal facilities necessary for implementing additional operating
system services. The onty services provided by the kernel in this model are low-level
device management, a limited amount of low-level process management, and some

memory management. All other operating system services; such as file management, {

additional process and memory management activities, and security are implemented
as user-level server process. Each server process has its own address space and can be
programmied separately.

Resident and Non-Resident Operating System Modules

With all the functionalities of an operating s&stem implemented, it becomes a large
software. Obviously, all the functionalities of an operating system ar¢ not needed all
the time. As the main memory capacity of a system is limited, it is customary to always
keep in the system’s memory only a very small part of the operating system and to keep
its remaining part in the on-line storage device such as hard disk. Those modules of an
operating system that are always kept in the system’s main memory are cailed resident
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modules and those that are kept on hard disk care called non-resident modules. The
non-resident modules are loaded into the memory on-demand, that is, as and when they
are needed for execution. The system kernel should not be confused with the resident
modules of the operating system. The two are not necessarily the same. In fact, for
most operating system they are different. The following two criteria notmally determine
whethera particular operating system modute should be resident: Its frequent use, and’
whether the system can operate at all without it.

For example, file directories can be maintained on disk and loaded into the memory

- when required. Status information for inactive processes can similarly be swapped out

on disk. In fact, the-resident part of an operating system is a subset of its kernel.

Command Inrerpretatmn

The command interpretation module (known as command 1nterpreter) of an operating
system serves as an interface for the user to communicate with the computer via its’
operating system. It provides a set of commands using which the user can give instructions
to the computer for getting some job done by it. The commands supported by the command
interpretation module are known as system calls. When a user gives instructions to the
computer by using these system calls, the command interpreter takes care of interpreting
these commands and directing the system resources to handle the requests. Thus the

‘command interpreter hides the hardware details of the system from the user. In this manner,

it greatly contributes to the ‘ease of use " objective of an operating system. The two broad
categories of user interfaces supported by various operating systems are command-line
interface and graphical user interface. They are briefly described below.

Command-Line Interface

This is the textual user interface in which the user gives instruetion to the computer by -
typing command. That is, to enter a command, the user uses the keyboard to type words
and symbols. For example in Unix, the user has to type “delreport.txt” to delete the
file named report.txt. If the user types a command incorrectly, the command interpreter
will respond with a message indicating that it did. not understand the command. When

“this happens the user has to just retype the command correctly. There is no problem in -

typmg sunple commands as illustrated in the example above. However, users often need
to give detailed instructions to the computer about their Jjobs when they submit them
for execution. For example, while submitting a job for execution, a user may need to
supply the following information:

o His/her identification for security and accounting purpose.

* The software and hafdware resource requirements of the job.

-e The I/O device requirements; of the job.

e The directories in which the data files to be used by the job are stored.

e The action, which the system should take.in exceptional conditions, such
as when the input data is missing or incorrect, or when an I/O device
malfunctions,
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To facilitate this, the system, which supports command-line interface, also supports
some type of command language (CL) or job-control language (JCL). Users can write
codes in the JCL to 'give instructions to the systems. These coded statements tell the
operating system such things as the name of the job, the user’s name and account number,
the 1/O devices to use during processing, the compiler to use if language translation is
needed, where to find the data files, and so on. The command interpreter is designed to
interpret the codes written in JCL and invoke appropriate system actions.

Graphical User Interface (GUI)

User interface plays an important role in ease of use. The more intuitive the user

_interface of a system is, the easier it is 1o use. An intuitive user interface allows a user
to use the system effectively even if he/she has never seen it before. That is, how the
user interface works is very obvious to any user. Such an user interface is called user
friendly. Graphical User Interface (GUI) is a user-friendly interface that is much easier
to learn and use than a command-line interface. Unlike command-line interface in which
commands are textual, GUI commands are graphical (pictorial). A GUT provides to the
user a screen full of graphic icons (small images on the screen) or menus and allows the

_user to make a rapid selection from the displayed icqné or menus to give instructions
to the computer. A point-and-draw device is normally used to point rapidly and select a
particular graphic icon or menu item from the multiple options displayed on the screen.
For example, we saw that in a system that uses command-line interface, to delete a file
named report.txt we need to type a command like “delreport.txt.” However, in a system
that uses GUI, simply using a mouse to drag the icon that fepresents the file until it
is superimposed on an icon shaped like a trashcan performs the same operation. Then
releasing the mouse button that was used for dragging the file, causes the file-to diaper
into the bulging trashcan. ' '

Shell .

The command interpreter of an operating system that serves as its user interface is often
referred to as the shell because it forms the outer fayer of an operating system covering

the other modules of the operating system. The shell can be a command-line interface |

or GUL It is also possible to have many different shells for the same operating system.

For example, an operating system can have a command-line shell as well as a GUI shell .

allowing the users to switch from one shell to another. Beginners often find it convenient
to work with GUI shell, whereas, advanced users find it more convenient to work with
command-line shell. Some operating systems also éupport multiple command-line shells.
It is like supporting multiple JCLs and allqwing the user to use a language that he/she
' is-most comfortable with. For example, many Unix operating systems suppert three
command-line shells known as C shell, Bourne shell and Korn shell. Real-time Operating
Systems: for many applications, successful processing means that the application produces
correct results when its processing is completed. However, in real life, we often come
across situation in which it is not only sufficient to obtain correct results, but the results
must be produced within some specified time frame (deadline) to be useful.
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- Information Systems . Some of the examples of such application are:

Jor Management ¢ An aircraft must process-accelerometer data within a certain penod (say every

20 milliseconds) that depends on the specxﬁcatlons of the aircraft. Fallure to

. do so could cause the aircraft to stray from its right course or may even cause
Notes ) - it to crash.

e _Failure to reSpond in time to an error condition in a nuclear reactor thermal
‘power plant could result in a meltdown.

- & Failure to respond in time to an error condition in the assembly line of an’
automated factory could result in several product units that will have to be
ultimately discarded.

® A request for booking a ticket in a computenzed rallway reservation system ‘
must be processed within the passenger’s perceptlon of a reasonable time (say
3 minutes),

Systems that are designed for processing such application are called real-time
systems. That is, a real-time system is a system that must satisfy the requirement of
producing the desired results before a certain deadline. If it delivers the correct result,
but after the deadline, the system is regarded as having failed. Thus, tlmely production of -
| theresult of processing is as important as its correctness in real-time systems. Operating
systems that are designed to handle the processing requirements of real-time systems
are called real-time operating systems. The goals of CPU' scheduling in traditional
txmesharmg computer system are optlmal throughout, optimal resource utilization, and
fairness. In contrast, the main goal of CPU schedulmg in real-time systems is to allow as
| many time-critical processes as possible to be processed in time to meet their deadlines.

1.23 Network and Distributed Operating Systems

Over the past few decades, advancements in microelectronic technology have resulted
in the evailability of fast, inexpensive computers, and advancements in communication
technology have resulted in the availability of cost-effective and highly efficient computer
networks. The net result of the advancements in’these two technologtes 1s that the
pricé-performance ratio has now changed to favour the use of interconnected multiple
computers in place of the single, high-speed computer. Computer systems consustmg of -
interconnected multlp]e computers are called distributed computing systems. That is, a
distributed computing system is a collection of computer systems interconnected by. a
communication network in which each computer has its own local memory and other
peripheral devices, and the communication between any two computers of the system
takes olace by passing message over the communication network. The operating system,
commonly used for distributed computing systems can be broadly classified into two
types — network operating systems and distributed operating systems

) The three most important features commonly used to differentiate between these two
types of operafirig systems are system image, autonomy, and fault tolerance capability.

These features are explamed below:
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‘System Image

The most important feature used to differentiate between the two types of operating
system is the image of the distributed computing system from the point of view of its
users. In case of a network operating systém, the users view the distributed computing
system as a collection of distinct machines connected by a communication subsystem.
That is, the users are aware of the fact that multiple computers are being used. On
the other hand, a distributed operating system hides the multiple computers are being
used. On the other hand, a distributed operating system hides the existence of multiple
computers and provides a single-system image to its users. That is, it makes a collection
of networked machines appear to its user as a virtual uniprocessor by providing similar
type of user interface as provided by centralized operating systems.

Autonomy

In a network operating system, each computer of the distributed computing system has
its own local operating system (the operating system of different computers may be the
same or different), and there is essentially no coordination at all among the computers
except for the rule that when two processes of different computers communicate with
each other, they must use a mutually agreed on communication protocol. Each computer
functions independently of other computers in the sense that each one makes independent
decisions about the creation and termination of their own processes and management of
local resources. Notice that due to the possibility of difference in local operating system,
the system calls for different computers of the same distributed computing system may
be different in this case. On the other hand, with a distributed operating system, there is
a single system-wide operating system and each computer of the distributed computing
system runs a part of this global operating system. The distributed operating system tightly
interweaves all the computers of the distributed computing system in the sense that they
work in close cooperation with each other for the efficient and effective utilization of the
various resources of the system. That is, processes and several resources are managed
globally (some resources are managed locally). Moreover, there is a single set of globally
valid system calls available on all computers of the distributed computing system.

Fault Tolerance Capability

A network operating system provides little or no fault tolerance capability in the sense
that if 10% of the machines of the entire distributed computing system are down at any
moment, at least 10% of the users are unable to continue with their work. On the other
hand, with a distributed computing system. Therefore, the fault tolerance capability of
a distributed operating system is usually very high as compared to that of a network
operating system,

124 Measuring Performance of a Computer System

The efficiency of an operating system and the overall performance of a computer system:
is usually measured in terms of the following:
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Throughput

Throughput is the amount of work that the system is able to do per unit time. It is
measured as the number of process that are completed by the system per unit time. For
example, if n processes are completed in an interval of t seconds, the throughput is taken
as 1/t processes per second during that interval. Throughput is normally measured in
processes/hour. Note that the value of throughput does not depend only on the capability
of a system, but also on the nature of jobs being processed by the system. For long
processes, throughput may be one processthour; and for short processed, throughput
may be 100 processes/hour.

Turnaround Time

From the point of view of an individual user, an..... important criterion is how long
it takes the system to complete a job submitted by him/her. Turnaround time is the
interval from the time of submission of a job to the system for processing to the time of
completion of the job. Although higher throughput is desirable from the point of view
of overall system performance, individual users are more interested in better turnaround

{ time for their jobs.

Response Time

Turnaround time is usually not a suitable measure for an interactive system, because
in an interactive system a process can produce some output fairly early during its
execution and can continue executing, while previous results are being output to the
user. Thus another measure used in case of interactive systemns is response time, which
is the interval from the time of submission of a job to the system for processing to the
time the first response for the job is produced by the system. In any computer system,
it is desirable to maximize throughput and to minimize turnaround time and response.

1.25 Types of Operating Systems

As computers have progressed and developed so have the types of operating systems.
Many types of operating systems are available for computers, which can be divided into

the following major categories: . .

Single-user Operating Systems

These operating systems are used for mainly computers having only one terminal
(stand-alone PCs). MS-DOS (Microsoft-Disk Operaiing System) and PC DOS (Personal
Computer Disk Operating System) are the two important single user operating systems.
Both systems are almost identical and are simply cailed DOS. 0S/2 and Windows NT
are other popular single-user multi-tasking operating systems for microcomputers.
Microsoft DOS: MS-DOS, developed by ‘Microsoft Inc.” in 1981, is the most

widety used operating system of IBM compatible microcomputers. The latest version
identification number of a release of software) of MS DOS is 7.
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PC DOS: PC DOS is essentially the same operating system as MS-DOS, but
developed and supplied by IBM for its personal computers.

Multi-user Operating Systems

These operating systems are used for those computers (micro to mainframe), which have
many terminals (multi-user systems). The popular operating systems used for multi-user
systems are Windows 2000, Windows XP Professional, UNIX, NETWARE, MVS,
08/400, VMS and L:inux. Multiuser operating systems are used on networks of computers
and allow many different users to access the same data and application programs on
the same network. It also’allows users to communicate with each other. There are many
different types of Network Operating System, each one suited to a different multi-user.
This allows multiple users to utilize the computer and run programs at the same time.
Operating systemns that would fall into this category are:

Unix: AT&T at Bell Laboratories initially developed UNIX in 1969. Unix is a
highly successful operating system for multi-user systems. Actually, it is more popular
among scientific and engineering users rather than business users. In 1980, Microsoft
developed its own version of UNIX for 286s and higher PCs, which is called XENIX.
UNIX System V Release 4 is the latest version of UNIX.

NetWare: NetWare is a group of network operating system developed by Novell,
Inc., that provides multi-user capabilities.

MVS (Mnultiple Virtual Storage): MVS is one of the most complex multi-user
operating systems ever developed for IBM mainframes. In MVS, each job (timesharing
user or batch program) is assigned its own virtual storage space.

058/400: 0S/400 is the IBM’s operating system for its AS/400 computer.

VMS (Virtual Memory Storage): VMS operating system is used on DEC’s VAX
series of minicomputers.

Linux: Linux is a 32-bit UNIX-like operating system that has been developed
recently for microcomputers. It is the world’s first free operating system developed and
maintained by thousands of people worldwide.

Further, modern computer operating systems may also be classified into three other
groups, which are distinguished by the nature of interaction that takes place between
the computer user and his or her program during its processing. The three groups are
called batch, time-sharing and real time operating systéms.

1.26 Batch Processing Operating Systems

Earlier, some computer systems were capable of doing only one thing at a time. They -

had a list of instructions to carry out — and these would be carried out, one after the
other. These systems where things are done in a series is called serial system. At times,
when there was a lot of work to be done, these works were pooled and the collections
of these instructions would be given to the computer to work on overnight. Since the
computer was working on batches of instructions, this type of dperating system was
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called Batch. Processing Operating System. Batch-processing operating systems are
good at churning through large numbers of repetitive jobs on large computers. Jobs like:
printing of invitations for AGM, consolidation of marks and presenting result, working
out the pay of each employee in a large firm; or processing all the questionnaire forms

"in a large survey.

In a batch processing operating system environment, users submit jobs to a central
place where these jobs are collected into a batch, and subsequently placed on an input
queue at the computer where they will run. In this case, the user has no interaction
with the job during its processing, and the computer’s response time is the turnaround
time—the time from submission of the job until execution is complete, and the results
are ready for return to the person who submitted the job.

Time Sharing Operating Systems

In this environment, a computer provides computing services to several or ﬁlany users
concurrently on-line. Here, the various users are sharing the central processor, the
memory, and other resources of the computer system in a manner facilitated, controlled,
and monitored by the operating system. The user, in this environment, has nearly full
interaction with the program during its execution, and the computer’s response time
may be expected to be no more than a few seconds.

Multitasking Operating Systems

Multitasking operating systems are now very common. They enable the computer to
run more than one piece of software at the same time. It is quite common to sit at your
computer and have a word-processor open and running, as well as an Internet browser,
and an audio CD player all at the same time. The operating system allows you to switch
between the applications and even transfer data between them (for example, it helps you
to copy a picture from an Internet site shown on your browser apphcatlon and paste it
into your DTP application).

Operating systems that allow multiple software processes to be run at the same

time are called muititasking operating systems. Operating systems that would fall into

this category are:
¢ Windows 2000
» Windows XP Professional
e Linux

Multitasking operating systems allow a user to do more than one thing at the same
time.

Real Time Opemring Systems

Real Time Operating Systems are designed to service those applications where response
time is of the essence in order to prevent error, misrepresentation or even disaster.
Examples of real time operating systems are those, which handle airlines reservations,
machine tool control, and monitoring of a nuclear power station. The systems, in this
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case, are designed to be interrupted by an external signal that requires the immediate
attention of the computer system.

In fact, many computer operating systems are hybrids, providing for more than
one of these types of computing service simultaneously. It is especially common (o
have a background batch system running in conjunction with one of the other two on
the same computer. '

Multiprogramming Operating System

" A multiprogramming operating system is a system that allows more than one active
uset program (or part of user program) to be stored in main memory simultaneously.
Thus, it is evident that a time-sharing system is a multiprogramming system, but note
that a multiprogramming system is not necessarily a time-sharing system. A batch or
real time operating system could, and indeed usually does, have more than one active
user program simultaneously in main storage. Another important, and all too similar,
term is ‘multiprocessing’.

Multiprocessing Operating Systems

A multiprocessing system is a computer hardware configuration that includes more than
one independent processing unit. The term ‘multiprocessing’ is generally used to refer to
large computer hardware complexes found in major scientific or commercial applications.

This is an operating system that allows multiple processors to be utilized. Operating
systems that would fall into this category are:

o Windows 2000
e Windows XP Professional

e Linux

A networked computing system is a collection of physically interconnected

computers. The operating system of each of the interconnected computers must contain,
in addition to its own stand-alone functionality, provisions for handing communication
and transfer of program and data among the other computers with which it is connected.
A distributed computing system consists of a number of computers that are connected and
managed so that they automatically share the job-processing load among the constituent
computers, or separate the job load as appropriate particularly configured processors.
Such a system requires an operating system which, in addition to the typical stand-alone
functionality, provides coordination of the operations and information flow among the
component computers.

The networked and distributed computing environments and their respective
operating systems are designed with more complex functicnal capabilities. In a network
operating system the users are aware of the existence of multiple computers, and can
log in to remote machines and copy files from one machine to another. Each machine
runs its own local operating system and has its own user (or users).

A distributed operating system, in contrast, is one that appears to its users as
a traditional uniprocessor system, evén though it is actually composed of multiple
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processors. Ina true distributed system, users should not be aware of where their programs
are being run or where their files are located; all that should be handled automatically
and efficiently by the operating system.

Network operating systems are not ﬁmdanientally different from single pro::essor
operating systems. They obviously need a network interface controller and some low-
level software to drive it, as well as programs to achieve remote login and remote files
access, but these additions do not chan ge the essential structure of the operating systems.

True distributed operating systems Tequire more than just adding a little code to
a uni-processor operating system, because distributed and centralized systems differ in
critical ways. Distributed systems, for example, often allow program to run on several
processors at the same time, thus requiring more complex processor scheduling algorithms
in order to optimize the amount of parallelism achieved.

Multithreading Operating Systems

Operating systems that allow different parts of a software program to run concurrently,
Operating systems that would fall into this category are:

© & Windows 2000
o Windows XP Professional
. 'Linux

e Unix

CUI vs GUI

Now we know that an operating system is that important system software which helps
In running the computer systém. It is an integrated set of specialized programs. The
hardware cannot work without the Operatihg system. In fact, an operating system provides
an interface between the hardware and the user. It acts as a translator that conveys
information between you and your computer system. An operating system performs all
the functions of storage management and [/Q (Input/Cutput) device management. The
user is saved the effort and time of knowing hardware just because of the presence of
ari operating system. ' '

Now let us look at more technical aspects of operating systems, i.e., Command
User Interface and Graphical User Interface,

Command-Line User Interface (CUI)

By CUI, one means Command-Line User Interface. It actually means that the opera;ting
system provides command-line interface to the user. Command-Line is a prompt where
the user types in the command instead of using the mouse to perform a command. A
command-line operating system only uses a-keyboard to navigate and does not utilize
a mouse. Because command-line operating systems require commands to be used,
these type of operating systems are much more difficult to learn for new users and can
take time, However, a command line operating system can be a very valuable resource
and should not be ignored. For example, users who have Microsoft Windows may find



trivial tasks such as renaming 100+ files in a folder a very difficult task, however this
is something that can be done in a matter of seconds through a command line. The
examples of CUI are MS-DOS and Unix. We will discuss these two operating systems
in detail in the following chapters.

Graphical User Interface (GUI)

Both DOS and Unix are command-line operating systems. The greatest disadvantage of
CUI is that one has to remember a list of tedious commands to perform any operation
and mouse cannot be used. Another is the GUL GU! stands for Graphical User Interface.
It is based on graphics (icons, pictures and menus) instead of text; and uses a mouse
as well as a keyboard as an input device. Today’s major operating systems provide a
graphical user interface. Applications typically use the elements of the GUI that come
with the operating system and add their own graphical user interface elements and ideas.
A GUI sometimes uses one or more images for objects familiar in real life, such as the
desktop, the view through a window, or the physical layout in a building.

Elements of a GUI include things such as: windows, pull-down menus, buttons,
scroll bars, iconic images, wizards, the mouse, and no doubt many things that have not
been invented yet. With the increasing use of multimedia as part of the GU, sound,
voice, motion video, and virtual reality interfaces seem likely to become part of the GUI
for many applications. A system’s graphical user interface along with its input devices
is sometimes referred to as its “look-and-feel.” The GUI familiar to most of us today
in either the Mac or the Windows operating systems and their applications eriginated
at the Xerox Palo Alto Research Laboratory in the late 1970s. Apple used it in their
first Macintosh computers. Later, Microsoft used many of the same ideas in their first
version of the Windows operating system for IBM-compatible PCs.

1.27 Computer Software Concept

Computer software consists of sets of instructions that mould the raw arithmetic and
logical capabilities of the hardware units to perform.

In order to communicate with each other, we use natural languages like Hindi,
English, Bengali, Tamil, Marathi, Gujarati, etc. In the same way programming languages
of one type or another are used in order to communicate instructions and commands to
a computer for solving problems. Learning a programming language requires learning
the symbols, words and rules of the language.

Program and Programming: A computer can neither think nor make any judgement
on its own. Also it is impossible for any computer to independently analyze a given
data and follow its own method of solution, It needs a program to tell it what to do. A
program is a set of instructions that are arranged in a sequence that guides the computer
to solve a problem. ’

The process of writing a program is called Programming. Programming is a
critical step in data processing. If the system is not correctly programmed, it delivers
information results that cannot be used. There are two ways in which we can acquire
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a program. One is to purchase an existing program, which is normally referred to as

_ packaged software and the other is to prepare a new program from scratch in which

case it is called customized software.

A computer software can be broadly classified into two categories-System Software
and Application Software.

Today, there are many languages available for developing programs software.
These languages are designed keeping in mind some specific areas of applications. Thus,
some of the languages may be good for writing system programs/software while some
other for application software. Since a computer can be used for writing various types
of application/system software, there are different programming languages to perform
some specific function for the organization. For example, a payroll system to compute
the salaries of the employees of an organization is termed as application software.

1. System Programming Languages: System programs are designed to make the
computer easier to use: :

An example of system software is an operating system, which consists of many other
programs for controlling input/output devices, memory, processor, etc. To write
an operating system, the programmer needs instruction to control the computer’s
circuitry (hardware part). For example, instructions that move data from one location
of storage to a register of the processor. C and C++ languages are widely used to
develop system software.

2. Application Programming Language: Application programs are designed for
specific applications, such as payroll processing, inventory control, etc. To write
programs for payroll processing or other applications, the programmer does not
need to control the basic circuitry of a computer. Instead, the programmer needs
instructions that make it easy to input data, produce output, do calculations and
store and retrieve data.

Programming languages that are suitable for such application programs support
these instructions but not necessarily the types of instructions needed for development
of system programs. :

There are two main categories of application programs: business programs and
scientific application programs. Most programming languages are designed to be good
for one category of applications but not necessarily for the other, although there are
some general purpose languages that support both types. Business applications are
characterized by processing of large inputs and large outputs, high volume data storage
and retrieval but call for simple czilculations.'Languages, which are suitable for business
program, development, must support high volume input, output and storage but do
not need to support complex calculations. On the other hand, programming languages
that are designed for writing scientific programs contain very powerful instructions for

‘calculations but rather poor instructions for input, output etc. Amongst traditionally

used programming languages, COBOL (Commercial Business Oriented Programming
Language) is more suitable for business applications whereas FORTRAN (Formula
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Translation - Language) is more suitable for scientific applications. Before we discuss
more about languages let us briefly look at the categories of software, viz., system and
application software.

System Software

Language Translator

" A language translator is a system software which translates a computer program written
by a user into a machine understandable form.

Operating System

An operating system (OS) is the most important system software and is a must to
operate a computer system. An operating system manages a computer’s Iesources very
effectively, takes care of scheduling muitiple jobs for execution and manages the flow
of data and instructions between the input/output units and the main memory. Advances
in the field of computer hardware have also helped in the development of more efficient
operating systems.

Utilities
Utility programs are those which are very often requested by many application programs.

A few examples are: SORT/MERGE utilities, which are used for sotting large volumes
of data and merging them into a single sorted list, formatting, etc.

Application Software

Application software is written to enable the computer to solve a specific data processing
task. A number of powerful application software packages, which does not require
significant programming knowledge, have been developed.

These are easy to learn and use as compared to the programming languages.
Although these packages can perform many general and special functions, there are
applications where these packages are not found adequate. In such cases, application
program is written to meet the exact requirements. A user application program may be
written using one of these packages or a programming language. The most important
categories of software packages available are: -

e Database Management Software

e Spreadsheet Software

e Word Processing Desktop Publishing (DTP) and presentation Software Graphics
Software

e Data Communication Software

e Statistical and Operational Research Software.

1.28 Software Packages

A software package is an assemblage of files and information.
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Database Management Software

Databases are very useful in creation maintaining query, the databases and generation
of reports. Many of today’s Database Management System are Relational Database
Management System’s. Many RDBMS packages provide smart assistants for creation
of simple databases for invoices, orders and contact lists, Many database management
systems are available in the market these days. You can select any one based on your
needs, for example, if you have only few databases then package like dBase, FoxPro,
etc., may be good. If you require some additional features and moderate work load then
Lotus Approach, Microsoft Access are all-right. However, if you are having high end
database requirements which require multi-user environment and data.security, access
right, very good user interface, etc., then you must go for professional RDBMS package
like Ingress, Oracle, and Integra, etc. '

Accounting Package
The accounting packages are one of the most important packages for an office. Some
of the features, which you may be looking on an accounting, may be:
~ o tax planner facility

¢ facility for producing charts and graphs

e finding accounts payable

e simple inventory control facility

e payroll functions |

® on-line connection to stock quotes

- & creation of invoices easily

Commaunication Package

The communication software includes software for fax. The fax-software market is
growing up. Important fax software is Delrina’s WinFax PRO 4.0. Some of the features
such as Remote Retrieval and Fax Mailbox should be looked into fax software. These _
features ensure that irrespective of your location you will receive the fax message.,

Another important feature is fax Broadcast. This allows you to send out huge
numbers of faxes without tying up your fax machine all day.

If you have to transfer files from your notebook computer to a desktop computer
constantly, then you need a software program that coordinates and updates documents.
One such software is Laplink for Windows. This software offers very convenient to
use features. For example, by simply dragging and dropping a file enables file transfer.
This software can work if a serial cable or a Novell network or a modem connects you.

Desktop Publishing Packages

Desktop Publishing Packages are very popular in the Indian context, Newer publishing
packages also provide certain in-built formats such as brochures, newsletters, flyers,
etc., which can be used directly. Already created text can be very easily put in these
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packages, so are the graphics placements. Many DTP packages for English and languages
other than English are available. Microsoft Publisher, PageMaker, Corel Ventura are
few popular names. Desktop publishing packages, in general, are better equipped in
Apple-Macintosh computers.’

Information Providers

One of the very interesting information providers which will become popular in India
also is Automap road atlas by Microsoft. This package may provide city-to-city driving
instructions and maps. You may also get the best route, calculate the time it will take.
Many information providers are the Internet access programs. Today, the Internet access
packages come as a part of operating system, however, many other packages can be used
for accessing information on the World Wide Web. One very simple to use popular tool
of browsing Internet is Netscape Navigator.

Organisers, Contact Managers, PIMs
Some of the tasks of an office manager can be:
e to be able to track contacts
e to balance schedules
e to manage projects
e to prioritize tasks

These things can be easily done using organizers programs, which have a phone
book model for maintaining lists of contacts. They also have a calendar for entering
appointments and to-dos. Some of these packages are Okna’s DeskTop Set for Windows,
Lotus organizer, Microsoft Outlook, etc.

If you are interested in knowing more, than only names and addresses about your
contacts such as details like the industry they are \Ivorking with, the products they are
manufacturing, their business with you last year, when did you last spoke to them, etc.,
then you must look to contact management software. One such software is “Symantec
Act! for Windows”.

If you want to go even further then you can look for a personal information manager

(PIM). PIM is a tool that stores virtually any information such as reference materials,
project details, etc. The PIM document contains outlines, folders and links. Most of the

data in the PIMs is presented as an outline, for example, the clients may represent the

top level, the date of an appointment with him at the next level, and the details of the
meeting indented further below. This item can be linked to any other, allowing data to
be entered only once and linked up to all other appropriate places.

Suites

Suites are a set of packages sold as a group backage mainly for the business user. The
suite package includes programs for Word-processing, Electronic Spreadsheet, Databases,
and Presentation Graphics software and may be a mail software.
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Information Systems For example, Microsoft Office Professional for Windows includes programs as

Jor Management Microsoft Word, Microsoft, Excel and Microsoft Access, and a license for Microsoft Mail,

etc, The word-processing, spreadsheet, and presentation-graphics software interfaces in

, - a suite are well-integrated allowing easy data transfer among these applications. Today

Notes there is a growing family of Office-compatible products, which will be included in suites.

In the fast developing software era the list discussed above cannot be complete,
Please refer to latest PC journals for most recent software trends.

1.29 Word Processor

Word processing includes typing in text and manipulating it so as to give a very systematic
and organized look to your document, which enables casy reading. The application
software or program which helps us in processing the text is called ‘Word Processing
Software’, or simply ‘Word Processor’. So, you can say that a word processor is nothing
but a computer program that helps you to:

e type your text

correct spelling mistakes and grammatical errors
¢ align text within margins
o offer a variety of font styles and font sizes

® see a preview of the text that you have typed in.

Popular Word Procéssing Packages
-The commonly used word processing packages are:
¢ MS-WORD '
¢ Word Star
e Word Perfect

Professional Write

Uses of Word Processing
Normally, a word processor can accomplish the following tasks:
e Brochures |
o Newsletters
. Reports-
¢ Advertisement
e Resumes and Cover letters
e Books
s Directories
e World Wide Web Pages

There is absolutely no end to what a word processor can do. By now you must have
realized that the word processing applications have become much more sophisticated
than before. :
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1.30 Database Management Packages

Business processes are always associated with a huge amount of data. To store,
manipulate and processes such data, some software packages are needed, which are
collectively known as*Database Management Packages/Software/Systems (DBMS).
DBMS is defined as a software that organizes and maintains the data in a database for
providing the information. .

Microsoft Access is a Windows based Relational Database Management System
(RDBMS). It has received huge acceplance by users because of its versatility and easy
to use interface. MS-Access is best suited for maintaining any type of information.
1t can keep huge records of data ranging from keeping an address book to inventory
details. Access finds its immense usage in registering telephone numbers, expense
details, store or warchouse information. Whatever data is entered, it can be viewed from
different angles using forms. Data can also be sieved and extracted based on certain
conditions using queries. Reports help in analyzing the data and help you to come at
certain meaningful inferences. The very frequently used operations can be automated
by creating and saving macros.

What is a Database

A database is a collection of related information. An example of a typical database is
a private telephone directory. It contains related information about each person like
" his name, address and telephone number. Other examples of a database include list of
customers and suppliers, maintenance of stock in warehouses, collection of tapes in
libraries, maintenance of members in a country club, etc.

Components of a Database

All the information stored in an Access database is kept in tables as illustrated in
Table 1.2.

Table: A table is a collection of some specific kind of data. It is the basic element
of the database. Data put in a table is organized in rows and columns.

Record: Each row is called ‘record’ and it contains the complete information about
one particular item, e.g., in a telephone directory all the essential details about a single
person like his name, address and city form one record.

Column: Each column is called ‘field’. It holds information about a certain type
for all records. A field could be a name, address, telephone number, etc.

In the example shown in Table 1.2, the table contains five records and five fields.
Thus, each record contains a complete and wholesome information about one item.
Each column contains the same type of information for all the records like S.No., Name,
Address, ete. The field ‘Name’ contains the information related to ‘Name’ for all records.
So, you can have any number of records as well as fields in your table. You can add
more records to your table. In the similar manner, you can also expand the field list.
Your database can have any number of tables. The ‘Relational’ concept allows to build
relations between different tables.
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Information Systems ' ‘Table 1.2: An Example of a Typical Table

Jor Management RECORD FIELD
S. No. Name Address ; City
Notes . '

Phone
1. Manoj Banal 160, A-2, Sector-3, Rohini Delhi |5418765
2. | Shaveta Verma GP-42, Vasant Enclave Delhi | 7117653
3. | Dinesh Kumar |K-4, Adhyapak Nagar Delhi |5165433
4. }Monika Bansal |F-179, Moti Nagar Delhi |5418776
5. Vicky Mehta | WZ-143/4C New Mahavir Nagar |Delhi [5153148

1.31 Summary

A computer is an electronic device that can perform a variety of operations according to
the instructions given by the programmer/user and provides the desired information as ar
output. Computers are fast, accurate, diligent, having high memory, but no intelli gence.

Computers are classified as general purpose or special purpose computers according
to the purpose of their requirement. According to the technology used, computers are
classified as analogs which are used for scientific and engineering application, digitals
which are considered as general purpose computers or hybrid computers, which
incorporate the technology of both analog and digital computers. According to their
size, computer can be classified as super computer, mainframe computer, minicomputer
and micro computer. '

CPU consists of ALU (Arithmetic Logic Unit) which is responsible for all arithmetic,
and logical operations. CU (Control Unit) controls the transfer of data and instructions
among other units of computer registers, which are used to store data, instructions and
memory addresses when ALU performs arithmetic and logical operations. Buses are
used to transfer data between registers and clock which measures and allocates a fixed
time slot for processing each and every micro operation.

Memory is the internal storage area, which holds the data and instructions during
processing. The three types of main memory or Internal memory are RAM (Random
Access Memory), ROM (Read Only Memory) and CMOS {Complementary Metal Oxide
Semiconductor Memory).

Computers are used in business for data capturing in on-line as wel] as off-line
mode, for storage and retrieval of information, for output and for transmission. Offices
are needed to be automated to reduce cost of administrative overhead and to increase
efficiency of office tasks and staff. The hardware components of microcomputer can be
classified into motherboard, input devices, output devices, storage-devices, cards, ports
and cords and power supply. Various input devices are keyboard, mouse back ball, light
pen, touch screen, Joy stick, digitizer, Scanner, Optical Mark Reader (OMR), Optical
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Character Reader (OCR), Bar Code Reader (BCR), Magnetic Ink Character Recognition
* (MICR) and voice input devices. Various output devices include monitor, printer, plotter
and computer output micro file. Storage devices include hard disk, floppy disk, compact
disk, Magnetic tape, video disk, Magneto optical drive, DVD ROM/RAM disk, etc.
The second generation computers were developed during 1959-1965. The invention
of the transistor by three scientists of Bell Telephone Laboratories in 1947 greatly changed
the development of computers. The third gencration computers were developed during
1966-1973. The development of Integrated Circuit (IC) signalled the beginning of the
third generation computers.

The fourth generation computers were developed during 1974-1990. This
generation of computer is presently in use. The development of microprocessor signalled
the beginning of the fourth generation of computers. The computers having artificial
intelligence (AI) and high processing capacity.

One man communicates with another in a language, which another man can
understand. Similarly, man communicates with computer in a language, which machine
can understand. This language which consists of a set of commands, understandable by
computer directly or after translating is known as Computer Programming Language.
In early days of computers, only those languages were used for programming, which
could be directly executed on computer.

Low-level languages are used for development of system software. As they are
not used for applications development, managers or application programmers do not
need to learn these languages.

Development of applications using low level languages requires a deep understanding
of the hardware. In order to facilitate the programmers to write programs without knowing
the internal details of computer compenents, many languages were developed.

Operating system (OS) is a program or set of programs, which acts as an interface
between a user of the computer & the computér hardware. The main purpose of an OS
is to provide an environment in which we can execute programs. The main goals’of
the OS are (i) To make the computer system convenient to use, (ii) To make the use of
computer hardware in efficient way. Operating System is a system software, which may
be viewed as collection of software consisting of procedures for operating the computer
and providing an environment for-execution of programs. It is an interface between user
and computer. So an OS makes everything in the computer to work together smoothly
and efficiently.

An operating system is an integrated set of specialized programs that is used to
control and manage the resources and overall operation of a computer system. MS-
windows is a GUI based operating system. In windows operating system, multiple
applications can be simultaneously run in different windows. In MS-windows, the screen
upon which icons, windows, etc., are displayed is known as desktop. A database refers
to the collection of interrefated data and database management systems {DBMS) is a
computer program that managers a database effectively and efficiently.
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" results.

Computer: This is a machine which executes an algorithm stored in its memory
to process data fed to it and produces the required results,

Output Unit: A unit of a computer used to print or display computed

A

Processor: A unit of a computer which interprets instructions, executes them
using arithmetic and logic circuits and controls the operatton of all the other
units of the computer (also known as CPU).

RAM (Random Access memory): A memory used as the main memory of a
computer in which the time to retrieve stored information is independent of
the address where it is stored.

ROM (Read Only Memory): A memory in which information is permanently
written. The information can be read quickly but cannot be changed.

CPU: Central processing unit of a computer. It consists of circuits to perform
arithmetic and logic and also has circuits to control and co-ordinate the
functioning of the memory and I/O units of a computer.

Printer: An output unit to print the results of computation. Line printers print
one full line at a time using a character, chain or drum. Character printer print
one character at a time serially. )

Processor: A unit of a computer which interprets instructions, executes them
using arithmetic and logic circuits and controls the operation of all the other
units of the -computcr (also known as CPU).

Abacus: An abacus is a manual aid to calculate. It consists of beads or disks
that can be.moved up and down on a series of sticks or strings within a usually
wooden frame.

Generation of Computers: Generation in computer tennmology is a change
in technology a computer is/was being used.

IC: Integrated circuits. An integrated circuit (IC) is a small electronic device
made out of a semiconductor material.

AI: Artificial Intelligence

Microprocessor: A silicon chip that contains a CPU.

Compiler: A system program to translate a high level language program to
machine language.

Computer: Computer is an electronic device which is used to store the data, as
per given instructions. It gives results quickly and accurately.

Input Unit: This unit is used for entering data and programs into the computer
system by the user for processing.

Storage Unit: The storage unit is used for storing data and instructions before
and after processing.



e Output Unit: The output unit is used for storing the result as output produced

by the computer after processing.

o Keyboard: The keyboard is very much like a standard typewriter keyboard w1th
a few additional keys. The basic QWERTY layout of characters is maintained
to make it easy to use the system. The additional keys are included to perform
certain special functions. These are known as function keys that vary in number
from keyboard to keyboard. ,

o System Saftware: This consists of all the programs, languages and documentatlons
supplied by the manufacturer-of the computer.

e Application Software: These programs are de‘veloped by the user in order to

* perform some specific function for the organization.

1.33 Review Questions
1. What do you mean by the term ‘diligerice’ respect to computers?
2. What are the characteristics of computer?
. 3. Name the elements of computer system
4, List some commonly used input devices.
5. Describe the elements of computer system. _
6. What is the difference between general pilrpose and special purpose computers?
7. What is the difference between analog and digital computers?
8. What are the major strengths and weaknesses of a computer?
9. . What are the functions performed by the CPU?
10. Write a short note on the functioning of the control unit.
11. How does the cache memory decide what data it has to store?
12. Distinguish between dynamic and static RAM.
13. What is the difference between RAM and ROM?
14. Whatis the function of bus in CPU?
15. Why do we need office automation?
16. Describe various types of office automation system.
17. What are the limitations of fourth generation of computers?
18. Discuss the features of fifth generation computers. ‘
19. What are Programming Languages? Why are they needed? Discuss:
20. What are Machine Languages? Elaborate. -
21. What are Cross Assemblers?
22. Describe in detail various generations of computers.
23. Differentiate between second and third generation of computers
24,

What are the advantages and limitations of Machine Languages? Discuss.
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What are the advantage and limitations of Assembly Languages? Discuss.

Infonﬁaﬁon Systems 25,
Jor Management 26. Corﬁpare Assembly Language with High Level Language.
27. Whatis an Interpreter? Compare Interpreter and Compiler.
Notes 28. What arelthe Generations of Pr(?gramming Languages? Elaborate.
29. What is the difference between impact and non-impact printers?
30. Describe various types of input devices and. differentiate amongst them. .
31. Why are Personal Digital Assistants becoming popular?
32, Write a brief ‘rlc;)te each on all the types of input devices.
33. Write a note on scanning devices.
34, What do you think can come after voice recognition devices? -
35. What are the needs and functions of an operating system?
36. What are the different types of operating systems?
37. Explain the differences between CUI and GUI.
38. Discuss a case where CUI can be preferred to GUI.
. 39. Discuss the elements of a GUL .
40. Deﬁnp application software.
41. What do you understand by utility software?
42. What do you mean by Software Packages?
43. What do you mean by operating system?
) 44, Describe the Database management package. -
) 45, Describe computer software concept.
1.34 Further Readings
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e Peter C. Jurs, Computer Software Applications in Chemistry, Wlley-IEEE

e William 8. Davis, Computer Fundamentals, 1992, Addison- Wesley
Longman :

e Margaret Stephens, Rebecca Treays, Jane Chlsholm, Phlhppangate Colin Mier
and Sean Wilkinson, Computer for Beginners, 1995, EDC Publishing

o Marlin D. Quverson, Computer Anatomy for Beginners, 1982,'Rest0n Pub,

Co

e Dan Gookin and Andy Rathbone, PCs for Dummies, 1992, IDG Books
Worldwide :

e V. Ra_]araman and Dharma Rajaraman, Computer Primer, 2006, Prentice Hall
of India '

e V. Rajaraman, Fundamentals of Computers, 2003, Prentice Hall of India

e Manoj Kumar and M. Shamir Bhudookan, Information Technology for-'0O’
Level, Editions De L'Ocean Indien
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2.1 Learning Objectives

After studying the chapter,‘ students wil} be able to: .
. ® The various ises of computer networks from- the most general types to the
possible uses in more specific circumstances;
" ® Different technology involved in defining the network hardware that include

transmission technology, Local Area Network (LAN), Metropolitan Area
Network (MAN), Wide Area Network (WAN), wireless networks, etc.;
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s Detail concept of network software and the significance of layering the
communication process and related design issues for the layers; '

_ e Discuss different types of Computér l\ietworks;
e Describe the LAN, MAN,and WAN; _
e Learn how a web is dési'gned using HTML.and FrontPage;

e Understand how DNS is able to provide the quick translation of text of the IP

addresses into corresponding binary numbers;
e Leam about email and its various features;
. Disquss the concept of electronic commerce;
e Understand intemet based business models;

e Discuss B2B, Ei)l, and B2C models;

e Understand role of intranets.

2.2 Infroduction

In data communication system, digital and analog communication together plays a very
important integrated role irrespective of many advantages of digital communications
over analog. Figure 2.1 shows the integrated role of digital and analog communication
to complete data communication system.

110010 /\/\/\/\/\ 110010

Fig. 2.1: Data Communication System

As these two signals are different in nature, how can these be connected together
or communicated overthe communication channel? This question can be understood by
communication channels, which provide the link for data communications. Figure 1.1
shows that the link between modems is modulated analog signal created by the modem.
Likewise we may consider Figure 2.2 where data communication system is presented
in a wider sense. The communication from PC to modem is consisted of binary signal
whereas the communication between Central Telephone Office (CTO) and modem takes
place in modulated analog signal. The communication between CTO to another CTO
is by digital signal using time division multiplexers, which are codecs. Thereafter CTO
feeds modulated analog signal to modem and modem converts it into binary signal for
the PC. We may now say that different types of signals emerging on the communication
link and reaching to CTO on their way across a big city. These can be multiplexed to
share the same communication link for transmitting to destination.
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TDM: Time Division Multiplexing CTO: Central Telephone Office

Fig. 2.2: Data Communication System

Development in data communication field has fuelled the use of computer networks
in different fields of life. It enables the people to archive information at different websites
and access them to as and when'need arises. Computer networks to serve the people are
available as Local Area Network, Metropolitan Area Network and Wide, Area Network
depending upon on téchnologies and thsir geographlcal span. '

A network can be defined as the interconnection of two or more systems
The minimum number of systems required to make a network is two.
Computer systems connected ina network can exchange information between themselves
and share the use of hardware devices connected such as the printer, etc.

The World Wide Web and the Internet have impacted the world including business,

‘social and political life in the last few years. It is expected that this trend will certainly

continue well into the future too. You must be very much familiar with the term World:
Wide Web, which is also known as web or WWW or W3 and has established itself as the
most popular part of the Internet by far. The upper three layers Viz., session, presentation
and application layers are considered as user or application layers of the OSI models.
They are implemented in software. In most of the protocols, the functions of these layers
are converged into a single layer called ‘application layer’. TCP is one of the examples
of such types of protocols. The application layer, the highest layer of OSI model interacts
with software applications which enable source and destination machines to communicate
properly. It provides different services which are described herein. '

It is radically changing how people learn, work, play, enjoy and consume. The -
centre of revolution is browser technology. The “technology” has moved from the “Back
office” to the front line. Increasingly, technolo gy is shifting the firm’s relationships; with
its customers from “face to face” to “screen to face” interactions. The impact of Internet -
on business is akin to previous innovations that transformed not just one business sector

| but every sector. The Internet concerns every sector of €conomy as it changes the way

business should sensibly organize its activities and go to market. In this unit we will
study the concept -advantages-disadvantages and history of e-comumerce.

2.3  Use of Computer Networks

A network is connection of independent computers to communicate with one another
over a shared network medium. A network may be consisted of two or more computers.
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In other words, computer networks are coliections of computers, software and hardware,
which are connected to share resources together. A network connects computers using
transmission media either in the forms of cables or wireless, specialized software and
devices that manage data traffic. It enables to share files and resources, such as printers
and send messages electronically to each other. Thus, the term computer network applies
to the exchange of information among computers of individuals, groups or institutions
and helps in processing of electronic voice or data communications.

. Computer Networks have rapidly become an integral part of human life and in
many cases, computer networks are considered as the solution to every problem not only
within business but also in day-to-day life. The main purpose of computer networks is to
enable people to exchange data and information over email, LAN, Intranet or Extranet
ete. At the basic level, computer networks share resources, such as printers and storage
space. On the advanced level, computer networks enables to carry video data for remote
video conferencing. The following points can justify the use of computer networks:

2.4 Business Use

The business uses of computer networks include storage and retrieval of information,
reducing the need for paper and moving towards paperless office and rationalizing the
time for producing correspondence and accounts. In the context of business, generally
computer networks provide the following uses:

o Sharing of resources: Computer networking allows sharing of resources.

Connections of computers in a network will enable you to share files and devices
such as printers, CD-ROM drivcs,l etc. It-makes available programs, data, and
equipment available to anyone on the network irrespective of the physical
location of the resource and the user. In case of over capacity utilization of the
central processing unit (CPU) of any one computer in network, the computer
networks helps in transferring loads to another computer in the network. This
aspect of load sharing is the key to the grid computing.

' e Reliability: 1t is also due to sharing of different resources as it provides

- alternative sources such as replicated files, multiple CPUs, etc. When one
computer breaks down, you can use other computer available on the network
with your replicated files etc available thereon. Thus, the system continues to
operate but at reduced performance. This could be possible because there is no
central computer as in the case of mainframe. This is very important property
for ‘applications of computer networks in financial services, air traffic control
and many other applications. :

s Saving money: Computer networks help in collecting data on either one

server or many servers in the form of file servers in the same network. Thus,

" a computer network consisting of many powerful small computers, one per

user will be able to access data collected in file servers. This provides a better

price/performance ratio than mainframes. This model is catled the client-server
model where the users are called clients. * '
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"® " Scalability: Use of computer networks facilitates connections of differen

communication services.

» Powerful communication medinum: Networks make communication among
. gr-oups of people easy at remote locations throu'gh e-mail, chat, etc. It also
“facilitates rapid exchange of information and business data over the company’s

internal network. Use of the 'co_mputer network and the Internet allows users
to access to data from anywhere in the world.

o Integration of the business operations: It helps in Integrating the whole
business operation into a networked operation, including sales activity, stock
holding, quotations, ordering raw materials, control the production process,
process invoices, process all the accounts, analyze business performance,
quality control, etc. | - '

' 'Sciénﬁﬁc Use - Computer Enhanced Collaborative Work (CECW)

Séientific use of computer networks can be traced back to the beginnings of the Internet
for sharing resources and exchanging data. The Internet, as we know it 'today, was
created in a laboratory. ‘

In scientific applications, computer networks were useful for sharing data and
using rémote computérs to carry out large computations. This may include the use of |
supercompﬁters in various locations. Apart from the “outsourcing” of computing power,
the old system of using one powerful computer within a department to carry out large

computations.and many small hosts for the creation of reports is very common application

of computer networks. Grid computing is an area in which networked computers can
be used for the parallel procéssing of large computations using processors with local
memory and shared memory. The distinction between processor and computer is that a
computer is the combination of a processor, memory and peripheral devices. A processor
is an integratet_i circuit in which.the processing takes place.

2.5 Networks for Citizens

Computer network is an'important information gathefing and transferring tool for common

-citizens where interactions between a person and a remote database take place. They

provide access to remote information $uch as-

® E-governance applications are aimed with the vision of providing citizen

services in an integrated manner. To achieve this mission, the government and

private sector develops citizen centric applications and provides access points
in the forms of Community Information Centers. These services }nay also be
accessed from home. Some of the applications include land recOrds, agricultural
products price, driving licenses, railway reservations etc.

® Reservations for trains, airplanes, hotels, restaurants, theaters, and so on,
anywhere in the world with instant confirmation.



e Networks, have made possible online banking and shbpping from home or
office.

e Proliferation of computer networks is providing on-line and personalized
electronic newspapers, journals, and libraries at your desktop.

¢ Networks allow us to be mobile because we can access our own computer while |

traveling or transfer files to some remote computer.

o Access to WWW (World Wide Web), which contains information about several
topics, has changed the world into global village.

Person-to-person communication — 1t involves:

¢ Exchange of message via emails that may contain text, digitized voice, pictures,
video images, etc. '

¢ Newsgroups coverfng topics for a particular group. ~ .
e Real-time collaborative appioaches such as videoconferencing and virtual

meeting environments that allow remote users to communicate with negligible
delay with seeing and hearing each other.

Entertainment - It involves:

e Video on demand allows the user to select amy movie or TV program available
in the video library for having it displayed on screen instantly.

e Interactive films where the user has an opportunity to select any scene of his/
her choice to create his’her own film. _

e Live and interactive TV enables users to participate in quiz shows, and so
on. '

Due to all these benefits and other also, computer networking becomes increasingly
more important '

2.6 Network Hardware

Computer networks can be classified based on transmission technology and scale.

Transmission technology — It includes the broadcast networks and point-to-point
networks.

Broadcast networks — They have a single communication channel, which is shared

- by all the computers on the network and therefore, any message -transmitted by a computer

on the network is received by all the computers connected to the channel. However, that
message may be intended for only one computer over the channel.

In computer networks, any message to be transmitted is first broken in several
packets. The packets are, then, transmitted one after another. Thése packets at the
receiving ends are assembled to recreate the message. Each packet contains the address
of the source and destination computer so that the intended receiver may receive them.
In broadcast networks, all computers connected to the common channel receive packets
transmitted by a computer on the same channel. The address field within the packet
indicates the address of the intended receiver. All the computers after receiving the
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Information Systems packets check the address field. Only the intended computer process the packet, other
Jor Management computers discard it. In this manner, the transmission and reception of the packets in
broadcast networks take place. -

An example of such network is Ethernet. Figure 2.3 shows the broadcast network.

Notes

Destination
computer
that receives

LY.

Terminator —aw{{Ethemet Cable (shardd bius) ) _
- I o
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@ . g\opggaws
Sending along the
: computer entire cable
transmits

Fig. 2.3: Ethernet

Broadcast network are also used to transimit same message to all computers or
selected computers. It could be possible by reserving some addresses for such purposes.
When same message is intended to transmit to all computers, it is called broadcasting,
When it is intended for selected computers, it is termed as multicasting.

Point-to-point connection — They provide separate communication channels for
each pair of computers, which means that computers are connected together in point-to
point manner consisting of many-connections between individual pairs of computers. It
provides multiple routes and intermediate computers between a pair of machines. Multiple
routes and intermediate computers provide an opportunity to the packets traveling on
network to opt different routes to reach at destination based on the easiest route. This
calls for the necessity for routérs as an intelligence device and routmg algonthms

The number of connections ngS very quickly as number of computer increases.
| Figure 2.4 illustrates that two-computers need only one connectlon three computers
need three connections and four computers need six connections.

Figure 2.4 also illustrates that the total number of connections grow more rapidly
than the total number of computers. Mathematlcally, the number of connectlons needed
for N- computers is proportional to the square of N:

Point-to-point connections required = (N>~N)/2

Figure 2.5 shows a point-to-point connection for five computers located at two
different locations, say, ground and first floor of a building.

As there are five PCs, therefore, a total number of ten connections will be required
 for point-to-point connection. Out of these:ten connections six are passing through the
same location and thereby making point-to-point connections an expensive one. By
increasing the computer by one in the above configuration at location 2 as shown in Fi gure
1.5 will increase the total number of connections to fifteen. Out of these connections
eight connections will pass through the same area.
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Fig. 2.5: Five computers at two different locations

Tn order to reduce the number of connections, some intermediate computer (routers)
is introduced where connections from different groups of computers (network) terminate.
The router routes those connections to the possible route of the destination computer.

In most of the cdses, smaller and localized networks are broadcasting, whereas
farger networks tend to use point-to-point connection.

2.7 Classification based on In_térconnec_ted Computers by Scale

Local Area Network (LAN)

This technology connects people and machines within a site. A Local Area Network
(LAN) is a network that is confined to a relatively small area as shown in Figure 1.6.
Local Area Networks (LANs) are most often described as privately owned networks that
offer relfable high speed communication channels optimized for connecting information
processing equipment in a limited geographical area, namely, an office, buildings,
schools or campus.

A LAN is a form of local (limited distance), shared packet network for computer |

communications. LANS interconnect computers and peripherals over a common medium
in order that Users might share access to host computers, databases, files, applications,
and peripherals. They can also provide a connection to other networks either through
a computer, ‘which is attached to both networks, of through a dedicated devicé called
a gateway. '
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Information Systems The components used by LANS can be divided into cabling standards, hardware,

.for Management and protocols. Various LAN protocols are Ethernet, Token Ring: TCP/IP, SMB, NetBIOS

' ' and NetBeui, IPX/SPX, Distributed Fiber Data Interchange (FDDI) and Asynchronous
‘Transfer Mode (ATM). -
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- Fig. 2.6: Local Area Network

Briefly, based on size, transmission technology and topology LAN is characterized
| as below:

® Size: LAN has usually a span-of not more than a few kilometers. _

. Topology: 1t may have topologies as bus (e.g., Ethernet) as shown in Figure
1.1, ring (e.g., IBM token ring), etc. as shown in Figure 1.6..

® Allocation of the shared bhan;ze!: Each computer is statically allocated a time
slot to transmit, and gets its turn by round robin. To avoid waiting time in case

of an idle computer, dynamic allocation of time is done where each computer
is dynamically allocated a time slot on demand.

2.8 Metropolitan Area Network (MAN)

A Metropolitan Area Network (MAN) extends to larger geographic areas. It may include.
cities or school districts. By interconnecting smaller networks within a large geographic
area, information is easily disseminated throughout the network. Local libraries and
government agencies oftén use a MAN to connect to citizens and industries. It may also .

| connect LANSs together within a greater area than a LAN. The geograbhical limit ofa
MAN may span a city. Figure 2.7 depicts how a MAN ‘may be available within a city.
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Fig. 2.7: Metropolitan.Area Network

-
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In MAN, different LANs are connected through a local telephone exchange using
one or two cables but not switching elements. Some of the widely used protocols for
MAN are RS232, X.25, Frame Relay, Asynchronous Transfer Mode (ATM), ISDN
(Integrated Services Digital Network), OC™3 lines (155 Mbps), ADSL {Asymmetrical
Digital Subscriber Line) etc. These prdtocols are quite different from those used for LANSs.

2.9 Wide Area Network (WAN)

This technology connects sites that are in diverse locations. Wide Area Networks (WANS)
may connect larger geographic areas such as New Délhi, India or the world. WAN has no
geographical limits. Dedicated transoceanic cabling or satellite up links may be used to
connect this type of network. Hence, a WAN may be defined as a data conununications
network that covers a relatively broad geographic area to connect LANs together between
different cities with the help of transmission facilities provided by common carriers, such
as telephone companies. WAN technologies function at the lower three layers of the OSI
reference model. These are the physical layer, the data link layer, and the network layer.

A WAN involves many cables or telephone lines, each one connecting a pair of
routers When a packet is transmitted from one router to ancther, it is received at each
intermediate router in its entirety, stored there until the required output line is free, and
then forwarded. A networK using this principle is called point-to-point, store-and- forward,
or packet-switched subnet.

Figure 2.8 illustrates the system of WAN, which connects many LANs tbgether.
It also uses switching technology provided by local exchange and long distance carrier.

[
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Fig. 2.8: Wide Area Network

Packet switching technologies such as Asynchronous Transfer Mode (ATM), Frame
Relay, Switched Multimegabit Data Service (SMDS), and X.25 are used to implement
WAN along with statistical multiplexing to enable devices to share these circuits. A
WAN has host computers for running user programs and they are connected to subnet,

_*- whose job is to carry messages from host to host. The subnet has transmission lines

(circuits, channels, or trunks) that move bits between hosts to host. Routers as switching
elements are used to connect two or more-iransmission lines.

The difference between MAN and WAN may be understood only from the sérvices
being used by them. WAN uses both the local and long distance carrier while MAN uses
only a local carrier. Hardware and protocols are same as in case of MAN.
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The answer to the confusion between LAN and WAN technologies lies in how data
is switched. It is the integration of LAN/and WAN integration that makes the network
work. After all, people and machines not only need to be accessible locally, but from
different sites as well.

2.10 Wireless Networks

Exponential growth rates in mobile communication systems, enhanced awareness in
society and defegulation of former monopolized markets have paved the way for the
easy use of mobile communication systems as well as a new set of i issues, techniques

-and-solutions. ngltal Cellular networks are the wireless extensions of traditional PSTN
or ISDN networks and allow for nationwide or even worldwide secamless roaming with
the same m.bile phone. Cellular networks have traditionally been the preserves of voice.

~However, data traffic is contmuously growing. Most of the mobile photies have the ability
to send and receive short text messages, and an increasing number now incorporate
more advanced Internet capabilities such as World Wide Web (www) onto mobile and
wireless devices. Mobile computers, laptop computers and personal digital assistants
(PDSs) are the fastest-growing segment of the computer industry. New applications and
new mobile networks have been bringing ubiquitous multimedia computing to the radios,
PDAs, Iaptops and mobile phones. These device may also get converge and many more
functions will be available on one device only.

There are numerous application using wireless networks and most of them come
under value added services (VAS). Some of the apphcatlons are listed below:

e Mobile or portable offices, which allow frequently traveling people to send and
receive telephone calls, faxes and emails. .

e Due to the wireless technology, people on move are able to read remote files
or login remote computers, etc from land, sea or air.

& Wireless technology is of great value to fleets of trucks, taXIS and repair persons
for keeping in contact with home, customers and office.

¢ GPRS technology is also helping managers and customers to keep track of their
products, vehicles, locations etc.

e Wircless technology and GPRS has become 1mportant to rescue workers at -
disaster sites and to the military.

Wireless networking and mobile computing are related but not same. There exist
.different combinations of wired and wireless networking. A nuinber of mobile and wireless
devices are available in different forms depending upon various applications. Some of
these devices are sensor, embedded controllers, pager, mobile phones, Personal Digital
Assistant (PDA), palmtop, notebook etc. The availability of low cost microprocessors
and digital switching made the wireless communication popular among the masses.

2.11 Internetworks

The availability of different operating systems, hardware platforms and the geographleal
dxsperswn of computing resources necessxtated the need of networking in such a manner
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that computers of all sizes could communicate with each other, regardiess of the vendor,
the operating system, the hardware platform, or geographical proximity. Therefore,
we may say that intemetworking is a scheme for interconnecting multiple networks
of dissimilar technologies. Need of additional hardware and software is required to
interconnect multiple networks of dissimilar technologies. This additional hardware is
positioned between networks and software on each-attached computer. This system of
interconnected networks is called an internetwork or an Internet.

To develop standards for intemetworking, ARPAnet, a project of DARPA introduced
the world of networking with protocol suite concepts such as layering, well before ISO’s

initiative.-This is NCP (Network Control Program) host-to-host protocol to the TCP/TP

protocol suite. ARPAnet was basically a network based on leased lines connected by
special switching nodes, known as Internet Message Processors (IMP). Many researchers

were involved in TCP/IP research by 1979. The first real implementation of the Internet '

was when DARPA converted the machines of its research network ARPAnet to use the
new TCP/IP protocols. After this transition, DARPA demanded that all computers willing
to connect to its ARPAnet must use TCP/IP. The success of ARPAnet was more than
the expectations of its own founders and TCP/IP internetworking became widespread.
As a result, new wide area networks (WAN) were created in the USA and connected
to ARPAnet using TCP/IP protocol. In turn, other networks in the rest of the world,
not necessarily based on the TCP/IP protocols, were‘added to the set-of interconnected
networks. Computing facilities all over North America, Europe, Japan, and other parts of
the world are currently connected to the Internet via their own sub-networks, constituting
the world’s largest network. In 1990, ARPAnet was eliminated, and the Internet was
declared as th¢ formal global network. :

2.12 Network Software , ‘

Layering the Communications Process

Open Systems Interconnection (OSI) was setup asan international standard for network
architecture to reduce their design complexity. Hence, most of the networks are organized
as a series of layers or levels. Layering the communications process means breaking
it down the communication process into smaller and easier to handle interdependent
categories, with each solving an important and somehow distinct aspect of the data
exchange process: Each layer has to offer specified services to the higher layers. Thus,
layer on one computer carries on a conversation with corresponding layer on another

computer in the network. The rules and conventions used in such communications are .

collectively known as the layer protocol. The entities compfising the corrésponding
layers on different computers are called peers, which communicate using the protocol.
Between each pair of adjacent layers an interface exists that defines primitive operations
and services the lower layer offers to the upper one. '

The International Organization for Standardization (ISO) took the initiative in
setting up OSL. OSI has two meanings. It refers to: ‘

Computer Networks and
Internet

Notes

Self Learning Material 95



Info'rmation Systems s Protocols that are auih_orized by ISO

Jfor Management & OSI basic reference model -

OSI reference model divides the required functions of the network architecture

Not into several layers and defines the function of each layer.
otes
' The group of layers and protocols is called the network archxtecture These

groups of layers are provided with enough information to allow a software/hardware - 3
implementation, which correctly obeys the appropriate protocol.

, The objective of this detail is to develop an understandmg of the complexity and
| sophistication that this technology has achieved, in addition to deveIOpmg the concept for
the inner workings of the various components that contribute to'the data commumcatlons_
process. The details of the implementation and the specification of the interfaces are
never part of the architecture because they are not visible from the outside.

The functions of Iayered architecture may be comprehended with an example of
conservations taking place between two persons with dlﬁ'erent languiage of communication,
say, English and French. A three-layered architecture as shown in Figure 2.9 explains
the concept. Dotted lines from peers to peers indicate virtual connections.

English Speakihg

French Speaking
T Parson {Laver 3)

1] t Person {Lavear 31 [
v - ] v
) |
Y

" Translator

I Translator

1
! ‘Secretary Y. ! Secretary

F 3

Iy
A\ AR

Fig. 2.9: Functions of layered architecture

® Two persons (peer processes in layer 3), one speaking English and the other
speaking French, want to communicate.

o They are using a translator (peer processes at layer 2).

® A secretary (peer processes at layer 1) facilitates each translator for message
transmission,

e The English person passes his message in English to his translator, who translates
it into French or other language, depending on the layer 2 protocol. -

® The translator then passes the message to secretary at layer 1 to transmit the
message by telephone, email, or some other means, dependmg on Iayer 1
protocol,

o When the message reaches the destination, the peer secretary passes the message
to the peer translator, who translates it into French and passed across the 2/3_
interface to French speaking pérsoh .

¢ Thus an effective conversation takes place between two persons, not

understandmg each other’s language. Slmllarly, two computers on different
networks communicate with each other.
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2.13 Design Issues for the Layers

In information exchange between computers, communication processes need to have
the following to accomplish these aspects of exchange process:

e Physical Data Encoding: The information exchanged between two computers

is physically carried by means of electrical signals assuming certain coding
methods. For two computers’ to reliably exchange data, they must have a
compatible implementation of encoding and interpreting data carrying electrical
signals.

e Multiplexing: This uses the same connection for multlple unrelated

. conversations. For example a few physical circuits are used for all virtual
connections.

Transmission Media: This concern deals with the type of media used (fiber,
copper, wireless, and so on), which is dictated by the desirable bandwidth,
immimity to noise, and attenuation properties., These factors affect the maximum-
allowable media length while still achieving a desirable, level of guaranteed
data transmission. ‘ '

Flow Control: Data communication process allocates memory resources,
commonly known as communications buffers for the sake of transmission
and reception of data. It keeps a fast sender from swamping a slow receiver
with data. Some kind of feedback from receiver is needed. A proper data flow
control technique desires that the receiving process in transmission of data
should send a “stop sending” signal to the sending computer whenever it does
not have resources to cope with the rate at which data is being transmitted.
On the other hand, when receiving device has sufficient resources available,
it should send a “resume sending” signal. The resources available at receiving

end to cope up with the sending computer are buffers availability. Figure 2.10 |

shows the mechanism of data flow control.

Sending Computer
=
L'.m:l Full
- mmunications  communications
@ ; butters buffers
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—— O l:u:]O
1
Dascarded aata

Fig. 2.10: Data flow control mechanism

Receiving computer must be capable of distinguishing between. informatjon
carrying signal and mere noise.

o Amechanism for identifying senders and receivers — Some form of addres;iﬁg
for both machines and processes to detect whether the information carrying signal
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Information Systems - is intended for itself or some other computer on the network, or a broadcast (a
Jor Management message that is intended for all computers on the network).

® Error control- The receiving end after completion of receiving the information
must also be capable of dealing with and recognizing the corruption, if any,
this corruption could be in the form of noise or electromagnetic interference.
Both sides must have the same error-detecting and error-correctmg codes. In
addition to this, some mechanism is needed to point out wh;ch messages have
been correctly received and which have not.

Notes

® Lagual channels — Protocols should provide at least two logical channels per
connectlon '

. Message sequencing or ordering — Message are broken into pieces and are
numbered before transmission, There should be a mechanism to put them back
in order at the receiving end. These packets may take different routes to reach
at destination computer and therefore not necessarily be in order.

® Routing - The’routing approach calls on the implementation of various
cooperative processes, in both routers and servers, whose main concern is
to allow for the intelligent delivery of data to its ultimate destination. Data
exchange can take place between any two workstations, whether or not both
belong to same network as shown in Figure 2.11.

Fig. 2.11; Router connecting two networks

o Inter-process dialog control — When two appllcatlons engage in the exchange
of data, they establish a session between them. Consequently, a need arises to
control the flow and the direction of data flow between them for the duration of
the session. Depending on the nature of the involved applications, the dialog type
may be full duplex, half-dupiex, or simp[ex mode of communication.

e Session Recovery — Another appllcatlon oriented concern is the capability
to reliably recover from failures at a minimum cost. This-can be achieved
by providing a check mechamsm which enables the resumption of activities

. since the last checkpoint. Check pointing circumvents this requirement by re-
transmitting only the affected files, saving time and bandwidth.

e Presentation Problems — Whenever two Or more communicating apphcatmns
run on different platforms, another concern arises about the differences in
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the syntax of the data they exchange. Resolving these differences requires an
additional process. Good examples of presentation problems are the existing
incompatibilities between the ASCII and EBCDIC standards of character
encoding, terminal emulation incompatibiiities, and incompatibilities due 1o
data encryption techniques.

2.14 Interfaces and Services

Each layer provides services to the immediate layer above it. There are some associated
terms, which are used frequently.

o Entifies: They are active elements. For example, processes, 1/O chips, etc in

each Jayer.
e Peer entities: They are entities in the same layer on different computers.
o Service provider: This function of layer provides certain services.
e Service user: This function of layer uses certain services.

o SAP(Service Access Points): It is the point from where services can be accessed.
Each SAP has a unique address.

2.15 Connection-oriented and Connectionléss Services

Connection-oriented service is similar to the telephone system where a dedicated
channel is established between sender and receiver before transmission. They are suitable
for communicating for a long time between senders and receivers. However, they are
notable for wastage of bandwidth.

In connection-oriented service; each packet is assoctated with a source/destination
_ connection. These packets are routed along the same path, known as a virtual circuit.

Connectionless service adopts the mechanism of the postal system. Each message is
broken into packets and enclosed in an envelope. The envelope contains the full address.
The envelope is then routed independently. The order of the packets is not guaranteed.
They are suitable for sending short messages and notable to provide bandwidths in
short time intervals.

In connectionless service, a router treats each packet individually. The packets are
routed through different paths through the network according to the decisions made by
routers.

2.16 Quality of Service

Reliable services guarantee the delivery of data. which is implemented by
acknowledgements. However, this introduces overheads and thus reducing the efficiency.
In case of file transfer, we need a reliable connection-oriented service while an unreliable
connection-oriented service is appropriate for digitized voice traffic. Registered emails
are example of reliable connectionless sérvice with acknowledgement while an unreliable
connectionless service without acknowledgement is apprbpriate for junk e-mail. They
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Information Systems  have a high probability of arrival but no guarantee. In the client-server model, the
for Management  request reply command is another example of connectionless service.

2.17 Service Primitives

Notes :
The connection-oriented or connectionless service is specified by a set of primitives

available to a service user to interact with the service provider, These primitives enable
the service provider to perform some action or report on an action taken by a peer entity.
. Primitives have parameters to define conditions. For example, request and response
primitives, the sender and the receiver may negotiate some conditions like message
size. They are part of the protocol. A confirmed service is defined with a request, an
indication, a response, and a confirm primitives. An unconfirmed service has a request
and an indication primitive only. An example using eight of service primitives along
with an analogy with the telephone system is given below:

Eight Service Primitives Telephone System

Request for a connection to be established. Dial the phone number.

Signal the called party. The called party phone rings.

Used by the called party to accept/reject calls. The called party picks up the phone.

Tell the caller whether the call was accepted. The calling party listens the ringing stop.

Request that data be sent. The calling party talks with the called
' - party.

Signal the arrival of data. , Both the parties listens each other.

Request that a connection be released. - The calling party hangs up the phone.

Signal the peer about the request. . The called party listens it and hangs

- up too.

2.18 The Relationship of Services to Protocols

Services and protocols are distinct concepts and are 1mportant to establish and release
connections between sender and receiver.

Aservice is defined as a set of primitives that are nothing but actions or operations.
They are provided to the upper layer by an immediate lower layer. It defines only nature
of actions to perform by the layer upper to the service- -initiating layer.

A protocol defines set of rules to describe the format and meaning of the frames,
packets or messages that are exchanged by the peer entities within the same layer.
Entltles use protocols to implement their service definitions. ' :

2.19  Goals and Applications of Computer Networks

Goals

Computer networks were initially developed to share files and TEesources.among users.
However, with the time, the role of computer networks in society has become a necessity.
Goals of computer networks are given below:
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Resource sharing — Resource sharing is the primary goal of computer networking.
This enables users to share programs, data and equipment that are available on the
computer network without the regard to the physical location of the resource and the user.

High reliability — Computer networks provide alternative sources of supply, if one
source of supply in the network gets disrupted due to certain reasons. For example, all
files are replicated on two or three machines, so if one of them is unavailable, the other
copies could be available. : '

Saving money — Saving of money by way of computer networks is also one of the.

important goals. It is found that smail computers provide much better price/performance
ratio than larger ones. If we compare between prices and the speed of mainframe
computers and desktops, price/ performance ration goes in favor of desktop which are
the essential building blocks of any computer networks. Mainframes are considered ten
times faster than the fastest single chip microprocessors, but their cost are more than
thousand tites. This imbalance has prompted the system designers to build systems
consisting of powerful personal computers, one per user, with data kept on one or more
shared file server machines. This gave birth to the LAN that has many computers located
in the same building.

Performance — Computer networks aim to increase the systems performance as
the workload increases by just adding more processors. In case of, the mainframes,
when the system is full, it is replaced by a larger one, usually at great expense and with
even greater disruption to the users. However, in computer networks the workload is
distributed and the system can be scaled up without disrupting the normal work.

Powerful communication medium -1t is very much evident that computer networks
played an important role in converting this world into global village. This could not be
possible without the communication media that computer networks provided to citizens
across the globe. A file, picture, news, etc, immediately after its update/modification on
a network can be seen and shared by the other users on the network. -

2.20 Applications

Applications of computer networks have been discussed at several places in this book
in different ways and manners. Applications of the computer networks can be broadly
classified under the following three categories:

Access to remote programs.

Access to remote databases.

Value-added communication facilities.

It is quite cheaper to call a remote computer through a computer network than
connecting it directly. Normally, distant computers talk with each other using packet
switched technology that offers lower rate than normal telephone call working on circuit
switching technology. The circuit switching calls for dedicated circuit for the duration
of the call and is expensive.’

Access to remote database make possible to work globally. Any person even on
travel will be able to access database of his or her organization.
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Manufacturer |-Network Architecture
IBM System Network Architecture (SNA)
DEC Digital Network Architecture (DEC)
[ Borroughs Borroughs Network Architecture (BNA)
UNIVAC | Distributed Communication Architecture (DCA)
Toshiba Advanced Network System Architecture (ANSA)
NEC Distributed Information Processing Architectux:e.(DINA)
Honeywell « | Distributed System Environment (DSE)

Computer. networks also facilitate video conferencing, teleconferencing, distant
education, etc as value added communication facilities.

2.21 Computer Network Structure and Architecture

The development of computer networks took pIacé in gradual manner and is built in a
highly structured way. They are designed in such a way so that the network architecture
and structure could reduce the design complexity and enable the system designer to
scale up and upgrade the networks.

Network architecture defines the communications products and services, which
ensure that the various components can work tégether.- In the early days of data
communication systems, the majority of communications were between the DTE and
the. host computer. Therefore, transmission contro] procedures were alone enough ag
communication protocols. However, recent computer systems [ink with other systems
to form a network, resulting in a situation where in different protocols serving different
purposes are required. Heﬁce, the network architecture represents a systemization of

the various kinds of protocols needed to build a network.

Computer manufacturers have developed different protocols as needed. This means
that'éach type of computer needed to support different protocols. This also necessitated !
large development and maintenance costs. All computer manufacturers, therefore worked
together to standardize and systemize protocols to link their models and thereby reduce
the development and maintenance costs. This was how each manufacturer built-own
network architecture. Since the concept of the network architecture was first introduéed
to connect the computers of the- same manufacture, the process has become easier,
However, from user’s perspective, the ideal form of network architecture is one, which
enables machines of all'manufacturers to connect to each other. Therefore, the need of
standardization'of network architecture arose.

Table 2.1: Network Architecture by Vendor

Following are the ways to achieve connection between different manufacturers;

® Protocol Converters - These are devices that translate from one natjve protocol
‘into another, for example, from ASCII to IBM.SNA/SDLC

® Gateways - These are hardware/software combinations that connect devices
runnihg.different native protocols. In addition to protocol conversion, gateways
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provide a gateway connection between incompatible networks. Examples
inciude Ethernet-to-Token Ring gateways, X.25-to-Frame Relay gateways, and
T-carrier-to-E-Carrier International Gateway Facilities (IGFs).

In addition to the above, Protocol Analyzers are available as diagnostic tools
for displaying and analyzing communications protocols. Analyzers allow technicians,
engineers and managers to test the performance of the network to ensure that the systems
and the network are functioning according to specifications: LAN managers, for instance,
use protocol analyzers to perform network maintenance and troubleshooting and to plain
network upgrades and expansions. :

Open Systéms Interconnection (OSI) was set up as an international standard
for network architecture. OSI Reference Model developed by the International
standard organization deals with connecting open systems. Open systems are open for
communication with other systems. The OSI model contains seven layers. A detailed
discussion of the network architecture has been provided under the topic network software

“in this Unit only. The International Organization for Standardization (ISO) took the
initiative in setting up OSI. OSI has two meanings. It refers to:

s Protocols that are authorized by ISO
» OS] basic reference model

08I reference model divides the required functions of the network architecture
into several layers and defines the function of each layer. Layering the communications
process means breaking it down the communication p;rocess into smaller and easier
to handle interdependent categories, with each solving an important and somehow
distinct aspect of the data exchange process. The objective of this detail is to develop
an understanding of the complexity and sophistication that this technology has achieved,
in addition to developing the concept for the inner workings of the various components
that contribute td the data communications process. '

2.22 Local Area Networks (Lan)

Networks that connect computers lying within a small distance (such as a room, or within
a building) from each other are called local area networks (or LANS).

NN

| Terminal 1 - | Terminal 2 Terminal 3

Fig. 2.12: Local Area Network

Local area networks normally use coaxial cables to connect the computers to gether.
Two or more computers connected together can share, besides data, their peripherals
such as printers, modems, etc. This cuts down a lot on the hardware equipment cost.
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Besides coaxial cables, a plug-in card is also required for cach computer. The
coaxial cables connect the plug-in cards of the computers to form a network. A special
software is also required for the network to operate.

All local area networks transfer data in digital form at a high speed and have a
low implémentatipn cost.

Some applications performed by a LAN are as follows:
1. “File transfer and access
2. Accessing the internet

Providing Management Information System.

2.23 Metropolitan Area Networks (MAN)

A metropolitan area network uses the distributed queue dual bus. The metropolitan area
network is larger'than a LAN and it may cover areas as large as a city. The distributed.

queue dual bus system consists of two buses connected to all the computers.
The Figure below depicts the two buses connecting three nodes.

The dual bus helps the transmission of data in both directions simultaneously. Data
going up uses Bus A and data going down uses Bus B.

*BusA

B Bus 8

Fig. 2.13: Metropolitan Area Network

. Suppose information has to be passed from terminal 3 to 1, it will use Bus A and
if a reply has to be sent back ( from 1 to'_3) it will use Bus B’

2.24 'Wide Area Networks (WAN)

1 Awide area network connects computers which are very remotely placed. It may connect

across the countries or continents or the entire globe. Wide Area Networks are also
referred to as Long Haul Networks (LHN).

Wide area networks can either be point to point type or broadcast type. In a point
to point type network, the source and the destination machines are connected to each
other via several intermediate routers. A point to point type network may be separated
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into two parts— the hosts and the subnet. The machines between which communication
is to be established are called hosts. The hosts are connected to each other by what is
known as the subnet. The subnet consists of the transtnission lines (coaxial cables, fibre
optic cables, etc.) and the intermediate switching elements also called ‘routers’. The
- main function of a router is to receive the transmitted data and then select an appropriate
channel to forward it to the destination host or to another router. When a data packet
arrives at a router it is stored in the router until the output transmission line is free and
is then transmitted or forwarded to destination host.

The broadcast type wide area networks (WAN) use a satellite or ground radio system.
All or some routers have antennas through which they. can receive the incoming signal
 from the satellite. When a ground radio system is being used the routers can communicate
with each other. It may also be possible that in a‘network, while some routers receive
their outputs through their antennas, others are point to point type.

Subnet _____ Host N!
- -

"Host1

———{Trunsmission ,
lines '
//
- _l_loulers . |i“_:|__ Host2, -
)

\

Fig. 2.14: The Complete Network

2.25 Routing

When data is to be transmitted between two remote machines using intermediate machines,
certain routing techniques (such as a routing algorithm in the intermediate machine)
have to be,applied. The intermediate machines may be termed as one of the following:

1. Gateways or routers
2. Repeaters
3. Bridges

We shall discuss each of these in detail as follows:

Gateways or Routers

Gateway is one of several types of communication servers. The function of a gateway
is to allow two or more dissimilar networks to communicate as a single logical entity.
The two machines that have to transfer data between themselves may have different
operating systems (OS) or their transport protocols may be different. It is then the job
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Information Systems of the gateway to coniect such machines. Gateways, in general, are also called routers,
Jor Management . It may be possible that exist several routers between the source and the destination
machine. When a packet of data is transmitted from one router to another it is stored in

the intermediate router until the communication channel is free and then it is forwarded.
Notes | o

Repeater _

A repeater receives the incoming signal, repeats it or émpliﬁes it and retransmits the
transformed signal. A fter certain distances the signal experiences a loss of power hence
a repeater is required to boost the power of the signaI. By using repeaters the network
can be extended but only finite extension is possible due to physical constraints such as
noise. As the sighal travels a certain distance some form of disturbance (referred to as
noise) is added to it. When the repeater amplifies the signal the noise also gets amplified,
hence over a large distance it may be possible that the signal becomes unrecognizable,

Bridges

Abridge is a device that is used to connect two networks so that they are able to perform
as one. A bridge can also be used to connect two networks that use the same technology,
such as the Ethernet network and the Token Ring network. One of the main functions
of the bridge is to partition one large network into two networks which subsequently
increases the performance of the network, _ _
. "We shall try to explain the functioning of a bridge with the help of the following
example. ' ' ' .

Nodes 1, 2 and 3 are connected to LAN 1 and nodes 4,5,6 and 7 are connected
t0 LAN?2

Suppose node 1 on LAN 1 wishes to communicate with node 6 on LAN 2. The
data packet transmitted from node 1 on LAN 1 contains the address of node 6 on LAN
2. Wher the data packet is received by the bridge node it is checked for its address. If
node 6 was connected to LAN 1 the bridge would not have broadcast the message to
the other side, i.e., LAN 2, and would have left the Ihessage alone. But, in this case, the
bridge transmits the message to LAN 2 from where node 6 collects it,

’

Thus, as it is evident from the example, the bridge has partitioned the network
‘into two and it is acting like a traffic policeman controlling the flow of traffic across
an intersection. = '

Routing Techniques
Computer networks may use one of the following routing techniques:
I Circuit Switching '
2. Packet Switching
3. Message Switching
We shall discuss each of these methc;ds in detail..
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Circuit Switching . Computer Networks and

e . e L Internet
Circuit switching is analogous to a simple telephone call. A physical circuit is established
- between the two machines. Once the connection is established, the data transfer takes
place and then the connection is released. Now, another location can be dialled and a Not
otcs

rlew circuit can be established. The transfer of data using this type of switching technique
is very fast but it is error prone. It is the responsibility of the user to check for errors
and the integrity of the datd. -

Packet Switching

A Packet switching network divides the data to be transmitted into packets which are
of a fixed size and carry error checking information with them. Each packet of data
contains the address of its final destination when it is transmitted. As the packet moves
through intermediate machines, it is inspected for its address and is accordingly routed to
another intermediate machine. Messages being transmitted through this type of network
are less error prone than those transferred through circuit switching networks. In case
a particular packet is found corrupt on arrival, the destination machine can request the
source machine for its retransmission.

Message Switching

In a Message switching network, the message as a whole is transmitted, 1.e., it is not
divided into packets. Each message contains the address of its final destination and it is.
upto the intermediate machines as to what path they want the message to go through. The
message switching network is a store and forward network. Once the message arrives at
an intermediate machine it is stored in the machine until the output line is*free, and then
transmitted. In case of heavy traffic on the transmission line, the messages are queued
up and accordingly dispatched when their turn comes.

2.26 Network Topology

There are several different ways to organize the computers to form a network. These
organizations of the computers in a network are referred to as network topology.

The different network topologies possible are:
1. Star Topology 2. Ring Topology -
3. Bus Topology 4. Mesh Topology
5. Tree Topology ' |
" We shall discuss each of these in detail.

Star Topology

‘The star topology consists of a central computer to which all other computer terminals
are connected. Two computers in this type of network cannot have direct communication.
They can only communicate via the central computer. In case the central computer breaks
down, the network becomes redundant.
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Fig. 2.15: Block Diagram Depicting a Network in Star Topology

- One very important advantage of this type of network topology is that in case any :
one node is faulty or is having problems, it can be isolated from the network without

affecting any other terminal. . i

The star topology is the most commonly used nétwork topology in data
communication today. The performance of the system is good for moderate load.
However, when traffic is high, the system may have some problems.

A disadvantage of star topology is that two terminals can’t interact directly, i.e.,
they have to go via the central computer. This leads to no privacy in the network.

Another disadvantage is the network’s dependence on the main (central) computer.
If the central computer breaks down the entire network stops functioning.

The star network requires that each and every terminal be connected using a
differerit cable. This leads to a-somewhat increased cost for the cable as well as the
installation of the cables.

Ring Topology

In the ring topology, the different computers are connected to each other forming a
closed loop (in the form of a ring). The data is passed from one computer to the other
in a series until it reaches its desired destination.

There is no concept of a central computer in this case. The data is divided into
packets when transmitted and each packet contains the address of the node that it is
destined for. Unlike the star topology, this type of network requires lesser amount of
cable and there are not much of instdllation problems either.

The biggest disadvantage of this type of topology is that the failure of one node
may lead to the failure of the entire network. Since data from the source node passes
through a series of nodes before reaching the destined node, the failure of even onenode
may lead to the network failure, However, the use of a bidirectional ring (data transfer
in both. directions is possible) can temporarily solve this problem.by choosing a path
that does not contain the faulty node. Unlike the star t0pology, it is relatively difficult
to diagnose the faulty node in the ring network.
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Fig. 2.16: Block Diagram Depicting a Network in Ring Topology

If the star topology provides less privacy, the ring topology provides zero privacy. |
However, the ring topology provides a better performance under heavy traffic as well.

It is also easy to add or remove terminals in a ring network which is not as easy
in the case of a star network as only a certain specified terminal can be inserted into
the central computer.

Bus Topology

The bus topology is also referred to as the multipoint topology All nodes are connected
to a bus that runs through the network.

Node 1 Node 2 Node 3

Node & Node 5 ' Node 4

‘Fig. 2.17: Block Diagram Depicting a Network in Bus Topology

Each node is given a unique address. Information containing the address of the
destined node is available at all the nodes but only the node with the specific address
responds. The bus can transmit data in both directions.

If one node of the network goes faulty, the network can still remain workmg
However, the fault dlagnosm of such a system is very difficult as each and every node
has to be tested to find the faulty one. Once the fault is found, the computer node having
the fault is usually not disconnected from the network, but repaired on the spot.
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Information Systems The bus network topology is €asy to extend as only new nodes have to be.added
Jor Management along the bus. However, for a larger network, signal amplifiers known as repeaters may
' * be used to strengthen the signal. The cable length and the installation do not pose much

of a problem as the cable length required is short as compared to other topologies. -

NOt?S Mesh Topoldgy

. The mesh topology requires that every terminal be connected to every other terminal
in the network. Hence, all the computers must have adequate number.of interfaces for

the connections to be made. Because of this requirement the installation is somewhat
difficult. The length of cable required is also quite high as compared with other topelogies.
Data transfer using mesh topology is faster than the earlier discussed topologies.

Mesh networks are also quite fault resistant. If a particular path fails, data can be routed
via alternate paths.

Node 3 Node 2

Node 4

Fig, 2.18: Block Diagram Depicting a Network in Mesh Topology

To save on the cost of interconnections and to reduce the complexity of the system,
we can make use of the hybrid mesh network. In this type of network, some of the main
or more frequently used networks-are connected to each other like a mesh network. The
computer terminals are attached to these main terminals.

- Nede § Node 2
|
Main 1
N Main 2 - Main 3
[ \ Node 4 |
Node 6 = T Node 3
Node 5
1
Node 4

Fig. 2.19: : Block Diagram Depicting a Neﬁvork in Hybrid Mesh Topology
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Tree Topology

The tree topology requires the computers to be linked in a hierarchical way. Data
transmission in this topology is relatively slow. The packets carrying the addresses of
the destination nodes should have the complete address, i.e., all the nodes above it in

hierarchy also have to be mentioned.

MAIN
/*\%
Node 6 Node 1
[ 1 I I
Node 7 - Node 8 Node 2 Node 3
Node 9 Node 5 Node 4
Node A
Node B Node C Node D
Node E Node F
Node.G

Fig. 2.20: Block Diagram Depicting a Network in Tree Topology
The tree network like the star network is dependent on the main computer. Hence,
the failure of the main computer shall lead to the failure of the entire network.

The tree network is very flexible as any number of nodes can be added or removed

easily.

2.27 Transmission Technology

There are two types of transmission technologies possible — broadcast networks and

point to point networks.
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Broadcast Networks

In this type of network, a single communication channel is shared by all the machines
in the network. A packet of data to be transmitted contains the address of the destination
machine. A broadcast network is very similar to a railway announcement system When
a particular trajn departure is announced, everyone present at the station hears it, but
only those who have to board the train respond to'it. The Bus and the ng Topology
are ‘examples of Broadcast Networks

Point to Point Networks

As the name suggests, the machines are connected point to point. Data is routed from
the source machine to the target machine via intermediate machines or directly.

Internetworks and the Intémet

A collection of different networks connected together or a collection of hosts connected
together by a subnet is called internetwork. The hosts may be further connected to other
terminals through a LAN or a WAN, An internetwork can be as large as you can imagine.

The internet is a very large internetwork that is available world-wide. The internet
is the. largest network in the world. It provides the world-wide web service tmplemented
by the HTTP protocol. : ‘ :

Node 3. Nodel | Node? -
LAN
Router_
Router | WAN Router
LAN
Node 4
Node 6 Node 5

Fig, 2.21: Internetwork

Accessing the Internet '

Before you access the Internet, you must have an account w1th an internet service
provider (ISP). You call the ISP on its phone number through your modem (connected
to the telephone line). Once a connection is estabhshed you are required to provide



some kind of identification indicating the authenticity of your account. This is known
as login procedure.

After the login procedure and the successful authentication of your account, you are
connected to the Internet. At this point of time, you require a communication software
(web/metwork browser) that uses the hyper text transfer protocol (HTTP). One of the
key roles that a communication software performs is to decide the proper speed between
the communicating terminals.

2.28 . Protocols

Aprotocol is a set of rules according to which the communicating computers communicate.
If I wish to communicate with you, I can do so with the help of a commonly understood
languagg, let’s say English. However, if I can speak only Frenclrand you can understand
only English then communication between us is going to be very difficult unless a
third person volunteers to step in and act as a translator. Similariy, for computers to
communicate, a common set of rules or protocols must be defined. The most common
protocol used in networking is the TCP/IP (Transmission control protocol/Internet
protocol). The Internet is predominantly based on TCP/IP.

Layers.

The networks are organized as a series of layers. Each layer has a specific function
depending upon the protocol being followed.

Each layer provides certain services to the higher layers. How the offered services
are being implemented is not known to the higher layer.

Shown below in the figure is a 3-layer network. The layer ‘n’ on one machine is
called a ‘peer’ of layer ‘n’ on the other machine. In other words, the corresponding layers
on the two comrhunicating machines are called peers. It may seem from the figure that
data transmission takes place between corresponding layers between the two machines,
but it is not so. The actual data transmission takes place through the physical medium.

The layers on the transmitting machines add some control information to the data
that is to be transmitted and pass it down to the lower layer. The lower layer again adds
some more control information (e.g., it altaches a header to identify the sequence of
the data packet) and passes it down to the next lower layer. At the receiving end. these
headers are stripped off by the corresponding layers and the data packet is passed on
until it reaches the final layer. Each layer receives and decodes the information sent by
its peer. o ' ' '

Interface

The term ‘interface’ here refers to the services the lower layer oflers to the upper layer.
Bctween the two layers is the interface. While designing a network, the functions that
are to be performed by a particular layer should be very clear. Hence, well defined
interfaces are a necessity for a successful network design. The upper layer passes what
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Information Systems  is known as an interface data unit (IDU) to the lower layer. The IDU may be divided
Jor Management into two parts - the interface control information (ICI) and the service data unit (SDU).

The service data unit contains the data being transmitted along with some control _
information that has been passed on from the still upper layers. The interface control
unit contains control information (e.g., headers that are required by the peer entity on
the receiving end).

Notes

‘Open Systems Inter Connection Reference Model

The basic reference model is the OS] model, declared in 1983 as an international standard.
This model deals with connecting open systems (open for communication). The OSI
model consists of seven functional layers on either machine,

At the top is the application layer, where end users interact with system or where
application software is executed. At the botiom is the physical layer where logical
information is converted into signals and transported through the physical transmission

medium.

The function of each layer is defined keeping in mind the definition of the
internationally standardized protocol. The number of layers in a particular model is
variable. Only when a different leve! of abstraction is required should a new layer be
created.

" The active elements in each layer are called entities. It is the entities in each layer
that interact with entities of other layers through well defined Service Access Points
" (SAP’s) using specific interface protocols. A layer to the outside system behaves like
a black box. )
- The number of léyers should be large enough so that some sort of a. similarity
between the functions being performed in a particular layer is maintained.
- As said earlier, the OSI model can be divided into seven layers each pefforming
a distinct function. These layers are discussed in detail as foIlows;

The Physical Layer

.The primary task of the physical layer is the transmission of raw bits over the
i communication channel. The physical layer has no knowledge of the structure of data
that it is required to transmit. The physical layer does the following functions.

1. The physical layer involves the physical transmission of the data stream through the
media. Connecting to routers, deciding the data rate and deciding which signal is
to be transmitted first in case of mixltip_oint signals, is the job of the physical layer.

i’.. The physical layer controls the mechanical characteristics of the transmission media.
3. Activation and deactivation of the physical connection.

The physical layer provides the following services to the data link layers: .
1. The physical layer provides the data link layer with physical connections, data

units and end points.
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1. The data link layer defines the protocol to detect and correct errors that may occur
during data transfer.

2. The data link layer receives the data from the physical layer in the form of bits. Itis
in this layer where the frame boundaries are created and the raw data is sequenced
into frames. ‘ ‘ '

3. The data link layer establishes and releasgs the link and maintains a supervision

" of the physical connection.

4. Incase ofa fast sender and a slow receiver the data link layer informs the sender of
the buffer space available at the receiver’s end in order to control the transmission
rate. ) '

5. The data link layer also supervises the traffic regulation for transmission in both
directions. - '

The data link layer provides the following services to the ﬁetwork layer:

I. Sequence control.

2. Indicating transmission errors.

‘3. Indicating the quality of service.
The Network Layer -
) The network layer performs the following functions:

1. The network layer handles the routing functions by selecting primary or alternate
routes for transmitting data.

2. The network layer provides the addresses of intermediate nodes or systems through
which data is transmitted. -

3. The network layer performs the multiplexing tasks in case more than one type of
signal is to be transmitted.

Hence, in other words, the network layer controls the operation of the subnet.

4. Incase of two heterogeneous systems having different protocols, the network layer
provides a common addressing system.

5. The network la)}er forms data blocks and segments at the source and reassemblcs

2. Since the physical layer transmits and receives data in the form of bits an indication
of the sequence of these bits is necessary. This is provided by the physical layer
to the data link layer. )

3. When errors are detected in received frames, the physical layer requests for the
retransmission of the frame. Hence, the physical layer also performs error detection.

The Data Link Layer

The functions performed by the data link layer include:

them at the destination.
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The network layer provides the following services to the transport layer:
Provision of network address.

Provision of network connections.

Identification of nétwork end points.

Indicatiﬁg the quality of service.

Sequence control.

The Tran.%port Layer

The transport layer performs the following functions:

1.

The transport layer has the job of receiving data from the network layer and
delivering it within the destination machines. Multiple programs may be using the
network from a single computer. The transport layer manages {sends and receives)
the data of multiple programs within the network. '

The transport layer and the layers above it are end to énd layers. The lower Iayers
carry on the bit to bit transmission of data routing each data packet through different

 paths. It is from the transport layer and upwards that the data starts getting sequenced
“and a meaningful conversation occurs,

The transport layer performs the error detection (end-to-end) of the data transmitted
and sends a request for retransmission when necessary.

Again, in case of a fast sender and a slow receiver, the transport layer,performs

the data flow control.

The services provided to the session layér include:

1. Data transmission.
2. Establishing and releasing transport connections.
The Sessions Layer

The functions performed by the sessions layer are:

[

[

4,

The sessions layer allows users on different machines to establish sessions between

‘them. The sessions layer handles the details of the user names, passwords and other '

user authorizations. Each login is considered a session.

The data transfer rates, the method of error control, the mode of transmission
(simplex, half duplex, full duplex), etc., are decided by the sessions layer.

The sessions layér inserts checkpoints (in the form of headers) in the data packets
it transmits, so that just in case the connection gets dlsconnected the process can
be continued rather than having to restart it.

The sessions layer, like the transport layer, provides the data flow control.

The services provided to the presentation layer are:

L.

Establishing and disconnecting the session.




2.
3.

Indication of errors.

Performing synchronization (inserting checkpoints).

The Presentation Layer

The presentation layer pErforms the following functions:

1.

2.
3.

The two interacting systems may be using different character code. For example,

one system may be using the ASCII character code and the other might be using
the EBCDIC character code. In otder to ensure a meaningful exchange of data,
the presentation protocol defines the rules on how the data will be presented and
exchanged in a common neutral fanguage.

The présentation layer, unlike the lower layers, is concerned with the syntax of
the information transmitted. This layer performs the proper coordination of syntax
and presentation profiles.

The presentation layer may also perform data encryption, data decryption and data
compression, etc., if required. :

The presentation layer provides the following services to the application layer:
Syntax translation.
Data formatting (encryption, compression, etc.)

Selection of syntax and presentation profile.

The Application Layer

The application layer performs the following functions:

L.

The application layer provides the end user an interface with the system. This layer
also controls the operating system functions.

The application layer performs an identification of the communication partners
and establishes availability. The application layer also checks for authorization
and validity. '

The application layer checks for etrors and requests for their correction.

The application layer, like the presentation layer, is concerned with the syntax of
the data and hence, it performs a proper coordination of the syntax and presentation
profiles. '

The application layer provides the users ‘with many services. Some of these are

o listed below:

l.
2.
3.

detail.

File transfers
Database queries, insertions and deletions, remote job entry, etc.
Electronic mail

We shall discuss two of the above three most commonly used services in
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File Transfer

To perform a file transfer between two systems, the fundamental requirement is a
common protocol. In this section we shall discuss about file transfer protocol (FTP). The
file transfer protocol (FTP) is an application of the TCP/IP. The file transfer protocol
gives the user an access to a remote machine file system. The user once given access
can browse, upload or download files. The user necds an F TP client application and the
remote host sheuld have an FTP server component. The FTP client application enables
the user to send commands to the FTP he st. The FTP server component processes these
commands and performs the necessary action. The FTP is also an Internet tool,-since
the Internet uses the TCP/IP. Thus, the file transfor protocol can also be used to copy
files from an Internet site or for uploading a file to a remote net server.

Electro:tic Mail

Electronic mail is a fast and efficient method to exchange messages and other data. To
interact through tiic electronic mail one needs to have an e-mail account. Once the account
is created the user is assigned dn electronic mail box. The user can send messages to other
users through his mail account and can recejve incoming messages in his mailbox. The
messages are instantly delivered and it is not necessary for the recipient to be present
while the mail is delivered to his mailbox; he/she can scan the mail later.

The electronic mail system allows a very easy merging of a particular message. Just
typing the e-mail uscr names of all the recipients would deliver the message to each of
them. Moreover, the user can put a restriction to the delivery of messages. It is also at
the user’s discretion as to which sender’s message he wants to receive in his mail box.

Choosing the Right Kind of E-mail Service

E-mail accounts for more than 50% usage of Internet. By using the right kind of e-mail
services one can save a lot of time and money. Here is a list of all the main types of
e-mail services available on the net, along with their advantages and disadvantages
(nothing is perfect!). Also listed are some of the free e-mail service providers for each
type of service available on the Internet. Users with an intemet account should go for
POP mail. The cho:ze depends on the user and what service suits him personally,

Types of E-mail Services
There are 3 main types of e-mail services. each having some advantages and disadvantages.

POP Mail

POP mail sérvices store your incoming messages on a server and you download
the messages using an c-mail software package (Eudora, Netscape messenger,
Outlook express, etc.). Once they are downloaded, the messages are stored
on your PC. POP mail services are similar to the e-mail service offered by most ISP’s. _

Advantage&

I. You can work offline, compose or read messages, and just connect to send mail or
download new messages.
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2. The mail program used by your browser (Outlook express for Internet explorer,
Netscape messenger for Netscape) can be configured to receive and send ail your
e-mail automatically. This is very useful when you are browsing the net and find a
link to an e-mail address where you want to send any mail. With the mail program
properly configured, you can send the mail immediately without going to your web
based e-mail service providers’ site. '

3. Since all messages are stored on your computer after you download them, you can
refer to them at any time without connecting to the Internet and easily cut and paste
the information into other applications.

4. Once downloaded, the messages can be automatically deleted from the server. Thus,
only new messages would be available each time you connect to receive your mail.

5. You can also use powerful and intelligent e- -mail software, which may
include spelling check options, clever filtering options and all kinds of other features.

Disadvantages

]. The biggest disadvantage of POP mail is that you can not accéss your e-mail
while “on the road”, i.c., on another computer since you need the e-mail software
configured for it.

2. If you sign up with a free POP mail service, you can generally expect to receive
unwanted advertisements or spam mails in your mailbox.

3. The signing up and setting up procedure is not as easy as a web based e-mail but
once configured you will find it easy to download and send mail.

Web-based E-mail

With web-based e-mail, your e-mail is stored by the free e-mail service provider you
signed up with; thus you have to log into the site you signed up in order to gain access
to your e-mail. Most of the large free e-mail providers offer web-based e-mail since itis
relatively easy to implement. Different web-based free e-mail services come with different
functionality, such as online spell-checkers, personal address books, distribution lists, etc.

Advantages
1. You can easily log in and-collect your e-mail from any web browser. _

2 There’s no need to configure any program in order to access ¢-mail.

3. Ttis easier to register and no setup is required.

Disadvantages

1. Itis time consuming, i.e., you got to go to the e-mail providérs’ site, log in, wait
for all your messages to show up; then read each message individually and stay
connected on the net while you do so. All this requires a lot of your time and
consequently money on the connection.

Computer Networks and
Internet

Notes

Self Learning Material 119




Information Systems
Jor Management

Notes

| Disadvantages

2. Many web-based services take advantage of advanced functions such as Java in
order to provide an attractive interface. You will therefore, need to have latest web
browsers in order to keep your range of options open (generally you need Netscape
3.x or better ot IE 3.x or better). -

3. Most web-based services cannot match the functionality of a good
e-mail package, Some common problems are server down, high traffic, etc.
(making access slow and reading and sending mail difficult & time'consuming).

4. Advertising banners rotate as ‘you read your e-mail. This can increase Your access
time. ‘ '

‘Mail F orwarding Services

Mail forwarding services, as the name implies, do not offer you a NEW e-mail account.
Rather, they pass e-mail to your existing account (POP or web-based), but offer a
different mailing address. Therefore, you need an e-mail account before you sign up
for mail forwarding services. o

Advantages

. E-mail forwarding services let you continue use your existing’ e-mail account
given to you by your ISP. If you change the ISP at any time, just change the é-mail
address your e-mail is forwarded to, and it will aufomatically be redirected to your

‘new address. ' .

2. Forwarding services let you choose a memorable or fun name, often much more

distinctive than your current address.

’

‘1. With an é-mail forwarding service, you are putting another layer between the sender
and your email account. This means that you are twice as exposed to network
problems; if either the forwarding servicé or your e-mail account is down, the

e-mail will not get through.

L]

2. Generally, mail forwarding services make money by gluing a small advertisement
at the top or bottom of each e-mail message they forward (or sometimes both).

List of free e-mail service providers.

POP Mail
. 1. Amex Mail (www.amexmail.com)
This service is provided by USA.NET |
2. Crosswinds (http://home.crésswinds.net)

Free _POP mail address anq free web space (unlixilited for p'ers‘onal sites, 25SMB
for business sites). You cannot use your free e-mail address to run a mailing list.

Not very reliable and server remains down at times.

120 Self Learning Material



i

10.

Newmail (www.newmail.net)

Newmail offers web-based and POP mail services, plus SMB of space for storing
messages and address books, filters, etc. Does not offer SMTP.

PeachWorld Network(www.peachworld.com)
You can send/receive messages up to 1.5MB here,
POPAccount(www.popaccount.com)

Free web-based and POP mail service with no advertisements attached to POP
mail messages.

- SoftHome(www.softhome.net)

I am personally using this service for the last 6 months and have had no problems
whatsoever. Also till date.their has been no spam mail in my inbox.

ForFree{www.forfree.at)

Vefy fast-loading site; provides free POP3/SMTP e-mail, as well as free site hosting
(5MB) and free mailing list services.

Freemail(www.freemail.everperfect.com)

Does not display advertising in messages.

Friendly E-mail (www.mypad,com)

Also offers free web-based e-mail and a choice of over 3 dozen different domain
names. '
HotPop(www.hotpop.com) : -

Free POP mail. MIME format supported. There are no ads in the messages; instead
HotPop will send you separate advertisement from selected advertisers. You can
also forward e-mail to an existing account. HotPop comes with a choice of domain

- names. HotPop filters spam before it hits your mailbox.

Web-based E-mail

Most of you maybe using this service and may know lot of free e-mail providers but
here is my own list: '

1.

MrPost (Www.nupost.com)

Special service enables you to add web-based e-mail to your own site FREE of
charge. Also offers web-based instant messaging and chat.

MyOwnE-mail (www.myownemail.'com)

Over 200 domain names to choose from. Free web-based mail, plus mail forwarding
services at $11.95 per year.

MuslimE-mail (www.muslimemail.com)

This free e-mail service also offers free web hosting for muslims and many other
services: Other domain names are available at a premium.

GhanaMail (www.ghanamail.com/emurl)

A no-questions-asked web-based e-mail service. All you need to do to sign up and .

choose a user name and password.
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gurlmail (www.gurlmail.com)

Another Who—Where-powered free e-mail service. Gives 4MB storage for e-mail
messages.

HotMail (www.hotmail.com)

The largest web-based free e-mail service, now a part of the Microsoft
family. Most of you must be having a HotMail account. If you decide to go for POP

" mail after reading this article and do not want to change from Hotmail then there -

is a good news for you. Hotmail can support POP-mail-like functionality through
a free third-party utility called CwebMail (available at www.cwebmail, com).

Eudora Web-Mail(www.eudoramail .com)
Free e-mail service
Fastermail.com(www.fastermail.com)
Free e-mail service.
123india.com(www.123india.com)

India’s very own e-mail service.

Mail Forwarding Services
Automatical]y redirects your e-mail-address.
L.

Easy To(http://easy.to/remember) .
An intriguing free service that provides free e-mail forwarding in the form
username(@easy.to. Seven domain names to choose from.

FlashMail(www.flashmail.com)

- FlashMail offers free web-based e-mail, POP mail, mail forwarding and retrieval

of e-mail from an existing account, all via a very clean and simple mterface

- Grabmail{(www. grabmall com)

Free e-mail service offers SMB of disk space, folders, an address book, vacation

Auto responders, access to your existing POP mail accounts and more. Grabmail
also offers mail forwarding facilities.

lName(www iname.com)

Also offers free web-based e-mail services; IName powers the free e—mall offerings
of dozens of large sites.

-NetForward(www.netforward.com) . .

. A choice of over 20 domain names. Free mail forwarding service that offers to

remove the “tag-line” in messages for a one-time fee of $9. 50
Nederlands. com(nederlands.com) *

Free e-mail forwardmg address at “Nederlands.com” or one of over 1, 000 sub-
domains.

USA NET(www usa. net)

The company behind NetAddress, USA.NET also offers its own free e-mail under
the usa.net domain.




8. Bigfoot(www.bigfoot.com),

Bigfoot allows e-mail to be forwarded to up to 5 separate e-mail accounts
automatically. It also offers various mail filtering options. '

9. Bitmail(www.bitmail.com)

Private users can choose any e-mail address they like; businesses can choose an
e-mail address based on their telephone number. Only the first year's service is free.

229 World Wide Web |

It is an incredible mine of information! Once you start searching anything ranging
from documents to pictures to software, it almost appears limitless. It provides you
documents, sound files, view images, animation, and video, speak and hear voice, and
view programs that run practically on any software in the world. Therefore, it facilitates
the rich and diverse communication by enabling you to access and interact with text,
graphics, animation, photos, audio and video. It has now become very simple for you
to understand how the web works and what it is. Its implementation is based on client
server system and employs your personal computer as client, web browser software, a
connection to an Internet service provider, servets, routers and switches to direct the
flow of information. You may be aware of all terms used in the formation of a web
except web browser.

A browser is a software, which your computer uses to view WWW documents
and access the Internet. The browser program residing in your computer facilitates you
with the advantages of text formatting, hypertext links, images, sounds, motion, and
other features. Internet Explorer and Netscape are some of the widely used browsers.

Browsers have sub programs called plug-ins to handle the documents you find on the.

Web. It may also other plug-ins stored elsewhere in your computer.

Web is very simple to use. Whenever you wish to visit any website, say your institute’s
website, you simply enter the address or URL of the website in your web browser to forward
your request to the web server of the institute to provide you the intended web page. The
institute’s web server then sends your request on the-Internet to find the intended website.
Once it is obtained, the web server returns the same to your computer where the browser
loaded with different plug-ins interprets the data, displaying it on your computer screen.
The intended web page, which is now available on your desktop, may have click able
links. On clicking on the same, you may visit other pages. In this manner, the information
scattered across the globe can be linked together.

It now becomes essential to explain as to how the different web pages with different
text format and standards could be linked to a particular web page. The binding forces
that hold the Web together are the hypertext and the hyperlink. The hyperlink allows
electronic files on the Web to be linked so you can jump easily between them using
hypertext protocol As  you have learnt that web browsers that enable you to access the
Web also distinguish between web pages and other types of data on the Internet because

web pages are written in a computer language called Hypertext Markup Language or |

HTML.
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World Wide Web (WWW): The World Wide Web is an information space that
provides resources; which are identified by global identifiers called Uniform Resource
Identifiers (URI). There is software, which in conjunctxon with servers, proxies, spiders,
browsers and multimedia applications enabies a user to identify and explore resources
on web space. In networking language, www is a client-server information system that
utilizes the Internet to access computérs containing millions of hypertext documents.

2.30 Advantages

Many companies have understood the advantages of having a presence on the World
Wide Web and have successfully addressed their corporate objectives by integrating
their website as part of their business strategy. We are aware that a website can generate
awareness of the products and services of the company and provide a global storefront for
the company 24 hours a day with automating many business procedures. It is relatively
inexpensive and versatile for establishing and maintaining a website, Its interactive
feature makes it superior to'other advertisin g media. Below are some advanta ges offered
by the WWW-

® Presence on the Web: It enables businesses to be in touch with several million
people who have access to the World Wide Web with morc and more added every
day. No business can afford to ignore this many potential customers.

® Networking: 1t helps in developing lines of communication to enhance

contact with potential clients and organizations. It helps in speedy and reliable
communication and advertisement.

© ' e Provide Business Information: It facilitates the websites to publish business

services, hours, location, phone and g:—mail for the public to view like any-

- printed form of advertising, Unlike the conventional advertisement, the website

_provides instant communication w1th information about the business that may
change regularly.

® Service to Customers: A website provides access to business information and

services to their customers online that may not be available any other way.

The customers can be from anywhere in the world and shop in online stores-

like never bcfore and from the comfort of their homes. They can easily and

quickly search the database to locate the exact item that they were looking for
and purchase it online.

¢ Conduct Business: A website may provide means of doing busiess.

"« Provide Files to Download: Details and information of products and
services in the form of pamphlets, brochures, advertisements, and even
a demonstration video can be downloaded from the company’s website.

- Remote Office Access: It facilitates offices and employees to be in touch
with one another from remote places to accomplish their tasks effectively.
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Terminology Related. to Internet

World Wide Web (the Web, WWW, W3): 1t is defined as a client-server
information system using the Internet to access computers containing millions
of hypertext documents. - Web page: It is a single hypertext document written
in Hypertext Markup Language (HTML) and described in HTML basics. This

normally contains the basic information and links to navigate in the websites to

-which it belongs.

Website: 1t is written in HTML and is a collection of linked Web pages on a
Web server. Web server is the machine where a website is located or hosted. It
may be organization owned or Internet Service Provider (ISP) owned.

- -Home Page: It provides a point of entry to a Website with help. It also contains

all relevant links of that particular website.

Web Client: It refers to the computer and software used to access a website.
and web pages.

Web Server: It is the computer or server which provides a space for hosting
a website. The web client access web servers to retrieve information from a
website.

Web Browser: It is the client software used to explore and display web pages
from a website.

Search Engines: They are software that enables searching of the content
availablé on Internet.

Hypertext: It defines the documents containing embedded links (hyperlinks)
to other documents or other parts of the same document.

HTML: Hypertext Markup Language defines the rules for formatting a web
page so that a web browser displays the page properly. The documents available
on Web are developed, using the programming language called HTML, which
may be considered as the foundation of the Web. It is the HTML and the
other programming that make possible hyperlinks. The click ability feature of

- hyperlinks makes the web unique. The working of hypertext links depends upon

the URL. Each hyperlink contains URL and you send a request by clicking on
the link so that the requested document can be retrieved on your machine from
other computer. It may be anywhere in the world. TCP/IP and HTML could

" make this possible. We may now define the HyperText Mark-up Language

(HTML) as a standard format for documents on the WWW, which could be
viewed by using WWW browsers. :

‘URL: It denotes Uniform Resource Locator. It is the address of a document on
the World Wide Web: Web browsers enable a person to enter a known address
of 4 web server or a specific document within that server. Addresses begin with
http://, ftp://, gopher://, WAIS.//, file:// etc.
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¢ Protocols: They are sets of communication rules that enable ¢client machmes
and servers to commumcate accurately with each other.

o Hyper Text Transport Protocol (HTTP) : Hypertext Transfer Protocols are ™
the rules that enable the transmission of web documents from one computer
to another via the Internet. WWW is a client/server-computing environment.
A client computer by clicking on a link requests a document from Web server,

In order to serve the request of client, Web server uses a protocol called HTTP
or Hyper Text Transport Protocol.

2.32 Web Browsers

A web browser is the software program used to access the World Wide Web, i.e., the
graphical portion of the Internet. The first browser, called NCSA Mosaic, was developed
at the National Centre for Supercomputing Applications lab at Illinois in the early 1990s.
The easy-to-use point-and-click interface fuelled the growth of the Web. The web browser

software program facilitates a user to display and interact with text, images, videos,
music and other information typically located on a web page at a website on the www
or a LAN. Text and images on a web page normally designed to provide hyperlinks t6"

. other web pages at the same or different website. Thus web browser enables point to

point click to reach directly to the targetted web pages.

Some of the popular web browsers are Internet Explorer, Mozilla Firefox, Safari,
AOL Explorer, etc. Web browsers belong to HTTP user agent category. Browsers also
provide in accessing information provided by web servers in pnvate networks or content
in file systems.

Web browsers talk with web servers using HTTP (Rypertext transfer protocol) to
retrieve web pages HTTP enables web browsers to prowde information to web servers
to retrieve web pagés from them. Different web pages have a URL address starting with
http:// for HTTP access. There may be different other URL types and their corresponding
protocols and most of the browsers support them. FTP (file transfer protocol) is one
of the examples of such types. Other examples are rtsp: for RTSP (real-time streaming
protocol) and https: for HTTPS (an SSL encrypted version of HTTP).

The file format for a Web page is normally HTML (hyper-text markup language)
and is identified in the HTTP protocol with a MIME content type. Most of the browsers -
support different formats such as the JPEG, PNG and GIF i image formats inchiding
HTML. The combination of HTTP content type and URL protocol specification enables
designers to embed images, animations, video, sound and streaming media mto a web
page or to make them accessrble through the web page.

2.33 Search Engines

A search engine is an information retrieval system to access and retrieve information
stored on WWW or a computer system attached to the Internet. Search engines enable
to minimize the time required to find- information and the amount of information on a
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computer system. The computer system may be a standalone system or attached to the
Internet. The search engines are popular among people as web search engines to explore
information on the World Wide Web.

Search engines are interface to a group of contents that allows users to specify
criteria about the content by providing some keywords so that the engine can find the
several matching contents to the corresponding keywords out of million of webpages.
The keywords provided are referred to as a search query. Several styles of search query
syntax are used. Search query differs for different types of serch’engines, whereas some
search engines cnable users to enter two or three words separated by space while other
search engines may require users to provide entire documents, pictures, sounds, and
various forms of languages. Some search engines attempt to enhnce the search queries
to provide a quality set of items through a process known as query expansion.

Index-based Search Engine

In such engines, the list of iteins to meet the criteria specified by the query is typically
sorted or indexed. Indexing contents by relevance from highest to lowest minimizes the
time needed to explore the desired inforimation. Some search engine uses probabilistic
approach to rank contents based on measures of similarity, popularity or authority. Boolean
search engines typically provide contents which match exactly without regard to order,
although the term ‘boolean search engine’ may simply refer to the use of boolean-style
syntax. Thus, in order to provide a set of matching contents that are sorted-based on
some criteria quickly; a search engine will typically collect metadata about the group of
contents under consideration through a process called indexing. The advantge of index
is that it needs a smaller amount of computer storage. '

Types and Characteristics

Some of the popular search engines with their types and characteristics are given below:

Alta Vista: 1t is a crawler type which results ranked based on how many times
search words appear in the text. It searches full text.

Excite: It is also a crawler type and uses meta tags.

Google: 1t is also a crawler type that performs based on the number of times other
sites are linked to the ranked site.

Yaheo — 1t is crawler type and performs similar to Google.

2.34 Domain Name System (DNS)

Now we have two types of IP address in the form of decimal numbers and text for the
same host, You know that lists of all IP addresses are maintained centrally by ICANN in

the form of distributed database dii’ectory. There are several distributed servers, which
maintain this list of IP addresses. The reasons behind the distributed servers are very
logical and simple. It helps in disaster management and in diverting the load of the
traffics in the form of requests from clients to other DNS servers located at different
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Information Sys}ems _ sites. DNS server maintains database in both forms that is textual and decimal notations.

Jor Management . For example, DNS server maintains the address of google site as www.google.com and

2116.23.9.53.99. In this manner, DNS is used to provide host-to-IP address mapping

of remote hosts to the local hosts and vice versa. It i 1s now amply clear that the DNS

Notes maintains a distributed database to map between hostnames and IP addresses. Whenever

a client requests a service from a site, the site runs DNS protocol to access the distributed

database which is nothing but Domain Name Systems. Therefore, the DNS provides the

protocol, which allows clients and servers to communicate with each other.- -‘DNS enables -

" a system to use a resolvcr which resolves the host name to [P address understandable
by server.

You may be now thinking of how DNS is able to provide the quick translation
of text of the IP addresses within fractions of seconds from a directory of billions of
such addresses. This could be made possible by using Domain concepts, which uses
hierarchical arrangements of text addresses translation,

You can see from Fig. 2.22 that at the top level is the root server, which has null
label. Below this is another level domain. or domain as ¢om, edu, int and so on which
are grouped together. Below this different sub domains or groups have been created.
Table 16.1 below corresponds to some commonly appearing domain names with their
respective sites. The DNS can accommodate almost all kinds of organizations by allowing
each group to choose between geographical or organizational naming hierarchies.

google

hotmail @] A
yahoo

. Fig. 2.22: DNS Hierarchy

Table 2.2: Internet Domains

Domain ' Indicative site
Com Commercial institute o
Edu - .| Educational institute
Org Nonprofit organization
Net ~|.Network service provider
Gov ' Government department
MYy
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Country code For example, in for India, us for the USA_ au for Australia, jp for
Japan and so on - '

We know that the servers maintaining addresses are distributed and have locations
throughout the world. Then this question arises as to how text addresses are organized
in hierarchical arrangement. You may refer to Fig. 16.1 above and Table 16.1. The
hierarchy is represented into zones and each zones is a hierarchy of one or more nodes
without any overlapping. Each zone is represented by a server and undoubtedly with one
backup server. Root server as shown in Fig. 16.1 is only one, which is just indicative;
there may be several root servers at several locations in the world. Each root is aware
of the location of each DNS server of specific domains. )

The process is now very simple to understand. When you need to connect with
" a particular site, you first send your request to your local host. If your local host can
provide the translation, your request is completed. If not, your local host then sends
your request one level above in the hierarchy. If the server at one level above is able
to handle the same, you get your intended website at your desktop through your local
server. If not, then the server at one level above from your local server either sends your
request again to another server or informs your local server that your request is failed
and gives the address of another server to process your request. This process continues
till a server is found who knows the address, otherwise, the request is filtered up to the
root server. Depending upon the damain address, root server forwards the request to
the one of the domain servers represented at the next level of hierarchy. This process

continues and the information of text address is returned to Root sérver and then back

" to your local server.

2.35 Electronic Mail

Electronic mail is one of the most popular network services. The use of Electronic
mail, or e-mail may probably be cited as the foremost reason for the popularity ‘of
internet. The proliferation of cyber café can be credited to e-mail or World Wide Web.
E-mail provides an efficient and fast means of communication with relatives, friends
or colleagues throughout the world. You cannot only communicate with one person
at a time or thousands but also you can receive and send files and other information
in a short time. In an e-mail communication; the intended receiver or receivers of the
message are not required to be present at their desktop at the time of receiving of the
message by their coinfauter. It works like a postal mail. In a postal mail postman puts

the sender’s message in your mailbox and when-you come back from your work, you

access your mailbox to retrieve the message. Therefore, we may consider it in a way a_ '
substitute of postal mail. However, it has many-many more superior features than postal

mail. E-mail has two parts:

User Agent: 1t is the user interface to the mail system. The user agent system enables
to provide ways to view, edit, and reply to messages, etc. It also accesses messages stored

. N
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Information Systems  in a system mailbox. Thé user agent enables the user to use a-text editor to create a file
Jor Management.  hat the yser agent hands. over to the message transfer agent.

Message Transfer Agent (MTA): 1t is a software package that transports messages

created by a user to destination mailboxes possibly on remote machines. The MTA has
- Notes to perform more complex jobs than other applications: '

1. MTA handles temporary failures when a destination machine is temporéirily |
unavailable; it stores the message on the local machine for later delivery. Thus, the
User Agent typically just stores messages into a storage area. - '

2. MTA distinguishes between local and remote recipients. ‘

MTA needs to deliver copics of a message to several machines.

4. MTA has to allow mixing text, voice, and video in a message and appending
documents and files to a message.

As discussed above, the email addresses consist of the following components:

Mailbox names: A mailbox is associated with one login id within a mail server’
to store the emails of the user. Therefore, a specific name is. provided to the mailbox
assobiat_ed with each IDs, . , . .

Symbelic names: 1t refers to the name of a service rather than a specific user. For
example, a postmaster is universally recognized as an address for post mail problems.
| In email system, the symbolic names are aliases for specific mailboxes.

. Group names (mail exploders): It refers to an alias for a set of recipients. MTA
consults an internal database to specify the mail addresses. :

2.36 “ 1P. Address

IP address is short for Internet Protocol (IP) address. An IP-address is an idéntifier for
a computer or device on a TCP/IP network. Networks using the TCP/IP protocol route
messages based on the IP address of the des_tiriation. Contrast with IP, which specifies
the format of packets, also called datagrams, and the addressing scheme.

The F ormat of an IP Address

The format of an [P address is a 32-bit numeric address written as four numbers separated
by periéds. Each number can be zero to 255. For example, 1.160.10.240 could be an
- IP address. o ‘ S

Within an isolated network, you can assign IP addresses at random as long as each

one is unique. However, éonnecting a private network to the’ Internet requires using,
registered IP addresses (called Internet addresses) to avoid duplicates.

Static 'Versﬁs Dynamic IP Addresses

An IP address can be static or dynamic. A static IP address will never change and it
' is’a permanent Internet address. A dynamic IP address is a temporary address that is
assigned each time a computer or device accesses the Internet.
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 The four numbers in an IP address are used in different ways to identify a particular
network and a host on that network. Four regional Internet registries -- ARIN, RIPE
NCC, LACNIC and APNIC-- assign Internet addresses from the following three classes:
Class A - supports 16 million hosts on each of 126 networks
Class B - supports 65,000 hosts on each of 16,000 networks
Class C - supports 254 hosts on each of 2 million networks
The number of unassigned Internet addresses is running out, so a new classless
scheme called CIDR is gradually replacing the system based on classes A, B, and C andis
tied to adoption of IPv6. In IPv6 the [P address size is increased from 32 bits to 128 bits.

What is My IP Address?

To view your IP address you can use the ipconfig (IPCONFIG) command line tool.
Ipconfig displays ali current TCP/IP network configuration values and refreshes Dynamic
Host Configuration Protocol (DHCP) and Domain Name System (DNS) settings.

To launch the command prompt from a Windows-based computer click: Start > All
Programs > Accessories > Command Prompt. Type ipconfig and press the Enter key.
You can also use Google search to find your IP address. Type “what is my IP

address” as a search query and Google will show the IP address of the.computer from
which the query was received as the top search result.

2.37 Intranet

An intranet is a private computer network bullt inside Orgamzatlon Company or a
university. Intranet uses internet protocols with some times wired and sometimes wireless

medium network connectivity to securely share part of an organization’s information or

operations with its employees and students respectively. Intranet can also be described
as the organizations own private intér accessible website that holds ail the information
on running matters of the organization. The same concepts and technologies of the
. Internet such as clients and servers running on the Internet protocol suite like Hyper Text
Transfer Protocol (HTTP) and File Transfer Protocol (FTP) are used to build an intranet.
The use of intranet is increasing in the corporate sector day'by day for the sharing
of information and applications, collaboration between various companies to solve a
* common problem, teleconferencing, sharing the sophisticated corporate directories,
sales and customer relationship management tools like MS project managei’ etc., to
advance productivity.

2.38 File Transfer Protocol (FTP)

The File Transfer protocol is among the oldest protocols still used in the Internet. FTP is

widely available on almost all browsers indicating that all computing platforms, including
DOS, 0S/2, UNIX, and up to the mainframe level have this service available. You can
very well understand from its name that it facilitates the majority of file transfers across
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