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INTRODUCTION

Today, the fact that computers have made a big impact on many aspects of our lives can
hardly be questioned. They have opened up an entire world of knowledge and information
that is readily accessible. Thus, information about computers right from the first
mechanical adding machine to the latest microprocessors has become imperative for
students as well as anybody who has something to do with a computer system.

Today, we are using the fifth generation of computers. The term ‘generation’ is
used to distinguish between varying hardware and software technologies. The hardware
by itself cannot do any calculation or manipulation of data without being instructed what
to do and how to do it. Thus, there is a need of software in a computer system.

The software used in a computer system is grouped into applications software,
system software and utility software.

We have tried to familiarize students with the basic components of a computer
system, which include the control unit, memory, processor, and input and output devices.
Input devices are used to transfer information into the memory unit of a computer.
Output devices are electromechanical devices that accept data from the computer and
translate it into a form that can be understood by the outside world.

In computing, memory refers to the physical devices used to store programs
(sequences of instructions) or data on a temporary or permanent basis for use in a
computer or other digital electronic device. The term primary memory is used for the
information in physical systems which function at high speed, i.e., RAM (RandomAccess
Memory) as a distinction from secondary memory, which are physical devices for program
and data storage which are slow to access but offer higher memory capacity. Primary
memory stored on secondary memory is called virtual memory. The term storage is
often used for traditional secondary memory, such as tape, magnetic disks and optical
discs (CD-ROM and DVD-ROM). There are two main types of semiconductor memory:
volatile and non-volatile. Examples of non-volatile memory are flash memory (sometimes
used as secondary, sometimes primary computer memory) and ROM, PROM, EPROM
and EEPROM memory. Examples of volatile memory are primary memory (typically
Dynamic RAM or DRAM), and fast CPU cache memory (typically Static RAM or
SRAM).

This book, ICT Fundamentals, has been written in the SIM format or the self-
instructional mode wherein each unit begins with an ‘Introduction’ to the topic followed
by an outline of the ‘Unit Objectives’. The detailed content is then presented in a simple
and an organized manner, interspersed with ‘Check Your Progress’ questions to test the
understanding of the students. A ‘Summary’ along with a list of ‘Key Terms’ and a set
of ‘Questions and Exercises’ is also provided at the end of each unit for effective
recapitulation.
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UNIT 1 BASICS OF COMPUTERS
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1.0 INTRODUCTION

In this unit, you will learn about the definition, types, classification and uses of computers.
A computer may be defined as a device that can operate upon information or data. The
information is processed based on a set of instructions provided to generate the output.
The increasing popularity of the computer has proved that it is a powerful and useful
tool. The size, shape, cost and performance of computers have changed over the years,
but the basic logical structure has not. You will learn about the history of computers and
the various generations of its evolution.

You will also learn about digital computers and its various components. Input
devices are used in order to transfer data to the memory of the computer. The Arithmetic
Logic Unit (ALU) is responsible for calculations, to which this data from the memory is
stored. You will learn about computer software and its need. A computer cannot operate
without any instructions and is based on a logical sequence of instructions in order to
perform a function. These instructions are known as a ‘computer program’ and constitute
the computer software.

You will also learn how data is represented and processed in computer. Data
processing can be defined as the process of converting raw data into suitable information
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using a series of operations like classifying, sorting, summarizing and tabulating it for
easy storage and retrieval. There are two methods of processing data, i.e., batch
processing and real-time processing. This unit has elaborated discussions about the how
various components of the CPU work.

You will also learn about various types of storage media, their capacity and their
access time. Storage devices are mainly of two kinds: primary storage devices and
secondary storage devices. Primary storage devices, also known as versatile memory,
loses entire data once the power is switched off. Whereas, secondary storage devices,
also known as non-versatile memory, can hold the data even after the power is switched
off. In secondary storage; you can retrieve your data as soon as the power is switched
on. However, access time for primary memory is very less as compared to the secondary
memory. This unit also discusses various kinds of magnetic disks, such as CD-ROM,
pen drive, external hard disk, and Blu-Ray disk.

1.1 UNIT OBJECTIVES

After going through this unit, you will be able to:

 Describe various components of a computer

 List various advantages and disadvantages of a computer

 Outline the history of computers

 Recognize various elements of data communication

 Distinguish between various kinds of registers according to their properties

 List various kinds of storage media

 Name various magnetic storage devices

 Explain how data is organised on a magnetic disk

 Describe various types of communication transfer modes in USB

 Handle various troubleshooting if hard disk is configured during the time of
troubleshooting process

 List various needs for computerization of library

 Describe various types of library automation systems

 Explain various steps in library automation

1.2 COMPUTERS AND THEIR COMPONENTS

Computers have undergone great transformation over the past decade; however, the
basic logical structure remains the same. A computer primarily constitutes of three
integral components, viz. input unit, Central Processing Unit (CPU) and output unit.
The CPU constitutes of the main memory, the Arithmetic Logic Unit (ALU) and the
control  unit.

Apart from these three basic components, computers have secondary storage
devices known as auxiliary storage or backing storage that store data and instructions
on a long-term basis.

The following are the primary functions of a computer:
 Inputting: The process in which the user specify a set of commands to

process data into the computer system.
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 Storing: The process of recording data and information so that it can be
retrieved for use whenever required.

 Processing: This process implies performing arithmetic or logical
operations on data to convert them into useful information. Arithmetic
operations include addition, subtraction, multiplication and division, and
logical operations include comparisons, such as equal to, less than and
greater than.

 Outputting: This is the process of providing results to the user. These
can be in the form of visual display and/or printed reports.

 Controlling: This refers to directing the sequence and the manner in
which all the previous functions are carried out.

A detailed description of the components that perform these tasks is as follows:

1. Input Unit

Programs and data are required to be present in a computer system before any operation
can be performed. A program denotes the set of instructions which the computer has
to carry out and data is the information on which these instructions are to be operated.
If the task is to rearrange a list of telephone subscribers in alphabetical order, the
sequence of instructions that will guide the computer through this operation is the
program, while the list of names to be sorted is the data.

The input unit is responsible for transferring data and instructions from the external
environment into the computer system. Instructions and data enter the input unit through
the particular input device (such as keyboard, scanner and card reader). These
instructions and data are then converted into binary codes (computer acceptable form)
and sent to the computer system for further processing.

2. Central Processing Unit

The central processing unit is known as the brain of the computer. It is an important
part of the computer and includes the control unit, the ALU and the primary memory
that are described as follows:

 Main Memory (Primary Storage): The main memory or the primary storage
of the computer system is responsible for storing all the instructions and data
temporarily. The data is then transferred to the arithmetic logical unit for
processing. After this, the final  output is again stored back in the primary storage,
until it is further sent to the output device.

The primary storage also temporarily stores any intermediate result generated
by the ALU. So data and instructions move frequently between the ALU and
the primary storage before the processing is complete. It should be noted that
no processing occurs within the primary storage.

 Arithmetic Logic Unit: In addition to the basic four arithmetic operations, viz.
addition, subtraction, multiplication and division, the ALU also performs logic
comparison operations including equal to, less than and greater than.

 Control Unit: The function of the control unit is to ensure that according to the
stored instructions, the right operation is done on the right data at the right time.
The control unit receives instructions and commands from the programs in the
primary memory, processes them and ensures that the commands are executed
in the desired order by all the other units of the computer system. In fact, the
control unit is comparable to the central nervous system of the human body.
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3. Output Unit

Computers understand, process data and return the output in a binary form. The basic
function of the output unit is to convert these results into a human readable form before
providing the output through various output devices, such as terminals and printers.

The storage capacity of the primary memory of the computer is limited. Often,
it is necessary to store large amounts of data. So, additional memory, called secondary
storage or auxiliary memory, is used in most computer systems.

Secondary storage is storage other than the primary storage. These are peripheral
devices connected to and controlled by the computer to allow permanent storage of
data and programs. Usually, hardware devices, such as magnetic tapes and magnetic
disks, fall in this category.

1.2.1 Advantages and Disadvantages of Computers

The increasing popularity of the computer has proved that it is a powerful and useful
tool. Its usefulness is due to its following features:

 Speed: Computers are very fast. They can process millions of instructions every
second. The speed is related to the amount of data it processes and the time it
takes to complete the processing task.

 Storage: Computers can store vast amounts of information in the form of files
which can be recalled at any time. These files help in easy and speedy retrieval
of information. This type of storage is known as electronic storage system.

 Accuracy: In addition to being fast, computers are also accurate. The degree
of accuracy for a particular computer depends upon its design. Most errors in
computers are not of a technical nature but are human. Usually, programmers
are responsible for these errors.

 Diligence: Computers can perform any complicated task accurately without
making any error. Computers do not suffer from carelessness, boredom or
tiredness. Moreover, their efficiency does not decrease with age.

 Versatility: Computers perform various tasks depending upon the instructions
given to them and their hardware characteristics. They are capable of performing
any task, provided the task is reduced to a series of logical steps. A computer
can be used to prepare a Word document and in between called to search for
another document that is stored in its memory. It can perform both tasks
simultaneously.

Though computers can do better than human beings in terms of accuracy, speed and
memory, there are certain disadvantages of computer systems as they depend on
human beings for their operations and functions. The following are some of the
disadvantages of computers:

 They depend on human beings who program them for efficient, accurate and
fast functioning.

 Computers do not have their own intelligence and, thus, cannot think intelligently
or work independently like human beings. They can just follow instructions
given by programs or by users.

 They can neither take decisions nor can correct wrong instructions. Programmers
or users maintain and update them.

 As with many other modern appliances, computers also need electric power to
run.
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1.2.2 History of Computers

The first mechanical adding machine was invented by a French mathematician, physicist,
inventor, writer and chritian philosopher Blaise Pascal in 1642. Later, in 1671, a German
philosopher, mathematician and political advisor Baron Gottfried Wilhelm von Leibniz
invented the first calculator. Around this time, an American inventor Herman Hollerith
developed the concept of punched cards, which were extensively used as an input
medium in mechanical adding machines.

A mathematician, philosopher, inventor and mechanical engineer, Charles
Babbage, a 19th century professor at Cambridge University, is considered the father
of the modern digital computer. During this period, mathematical and statistical tables
were prepared by a group of clerks. However, utmost care and precaution could not
eliminate human errors.

In 1842, Babbage came up with a new idea of the Analytical Engine, which was
meant to be completely automatic. This machine was capable of performing basic
arithmetic functions. However, these machines were difficult to manufacture because
the precision required to manufacture them was not available at that time.

The following is a brief description of the various generations of computers.
 Mark I Computer (1937–44): This was the first fully automatic calculating

machine designed by an American physicist and a pioneer in computing
Howard H. Aiken, the design of which was based on the technique of
punching card machinery. In this technique, both mechanical and electronic
components were used.

 Atanasoff-Berry Computer (1939–42): This computer was developed
by an American physicist and inventor Dr John Atanasoff to solve certain
mathematical equations. It used forty-five vacuum tubes for internal logic
and capacitors for storage.

 The Electronic Numerical Integrator And Computer (ENIAC)
It (1943–46): was the first electronic computer developed for military
requirements and was used for many years to solve ballistic problems.

 EDVAC (1946–52): One of the drawbacks of ENIAC was that its programs
were wired on boards, which made it difficult to change them. To overcome
the drawbacks of ENIAC, the Electronic Discrete Variable Automatic
Computer (EDVAC) was designed. The basic idea behind this concept was
that sequences of instructions could be stored in the memory of the computer
for automatically directing the flow of operations.

 EDSAC (1947–49): A British computer scientist Professor Maurice Wilkes
developed the Electronic Delay Storage Automatic Calculator (EDSAC),
by which addition and multiplication operations could be accomplished.

 The UNIVersal Automatic Computer (UNIVAC) (1951): It was the
first digital computer to be installed in the Census Bureau in 1951 and was
used continuously for 10 years. In 1952, International Business Machines
(IBM) introduced a commercial computer IBM 701. This computer could
be used for scientific and business purposes.

Generations of Computer

The history of computer development can be divided into different phases which  are
often referred to as generations of computing devices. ‘Generation’ in computer
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terminology is a ‘step’ in technology. Each generation of computers is characterized
by a major technological development that fundamentally changes the way computers
operate, resulting in  increasingly smaller, cheaper, more powerful, efficient and reliable
devices which has decreased the energy consumption and the heat decipation.

Originally, the term ‘generation’ was used to distinguish between varying
hardware technologies, but nowadays, it includes both hardware and software.

The following are the characteristics of each generation of computers:

1. First Generation (1940–1956): Vacuum Tubes

The first generation computers used vacuum tubes in their electronic circuits and
magnetic drums for memory. A vacuum tube was a delicate glass device that used
filaments as a source of electrons, and could control and amplify electronic signals.
Figure 1.1 displays a vacuum tube.

Fig. 1.1 A Vacuum Tube

These computers could perform computations in milliseconds but were enormous
in size, occupying almost an entire room. They were very expensive to operate and in
addition to using a great deal of electricity, generated a lot of heat resulting in
malfunctioning.

First generation computers relied on machine language (binary-coded programs)
to perform operations and could solve only one problem at a time. Input was based on
punch cards and paper tape, and output was displayed on printouts.

Early computers, such as ENIAC, EDVAC and UNIVAC I, all can be classified
as first generation computers.

2. Second Generation (1956–1963): Transistors

Transistors, developed in 1947, replaced vacuum tubes in the second generation
computers. The transistor was far superior compared to vacuum tube, making
computers smaller, faster, cheaper, more energy efficient and more reliable than their
first generation predecessors. Although transistors also generated a great deal of heat
that could damage the computer, it was a great improvement over the vacuum tube.
Second generation computers still relied on punched cards for input and printouts for
output.

The cryptic binary machine language was followed by the symbolic or assembly
language that allowed programmers to specify instructions in words. High-level
programming languages, such as COBOL and FORTRAN, were also being developed
at this time.

These were also the first computers that stored their instructions in the memory,
which advanced the technology from magnetic drum to magnetic core. The first
computers of this generation were specifically developed for the atomic energy industry.



Self-Instructional
Material 9

Basics of Computers

NOTES

3. Third Generation (1964–1971): Integrated Circuits (ICs)
Transistors were clearly an improvement over the vacuum tube but still generated a lot
of heat resulting in computer damage.

Fig. 1.2 An IC Chip

The development of integrated circuit (see Figure 1.2) by Jack Kilby in 1958,
an electrical engineer with Texas Instruments, was the greatest achievement for initiation
of the third generation of computers. The invention of IC chips made it possible to
greatly reduce the size of computers with improvement in operation speed and reliability.

Instead of punched cards and printouts, users interacted with third generation
computers through devices, such as keyboards and monitors. They also interfaced
with an operating system that allowed the device to run many different applications at
one time with a central program that monitored the memory.

Now, the computers became accessible to the masses because they were
substantially smaller and cheaper than their predecessors.

4. Fourth Generation (1971–Present): Microprocessors
Large Scale Integration (LSI) were developed which could fit hundreds of components
onto a single chip.  By 1980s, Very Large Scale Integration (VLSI) squeezed thousands
of components onto a single chip. Ultra Large Scale Integration (ULSI) increased that
number to millions.

The ability to fit so much processing capability in an area so small, helped to
reduce the size and price of the computers. It also increased its power, efficiency and
reliability.

Initially, the IC technology was used only for constructing the processor, but it
was soon discovered that the same technology could also be used for the construction
of memory. The first memory chip was constructed in 1970 and could hold  256 bits.
Figure 1.2 displays an IC chip.

As more and more components were fabricated on a single chip, fewer and
fewer chips were needed to construct the processor. The Intel 4004 chip, developed
in 1971, located all the components of the computer — from Central Processing Unit
and Memory to Input/Output controls—on a single chip. This was the first
microprocessor. Figure 1.3 displays the Intel pentium microprocessor chip.

Fig. 1.3 The Intel Pentium Microprocessor Chip
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IBM introduced its first personal computer in 1981 and in 1984 Apple also
introduced a personal computer, the Macintosh.  Microprocessors also advanced
from the realm of desktop computers to advanced technologies, and many areas of
life as more and more everyday devices began to use microprocessors.

 As computers increased in computing power, it was possible to connect them
together to form networks, which eventually led to the development of the Internet.
Fourth-generation computers also marked the development of Graphical User Interfaces
(GUIs), the mouse and various handheld devices.

5. Fifth Generation (Present and Beyond): Artificial Intelligence

The fifth generation computers are being developed using the technology of artificial
intelligence; for instance, voice recognition systems. Parallel processing and
supercomputers have lead to the further development of artificial intelligence. In the
future, quantum computation and molecular technology will tremendously transform
computers. The fifth generation aims at creating devices that respond to input in natural
language and are capable of learning and self organization.

Table 1.1 provides a list of various computer generations.

Table 1.1 Generation of Computers

Generation Time Hardware Features Examples

I 1942-
1955

Vacuum Tubes High-speed electronic switching
device; memory type was
electromagnetic; bulky in size;
generated a large amount of heat;
frequent technical faults; required
constant maintenance; used for
scientific purposes; air-conditioning
required

ENIAC,
EDVAC,
EDSAC,
UNIVAC I

II 1955-
1964

Transistors Better electronic switching devices
than vacuum tubes; made of
germanium semiconductors;
memory type was magnetic cores;
powerful and more reliable; easy to
handle; much smaller than vacuum
tubes; generated less heat as
compared to vacuum tubes; used for
business and industries for
commercial data processing; air-
conditioning required

Livermore
Atomic
Research
Computer
(LARC),
IBM

III 1964-
1975

Integrated
Circuits (ICs)
made up of
transistors,
resistors and
capacitors fixed on
single silicon chip

ICs were smaller than transistors;
consumed less power; dissipated less
heat as compared to transistors;
more reliable and faster than earlier
generations; capable of performing
about 1 million instructions per
second; large storage capacity; used
for both scientific and commercial
purposes; air-conditioning required

Mainframe,
Minicomputers

IV 1975-
1989

Microprocessor
made up of Large
Scale Integration
Circuits (LSI) and
Very Large Scale
Integration
Circuits (VLSI)

Microprocessor had control on
logical instructions and memory;
semiconductor memories; personal
computers were assembled; used in
LAN and WAN to connect multiple
computers at a time; used graphical
user interface; smaller, more reliable
and cheaper than third-generation
computers; larger primary and
secondary storage memories; had
Computer Supported Cooperative
Working (CSCW); air-conditioning
not required

Personal
Computers
(PCs),
LAN,
WAN,
CSCW

V 1989-
Present

Ultra Scale Large
Integration (USLI),
Optical Disks

PCs were assembled – portable and
non-portable, powerful desktop PCs
and workstations; less prone to
hardware failure; user-friendly
features – Internet, e-mailing; air-
conditioning not required

Portable PCs,
Palmtop
Computers,
Laptop
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1.2.3 More Parts of a Computer System

In order to transfer data to the memory of the computer, input devices are used. The
ALU is responsible for calculations. Once the calculations are done, the data is
transferred back to the memory. The memory is responsible for storing data, according
to which different functions are carried out. This memory is also known as the main
memory or the Immediate Access Store (IAS).

The control unit is responsible for controlling various computer operations, which
involves accepting instructions, interpreting and processing of this information in the
correct parts of the computer. The main function of the control unit is to make sure that
the instructions are correctly followed and all operations are done exactly according
to the instructions at the correct time. This process leads to outcomes that are stored
in memory. Figure 1.4 displays a computer system.

Fig. 1.4 A Computer System

Motherboard

The main PCB (Printed Circuit Board) is sometimes alternatively known as a logical
board or a main board of a personal computer. In fact, any complex electronic system
is known as a motherboard. It includes a flat fibreglass platform which hosts the CPU,
the main electronic components, device controller chips, main memory slots, slots for
attaching the storage devices and other subsystems. Figure 1.5 displays a motherboard.

Fig. 1.5 A Motherboard
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Sockets and Ports

 Main Power Socket: The top part of the rear of the computer locates the
main power cable socket, which supplies power from the electric mains to the
computer system. This socket is the part of the main power supply unit of the
computer.

 Monitor Power Socket: The socket that supplies the power from the computer
system to the computer monitor and is located below the main power cable
socket. However, you might not find this socket in all computers and you can
plug in the monitor directly in main power supply.

 PS/2 Mouse Port: Next you will find a small, round, green colored port with
seven holes and a small logo of the mouse printed next to it. This is where your
PS/2 mouse will be plugged in.

 PS/2 Keyboard Port: Right next to mouse port you will find another similar
purple colored port with the keyboard logo printed next to it. This is where
your PS/2 keyboard will be plugged in.

 Fan Housings: You will notice two fan housings at the back of your computer.
One fan housing is a part of the power supply unit and the other will be somewhere
below it to cool off the heat generated by the CPU.

 Serial Ports: It is a 9-pin connector normally used to attach the old serial port
mouse, hand-held scanners, modems, joysticks, game pads and other such
devices.

 Parallel Port: It is a 25-pin connector used to attach parallel port printers,
modems, external hard disk drives and other such devices.

 Audio Jacks: There are three audio jacks in your computer system. One jack
is used for connecting your speakers or headphones, the second is used to
connect the microphone and the third to connect to another audio device, such
as a music system.

 LAN Port: The LAN port (where LAN is Local Area Network) is where the
RJ45 connector of your LAN cable is plugged-in to connect your computer to
other computers or the Internet.

 USB Ports: The USB port (where USB is Universal Serial Bus) is designed to
connect multiple peripheral devices in a single standardized interface, and has a
plug and play option that allows devices to be connected and disconnected
without having to restart the computer.  It has replaced many serial and parallel
ports for devices, such as mouse, printers, modems, joysticks, game pads,
scanners, digital cameras and other such devices.

 VGA Port: This is a 15-pin connector that connects the signal cable of the
monitor to the computer. Here VGA means Video Graphics Array.

Figure 1.6 displays power cables and sockets of monitor and CPU, respectively.
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Monitor Cable

Cable Socket

Mouse Cable

Keyboard Cable

Monitor Power Cable

Cable Socket

Cable Socket

Cable Socket

Fig. 1.6 Monitor and CPU: Power Cable and Sockets

Figure 1.7 displays a LAN cable and a printer cable with its socket.

LAN Cable

Cable

Printer Cable and Socket

Fig. 1.7 LAN Cable and Printer Cable with Socket

Memory

Storage and retrieval of instructions and data in a computer system is the responsibility
of the memory. In order to store data and instructions, the CPU constitutes many
registers, though these are capable of storing very few bytes. All computers need
storage space for temporarily storing instruction and data during the execution of the
program as the CPU can process data at a higher speed than the speed at which data
can be transferred from disks to registers. This could lead to the idle CPU which
remains free most of the time. The primary or the main memory is the temporary
storage located in the computer hardware. Secondary storage or auxiliary memory
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constitutes devices that can give backup storage, such as magnetic tapes and disks.
The memory is classified as follows:

(i) Internal Processor Memory: A small set of high-speed registers placed inside
a processor and used for storing temporary data while processing.

(ii) Primary Storage Memory: The main memory of the computer which
communicates directly with the processor. This memory is large in size and fast,
but not as fast as the internal memory of the processor. It comprises a couple of
integrated chips mounted on a printed circuit board plugged directly on the
motherboard. Random-Access Memory (RAM) is an example of primary
storage memory.

(iii) Secondary Storage Memory: This stores all the system software and
application programs, and is basically used for data backups. It is much larger
in size and slower than primary storage memory. Hard disk drives, floppy disk
drives and flash drives are a few examples of secondary storage memory.

Memory Capacity: Capacity, in computers, refers to the number of bytes that
it can store in its main memory. This is usually stated in terms of Kilobytes (KB)
which is 1024 bytes or Megabytes (MB) which is equal to 1024 KB (10,48,576
bytes). The rapidly increasing memory capacity of computer systems has resulted
in defining the capacity in terms of Gigabytes (GB) which is 1024 MB
(1,07,37,41,824 bytes). Thus, a computer system having a memory of 256
MB is capable of storing (256 × 1024 × 1024) 26,84,35,456 bytes or characters.

Processors Used in PCs

The most significant part of the computer is the CPU. The CPU is mostly a
microprocessor-based chip located on a single or sometimes a multiple printed circuit
boards and is an internal component of the system. It is directly connected to the
motherboard; however, the compatibility of the motherboard and the CPU depends
on the specific series of the latter.  Due to the tremendous amount of heat generated by
the CPU, it contains a heat sink and a cooling fan.

Popular microprocessors include Intel and AMD, which are compatible with
IBM CPUs.

The brands of CPUs are not the only differentiating factors between different
processors, there are various technical aspects to these processors which allow us to
differentiate between CPUs of different power, speed and processing capability.
Accordingly, each of these manufacturers sells numerous product lines offering CPUs
of different architecture, speed, price range and so on. The following are the most
common aspects of modern CPUs that enable us to judge their quality or performance:

 32 or 64-bit Architecture: A bit is the smallest unit of data that a computer
processes. 32 or 64-bit architecture refers to the number of bits that the
CPU can process at a time.

 Clock Rate: The speed at which the CPU performs basic operations,
measured in Hertz (Hz) or in modern computers Megahertz MHz or
Gigahertz GHz.

 Number of Cores: CPUs with more than one core are essentially multiple
CPUs running in parallel to enable more than one operation to be performed
simultaneously. Current ranges of CPUs offer up to eight cores. Currently,
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the Dual-core (i.e., two cores) CPU is most commonly used for standard
desktops and laptops, and Quad-core (i.e., four cores) is popular for entry-
level servers.

 Additional Technology or Instruction Sets:These refer to unique features
that a particular CPU or range of CPUs offer to provide additional processing
power or reduced running temperature. These range from Intel’s MMX,
SSE3, and HT to AMD’s 3DNOW, and Cool n Quiet.

These technical factors are the basic way to judge how a CPU will perform. It
is important to consider multiple factors when looking at a CPU rather than just the
clock speed or any one specification on its own. It is easy for a single-core processor
to run music videos, Internet applications or games individually, but when multiple
applications are run together, it starts to slow down. A system running on a dual-core
processor would be able to multitask better then a single-core processor, while it is
very easy for an 8-core processor to run all these applications plus a lot more without
showing any signs of slowing down. However, Intel's 4-core processors are actually
two dual-core processors combined in a single processor, whereas AMD's 4-core
processors are actually four processors built in a single chip.

A combination of the above mentioned specifications, along with the operating
systems that the processor supports and the specific purpose for which the computer
is to be used, are the factors to be considered when deciding which CPU is the most
suitable for your needs.

1.3 ELEMENTS OF DATA COMMUNICATION

Information is handled in the computer by electrical components, such as transistors,
integrated circuits, semiconductors and wires, all of which can indicate only two states
or conditions. Transistors are either conducting or non-conducting; magnetic materials
are either magnetised or non-magnetised in a direction; a pulse or voltage is either
present or not present. All information can, therefore, be represented within the
computer by the presence (ON) or absence (OFF) of these various signals.

Thus, all data to be stored and processed in computers are transformed or
coded as strings of two symbols, one symbol to represent each state. The two symbols
normally used are 0 and 1. These are known as BITS, an abbreviation for BInary
digiTS.

Let us now understand some commonly used terms:

Value Meaning

 0 Off

1 On

BITS: The smallest element that a computer uses. It can hold one of two possible
values.

A bit which is ON is seen as SET or TRUE; and a bit which is OFF is seen as
NOT SET or FALSE.

Since, only two values can be stored in a single bit, there can only be four
unique combinations:

00 01 10 11

Check Your Progress

1. Name three basic
components of
computer.

2. State at least two
advantages and
disadvantages of
computers.

3. List all the
generations of the
computers and also
name the hardware
used in them.

4. Define primary and
secondary memory.

5. List the three
qualities of CPUs
on which their
performance can be
judged.
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Bits, therefore, have to be combined together into larger units for holding greater
ranges of values.

NIBBLE: A set of four bits. There can only be a maximum of sixteen
different values possible:

24 = 16 (2 to the power of the number of bits)

BYTES: A set of two nibbles or eight bits. Characters are often stored in bytes
along with numeric values.

28 = 256 (2 to the power of the number of bits)

WORD: Just like we express information in words, so do computers. A computer
‘word’ is a group of bits, the length of which varies from machine to machine, but is
normally predetermined for each machine. The word may be as long as 64 bits or as
short as 8 bits.

Character Representation

Binary data is not the only data handled by the computer. We also need to process
alphanumeric data, like alphabets (upper and lower case), digits (0 to 9) and special
characters, such as +, –, *, /, (, ), space and blank. These also must be internally
represented as bits.

Table 1.2 shows the representation of data in bits.

Table. 1.2 Data Representation in Bits

Decimal Number

0

1

2

3

4

5

6

7

8

9

Binary Equivalent

0000

0001

0010

0011

0100

0101

0110

0111

1000

1001

BCD (Binary Coded Decimal)

It is one of the early memory codes. It is based on the concept of converting each digit
of a  decimal number into its binary equivalent rather than converting the entire decimal
value into a  pure binary form. It further uses  4 digits to represent each of the digits.

Converting 42
10

 into its BCD equivalent would result in:

42
10

=  0100 0010 or    01000010   in   BCD
4  2

As seen, 4-bit BCD code can be used to represent decimal numbers only.
Since, 4 bits are insufficient to represent the various other characters used by the
computer, instead of using only 4 bits (giving 16 possible combinations), computer
designers commonly use 6 bits to represent characters in BCD code. In this, the 4
BCD numeric place positions are retained, but two additional zone positions are added.
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With 6 bits, it is possible to represent 26 or 64 different characters. This is, therefore,
sufficient to represent the decimal digits (10), alphabetic characters (26) and special
characters (28).

EBCDIC

A major drawback of the BCD code is that only 64 distinct characters can be
represented by it. Since, this proved insufficient for representing many special characters
(28  plus), upper case letters (26), lower case letters (26) and decimal numbers (10),
the BCD code was extended from a 6-bit to an 8-bit code. The additional 2 bits
function as zone bits, thus, expanding the zone bits to 4. The code that results is known
as the  Extended Binary Coded Decimal Interchange Code (EBCDIC). It was
developed by IBM and is used in many computers, particularly, the majority of IBM
models. It allows 28 or 256 characters to be represented. This takes care of the
character requirement along with a large quantity of non-printable (such as movement
of the cursor) and printable control characters (such as vertical spacing on printer).

Since, EBCDIC is an 8-bit code, it is possible to divide it into two groups of
4-bits each. One hexadecimal digit represents each group. Thus, computers using the
EBCDIC code for internal representation of characters can use the hexadecimal number
system as a notation for memory dump.

ASCII

A computer code that is very widely used for data interchange is called the ‘American
Standard Code for Information Interchange’ or ASCII. Several computer manufacturers
have adopted it as their computers’ internal code.  This code uses 7 digits to represent
128 characters. Now an advanced ASCII is used having 8-bit character representation
code allowing 256 different characters. This representation is being used in
microcomputers.

We will now study the encoding method. Table 1.3 represents the bit
combinations that are required for each character.

Table 1.3 Bit Combinations for Each Character

R

00

10

20

30

40

50

60

70

00

NUL

DLE

0

@

P

'

p

01

SOH

DC1

!

1

A

Q

a

q

02

STX

DC2

"

2

B

R

b

r

03

ETX

DC3

#

3

C

S

c

s

04

EOT

DC4

$

4

D

T

d

t

05

ENQ

NAK

%

5

E

U

e

u

06

ACK

SYN

&

6

F

V

f

v

07

BEL

ETB

‘

7

G

W

g

w

08

BS

CAN

(

8

H

X

h

x

09

TAB

EM

)

9

I

Y

i

y

0A

LF

SUB

*

:

J

Z

j

z

0B

VT

ESC

+

;

K

[

k

{

0C

FF

FS

,

<

L

\

l

|

0D

CR

GS

-

=

M

]

m

}

0E

SO

RS

.

>

N

^

n

~

0F

SI

US

/

?

O

_

o

DEL

Thus, the text string ‘Hello.’ is coded in ASCII using hexadecimal digits as
follows:

H e l l o .

48 65 6C 6C 6F 2E

The byte sequence 48 65 6C 6C 6F 2E represents the string ‘Hello.’
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1.3.1 Processing of Data

Data processing can be defined as the process of converting raw data into suitable
information using a series of operations, like classifying, sorting, summarizing and
tabulating, it for easy storage and retrieval. Processed data is called information.

Data, especially large volumes of it, unless processed properly, are not of much
use in the current information driven world. Relevant information can give a definite
edge to a business to stay ahead of its competition and plan for the future. In fact, the
speed at which information can be extracted from data (a process called data processing)
is just as crucial as the information itself. Information usually loses its value if it’s not
up to date. Automatic Data Processing (ADP) applications are gaining wide popularity
in the market to solve this very problem. They not only save time but also reduce the
cost of data processing. An ADP application, once configured, is ideal for converting
similarly structured data into specific sets of information using predefined rules of
selection, processing and presentation. Data processing can also include the conversion
of one type of information into another for legacy systems transfer.

Typically, a data processing cycle can be broadly divided into five stages which
areas follows:

 Data Collection

 Data Preparation

 Data Input

 Data Processing

 Information Output

Just as there are different types of data (classified either by usage, attributes or
content), there are different methods of processing data. These are as follows:

1. Real-Time Processing: In this mode, data is processed almost immediately
and in a continuous flow. This is of particular advantage when the lifespan of
information is small and core business activities are involved. The advantages of
real-time processing are that the derived information is up to date and, hence, it
is more relevant for decision making. For example, in a bank or in an ATM
(Automatic Teller Machine), as soon as you deposit money in your account,
your account status (balance standing to your credit) is updated, instantaneously.
This enables you as well as the bank to know the exact status of funds in real-
time mode, or in other words, as of now. Similarly, in a railway reservation
system, a train ticket booked from anywhere in the world must update the
central database in real time to ensure that the seat once booked is not sold
again. Real-time processing also requires relatively little storage as compared
to batch processing.

2. Batch Processing: Real-time processing requires high-speed broadband
connections, so that the data inputted from different computers or locations can
be used to update a centralized server and database. Setting up such networks
is expensive and not always feasible because sometimes the data need not to be
processed immediately. For example, in a BPO (Business Processing
Outsourcing) outfit, hundreds of operators may be inputting data, which can be
made available to the client only after it is checked and verified by a supervisor(s).
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Such situations call for batch mode processing, which is used when the conversion
of data into information is not required immediately and, therefore, this data
processing is done in lots or batches. The advantages of batch processing are
that it is cheaper and processing can be done offline.

It should be noted that data processing and data conversion are technically
quite different; while data conversion only means converting data from one form to
another, whereas data processing means conversion of data into information or
sometimes vice versa.

1.3.2 CPU

Execution of programs is the main function of the computer. The program to be executed
is a set of instructions that is stored in the computer’s memory. Tasks are completed
when the instructions of the program are executed by the CPU. Also, all the major
calculations and comparisons are carried out inside the CPU. Additionally, the CPU is
responsible for activating and controlling the operations of various units of the computer
system. It activates the peripherals to perform input or output.

Arithmetic Logic
Unit (ALU)

Register Set

Control Unit

Fig. 1.8 Major Components of a CPU

The CPU is made up of three major components (see Figure 1.8): the register
set (associated with the main memory) that stores the intermediate data during the
execution of instructions, the Arithmetic Logic Unit (ALU) that performs the required
micro-operations for executing the instructions, and the control unit that supervises the
transfer of information among the registers and instructs the ALU as to which operation
to perform.

Control Unit

The control unit is necessary if the CPU is to function efficiently and information/data
is to be transferred between the CPU and other devices. It does not perform the
actual processing of the data, but manages and coordinates the entire computer system,
including the input and output devices. It retrieves and interprets the instructions from
the program stored in the main memory, and issues signals that cause the other units of
the system to execute them.

This is done through some special purpose registers and a decoder. The special
purpose register, called the instruction register, holds the current instruction to be
executed, and the program control register holds the next instruction to be executed.
The decoder interprets the meaning of each instruction supported by the CPU. Each
instruction is also accompanied by a microcode, i.e., the basic directions to tell the
CPU how to execute the instruction.
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Arithmetic Logic Unit (ALU)

It performs arithmetic and logic operations. This means that when the control unit
encounters an instruction that involves an arithmetic operation (add, subtract, multiply
or divide) or a logic operation (equal to, less than or greater than), it passes the control
to ALU. The ALU has the necessary circuitry to carry out these arithmetic and logic
operations.

As an example, a comparison of two numbers (a logical operation) may require
the control unit to load the two numbers in the requisite registers and then pass on the
execution of the ‘compare’ function to the ALU.

Figure 1.9 represents the basic structure of a CPU.

Arithmetic Logic
Unit (ALU)

Accumulator
(AC)

Data
Register (DR)

Program
Counter (PC)

Instruction
Register (IR)

Memory Address
Register (MAR)

Control Unit

Control Signals

Program Control Unit

Data Processing Unit

To/ From
 Main Memory
or Input/Output

Devices

Fig. 1.9 Basic Structure of a CPU

Instruction Set

The primary function of the processing unit in the computer is to interpret the instructions
given in a program and carry out the instructions. Processors are designed to interpret
a specified number of instruction codes. Each instruction code is a string of binary
digits. All processors have input/output instructions, arithmetic instructions, logic
instructions, branch instructions and instructions to manipulate characters. The number
and type of instructions differ from processor to processor. The list of specific instructions
supported by the CPU is termed as its instruction set.

An instruction in the computer should specify the following:
 The task or operation to be carried out by the processor. This is termed as

the opcode.
 The address(s) in memory of the operand(s) on which the data processing is

to be performed. This is termed as operand address.
 The address in the memory that may store the results of the data processing

operation performed by the instruction.
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 The address in the memory for the next instruction to be fetched and
executed.

Note that the next instruction, which is to be executed, is normally the next
instruction following the current instruction in the memory. Therefore, normally no
explicit reference to the next instruction is provided.

Instruction Representation

An instruction is divided into a number of fields and is represented as a sequence of
bits. Each of the fields constitutes an element of the instruction. A layout of an instruction
is termed as the instruction format (see Figure 1.10).

Opcode Operand Address

4 Bits 12 Bits

Fig. 1.10 A Sample Instruction Format

In most instruction sets, many instruction formats are used. An instruction is first
read into an Instruction Register (IR), then it is decoded by the CPU which extracts
the required operands on the basis of references made on the instruction fields, and
processes it. Since, the binary representation of the instruction is difficult to comprehend,
it is rarely used for representation. Instead, a symbolic representation is used. (see
Table 1.4)

Table 1.4 Examples of Typical Instructions

Instruction Interpretation Number of
Addresses

ADD A,B,C Operation A = B + C  is executed 3

2

1

ADD A,B A = A + B. In this case the original
content of operand location is lost

ADD A AC = AC + A. Here A is added to the
accumulator

Typically, CPUs manufactured by different manufacturers have different
instruction sets. This is why, machine language programs developed for a particular
CPU do not run on a computer with a different CPU (having a different instruction
set).

Registers

The primary task that the CPU performs is the execution of instructions. It executes
every instruction by means of a number of small operations known as micro-
operations.   Thus, it can be seen that:

 The CPU needs an extremely large main memory.
 The speed of the CPU must be as fast as possible.

To understand further, let us define two relevant terms:

Memory Cycle Time: Time taken by the CPU to access the memory.

Cycle Time of the CPU: The time that the CPU takes for executing the shortest
well-defined micro-operation.
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It has been observed that the time taken by the CPU to access the memory is
about 10 times higher than the time that the CPU takes for executing the shortest well-
defined micro-operation. Therefore, CPU registers serve as the temporary storage
areas within the CPU. They are termed as fast memory and can be accessed almost
instantaneously.

Further, the number of bits a register can store at a time is called the length of the
register. Most CPUs sold today have 32-bit or 64-bit registers. The size of the register
is also called the word size, and indicates the amount of data that a CPU can process at
a time. Thus, the bigger the word size, the faster the computer can process data.

The number of registers varies among computers, but typical registers found in
most computers include:

Memory Buffer Register (MBR): Data is received from the memory (in the
case of read operations), and it is held in the memory (in the case of write operations)
by MBR.

Memory Address Register (MAR): The memory location’s address where
data is to be stored (in case of write operations), and the location from where data is
to be accessed (in case of read operations) is specified by MAR.

Accumulator (AC): Interactions with the ALU are carried out by the
accumulator, in which the output and input operands are stored. This register, therefore,
holds the initial data to be operated upon, the intermediate results and the final results
of processing operations.

Program Counter (PC): The address next instruction to be executed
subsequent to the current instruction is kept by the program counter.

Instruction Register (IR): Instructions are loaded in the instruction register
prior to being executed, i.e., the instruction register holds the current instruction that is
being executed.

Instruction processing, in its simplest form,  can be defined as a two-step process:
1. Codes or instructions are read (fetched) from the CPU one by one.
2. The operation indicated by that particular instruction is  performed or

executed.

The program counter fetches the instruction and tracks which instruction to
fetch next. Since, the execution of a program is in a sequential manner, the program
counter usually fetches the next instruction in the sequence. This instruction appears in
the binary code form and is loaded into an IR. It is then interpreted by the CPU and
the desired action is carried out. Generally, the following categories can be identified
for these actions:

 Data Transfer: Transferring of data from I/O (Input/Output Unit) to CPU,
from CPU to I/O, from memory to CPU or from CPU to memory.

 Data Processing: A logic or an arithmetic operation may be carried out on
the data by the CPU.

 Sequence Control: This action is typically required for altering the sequence
in which the instructions are executed. For instance, if an instruction from
location 50 specifies that the next instruction to be fetched should be from
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location 100, then the program counter will need to be modified to contain
the location 100 (which otherwise would have contained 51).

Instructions can be executed involving many combinations of these actions.

Processor Speed

The term processor has replaced the term Central Processing Unit (CPU). The
processor in a personal computer that is embedded in small devices is often called a
microprocessor.

The speed at which the processor executes commands is called the processor
speed or clock speed. Every computer contains an internal clock (known as the
system clock) that regulates the rate at which the instructions are executed, and
synchronises the various computer components. The processor requires a fixed number
of clock cycles (electric pulses per second) to execute each instruction. Clock cycles
are required to fetch, decode and execute a single program instruction. Thus, the
shorter the clock cycle, the faster the processor.

In a computer, clock speed, therefore, refers to the number of pulses per second
generated by an oscillator that sets the tempo for the processor. It is usually measured
in MHz (Megahertz - Million pulses per second) or GHz (Gigahertz - Billions
pulses per second).

Computer clock speed has been, roughly, doubling every year. The Intel 8088,
common in computers around the year 1990, ran at 4.77 MHz. Today’s personal
computers run at clock speeds of 100 to 1000 MHz and some even exceed one
gigahertz.

Although the processing speed in personal computers is measured in terms of
megahertz, the processing speed of minicomputers and mainframe systems is measured
in terms of MIPS (Millions of Instructions Per Second) or BIPS (Billions of Instructions
Per Second). This is because personal computers generally employ a single
microprocessor chip as their CPU, while other classes of computers employ multiple
processors to speed up their overall performance. Thus, a minicomputer having a
speed of 500 MIPS is capable of executing 500 million instructions per second.

Clock speed is a measure of computer ‘power’, but it is not always directly
proportional to the performance level. If you double the speed of the clock leaving all
other hardware unchanged, you will not necessarily double the processing speed. The
type of microprocessor, the bus architecture and the nature of the instruction set, all
make a difference.

1.4 STORAGE MEDIA

The most common properties used for characterizing and evaluating the storage unit of
the computer system are expressed as follows:

1. Storage Capacity: Represents the size of the memory. It is the amount of data
that can be stored in the storage unit. Primary storage units have less storage
capacity as compared to the secondary storage units. The  capacity of internal
memory and main memory can be expressed in terms of the number of words
or bytes.The capacity of external or secondary storage, on the other hand, is
measured in terms of megabytes and gigabytes.

Check Your Progress

6. Define bits.

7. What is the full
form of ASCII?

8. List the three major
components of
CPU.

9. State the basic
functionality of
registers.

10. What is clock speed
or processor speed?
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2. Storage Cost: Cost is another key factor that is of prime concern in a memory
system . It is usually expressed per bit. It is obvious that lower costs are desirable.
It is worth noting that with the increase in the access time for memories , the
cost decreases.

3. Access Time: It is the time required to locate and retrieve the data from the
storage unit. It is dependant on the physical characteristics and access mode
used for that device.

Primary storage units have faster access time as compared to the secondary
storage units.

4. Access Mode: Memory comprises various locations. Access mode is  the
mode in which information is accessed from the memory. The user can access
memory devices in any of the following ways:

(a) Random-Access Memory (RAM): This refers to the mode in which any
memory location can be accessed in any order in the same amount of
time. Ferrite and semiconductor memories, which usually constitute the
primary storage or main memory, are of this nature.

(b) Sequential Access: Memories that can be accessed only in a predefined
sequence are sequential access memories. Here, since sequencing through
other locations precedes the arrival at a desired location, the access time
varies according to the location. Information on a sequential device can
be retrieved in the same sequence in which it was stored. Songs stored on
a cassette, that can be accessed only one by one, is an example of sequential
access. Typically, magnetic tapes are sequential access memory.

(c) Direct Access: Sometimes, the information is neither accessed randomly
nor in sequence, but something in between. In this type of access, a separate
read/write head, exists for each track, and on a track, you can access the
information  serially. This semi-random mode of access exists in magnetic
disks.

5. Permanence of Storage: If the storage unit can retain the data even after the
power is turned off or interrupted, it is termed asnon-volatile storage. However,
if the data is lost once the power is turned off or interrupted, it is calledvolatile
storage. It is obvious from these properties that the primary storage units of the
computer systems are volatile, while the secondary storage units are non-volatile.
A non-volatile storage is definitely more desirable and feasible for storage of
large volumes of data.

1.4.1 Static and Dynamic RAM

The main memory is the central storage unit in a computer system. It is a relatively
large and fast memory. It is used to store programs and data during computer operations.
The principal technology used for the main memory is based on semiconductor integrated
circuits. There are two possible modes in which the integrated circuit RAM chips are
available. These modes are static and dynamic.

The Static RAM (SRAM) stores binary information using clocked sequential
circuits. The stored information remains valid only as long as power is applied to the
unit.  On the other hand, Dynamic RAM (DRAM) stores binary information in the
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form of electric charges that are applied to capacitors inside the chip. The stored
charge on the capacitors tends to discharge with time, and so, must be periodically
recharged by refreshing the dynamic memory. The dynamic RAM offers larger storage
capacity and reduced power consumption. Therefore, large memories use dynamic
RAM, while static RAM is mainly used for specialized applications.

The different types of memory discussed above are both of the read/write type.
What about a memory where only one of the operations is possible, e.g., if we allow
only reading from the memory (cannot change the information in the memory)? The
memory might have some major importance, like an important bit of the computer’s
operating system, which normally does not change can be stored in this kind of memory.
Such a memory is called ROM (Read-Only Memory).

1.4.2 Read-Only Memory (ROM)

Most of the memory in a general-purpose computer is made of RAM integrated circuit
chips, but a portion of the memory may be constructed using ROM chips. Originally,
RAM was used to refer to random-access memory, but now we use the term read/
write memory to distinguish it from read-only memory (since ROM is also random
access). RAM is used for storing the bulk of programs and data that are subject to
change, while ROM is used to store programs that are permanently resident in the
computer and do not change.

Among other things, the ROM portion of the main memory is used for storing
an initial program called the bootstrap loader, whose function is to get the computer
software operate when the power is turned on. Since RAM is volatile, its contents are
destroyed when the power is turned off. The contents of ROM remain unchanged
even after the power is turned off and on again.

Read-only memory can be manufacturer-programmed or user-programmed.
When the data is burnt into the circuitry of the computer by the manufacturer, it is
called manufacturer-programmed ROM. For example, a personal computer
manufacturer may store the boot program permanently in the ROM chip of the
computers manufactured by it. Such chips are supplied by the manufacturer and are
not modifiable by users. This is an inflexible process and requires mass production.
Thus, a new kind of ROM , known as Programmable Read-Only Memory (PROM),
was designed. This is also non-volatile in nature. It can be written only once using
some special equipment. The supplier or the customer can electrically perform the
writing process in PROM.

In both ROM and PROM, you can perform write operations only once and
you cannot change whatever you have written. However, what about the cases where
you mostly read but also write a few times? Another type of memory chip called
EPROM (Erasable Programmable Read-Only Memory) was developed to take care
of such situations. EPROMs are typically used by R&D personnel who experiment by
changing microprograms on the computer system to test their efficiency.

Further, EPROM chips are of two types: EEPROMs (Electrically EPROM) in
which high voltage electric pulses are used to erase stored information, and UVEPROM
(UltraViolet EPROM) in which stored information is erased by exposing the chip for a
while to ultraviolet light.
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Figure 1.11 summarizes the various types of Random-Access Memory.

RAM (Random-Access Memory)

Read/ Write
(Volatile)

Read Only- Memory – ROM
(Non-Volatile)

SRAM
(Static)

DRAM
(Dynamic)

Manufacturer-
Programmed

User-
Programmed

PROM EPROM

EEPROM UVEPROM

Fig. 1.11 Types of Random-Access Memory

1.4.3 Cache Memory

Cache memories are small, fast memories placed between the CPU and the main
memory. They are faster than the main memory with access times closer to the speed
of the CPU.  Caches are fast, but very expensive.  So, they are used only in small
quantities. As an example, caches of size 64 KB, 128 KB are normally used in PC-
386 and PC-486, which can have 1 to 8 MB of RAM or even more. Cache memories
provide fast speed memory retrieval without compromising the size of the memory.

If the memory is so small, would it be advantageous to increase the overall
speed of memory? This can be answered with the help of a  phenomenon known as
locality of reference. Let us examine what this means.

Locality of Reference: If we analyse a large number of typical programs,we
would find that memory references at any given interval of time tend to be confined to
a few localized areas in the memory. This phenomenon is called  the property of
locality of reference. This is true because most of the programs typically contain iterative
loops (like ‘for’ or ‘while’ loops). During the execution of such programs, the same set
of instructions (within the loop) are executed many times. The CPU repeatedly refers
to the set of instructions in the memory that constitute the loop. Every time a specific
subroutine is called, its set of instructions is fetched from the memory. Thus, loops and
subroutines tend to localize the references to memory for fetching instructions.

Figure 1.12 explains the functioning of the cache memory.

Based on the locality of reference, we understand that the cache has a copy of
certain portions of main memory. First, the memory read or write operation is  checked
with the cache, and in case of availability of desired data  in the cache, it is used
directly by  the CPU. Otherwise, a block of words is read from main memory to
cache and the word is then used by the CPU from cache.
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Fig. 1.12 Functioning of the Cache Memory

1.4.4 Secondary Storage Devices

As discussed earlier, RAM is a volatile memory with limited storage capacity. The
cost of RAM is also relatively higher as compared to the secondary memory. Logic
dictated that a relatively cheaper media, showing some sort of permanence of storage,
be used. As a result, additional memory called external or auxiliary memory or secondary
storage is used in most computers.

The magnetic medium was found to be long lasting and fairly inexpensive, and
therefore, became an ideal choice for large storage requirements. The use of magnetic
tapes and disks  as storage media is very common nowadays. As optical technology is
advancing, optical disks are turning out to be one of the major secondary storage devices.

Magnetic Storage Devices

Magnetic tapes are used for storing files of data that are sequentially accessed or not
used very often and are stored off line. They are typically used as backup storage for
archiving of data.

In case of magnetic tapes, a tape (plastic ribbon usually 1/2 inch or 1/4 inch
wide and 50 to 2400 feet long) is wound on a spool and its other end is threaded
manually on a take-up spool.  The Beginning Of Tape (BOT) is indicated by a metal
foil called a marker. When a write command is given, a block of data (records are
usually grouped in blocks of two or more) is written on the tape. The next block is then
written after a gap (called Inter Block Gap or IBG). A series of blocks are written in
this manner. The End Of Tape (EOT) is indicated by an end-of-tape marker which is
a metal foil stuck in the tape. After the data is written, the tape is rewound and kept
ready for reading. Figure 1.13(a) shows the data organization on a magnetic tape.
Figure 1.13(b) and 1.13(c) show magnetic tape reels and magnetic tape cartridges.
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Unused
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Block of
Records

IBGIBG IBG IBG IBG IBG

Tape
Header
Label

File
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File
Trailer
Label

File
Trailer

Label of
Last File
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Fig. 1.13(a) Data Organization on a Magnetic Tape
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Fig. 1.13(b) Magnetic Tape Reel Fig. 1.13(c) Magnetic Tape Cartridge

The tape is read sequentially, i.e., data can be read in the same order in which
the data has been written. This implies that if the desired record is at the end of the
tape, all the earlier records have to be read before it is reached. A typical example of
a tape can be seen in a music cassette, where to listen to the fifth song one must listen
to or traverse the earlier four songs. The access time of information stored on tape is,
therefore, very high as compared to that stored on a magnetic disk.

The storage capacity of the tape depends on its data recording density and the
length of the tape. The data recording density is the amount of data that can be stored
or the number of bytes that can be stored per linear inch of tape. The data recording
density is measured in BPI (Bytes Per Inch).

Thus,

Storage capacity of a tape = Data recording density × Length of tape

It is worth noting that the actual storage capacity for storing user data, is much
less owing to the file header labels, file trailer labels, BOT and EOT markers, and the
use of IBGs.

Some commonly used magnetic tapes are as follows:

 1/2 inch tape reel.

 1/2 inch tape cartridge.

 1/4 inch streamer tape.

 4 mm DAT (Digital Audio Tape) – typical capacity of 4 GB to 14 GB.

Magnetic Disks

Magnetic disks are direct-access medium, and so, are the most popular online
secondary storage devices. Direct-access devices are also called random-access
devices because information is literally available at random or in any order. There
is direct access to any location on the device.  Thus, approximately equal access
time is required for each location. An example of this is a music CD where if you
wish to listen to the fifth song, you can directly select the fifth track without having
to fast forward the previous four.

A magnetic disk refers to a circular plate made of metal or plastic, and coated
with magnetized material as shown in Figure 1.14. Often both sides of the disk are
used. Data is recorded on the disk in the form of magnetized and non-magnetized
spots (not visible to the naked eye) representing 1s and 0s.
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Fig. 1.14 Logical Layout of a Magnetic Disk

Organization of Data on a Magnetic Disk

Data is stored in concentric rings or tracks. Inter-track gaps are used to separate the
adjacent tracks, so that, the interference of magnetic fields is minimized.Tracks are
commonly divided into sections called sectors. In most systems, the minimum quantity
of information that can be transferred is a sector. Usually, 8 or more sectors per track
are found.

A track in a given sector near the circumference is longer than the track near the
centre of the disk. If bits are recorded with equal density, some tracks would contain
more bits than other tracks. To ensure that each sector can store equal amounts of
data, some disks use variable recording density with higher density on the tracks near
centre than on tracks near the circumference.

Multiple disks are usually stacked and used together to create disk storage
systems having large capacities. In this case, multiple disks are fixed on a central shaft,
one below the other, to form a disk pack. This is then mounted on a disk drive that has
a motor to rotate this disk pack about its axis. The disk drive also has an access arm
assembly with a separate read/write head for each surface of the disk pack. The access
arms for all the disk surfaces move together. A disk system, is thus, addressed by the
disk number, the disk surface, the sector number and the track within the sector.

Cylinder

Lower Surface–
Not Used

Read / Write
Head

Surface 0

Upper Surface–
Not Used

Surface 1Access Arm
Assembly
(can move in
both directions)

Rotating Shaft

Fig. 1.15 A Disk Pack with Four Disks

Usually, the upper surface of the topmost disk and the lower surface of the
bottommost disk are not used, since, these are prone to get scratched easily. For
faster access of data from disk packs, a concept called cylinders is used. As can be
seen in Figure 1.15, a set of corresponding tracks on all recording surfaces of the disk
pack together form a cylinder. Thus, if there are 100 tracks on each disk surface, there
are 100 cylinders in the disk pack.
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Cylinder-based organization provides faster data access. The related records
of the file can be stored on the same cylinder (on multiple disks of a disk pack),
and subsequently with one movement of the access arm, all records on, say, cylinder
5 (fifth track of every recording surface) can be simultaneously read.

The storage capacity of  a disk system can be determined as follows:

Storage capacity = Number of recording surfaces × Number of tracks per
surface × Number of sectors per track × Number of
bytes per sector

Example: If a disk pack consists of 4 plates each having 2655 tracks having
125 sectors per track. Also, each sector can store 512 bytes then,

Storage capacity = 6 × 2655 × 125 × 512 = 1,01,95,20,000 bytes = 1 × 109

bytes approximately, or 1 GB or 1 Gigabyte

Note: We have 6 recording surfaces, since, there are 4 disk plates.

Access Time on Disks

As detailed earlier, the disk address is specified in terms of the surface number, track
or cylinder number, and the sector number. The read/write heads need to be first
positioned on the track on which the data are to be recorded or from which data
needs to be read. Information is always written from the beginning of a sector and can
be read only from the beginning of the desired track. Thus, the disk access time depends
on the following factors:

 Seek Time: It is the time taken for positioning the head on a specific track.
The seek time would vary depending on the position of the access arms at
the time the read/write command was received, i.e., if the access arm was
positioned on the outermost track and the current read operation required it
to be positioned on the fifth track, then the time taken to position the access
arm on track 5 is the seek time. It is obvious from this example that moving
from the outermost to the innermost track or vice versa would result in the
maximum seek time. The average seek time in most systems is 10–100
milliseconds.

 Latency Time: It is the time required by the desired sector to be positioned
under the read/write head, i.e., the time required to spin the desired sector
under the head. Latency is also known as rotational delay and varies
depending on the distance of the desired sector from the initial position of
the head on the specified track. The rotational speed of a disk is measured
in rotations per minute (rpm) and can be anywhere between 300 to 7,200
rpm. On an average, latency equals half the time required for a rotation by
the disk.

Besides these two times, the time taken to read a block of words (transfer rate)
can also be taken into consideration. However, this is usually very small as compared to
seek and latency times, and disk access time is generally considered to be a sum of
seek time and latency times. Further, since access times to disk are large, a sizeable
portion of the data is read in a single go. This is the reason, why disks are referenced
in blocks.
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Finding Data on a Disk

The following are the ways for finding data on a disk:

Searching for Files and Folders: Windows Search, Wild Cards, Google Search

Over the last two decades, processors have typically doubled their capabilities in
every eighteen months (Moore’s Law). Processors have evolved continuously to
become faster and capable of handling more complex resource intensive operations,
and handling ever increasing volumes of data. This, speed and processing capability,
has led to a stage where even simply entry-level desktops are capable of sophisticated
applications, such as multimedia (covering graphical design, playing and editing movies
and music, and creating presentations), database management and others. With the
cost of storage media coming down constantly, this means users can today afford to
store and share far more data than before. By some simple estimates, today’s typical
user handles at least fifty to hundred times the amount of data than just a decade ago.

In such a situation, where large amounts of data are stored on every computer,
the need to be able to quickly find the piece that you are looking for becomes extremely
critical. The users need a search facility which allows them to easily and quickly locate
any file or folder, based upon any simple or complex search criteria. The search should
be easy to understand and its options easily modifiable.

You can search files and folders in Windows on the local hard drive in several
ways. The main parameters taken into consideration while searching for data are time
and accuracy.

Windows Search

Microsoft Windows XP provides a default search function. Follow the instructions
below for a basic overview of the search procedure.

1. Click Start and then click Search.

Fig. 1.16 Search Option in the Start Menu
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2. In the Search Companion dialog box, click All files and folders.

Fig. 1.17 Search Companion Dialog Box

3. Type part or the entire name of the file or folder, or type a word or phrase that
is in the file.

4. In the Look in box, click the drive or drives, folder or network location that
you want to search.

Fig. 1.18 Selecting the Search Criteria
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5. Choose one of the following options (see Figure 1.19):
(a) Click When was it modified to look for files that were created or modified

on or between specific dates.
(b) Click What size is it to look for files that are a specific size.
(c) Click More advanced options to specify additional search criteria, such

as search in hidden folders as it’s possible that it might have been saved in
one.

6. Click Search.

Fig. 1.19 Selecting the Search Criteria

Wild Cards

Wildcards can act as placeholders for missing characters in filenames. Common
wildcards are the asterisk (*) and the question mark (?). These can be valuable when
searching for filenames in the operating system. They can often be used in search
engines as well.

Let us assume that we have a file called ‘Goodluck.doc’ locally on my computer
and we only remember the word ‘good’ as part of its filename. Now to search for this
particular file we could type:

 ‘good*.doc’ to search for files that are of document type and their name starts
with ‘good’.

 ‘*luck.doc’ to search for files that are of document type and their name ends
with ‘luck’.

 ‘Good????.doc’ to search for document files starting with ‘good’ and precisely
four letters after that.

 ‘Good*.*’ to search for all files start with the word ‘Good’ and with any number
of character or numbers after that in its filename.



Self-Instructional
34 Material

Basics of Computers

NOTES

In addition to Windows’ inbuilt search, you have the option of using one of the
several search engines available. Search engines are applications designed to search
for files or folders on your computer, network or over the entire Internet. They provide
better file and folder indexing, quicker search results, and implement fuzzy logic
(returning results that are not just exact matches to the text entered, but also, that may
be related to the search subject).

Windows Desktop Search

This product, like its competitors, cannot only index files and office documents, but
also offers real-time completion of names and good integration with the operating
system. It even allows you to share search indexes across the entire network for
finding files that are available on the hard drive of another computer. This is the same
version that has been built into Windows Vista. Its biggest strength lies in searching
files associated with Microsoft, such as Word, Excel, PowerPoint and HTML. Further
features can be added to it by installing third party plug-ins available over the Internet.
This helps in enhancing its search capabilities while keeping the system resources free.
Windows desktop search can also share indexed information from other computers
over the network and give search accessibility spanning over the entire network.

Alternate to file and file content searching, Windows desktop search can also
search for emails in Outlook and Outlook Express, and their attachments. This is an
optional support and, therefore, plug-ins are required to run this feature. It can also
search multimedia files from metadata and display results in a detailed format.

Other Popular Search Engines

Google Desktop Search: One of the most efficient desktop search applications,
Google desktop search can be used for indexing documents of any and all kinds of
files, such as Word, Excel, PowerPoint and Acrobat and can also index Outlook
emails along with Web surfing history. Common files, such as music, videos and pictures,
are indexed according to their metadata. Google desktop search predetermines the
selection of a video, audio or picture file according to its database of recognized
codes. Files located on machines over the network may also be searched by using
third-party plug-ins, if they are also running copies of Google desktop.

The biggest advantage of Google desktop search is that it doesn’t take too
much hard drive and memory space in its default state. Google desktop search’s
standard version supports widely used email applications, like Outlook, Netscape
Mail, and Thunderbird, and by adding plug-ins it can also include emails in Gmail,
Yahoo mail and many others.

Google desktop search’s user interface (see Figure 1.20) is similar to the online
Google search and it is integrated into the various Web browsers, such as the Internet
Explorer, Netscape, Firefox and Mozilla, as a toolbar.
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Fig. 1.20 Google Desktop Search

Yahoo Desktop Search: It is powered by X1 Technologies which is a well-known
application that can index over 400 different file formats that can be previewed in their
native file format. Due to this feature, Yahoo desktop search has found wide acceptance
among advanced users. It is a very fast search application because the search results
are displayed as you type the keyword. It can index the entire enterprise network for
file search, moreover, multiple ways of sorting search results are also available.

Search results can be copied on an Excel or Word file, and immediate actions,
such as delete, copy, move and add to zip, can be performed on the results. Security
access can be restricted to permissions given based on users or groups. The user
interface of Yahoo desktop search is shown in Figure 1.21.

Fig. 1.21 Yahoo Desktop Search

ISYS Desktop Search: ISYS (not an acronym) was originally developed for Microsoft
Disk Operating System (MS DOS) in the year 1988. Due to its long history of
development and a well established reputation in the market, a lot of organizations and
small businesses have adopted it. ISYS, unlike other desktop search applications (see
Figure 1.22), is not freely available because it was originally developed for corporate
users for power search. It has the capability of not only indexing the local hard drive
but also the entire network and all the shared storages on it. ISYS can also search
through 125 different types of file formats for keywords inside them. The other distinct
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options include advanced search queries and multilanguage support. Fuzzy Logic,
which is a very important technique used in most search engines, is also available in the
ISYS desktop search application. Fuzzy logic is primarily used to automatically adjust
for typographical errors that occur when you scan in documents for searching.

Fig. 1.22 ISYS Desktop Search

Some of the common features of all the four applications covered are that they
index data on the hard drive and provide plug-ins for a feature rich experience. They
are able to perform at various levels depending upon the user’s requirements and the
search criteria. This level of performance, for all the applications discussed above, is
better in respect of speed and accuracy than the default search functionality available
in most operating systems. However, a major concern of desktop search applications
is that they do not encrypt indexed data for security. This makes the entire layout and
content of the hard drive available without any authentication.

Disk Devices

A disk drive is a peripheral device used to store and collect information. It can be
removable or fixed, high capacity or low capacity, fast or slow speed, and magnetic or
optical.

Structurally, a drive is the object inside which a disk(s) is either permanently or
temporarily stored. While a disk contains the media on which the data is stored, a
drive contains the machinery and circuitry required for implementing the read/write
operations on the disk.

The disk looks literally like a flat circular disk. The computer writes information
onto the disk, where it is stored in the same form as it is stored on a cassette tape.
Disks, as such, are just magnetically coated rolls or circular disks which are divided
into sectors and tracks. The data is accordingly stored and numbered with respect to
the track and sector number on the disk. Only, the structure of the media is different
from one to another. Examples of removable disk drives are DVD, CD-ROM and
floppy disk drive. The examples of  non-removable disk drives include hard disk.

Check Your Progress

11. Define seek time.

12. Name three popular
desktop search
engines.
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The method of accessing data could be sequential access (magnetic tape drives)
or random access (HDD, DVD), where the read/write head can directly go to any
location on the disk and perform action.

Diskettes

Based on the size and packaging of the disks, they can be classified into two types:
Floppy disks and hard disks. Further, disks that are permanently attached to the unit
assembly and cannot be removed by the occasional user are called hard disks. A drive
using removable disks is called a floppy disk drive.

Floppy Disks

The disks used with a floppy disk drive are small removable disks made of plastic and
coated with magnetic recording material. There are two sizes which are used, with
diameters of 5.25 and 3.5 inches.

 The 5.25 inch disk is a 5.25 inch diameter floppy disk. Earlier, such disks
recorded data only on one side and were called Single Sided (SS) disks. Later
both the surfaces were used for recording. They are called Double Sided (DS)
disks. These are available in two capacities: Double Density (DD), and High
Density (HD), where density refers to the number of bits that can be stored per
square inch area.

Write-protect tab

Sliding
metal piece

cover

Label for
Identification

Fig. 1.23 A 3.5 Inch Floppy Disk

 The 3.5 inch floppy disk (see Figure 1.23) is a disk of 3½ inch diameter. These
record data on both sides and are, therefore, double sided disks. These disks
come in three different capacities: Double density, high density and very high
density. These are smaller and can store more data than the 5.25 inch disks.

The storage capacity for any disk can be calculated as:

Storage capacity = Number of recording surfaces × Number of
tracks per surface × Number of sectors per track
× Number of bytes per sector

Thus, for a 3.5 inch high density disk which has 80 tracks, 18 sectors/track,
and 512 bytes/sector, the disk storage capacity can be calculated as  follows:

2 × 80 × 18 × 512 =  14,74,560 bytes or 1.4 MB (approximately)

Table 1.5 provides the necessary details and associated storage capacities of
various kinds of floppy disks.
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Floppy disks were extensively used in personal computers as a medium for
distributing software to computer users. Nowadays, CDs or DVDs are used for that
purpose. Now, floppy disks are obsolete.

Table 1.5 Storage Capacities of Floppy Disks

Size
(diameter
in inches)

No. of
Recording
Surfaces

No. of
Tracks

No. of
Sectors/
Tracks

No. of
Bytes/
Sector

Storage Capacity
(approx)

5.25 2 40 9 512 3,68,640 bytes or
360kB

512 12,28,800 bytes
or 1.2 MB

512 7,37,280 bytes or
720 kB

512 14,74,560 bytes
or 1.4 MB

512 29,49,120 or
2.8 MB

80 15

80 18

80 36

40 18

2

2

2

2

5.25

3.5

3.5

3.5

Hard Disks

Unlike floppy disks, hard disks are made up of rigid metal. The sizes for the disk
platters range between 1 to 14 inches in diameter. Depending on the way they are
packaged, hard disks can be categorized as disk packs or Winchester disks.

 Disk Packs consist of two or more hard disks mounted on a single central
shaft as shown in Figure 1.24. Due to this, all disks in a disk pack rotate at the
same speed. It consists of separate read/write heads for each surface (excluding
the upper surface of the topmost disk platter and the lower surface of the
bottommost disk platter, as mentioned earlier). Disk packs are removable in
the sense that they can be removed and kept offline when not in use (typically
stored away in plastic cases). They have to be mounted on the disk drive before
they can be used. Thus, different disk packs can be mounted on the same disk
drive at different instances, thereby, providing virtually unlimited (modular) storage
capacity.

Fig. 1.24 A Disk Pack

 Winchester Disks also consist of two or more hard disk platters mounted on
a single central shaft, but are of the fixed type as shown in Figure 1.25. The disk
platters are sealed in a contamination-free container. Due to this fact, all the
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disk platters, including the upper surface of the topmost disk platter and the
lower surface of the bottommost platter, are used for storing data. So, even
though Winchester disks have limited storage capacity as opposed to disk packs,
they can store larger amount of data as compared to the same number of disk
platters.

Fig. 1.25 A Winchester Disk

Zip disks consist of a single hard disk platter encased in a plastic cartridge (see
Figure 1.26). Such a disk typically has a capacity of about 100 MB. The zip drive can
further be fixed or portable. The fixed zip drive is permanently connected to the
computer system while the portable ones can be carried around and connected to any
computer system for the duration of its use. In both cases, however, the zip cartridge
(the actual storage medium) is portable just like a floppy, though with a nearly 100
times larger storage capacity.

Fig. 1.26 Zip Disks and Zip Drive

Tape Drives

A tape drive is a data storage device that reads and writes data on a magnetic tape.
Magnetic tape data storage is typically used for offline, archival data storage. A tape
drive provides sequential access storage, unlike a disk drive, which provides random
access storage. A tape drive physically winds tape between reels to read any particular
piece of data. As a result, tape drives have very slow average seek times. For sequential
access once the tape is positioned, however, tape drives can stream data very fast.
Typically, it is a device, like a tape recorder, that reads data from and writes it onto a
tape. Tape drives can range in capacity from a few megabytes to hundreds of gigabytes
of uncompressed data.

Tape drives can be connected to a computer with SCSI (Small Computer System
Interface), Fibre Channel, SATA (Serial Advanced Technology Attachment), USB
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(Universal/Serial Bus), FireWire or other interfaces. Tape drives are used with autoloaders
and tape libraries, which automatically load, unload and store multiple tapes. Hence,
increasing the volume of data which can be stored without manual intervention.

Computer Output Microfilm (COM)

Computer Output Microfilm or  COM is a process for copying and printing data onto
microfilm from electronic media found on personal, mini or mainframe computers.
Characteristically, COM is a unique tape drive that is mostly used by organizations to
store payroll, accounting, insurance, inventory or employee data. COM provides a
sophisticated electronic records management tool that ensures proper retention of archival
records, by decreasing any unauthorized destruction of records and increasing public
access. It comprises a high-speed recorder, which transfers digital data onto a microfilm
applying laser technology, and a processor which develops the microfilm once exposed
to the light source.

A computer output microfilm device translates information normally held on
magnetic tape into miniature images on a microfilm (also called microfiche–‘fiche’
pronounced as ‘fish’). The device displays information as characters on a CRT screen
and then using photographic methods, records the display onto the film. Drawings and
images can also be displayed along with narrative text.

A special reader/printer can be subsequently used to view the processed film.
The reader operates on a ‘back projection’ principle displaying one frame at a time on
a translucent screen, typically about A4 size. The printer can then be used selectively
to produce a hard copy of what is presented on screen.

Figure 1.27 identifies the various steps in COM production.

Fig. 1.27 Steps in a COM Production

A COM system provides an easy and compact way of recording and storing
information, and subsequently retrieving desired pieces of information. It offers various
advantages like reduction of paper, reduction in cost (since, it is cheaper than most
electronic media), improved quality (COM technology provides superior image quality),
and electronic record retention/archiving.
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COM is best suited for data requiring long-term storage. This is because
microfilm is less volatile than magnetic media like disks and tapes. COM  stores data
in a very compact format. It is to be noted that up to 270 pages can be contained in a
single 4 × 6 inch fiche.

Conversion of magnetic tapes to microfilms is cost-effective for closed files.
However, in case of highly active data or data requiring regular updating, using microfilms
may not be as efficient as retaining the information online. It is, therefore, useful for
data that must be archived for long periods of time and referenced only occasionally,
e.g., information that must be archived to comply with legal regulations, information
maintained by insurance companies, banks, government agencies and various other
organizations of this type.

1.4.5 Measuring Drive Performance

The performance of a disk is measured in terms of how fast it can read or write data.
Over the years, there have been changes in disk drive interface, rotation speeds,
number of heads and cylinders, and storage format, all of which have led to a decrease
in data access time.

The various types of disks currently available in the market are as follows:
1. IDE – Integrated Drive Electronics
2. EIDE – Enhanced Integrated Drive Electronics
3. SCSI – Small Computer System Interface
4. SATA I & II – Serial Advanced Technology Attachment

There are two standard methods for accessing and writing data on a disk:
Sequential access and random access.

Sequential access is when you read or write to the disk blocks in sequential or
continuous order, that is, one block after another. Examples of where sequential access
is used in computing or data storage would be the backing up of data onto tape drives
or the process of writing data onto CDs and DVDs. Any storage medium based on
magnetic tape, VHS, audio cassette and so on, are read and written by sequential
access.

Random access, as the name suggests, is performed when the hard drive head
needs to read/write data from/at various locations on the disk. In this case, the disk
heads move rapidly from one place to another and the seek time to access data is
increased because it involves mechanical operations. Most of the disk operations
performed during routine computer work are random access. This is also the reason
why random access time is more important while measuring disk performance than
sequential access time. While data is written onto optical media sequentially, data on
CDs and DVDs can be read randomly.

For random access, the average seek time and average latency time are added
to come up with the total time it takes for the disk to read and write data on it. The
average seek time is the time it takes to move the head arm from one position to
another, and average latency time is the time it takes for the required data block to
come under the head for the read/write operations. The average latency time depends
on the Rotations Per Minute (RPM) of the disk, which is the speed at which the
magnetic or optical disk rotates.
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Fig. 1.28 Data accessed by Different Disk Drives

The bar chart in Figure 1.28 shows the relative amount of data accessed by each type
of Disk Drive.

Optical and Solid State Storage Devices

The following sub sections discuss about optical and solid state storage devices:

Compact Disk (CD)

The Compact Disk (CD) was invented by an American inventor James Russell. A CD
is a small, portable and easy to use device made of molded polymer. It is used to
record, store, playback audio, video, text, graphics, and so on, in a digital form. It
comes in the shape of circle. No other shape for CD is available in the market. The
main feature of CD is that it is portable, and hence, it can be used in any type of
portable and CD player devices. The other types of CD are popularly used as
CD-ROM (Compact Disk-Read-Only Memory), CD-I (Compact Disk Interactive),
CD-RW (Compact Disk-ReWritable), CD-RW XA (Compact Disk-ReWritable
Extended Architecture), photo CD, video CD and so on. Figure 1.29 shows compact
disk, which is frequently used to store data.

Fig. 1.29 Compact Disk

CD is an optical storage medium that reads the recorded data by the arrangement of
optical beams.  For example, the process of storing audio data (having large amount
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of data) in digital formats is known as audio encoding because one second of audio
information can store one million bits of data. Therefore, CD is quite capable to store
one millions of data and it takes area as tiny as pinhead.  A CD has 4.75" diameter and
made up of polycarbonate plastic disk. It can contain approximately 74 minutes of
audio information. The information is encoded into the CD in terms of lands and pits,
and is represented by binary highs and lows that are read as laser ‘reads’. The future
of this disk is that it would be common medium of exchanging the data for audio, video
and other applications. Figure 1.30 shows the structure of compact disk, which is
generally connected with circuit board.

Fig. 1.30 Structure of Compact Disk

Compact Disk Interactive (CD-I)

CD-I represents the name of interactive multimedia CD player, which was developed
by Royal Philips Electronics N.V. It is mainly useful for creating movies, game and
videos. A CD-I movie disk is also known as video CD, holds approximately 70 minutes
Video Home System (VHS) quality video. In 1990, Sony company launched a portable
CD-I device with the 4" LCD monitor. Figure 1.31 shows compact disk interactive,
which was designed for real-time animation, video and sound.

Fig. 1.31 Compact Disk Interactive
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CD-ROM

This is an optical medium of data storage. The current maximum capacity of a CD-
ROM is 900 MB with a maximum read/write access speed of 52X, (which means
10,350 rpm and transfer rate of 7.62 Megabits per second (Mbps). The data is written
with the help of a red infrared laser beam from an optical lens and the same laser of
lower intensity is used to read data from the CD-ROM.

Compact Disk-Recordable (CD-R)

Write Once Read Many (WORM) storage has been working around since 1980s,
and is considered as a type of optical drive that can be written to and read from. When
data is written to a WORM drive, physical marks are made on the media surface by a
low-powered laser, and since, these marks are permanent, they cannot be erased.
The CD-R media manufacturers use media longevity to define tests and mathematical
modeling techniques. The color of the CD-R disk is related to the color of the specific
dye that was used in the recording layer. This base dye color is modified when the
reflective coating is recognized by either will be in gold color or silver color.

Fig. 1.32 Protective and Recording Layer in CD-R

Figure 1.32 above shows the protective and recording layer in CD-R. Pre-groove
section lies between recording layer and polycarbonate disk substrate. The CD-R has
a spiral track, which is preformed during manufacture, onto which data is written
during the recording process. This ensures that the recorder follows the same spiral
pattern as a conventional CD. It has also the same width of 0.6 microns and pitch of
1.6 microns as a conventional disk. Disks are written from the inside of the disk
outward. The spiral track makes 22,188 revolutions around the CD, with roughly 600
track revolutions per millimeter. CD-R writes data to a disk by using its laser to physically
burn pits into the organic dye. The CD-R is not strictly WORM. By mid 1998, drives
were capable of writing at quad-speed and reading at twelve-speed, which is denoted
as 4X/12X and were bundled with much improved CD mastering software. The
CD-R format has not been free of compatibility issues. The surface of a CD-R is
made to exactly match the 780 nm laser of an ordinary CD-ROM drive. However,
CD-R’s real disadvantage is that the writing process is permanent. The media cannot
be erased and written again in CD-R.
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The CD-Rewritable (CD-RW)

CD-RW disk looks like CD-ROM, and hence, distinguishable from CD-R disks by
their metallic gray color. It acts as CD-ROM in the time of reading data. It also allows
data recording for thousands of times. Recording on a CD-RW is accomplished by
local melting the recording material, which is then being cooled quickly enough to
quench in its amorphous phase. The cooling rate is apparently a strong function of
thermal properties of the layer and surrounding layers, in particularly, and the thermal
diffusivity is calculated by the following Equation 1.1:

Thermal diffusivity,
p

k

c
 

  (1.1)

Where,
 k = The thermal conductivity (W/(m·K)).

   = The density (kg/m³).

 pc  = The specific heat capacity (J/(kg·K)).

 pc = The volumetric heat capacity (J/(m³·K)).

In heat transfer analysis, thermal diffusivity is usually denoted by . It is the
thermal conductivity divided by density and specific heat capacity at constant pressure,
and has the SI unit of m²/s.

A process of annealing is used, when material is heated slightly below its melting
temperature. Fast data erasure could be achieved if the annealing rate is very high and
the temperature is slightly below  its melting temperature. The following basic
requirements for an effective erasable phase-change material:

 This CD-RW has different refractive index for crystalline and amorphous phases
for maintaining optical contrast,

 Low melting point (low laser power) and moderate thermal conductivity fast
cooling and quenching must be with this CD-RW, and

 Rapid annealing below melting temperature single-pass erasure process is passed
with CD-RW.

The structure of the CD-RW disk is similar to CD-R. It has the similar polycarbonate
substrate layer, protective layer and reflective metal layer. It has two dielectric layers
and a layer of phase-changing metal alloy.   The dielectric layers prevent overheating of
the phase-changing layer during data recording process.   The data marks called pits
are formed inside the light-adsorbing phase-changing film, and have different optical
properties and different light reflectance. A typical structure of the CD-RW disk and
the data reading process are shown in the Figure 1.33:
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Fig. 1.33 Structure of CD-RW Disk and Data Reading Process

To simplify the head positioning mechanism on a blank CD-RW, the laser beam of the
servo mechanism can follow this groove during both data reading and writing.  The
CD-RW drive is different from the regular CD-ROM drive, since, its laser can operate
on the different power levels.   The highest level causes phase transitions in the recording
material and is used for data recording. The medium level is used for annealing or
erasuring, and the lowest level of laser power is used for data reading that scans the
pits and lands without damaging the disk surface. CD-RW uses Direct Over-Write
(DOW) method when the new data are just written on top of the old data. The design
of CD-RW itself makes them a perfect-writable storage, which is inexpensive and
mobile.   On the other hand, the distant future of CD-RW technology is not fair enough,
since, new technology DVD-RAM is gaining momentum in the market. 

Concepts of Latest Storage Devices

Various storage devices, such as input storage devices and output storage devices, are
used in computer peripherals. The input storage devices allow information on a computer
to be retrieved anytime. Depending on the computer manufacturer, different internal
storage devices are made with computers. Magnetic disks use a read-write head that
give direct access to storage and the information can be skipped to get to the correct
data. Redundant Array of Independent/Inexpensive Disks (RAID) uses a stripping
method where data is stored on individual physical disks and information lost is retrieved
by the individual disks. Magneto-optical disks use a laser beam to record information.
Magnetic tape can be used on a computer internally or externally. Information from a
magnetic tape is saved sequentially, so data is lost while the time of accessing certain
files or records. The external storage output and external hardware devices are used
to save information from a computer. Optical disks use laser beams to record
information on a CD or DVD. For example, Iomega zip drives compress data onto a
disk and virtual tape stores information on a tape cartridge. PCMCIA (Personal
Computer Memory Card International Association) cards are used in digital camera
or cellular phones. These cards can also be used to save or upload files to a computer.
Songs and music files are also be stored on an iPod or MP3 music device. The latest
storage devices, such as DVD-RW, zip disk, Blu-ray disk, HVD, USB, external HDD,
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pen drives and memory sticks, iPod, MPEG audio layer IIIand set-top-box, frequently
used in networking era as follows:

Digital Versatile Disk-Rewriteable (DVD-RW)

DVD-RW is like a DVD-R but can be erased and written to again. It can be erased,
so that new data can be added. DVD-RWs can hold 4.7 GB of data and do not come
in double-layered or double-sided versions like DVD-R. Due to their large capacity
and ability to be used multiple times, DVD-RW disks are a great solution for frequent
backups. To record data onto a DVD-RW disk, you will need a DVD burner that
supports the DVD-RW format. DVD-RW disk brings increased functionality to the
DVD-R format. These disks are rewritable up to 1,000 times. With this built-in versatility,
you can store a combination of both digital video and digital audio files on the same
disk. Some of the examples of rewritable media are 17344     DVD-RW 4×1pk w/
Standard Jewel Cases, 17345 DVD-RW 4x5pk w/Standard Jewel Cases and 17346
DVD-RW 4x25pk Spindle. The features of DVD-RW are as follows:

 It has 4.7 GB capacity that is equal to 2 hours of video.

 It has high-storage density, which is compatible with existing DVD video players
and DVD-ROM drives.

 It holds seven times more data than a full size CD-R.

 It has outstanding picture quality and long archival life.

 It is capable in 2X and 4X recording speeds.

 It transfers data easily and useful for video recording or authoring.

Figure 1.34 shows the DVD-RW, in which data can be erased and recorded over
numerous times without damaging the medium.

Fig. 1.34 DVD-RW

DVD-RW and DVD+RW formats are known as rewritable formats. The sister format
of DVD-RW is known as DVD-R, which is essentially a record-once version of
DVD-RW. DVD+RW’s sister format is called DVD+R. DVD-RW disks can be read
with virtually any personal computer DVD-ROM drive and with most of the regular,
stand-alone DVD players.

Zip Drives

These are similar to disk drives but with thicker magnetic disks and a larger number of
heads in the drive to read/write. The Zip drive was introduced mainly to overcome the
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limitations of the floppy drive, and replace it with a higher capacity and faster medium.
They are better than floppy disks but still slow in performance and with a high cost-to-
storage ratio. The disk size ranges from 100 MB to 750 MB. Zip drives were popular
for several years until the introduction of CD-ROMs and CD-Writers, which are now
widely accepted due to their cost, convenience and speed.

Blu-Ray Disk

Another high-density optical storage media format is gaining popularity these days. It
is mainly used for high-definition video and storing data. The storage capacity of a dual
layer Blue-ray disk is 50 GB, almost equal to storing data in six double-dual layer
DVDs or more than 10 single-layer DVDs. With high storage capacity, Blu-ray disks
can hold and playback large quantities of high-definition video and audio, as well as
photos, data and other digital content.

Holographic Versatile Disk (HVD)

A high density, mostly single sided, double layered optical disk which can hold up to
15 GB on a single layer and 30 GB on a dual layer disk. The read/write speed on an
HD-DVD varies between 36 Mbps and 72 Mbps. These were primarily designed for
the storage of high-definition videos and large volumes of data. The basic look and
feel of an HD-DVD drive and disk is the same as that of a CD-ROM and DVD,
except that it uses a laser of different wavelength and microscopic structure of storage
on a disk. HVD uses a technology called collinear technology in which two laser rays
(one blue-green and one red) are collimated into a single beam. The role of blue-green
laser is to read the data encoded in the form of laser interference fringes from the
holographic layer on the tap, while the red laser serves the purpose of a reference
beam and read the servo information from the aluminium laser.

Universal Serial Bus (USB)

It is considered as high speed serial bus. Its data transfer rate is higher than that of a
serial port. It supports interfaces, such as monitors, keyboard, mouse, speaker,
microphones, scanner, printer and modems. It allows interfacing several devices to a
single port in a daisy chain. USB provides power lines along with data lines. USB
cable contains four wires collectively. Two of them are used to supply electrical power
to peripherals, eliminating bulky power supply. The other two wires are used to send
data and commands. USB uses three types of data transfer and they are isochronous
or real time, interrupt driver, and bulk-data transfer. USB is a set of connectivity which
is developed by Intel.  It is easily connected with other peripherals to the system unit.
The configuration process takes place after plugging-in the Integrated Drive Electronics
(IDE) cables to the socket. USB is to be considered as most successful interconnection
technology in the world of system unit.  It can easily migrate to the mobile gadgets and
other consumer electronics too. It avoids special types of interface cards and easily
movable to the laptop. The USB was released in 1995. It operates at the speed of
480 Mbps and is portable. The various types of portable devices, such as handhelds,
digital cameras and mobiles, are connected to the system unit. For example, the images
and pictures, music files and multimedia, files are transferred from digital camera to a
printer with the help of USB or wireless USB. The wired technology is enabled to the
mobile lifestyle. It connects the power telephonic conversation and videoconferencing

Check Your Progress

13. What is Computer
Output Microfilm
(COM)?

14. Name three optical
and solid storage
devices.
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technique. In USB, four-wire cable is interfaced. Two of the wires are set for differential
mode. The function of this mode is to transit and receive the information/data. The rest
two wires are set for power supply. The source of power comes from the host. Hub is
self-powered. Two different connectors are used with USB cable in which one end
connector is attached for upstream communication, whereas, other end connector is
used for downstream communication. The USB cable length is available as 5 meters.

Types of Communication Transfer Modes in USB

Some of the communication transfer modes available for USB are as follows:

Control Mode: Host uses this mode in which data is transferred in both directions to
send and transfer the small amount of data.

Interrupt Mode: This mode is hosted by querying devices in which host is used to
transfer the data.

Bulk Mode: The bulk mode is used to get the features of data accuracy disk drive
storage.

Isochronous Mode: This mode guarantees the timing of data delivery, for example
USB audio speakers.

USB external ports are connected with host machine. Separate root hub
represents the two connectors on PC. The connections can be expanded by
downstream USB hub. The function of hub is to add the all types of devices which
connect to the USB ports. They are known as repeater of sorts and controllers. The
benefits of USB are auto-configuration, hot-plugging, low cost and outstanding
performance. The various benefits of USB are as follows:

 It supplies power supply to the bus. It enables the peripherals that can operate
without AC power adapter. It is also known as third-party hardware for all
platforms.

 It operates 1.5 Megabits per second (Mbps). It is operated in Hi-speed mode,
i.e., 480 Mbps.

 It controls master and slave relationship to the smooth data flowing.

All devices have an upstream connection to the host and all hosts have a downstream
connection to the device. Upstream and downstream connectors are not mechanically
interchangeable, thus, eliminating illegal loopback connections at hubs such as a
downstream port connected to a downstream port. There are commonly two types of
connectors, called USB type A and type B which are shown in Figure 1.35.

Fig. 1.35 USB TYPE A and B

Type A plugs always face upstream. Type A sockets will typically find themselves on
hosts and hubs. For example, type A sockets are common on computer main boards
and hubs. Type B plugs are always connected downstream and consequently type B
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sockets are found on devices. It is easy to find type A to type A cables wired straight
through and an array of USB gender changers in some computer stores. This is in
contradiction of the USB specification. The only type A plug to type A plug devices
are bridges which are used to connect two computers together. Other prohibited
cables are USB extensions which has a plug on one end (either type A or type B) and
a socket on the other. These cables violate the cable length requirements of USB.
Table 1.6 shows the PIN# and SIGNAL information as per Figure 1.36.

Table 1.6 PIN# and SIGNAL Information of USB TYPE A and B

PIN# SIGNAL
1 +5
2 -Data
3 +Data
4 GND

Note: GND stands for public ground wire. Symbols + and – shows the positive and negative wire
settings, respectively, in USB.

The various types of USB devices are mice, game pads, joysticks, and so on.
USB also supports low-bandwidth and low-cost devices. The various editions of the
USB standard are relesased as follows:

 In January 1996, USB 1.0 was released. It transfers data in the range of 1.5
Mb/s and 12 Mb/s.

 In September 1998, USB 1.1 was released.

 In 2000, USB 2.0 was released. Its transfer speed is in the range of 14 Mb/s
and 480 Mb/s.

USB is a somewhat complex communications protocol. Theoretically, 127 different
devices per USB port can be installed with USB. Most system units can have USB
ports that can yield up to 254 devices. Two computers are hooked together when
USB bridge is used. It is also known as USB adapter. If device is connected with
USB port the corresponding operating system recognizes the device and accesses the
installed driver which supports the inserted device.

Windows can communicate with USB device with the help of ‘roll your own’
technique. A set of USB drivers can be used to device descriptors, which contains
USB device information. Figure 1.36 shows the USB ports.

Fig. 1.36 USB Ports
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Features of USB

The following features are provided by USB:

 Once USB is connected with the computer system, it acts as a host on temporary
basis.

 The host is connected with up to 127 devices by USB hubs.

 The USB cables run at least 5 meters and are connected with hub. The devices
are connected in that way, so that 6 cables (up to 30 meters) can work with the
host.

 The USB 2.0 allows the maximum data speed at the rate of 480 MB/s.

 A USB cable is connected with two wires for power supply (+5 Volts) and the
twisted pair of wires is connected with it to carry the data.

 The system unit supplies 500 milliamps of power supply (5 Volts).

 Mouse, known as low power device, gets the power supply directly from USB.
However, hubs use their own power supply that connects to the USB devices.

 The USB devices are to be considered as hot-swappable device in which it is
plugged into the bus and can be unplugged if you do not want to work with it.

 The USB devices maintain sleep or hibernate status by the host, while system
unit enters into the power-saving mode.

 The USB cables are USB port connected with because they carry data and
continuous power supply.

The USB connectors are used to attach the mouse with printers easily. Installed
operating system in system unit supports USB technology and also connect with serial
port (modem) and parallel port (zip drives), special cards, and many others.

In the USB cable, in which the two wires are connected, red wire supports +5
Volts and brown wire supports for ground. The twisted pair of wire (blue and yellow)
is shielded and supports to carry the data. Figure 1.37 shows the USB speed
performacne in graphical way.

Fig. 1.37 Graph Shows USB Speed

Printers, joysticks, mouse, scanners, flight yokes, webcams, digital cameras, data
acquisition devices, speakers, telephones, video phones, modems, speakers and zip
drives are considered as important USB devices. The USB host controller holds own
its specifications. They are known as Universal Host Controller Interface (UHCI),
Open Host Controller Interface (OHCI – used by USB 1.1), Enhanced Host Controller
Interface (EHCI – used by used by USB 2.0). Table 1.7 shows the USB pinout, in
which you can find pin number, name, cable color and description.
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Table 1.7 USB Pinout

USB supports four-shielded wires in which two are used for power supply and other
two are used for data signals (differential), i.e., D+ and D– pinout. The Data+ and
Data– signals are transmitted for twisted pair cable. The D+ and D– are operated
together for line high for 3.3 volts, and hence, not required for simplex connections.
The USB 3.0 is recently installed with speed 4.8 GB/s.

External Hard Disk Drive

The external hard disk drive is required for computer system, if hard disk is not sufficient
to store all the important data. First, you need to learn the quick installation of this
peripheral.  For configuration, you need to connect the mini-connector of USB cable
to the back of the drive. After that, connect the standard USB ports on your computer.
The line labeled with symbol provides auxiliary power. It is needed only, if your computer
does not provide the sufficient USB power through other line. For PC users, the drive
icon should appear in My Computer or Window’s Explorer. However, for Mac user,
you would need to reformat the drive.

 Backing Up with the Drive: The external and portable hard disk to take the
safe periodic system backup and frequent data backups in also used. The
frequency of backup depends on the importance of data. To protect the data,
you need to simply drag and drop copies of the critical files onto the drive. Any
data storage device can fail, so you always keep at least two copies on different
disks for all types of data and important information.

 Troubleshooting: The two types of messages are scrutinized if hard disk drive
is configured with the PC during the time of troubleshooting process. These
messages are displayed on the screen of PC as follows:

 Drive not Detected: You must try the following suggestions if the drive does
not appear in ‘My Computer’. The following steps are required for
troubleshooting process:

o Try restarting your PC.

o Make sure you are using the USB cable that comes with the drive.

o Make sure both lines of the USB cable are connected to the PC.

o Try changing the connections to different USB ports.

 PC will not start: If PC does not start when the portable drive is connected,
the BIOS (Basic Input/Output System) on the computer probably has a conflict
and hindrance with large capacity removable drives. To work around this problem,
power off the drive during the start-up and then power on the drive once the
computer finishes starting up. To use disk management, you need to use the
‘Disk Utility’ to reformat the drive. For this, you need to select Application 
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Utilities Disk Utility. The Disk Utility basically works with disks and volumes.
The term ‘disk’ refers to the hard drive itself. A ‘volume’ is a formatted section
of a disk. Each disk has a minimum of one volume. You can use ‘Disk Utility’ to
create a single volume or multiple volumes on a disk.

Pen Drives and Memory Sticks

A flash drive is a small, portable storage device which, unlike a hard drive or optical
drive, has no moving parts. Most connect to the PC via a built-in USB port. Storage
capacity ranges from as small as 16MB to as much as 64GB and more .Flash drives
can be written and rewritten to an almost unlimited number of times, much like a
standard hard drive. – definition by pcsupport.about.com
Figure 1.38 shows the outer structure of pen drive.

Fig. 1.38 Pen Drive

A USB pen drive is normally removable and has lesser storage capacity than any other
external storage device, since it is much smaller than even a floppy disk. It is more
durable than other external storage devices. It usually connects to the USB1.1 or
USB2.0 ports. The common uses of a pen drive are described below:

 Pen drives are normally used to transport personal files, such as documents,
pictures, video’s, music files and presentation.

 With Pen drives being used in various secured and insecure environments, data
security becomes an upmost issue. Data is encrypted with biometrics and
encryption systems, like On-The-Fly Encryption (OTFE) systems particularly
FreeOTFE and Truecrypt, are also used to encrypt large amounts of data.
Secure USB drives are also used as hardware based encryption mechanism
instead of software for encrypting data.

 Pen drives are used by system and network administrators, who utilize them for
configuring software used for system maintenance, troubleshooting and for data
recovery.

 Computer technicians happily use pen drives for data transfer, and use antivirus
software for PC maintenance. With the increasing size of the pen drives, they
have also replaced driver and  installer CD-ROMs which were required after
formatting of PC.

 Pen drives are also used to transport and run applications that run on computer
without installation. The U3 company works with pen drive manufacturers to
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develop customized Window-based applications which auto-load a menu when
plugged into a computer running Windows.

 Bootable pen drives, also known as Live drives, are used for booting PCs and
can be used at the time of system crash or virus cleaning.

 Pen drives can also be used for storing digital music files, which can be played
on a compatible media player, home music system, car audio system or any
other compatible device.

 Since, pen drives are getting cheaper they are used for promotional and
marketing purposes. At times they are given away for free or sold at less than
manufacturing cost with company names and logos printed on them for
promotional purposes.

Memory Sticks

Memory stick is a removable flash memory card (see Figure 1.39) format, launched
by Sony in October 1998, and is also used in general to describe the whole family of
memory sticks. In addition to the original memory stick, this family includes the Memory
Stick PRO, a revision that allows greater maximum storage capacity and faster file
transfer speeds; Memory Stick Duo, a small-form-factor version of the memory stick
(including the PRO Duo); and the even smaller Memory Stick Micro (M2). In December
2006, Sony added the Memory Stick PRO-HG, a high speed variant of the PRO, to
be used for high definition still and video cameras. –Wikipedia.

Fig. 1.39 A 64MB Sony Memory Stick

Normally, memory sticks are used for data storage and transportation of data from
portable devices such as digital camera, PDA’s, cell phones, Play Station Portable
(PSP), which can be later accessed by a personal computer for retrieval and permanent
storage of data. For example, with a memory stick a user can transfer photographs
clicked on a digital camera to its computer through a memory stick reader.

iPod

An iPod is a portable device used for storing and playing audio files encoded by MP3
or Advance Audio Coding (AAC) compression algorithms. The original iPod came
with a body of white Lucite and chrome in 2001. Later, Apple released iPod Mini,
approximately one-third the size of the original iPod and encased in a variety of shiny
metallic colors. All iPods came with distinctive white headphones. The larger iPod and
the iPod Mini use an extremely small hard disk for storage. The Shuffle uses a flash
memory. Unlike the memory found in computers, flash memory does not lose its contents
when the power is turned off. As the prices and capacities of both hard disks and flash
memory continue to fall, the storage capacity of all three models has increased over
time. When connected to a personal computer, Windows or Macintosh, the iPod
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communicates with a piece of Apple software called iTunes. The iPod and iTunes
work together to synchronize the songs available on the iPod to those available on the
PC. This happens automatically, without any intervention being required from the user.
This is the reason why iPods grabbed the portable MP3 player market. In addition to
playing MP3 audio files, the iPod plays AAC. AAC was developed by Dolby Labs as
part of the MPEG-4 audio or video standard. While technically advanced as a
compression algorithm, AAC’s principle is different from MP3 and has ability to support
Digital Rights Management (DRM). DRM is a response to the type of song sharing,
first enabled by Websites, like Napster. By encoding legally purchased songs with
digital signatures, it increases the difficulty of sharing them inappropriately. Digital
Signature (DS) follows authentication mechanism. A code is attached with messages
in DS. Primarily, the signature is generated by hashing the message, and then later, this
message is encrypted with the sender’s private key. DS is based on public key
encryption. A signature confirms that integrity and source of message is correct. National
Institute of Standards and Technology (NIST) recognized the DSS standard that
basically uses the Secure Hash Algorithm (SHA). Message authentication protects
digital signature because in that mechanism messages are exchanged by the third-
party. DS is analogous to manual signature. The characteristics of DS are as follows:

 It attaches date and time along with author of the signature.

 It authenticates the contents when the signature is complete.

 It solves the disputes using third-party.

 It ensures that message is not altered. The message can be electronic documents,
such as email, text file and spreadsheet.

Inserting signatures immediately into working documents, for example autograph for
iPhone, also lets you email signatures or save them directly to your photo library for
future use. You can change your signature color or line width using style options with
the help of app and even include the date with the signature. People using one computer
can enable the auto-send feature. This will select the computer in the network used
most often, eliminating the need to select from detected computers every time you
wish to send a signature. To create and insert a digital signature, launch Autograph
Helper on your Mac or PC, launch Autograph on iPhone or iPod touch and make sure
that the iPhone/iPod touch or computer receiving signature are on the same network.
The iPods are designed by Apple and have distinctive style and can hold from a few
hundred to ten thousand songs as shown in Figure 1.40.

Fig. 1.40 iPod
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Apple has continued to develop the iPod, giving it a slimmer, sleeker exterior, and also
expanding its capacity and capabilities. The user interface has also evolved as Apple
seeks to find the most intuitive, user-friendly design.

MPEG Audio Layer III (MP3) Music Device

This storage device is especially used for storing the songs and music. If you want to
jam to your favorite tunes while commuting to work, trekking across campus or working
out, then MP3 player is essential for you. A player that uses flash memory can store
music on flash devices and the users can take it along with them when they are away
from home. Many portable music players can perform various activities other than
playing music. Some players have a built-in voice recorder, Frequency Modulation
(FM) recorder, and so on. Besides, some of the extra accessories, for example high-
quality headphones, a belt clip or an armband can also be used with it. When you have
hundreds of songs on your player, you need an easy way to select your music by artist,
album or genre. It is little bit critical if you want to find that one song or artist you really
want to hear. A display also comes in handy when you look for your favorite radio
station. The price of a player will depend on its storage capacity, i.e., the more
MegaBytes (MB) of storage it has, the more music it can hold and the more it will
cost. If you rip your own CDs, using a player with Windows Media Audio (WMA), it
too supports MP3 that gives you the most music per megabyte. Table 1.8 shows the
list in which you can get rough idea about storage capacity of MP3 music device per
megabyte for music, but this also depends on the quality of the compression:

Table 1.8 Storage Capacity of MP3 Music Device

Capacity Number of songs Hours of play

128 MB 60 4

256 MB 100 8

512 MB 250 16

1 Gigabyte Over 500 30+

In Table 1.8, figures (approximately) are based on CD-quality WMA (64 Kbps). An
MP3 is a digital audio file compressed using a standard defined by the Motion Pictures
Experts Group (MPEG). It is also known as MPEG-1 Audio Layer 3 device. MP3s
can use as little as 10 per cent of the storage required by the CD format. An MP3
player is a device for playing MP3 files. MP3 players come in many sizes and capacities.
The smallest MP3 players use a type of memory known as flash. Unlike conventional
memory, flash memory does not lose stored information when the power is turned off.
Flash is very compact and uses very little power, allowing extremely small designs with
long battery life. The limitation of flash-based MP3 players is that they do not have a
great deal of storage capacity. For larger storage needs, hard disk-based MP3 players
are developed and this storage device can have storage capacities of ten to thousands
of songs, but controlled by the ultra compactness of flash-based players. Hard disk-
based MP3 players are also generally more expensive than flash-based players. It
was Apple’s line of iPod MP3 players that popularized these devices. With their
distinctive white headphones, and Lucite and chrome style, coupled with extreme
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ease of use, iPods soon dominated the portable MP3 player market. With the rise in
popularity of MP3s as a format for storing music, a number of non-portable MP3
players appeared for the home market. Sometimes, it is referred to as digital hubs or
‘media centers’, these devices are a cross between a stereo component and a computer.
With network connections, often wireless, they are able to access MP3s and other
digital content stored on computers on the home network. With a full array of standard
audio/visual connections, they are able to integrate with home entertainment systems.
These devices come with remote controls and may use a television as a display screen
for menus and playback information. A major advantage of these devices when used
as MP3 players is that more than one device can access your MP3 files at the same
time. All the music can be stored in one place.

Set-Top-Box

Set-top-box (STB) is a fully integrated STB and are considered as the latest storage
device in the computer era. They have good processors, memory and optional large
hard drives, and hence, retain good storage capacity. They are often used with high-
speed connections. Features could include high-speed Internet access, iTV, digital
video recording and gaming. These boxes provide an additional transport stream of
data from the network operator to compliment the original stream that is being received
by the subscriber via their original STB. These are capable of Video-on-Demand
(VoD), E-commerce, Internet browsing, email communications, chatting and so on.
The VoD technology is used in many applications, for example, entertainment, e-
commerce based applications, distance learning and so on. It refers to a system in
which users are allowed to choose and watch the audio or video content on demand.
The video is delivered by the transmission of unicast stream as request sent by clients.
The throughput and bandwidth factors make VoD scalable. Using VoD mechanism, it
is always considered to check the files with VoD servers which are needed to deliver
the data and open streams as per client requests. The client gets two streams at a time
in which one stream is used to deliver the data and other stream is used to send the
data. VoD provides a broadband interactive service in which users can avail the various
services, such as selecting and choosing remote, delivering the ordered content, such
as TV program, multimedia applications, movies, sport event, music and so on. It
completely replaces the VCRs, because it works similar as video player, for example,
it provides STOP, PAUSE, FORWARD and REWIND services. For this, it frequently
requires STB. The services collectively represent the virtual multimedia/video content
shop. The characteristics of VoD can be considered as follows:

 Obtain more profit and revenue by registering more viewers.

 Obtain high broadband data network operator by offering the advanced
multimedia services.

 Watch and order the selected movie or multimedia content in-house.

 Possibility of remote accessing of all the services in terms of 24×7 timing.

Digital STB converts signals into content and it can be displayed on a television screen.
This solution can be easily used to create stand alone streaming media products or
Digital Video Recorder (DVR) systems. Similarly, this solution can also be used as a
subsystem to add streaming media capability to various consumer products. With the
addition of a HDD, this platform can be made to support DVR or Personal Video
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Recorder (PVR) functionality as well. Added system savings can be achieved by
compressing content before storing. The following technologies are used with STB:

Digital Media Processor: The digital media processors can handle the complex
processing functions, such as decoding, transcoding and transrating of various media
streams, to accommodate system-level functions, such as decryption, encryption,
packetization and transportation of media streams. Transcoding converts from one
format to another, whereas, transrating converts scaling from a higher to a lower bit
rate. Besides broadcast content, a STB can seamlessly support content from a home
network or from the Internet directly. This programmable device enable quick
compatibility with new codec technologies used by any Internet site or even by PC.

Message Control Unit (MCU): The MSP430 microcontroller is used for managing
the interface with the remote control to manage the power consumption of the unit
through control and application of several different operating modes. The MSP430
can enable longer battery life in the remote and a drastic decrease in the power
consumption of the STB with almost no increase in the complexity of the system.

Video Interface: The video source to be decoded or even encoded is selected by
the ADC/DAC and DSP. Both the video front end and output stages require high-
performance op-amps to amplify the video signal. For this solution, it is critical to
support multiple ATSC DTV formats, NTSC/PAL, composite and S-video. Supporting
full HD at 1080p resolution with 3D adaptive filtering will be the norm very soon.

Audio Interface: This interface allows audio to be digitized by the audio codec and
processed by the DSP to provide high-quality audio for MPEG/AC3 requirements.
The audio is also converted back to analog format and made available via the stereo
output jack and headphones. With such features as high Signal-to-Noise Ratio (SNR)
and analog low-pass filtering, a high-quality audio output is guaranteed.

User Interface: The user interface allows the user to control video/audio input and
output sources and communication with the system network. The user interface also
includes connectivity to the remote control via low-power wireless device residing on
the unit itself as well as on the remote control unit.

Broadband and Wireless Connectivity:This type of connectivity allows interactive
TV, gaming, streaming audio and video, Voice over IP (VoIP), and video telephony to
transmit and receive through ADSL, cable modem and 802.11 interface. The VoIP
software enables data, fax calls and voice across IP networks, and represents Internet
telephony allowing a communication between two PCs over packet switching Internet.
It works with encoding the voice information. Then it is changed to digital format. It
provides cost benefits by converging data, video and voice over IP network. The
expecting cost saving reduces expenses due to merged multimedia network. It avoids
tolls available on PSTN (Public Switched Telephone Network) and long distance
voice network. PSTN is an example of toll bypass. VoIP service is considered as tool
to increase the efficiency of infrastructure. The VoIP application includes telecom trunk
and work with Private Branch eXchange (PBX) and Ethernet trunk card switches.
Services allowed toll bypass approach are accepted by many of the countries in the
world. Hypertext tool makes WWW messages to transfer system. The information in
hypertext is interspersed with the linked text maintains suitable syntax. Internet telephony
is an application that allows communication between two parties over the packet-
switched Internet. It supports VoIP that is encoded by voice information and changed
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into the digital format. It is carried and bypassed across IP networks in the discrete
packets. It saves cost. The various corporations deploy the large-scale data networks
to reduce the expenses, which are resulted from the various applications used for the
Internet.

Power Conversion: Including the ac-to-dc conversion to create the main power for
the unit itself, most every functional block in the STB requires a particular power
solution, core and input/output power for the main processor, DDR memory, as well
as power for the tuner and video or analog signal chains. This concept offers all
necessary power solutions to meet stringent energy conservation mandates.

Fig. 1.41 Layout of Set-Top-Box

In Figure 1.41, number 1 represents the input or output connectors, modular jack,
D-subminiature, USB, external Serial Advanced Technology Attachment (eSATA)
and Spatially Modulated Illumination (SMI). Number 2 represents wire-to-board
connectors, and number 3 represents PCB headers and cable assemblies, disk drive
power, serial Advanced Technology Attachment (ATA) and traceability pad 4 represents
Flexible Printed Circuits (FPC) connectors, 0.50mm SMT, 1.00mm SMT through
hole and 1.25mm through hole.Number 5 represents the front panel and user interface
PCMCIA cardbus, DIMM and front panel assembly.

Examples of STB are DVB-C/H/S/T/IP, MPEG2 DVB-S, MPEG4 DVB-S,
IP Set-Top box and HD Set-Top box.

1.5 NEED FOR COMPUTERIZATION OF LIBRARY

Libration automation author Pandey S. K. Sharma gives the following reasons for library
automation:

Need of the Day

The invention and increased use of computers in various fields of human activity is
witness to the fact that computers are considered to be essential equipment for all round
development. Computers have marked its presence in almost all fields of human
endeavour due to its invincible and qualities, viz, the splendid speed to act in nano-
second; the superb capabilities to do unmanageable and impossible looking things; capacity
to store huge amount of data/information on very little space; immense capability to do
repetitive tasks without fatigue; and the power to sort, arrange, retrieve and disseminate
information very quickly. Its use in the library is the need of the hour and its application
will certainly increase timeliness and quality of library functions and services.

Check Your Progress

15. State the full form
of USB.

16. What is an iPod?
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Purpose of Libraries

(i) Information Storage, Organization, Retrieval and Dissemination (Information
SORD)

The purpose and objective of setting up institutions like libraries has been storage
organization, retrieval and dissemination of information.

(ii) Information SORD in Ancient Times: Smrity and Sruti

Information is considered to be the most vital and prominent heritage of mankind.
Hence, since the beginning of human life and civilization of the mankind, men
have been storing, retrieving and disseminating it. In ancient times, information
was stored in Smrity (Memory) and assimilated after its dissemination through
Sruti (Hearing).

The universe of knowledge was then very small and, therefore, it was possible to
store it in memory. The Human brain is also like a computer, and it stores and
assimilates information in an organized manner and also retrieves it when its
dissemination is required.

(iii) Information SORD in Post Ancient Times: Manuscript Libraries

Gradually, the universe of knowledge grew and the humans found it difficult to
retain or store all information in memory. They, therefore, started recording it on
various mediums. The necessity for storing this recorded form of information
was felt and manuscript library was the result. There was no standard and defined
pattern of organization of these manuscripts because their number was so less
that it was not very difficult to retrieve a manuscript as and when it was required.

(iv) Information SORD after Advent of Printing Press: Traditional Libraries

After the advent of the printing press, the number of macro and micro documents
immensely increased. Researches in various disciplines also resulted into growth
of the universe of knowledge in a big way. It, therefore, became difficult to organize
documents in a casual way. Catalog codes were devised, schemes of classification
were designed and various techniques were developed for organizing the available
information. As a result, we had traditional libraries managed by technically trained
personnel.

Limitations of Traditional Libraries

(i) Growing Information and Shrinking Space

The number of documents is ever growing, whereas, space available with a library
is limited. No library can think of getting additional space every year, although
growth in collection will continue. Weeding of books is a small solution but books
cannot be weeded out as speedily as these are acquired. Computer application
can solve this problem, as a computer is capable of storing huge bulk of information
on very small storage mediums. For storing the available information on small
storage mediums, computers are the need of the day and library automation is,
hence, necessary for this purpose.

(ii) Organizing Flood of Information

Due to exponential growth in publications, the society is deluged by multifaceted
and multidimensional information to such an extent that not only its (information’s)
storage has created challenge but organization of this bulk of information has also
become unwieldy. The gravity of the situation can be gauged from the fact that
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according to an estimate, more than 5,000 pages are being printed every minute in
the world. It is impossible to bring the traditionally acquired materials to the notice
of the users in time. Reason behind this lag is that the library staff does not get
sufficient time to select the respective documents, index these and get these
typed for onward transmission to the respective or all user(s).  By the time the
staff completes accessioning and technical processing of the particular batch of
documents, the second batch arrives and no time is left for CAS to all users in
general and SDI to respective users in particular. Computers can solve these
problems, because once, at the acquisition or recording stage, information about
the documents is fed in the computer, which, with simple commands, generates
and produces printed copy of List of Additions, including SDI, for each user by
automatically matching the user profile with documents profile. It is difficult for a
library to organize this flood of information manually. Here also, computers can
help the libraries because computers can index, search and present the required
information automatically within no time.

Efficient Dissemination of Information: Documentation Service

Due to knowledge explosion and a flood of literature, it has become impossible for
a researcher/scholar to go through all the publications of his or her interest, even if
he or she has access to it. It is, therefore, one of the responsibilities of a library to
keep its users abreast of the literature of their interest by regularly bringing out List
of Additions, Subject Bibliographies and SDI services. Likewise, computers can print
in a few minutes or display instantaneously on VDU (Visual Display Unit) bibliography
of books/articles on any subject by automatic scanning and sorting the titles from its
memory.

Resource Sharing

Owing the situation created by knowledge explosion and consequent flood of information,
no library of the world, however big it may be, can think of becoming self-sufficient,
even in its dream. Information today is being produced with such a speed and in such a
bulk that even the biggest libraries are not in a position to procure all these. The goal of
self-sufficiency has, therefore, become unrealistic and an impracticable proposition even
for the biggest library of the world. Library scientist and author Gourav Aggarwal has
suggested the Sixth Law of Library Science that ‘No library can Survive Alone’. It
should be adopted as ‘Sixth Law’ of Library Science.

Manual vs Computerized Resource Sharing

The need of resource sharing was realized by libraries long back. Besides entering into
Inter-Library Loan (ILL) practices, libraries also thought seriously of resource sharing
in many other areas, such as cooperative acquisition, cataloging, classification, and so
on. ILL has been adopted and practiced as one of the most popular resource sharing
activities amongst libraries.

Breaking Barriers of Information Communication

ILL in a traditional library is severely affected by barriers of information communication,
such as distance, time, language, apathy of the lending libraries and so on. A computerized
ILL system overcomes these limitations easily as it takes time for the borrowing library
to get books on loan from a lending library. However, if two libraries are computerized,
the document can be taken instantaneously with the help of network.
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In a traditional system, larger libraries become more like a lending library and a
smaller library becomes more like a borrowing library.

Avoiding Wastage of Time in Repetative Jobs

Computers can do repetitive jobs automatically, whereas, human beings need to put the
same time, energy and labour in doing repetitive jobs each time they do these jobs. At
many times, it may take even more time, energy and labour to do repetitive jobs because
these jobs also cause fatigue when done by a person. There are also chances of
committing mistakes in such jobs. However, computers can do repetitive jobs desired
number of times spontaneously, exhaustively and pinpointly without fatigue.

If we analyse the job in a library, one shall find out that most of the time
the librarians — either in book selection, ordering books, accessioning, cataloging, preparing
list of new additions, or bibliographies and so on — deal with one or more bibliographical
details of a document, such as author, title, imprint, collation, call number, accession
number and so on. In traditional or non-computerized libraries, every time one has to
type or write similar information in different forms and every time some amount of
energy, time and labor is required.

1.5.1 Types of Library Automation Systems

Library automation systems can be broadly categorized into stand alone systems and
integrated systems. Each of these systems are explained in detail in the following sections:

(i) Stand Alone Systems

A system that automates a single function of a library is known as a stand alone
system. In today’s environment, it is unlikely that vendors will develop and offer stand
alone systems. They are usually developed and used in a library with the help of local
developers. When microcomputers became widely available and database, such as
dBase, became available in the mid 1980s, a number of standalone systems were
developed by librarians and programmers for use in small libraries. A word of caution
was voiced by library scientist Susan Martin. Writing about the phenomena of locally
developed systems, Martin wrote, ‘After a decade of shared cataloging, cooperation
and turnkey commercial systems, divergence is with us once more. Surely, library
automation cannot be mature when librarians are generating basic programs in their
spare time to provide computer tools for their own libraries, but for no others.
Microcomputers with locally developed may have the capacity to solve problems at
particular institutions, but cannot yet bring to bear the vast resources needed to answer
the information requirements of library patrons.’

Martin further added, ‘Librarians must cope with “convergence” and the extent
to which it is desirable. The strong trends toward convergence continued to be mixed
with divergences that represent valid attempts to apply innovative technologies to local
situation is those cases where a generalized solutions is financially, politically, or technically
impossible. Nationwide databases, linked systems, cooperation – these are all examples
of covering trends. There progress is halting, because the library community is not always
sure that each library’s “specific” needs can be properly served by joining with the
systems that are used by all others. Therefore, the not-invented-here syndrome surfaces
frequently, whenever a library designs system that has already has been developed
elsewhere.’ The time required and cost building local solutions versus adapting a vendor
product are important considerations in decisions concerning library automation.
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(ii) Integrated Systems

An integrated library system is one in which all the modules share a common bibliographic
database of an item. An important feature of integrated systems is that there is considerable
data exchange taking place between the different subsystems. Library scientist and
author D. C. Genaway described integrated library system as ‘a library system that uses
a common machine readable database and has two or more subsystems operational and
accessible.’

The integration of a system can be accomplished in different ways. A library can:
(i) Buy an integrated system, including a number of functional modules, from a

single vendor; or
(ii) Buy different modules from different vendors and interconnect them through

local programming efforts.

An integrated system is superior is several ways than a standalone system:
(i) Duplication of efforts to create and maintain multiple copies of bibliographic

records is eliminated in an integrated system.
(ii) Possibility of errors is minimized when records are entered only once and

changes are automatically integrated throughout the system.
(iii) Library staff and users can have access to all pertinent information at one

location.
(iv) Maintenance and troubleshooting is simpler in an integrated system compared

with one that is not integrated.

Integrated systems are particularly useful for library users. For example, while
viewing a bibliographic record of a document in an online catalog, a user can also see
whether the book is available in the library or check when it is due. At the same time,
privacy of borrowers can be protected by preventing from viewing the information of
the borrower. Users looking in an integrated system’s online catalog can also see whether
a book which has been ordered has been received yet by the library or not. However, in
a standalone system, such information would be restricted to the library staff who can
view it only in acquisition module.

Integrated systems first made their appearance in mainframe architectures.
In such environments, all processing was done on central host computer. Users can
interact with the host computer through a terminal. Mainframe software architecture
did not support Graphical User Interface (GUI). As a result, many integrated systems of
the 1980s had character based interfaces. As in the late 1980s and early 1990s, the
original PC networks were based on file sharing architectures, where the server
downloaded files from the shared locations to the desktop environment. File-sharing
architectures work if shared usage, update connection and the volume of data to be
transferred are low. In the 1990s, Local Area Networks (LAN) underwent a change
because the capacity of file sharing (only twelve simultaneous users) became strained
as the number of online users grew and GUI (Graphical User Interface) became popular,
making mainframe and terminal displays appear out of date. The limitations of file sharing
architectures led to the emergence of a new architect called the client-server architecture.
This approach introduced a database server to replace the file server. Using a Relational
Database Management System (RDBMS), users’ queries could be answered quickly.
The client-server architecture reduced network traffic by providing a query response
rather than total file transfer. It improved multiuser updating through a GUI front end to
a shared database. In client-server architecture, Remote Procedure Calls (RPCs) or
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Standard Query Language (SQL) systems are typically used to communicate between
the client and the server. The emergence of the Internet and the Web accelerated the
move towards client-server architectures in the 1990s.

The definition of integrated system has changed from a system that shares
bibliographic records among local functions and modules to a system that exchanges
information with many other systems outside the library premises. Client-server
architectures and standardized protocols for passing information from one system to
another have facilitated the integration of outside information sources into local systems.

1.5.2 Feasibility Study

A feasibility study is an evaluation of a proposal designed to determine the difficulty in
carrying out a designated task. Generally, a feasibility study precedes technical
development and project implementation. In other words, a feasibility study is an evaluation
or analysis of the potential impact of a proposed solution.

Technology and System Feasibility

The assessment is based on an outline design of system requirements in terms of input,
processes, output, fields, programs and procedures. This can be quantified in terms of
volumes of data, trends, frequency of updating and so on, in order to estimate whether
the new system will perform adequately or not. Technological feasibility is carried out to
determine whether the company has the capability, in terms of software, hardware,
personnel and expertise, to handle the completion of the project.

Economic Feasibility

Economic analysis is the most frequently used method for evaluating the effectiveness
of a new system. More commonly known as cost/benefit analysis, the procedure is to
determine the benefits and savings that are expected from a candidate system and
compare them with costs. If benefits outweigh costs, then the decision is made to design
and implement the system. An entrepreneur must accurately weigh the cost versus
benefits before taking an action.

Cost Based Study

It is important to identify cost and benefit factors, which can be categorized as follows:

(i) Development Costs

(ii) Operating Costs

This is an analysis of the costs to be incurred in the system and the benefits
derivable out of the system.

Time Based Study

This is an analysis of the time required to achieve a return on investments and the
benefits derived from the system. The future value of a project is also a factor.

Legal Feasibility

This determines whether the proposed system conflicts with legal, administrative
requirements, for example, a data processing system must comply with the local data
protection acts, security policy and privacy policy of individuals.
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Operational Feasibility

It is a measure of how well a proposed system solves the problems and takes advantage
of the opportunities identified during the scope of definition and how it satisfies the
requirements identified in the requirements analysis step.

Schedule Feasibility

A project will fail if it takes too long to be completed before it is useful. Typically, this
means estimating how long the system will take to develop and if it can be completed in
a given time period. Schedule feasibility is a measure of how reasonable the project
timetable is. Given our technical expertise, are the project deadlines reasonable? Some
projects are initiated with specific deadlines. You need to determine whether the deadlines
are mandatory or desirable. After the solution has been verified to be acceptable,
operational, cost-effective, legal and administrative compliance, technological compliance
and time bound, then it is approved to be developed.

Social Feasibility

Generally, computerization brings fear of unemployment amongst the existing staff.
The automation will not create unemployment problems but will create new job positions,
such as system manager, system analyst, programmers and programme maintenance
staff, data entry operators, and so on. It will also relieve the existing, professional staff
from their routine clerical activities, so as to enable them to perform intellectual professional
duties which will need reorganization of staff. The reorganization of professional staff
will lead to job improvement as well as job satisfaction.

As computerization will generate the possibility of additional information services,
such as current awareness service, selective dissemination of information, bibliographic
services, retrospective information services and so on., the existing professional will not
be sufficient to provide these services. In future, the system would need system analysts,
programmers and data entry operators.

Though there will not be any change in the qualifications of the existing staff,
except for additional training but in future appointments, the qualifications for the different
professional posts have to be changed and specialization in computer programming will
be a necessary qualification along with basic professional postgraduate degree. It will
lead to higher pay scales, especially for the posts of system analysts, programmers,
among others, than that of the assistant librarians and senior library assistants, respectively.

The existing organizational structure will remain unchanged, except for the addition
of one more subsystem, that is, computer system, for which the librarian will be
accountable.

Higher pay scales and an aptitude to perform technical and intellectual jobs will
definitely lead to job improvement.

The social cost of the proposed system will consist of the cost of education and
training, consultation, and communication. For computerization, each of the existing staff
was consulted for their requirements and problems they have in the existing system.
At the time of implementation, each employee will be consulted and accordingly, in-
house education and training program will be arranged for the existing staff member of
the library for 8–10 days duration. However, staff members who are about to retire
within 1–2 years may be reluctant to undergo training in use of computer due to ignorance,
fear and hostility. Such persons can be utilized for manual professional activities as an
alternative to avoid redundancy payment.
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1.5.3 Essential Requirements for Library Automation

Library automation can be defined simply as the  use  of  computer  and  networking
technologies  in the library. Listed below are few essential requirements for library
automation:

Hardware

Hardware is the primary requirement for library automation; different types of hardware
are available in the market. A hardware specification depends on the following:

(i) Available budget

(ii) Size of the data to store

(iii) Usage load

(iv) Required speed

(v) Features to upgrade when it is required

(vi) Availability of servicing (maintenance)

(vii) Compatible with the operating system

(viii) What we are going to use

(ix) Warranty period

Peripherals

(i) Keyboard and Mouse

These are common minimum needs.

(ii) Printer

Any laser printer to print circulation slips and other library uses.

(iii) Scanner

Basic model scanner is required to scan book cover images and library user
photographs to upload into the library automation software.

(iv) Barcode Printer

Barcodes are required as per Code 39 standard for books and user library cards.
Barcode printers are required to generate and to print.

(v) Barcode Scanner

 Barcode scanners are required for circulation and stock verification.

 Using barcode scanner, we can come out from the wrong check outs and
check ins.

 It saves time, manpower and gets the exact figures in stock verification by
using barcode scanners.

Software

(i) Operating System

The selection of operating system depends on the following:

(a) Hardware compatibility

(b) Further supporting from operating system developers
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(c) To be user-friendly

(d) Upgrade facility (service packs)

(e) Library automation software

(f) Supporting software for library automation software

(ii) Library Automation System

Various commercial and open source library automation software is available in the
market. The criteria for library automation software selection:

(a) Vision or objectives of library automation

(b) Who has developed the software? Whether company, institute or an individual?

(c) Availability of time period for revisions

(d) Available modules

(e) Capacity to facilitate the member of bibliographic records

(f) Compatible Z39.50 to retrieve and import data from other databases

(g) Compatible with MARC 21 to import or export MARC records

(h) Whether the software has the facility to import bibliographic data available in ISO
2709 format and at the same time export data in this format

(i) User-friendly for customization

(j) Menu driven to easy access

(k) Whether it can be interfaced with email system

(l) Number of users using the software

(m) Easy upgrade facility with new versions

(n) Support from developers

(o) Availability of customizable OPAC

(p) Cost of the software

Networking

Networking is required to interconnect the computers, computer peripherals and switches
to share the information. The intension of the network is to distribute information among
the interconnected users. The network mainly consist of three components, namely
transmission media, mechanism of control and interface unit to the network. The type of
network is depends on the requirement of the users or objective of the organization to
provide the database access to the users. Local Area Network (LAN) is useful to
access the library database within the organization.

Wide Area Network (WAN) is required to provide the access facility to the
organization from outside.

Training

Onsite hands-on training is required for library staff members for using each and every
module of the library automation software. Training sessions should be conducted in
regular intervals and whenever, library automation software is updated.
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1.5.4 Planning for Automation

Planning for automation is a very important activity in libraries, especially in this era of
ICT (Information Communication Technology). It has also affected libraries and
information centers. Moreover, there are too many digital/electronic products and vendors
for librarians and information professionals to choose from, too many considerations to
make, too many changes in the information world, obsolescence of technology at alarming
rates, and so on. This helps information professionals to succeed in automation planning.
Planning involves undergoing through all the stages of automation.

In order to get to the stage of drawing up the proposals, one must have gone
through all the stages of library automation. We have covered these stages in earlier
lectures. These are as follows:

Understanding Current Procedures

Here, the analyst studies the activities of each section and each user of the software to
be installed, that is, acquisition, cataloging, circulation, reference, serial control and so
on. These need to be approached for information on how activities, workflow,
responsibilities, requirements for them to perform their duties, language of communication,
educational level, interactions, reporting structure, organizational structure, working hours
and so on.

The following are examples of commonly needed data:

(i) Number of titles and volumes in the collection—current and projected
(ii) Number of users—current and projected
(iii) Number of documents circulated—current and projected
(iv) Number of new documents acquired—current and projected
(v) ILL, lent to and borrowed from other libraries

(vi) Description of any cooperative arrangements involving the library

(vii) Library address and hours of operation

In addition, it is important to take stock of any existing automation in the library by
compiling the following data:

(i) Percentage of collection that has catalog records in machine-readable form

(ii) Description of collection without machine-readable records, by category
(e.g., monographs, audio-visuals)

(iii) Description of presently automated library functions (if any)

(iv) Estimates of the location and number of workstations (to show where you
intend to have computer in any future system)

(v) Specifications for any existing computers to be reused with any future system
(if any)

Requirements Analysis

Step two involves determining the requirements for the new software. The analyst must
have a list, created as a result of step one, which indicates what the software must
entail. This list will show the major modules and what each module will be required to
do.
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Determining the System’s Inputs

Step three involves determining the system’s inputs. This is important in design so that
data types are determined in the database. The database type will also be determined by
the inputs.

Evaluation of Procedures Currently Used

Evaluation is very important as it entails objective testing of procedures to find out if they
are worth retaining or improving. A criteria for evaluation is required and should be set
up by all involved.

Recommendation

Recommendations will be either:

(i) Design of a new system

(ii) Proposal of modification of the existing system

(iii) Recommendation to accept the current system if it was evaluated as successfully
meeting requirements

The Solution

The solution must be analysed and studied to avoid any future problems, such as
affordability, practicability or unacceptability. Consider costs; there are certain cost
elements involved in the installation and operation of any automated system. These may
be summarized as follows:

 Planning and consulting costs include direct, out-of-pocket costs (e.g., hiring a
consultant) and indirect costs (e.g., training of staff) associated with getting
started.

 Purchase of the system includes the cost of acquiring the initial system hardware
and software, as well as the cost of preparing a site for the computer system.

 Telecommunications costs are those fees paid to telephone companies for
connecting remote terminals or workstations to a central computer system.

 Conversion costs are those associated with the creation of machine-readable
bibliographic, and for circulation systems, patron and records.

 On-going operating costs include maintenance charges, utility costs, barcode labels,
RFID (Radio-frequency Identification) tags, miscellaneous supply costs,
telecommunications costs, salaries and benefits (if extra staff are hired).

 Additions to the existing system may be required to maintain performance
specifications, to accommodate new users or to allow for additional automated
functions.

1.5.5 Steps in Library Automation

Before automating library functions, and services for smooth and successful automation,
it is very crucial to identify the following steps:

(i) Identifying the library functions and services which could be computerized

(ii) Analyse these functions and services in details from the view point of:

 Operation involved
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 Type and size of records

 Storage media required

 Various outputs required

(iii) Estimations of the volume of information to be handled and the rate of growth

(iv) Cost factors:

 For manual system

 For automated system

1.5.6 Understanding the Present System

A prior requirement for any automation activity is a thorough going, comprehensive
analysis of systems and procedures currently in force. It is essential that analysis should
be carried out without any preconception or prejudice, for or against automation.
The determination of unit costs and unit times, as well as peak loads, are among the most
needed data for making any kind of management decision on the desirability or feasibility
of making changes. It may be discovered that change is neither desirable nor economical
in certain areas. The conduct of a detailed analysis and evaluation is in itself a major task
which in a large library can easily consume five to ten years.

A systems effort is a continuing activity, not something done once under the
assumption that facts once obtained remain stable and fixed. Systems analysis is also a
full-time activity; it is impossible for any staff person charged with operations to conduct
systems analysis. What should be the ratio of systems analysts to employees? If there is
two support staff for each professional, it is probably reasonable to have one full-time
analyst for each fifty persons on the technical processing staff, inclusive of file-oriented
functions, such as circulation. However, this is merely suggestive, not prescriptive.

Ideally, an analyst is a librarian, though excellent results can be obtained from a
non-librarian if he meets the selection criteria described herein.

1.5.7 Forecasting Whether and What to Automate

A thorough analysis of current systems should provide the administrator with information
on the flow of material and data, the allocation of personnel, the organization, content,
and use of files and a complete inventory of forms. He will also obtain a profile of unit
costs for various tasks within each library function of each subsystem. Working together
with the systems analyst, the programmer, the staff of the computation center, and the
policy makers of the university, the librarian should be able to identify not only the high
unit-cost items and high total-cost items in this profile, but also, those which are technically
feasible for and readily susceptible to automation. There is no simple formula to define
‘readily susceptible to automation.’ This will be a function of the unique combination of
machine and people resources present at a given institution and the director’s own
priorities based upon his program. It may be that some of the high unit-cost items cannot
be aided by automation in the present state of the art; similarly, there could be a number
of low-cost functions which occur in sufficient quantity to justify computer applications.
For example, there is little doubt that circulation is one of the most profitable areas for
exploration in any modern computer environment. However, at this time, the computer is
likely to be of little immediate, economical aid to any intellectual task, for example,
original cataloging. A good text editing system, however, can simplify and speed the
clerical aspects of copy preparation and card production.



Self-Instructional
Material 71

Basics of Computers

NOTES

There are three major, practical reasons for automating library functions. These
are as follows:

(i) To do something less expensively, more accurately or more rapidly

(ii) To do something which can no longer be done effectively in the manual
system because of increased complexity or overwhelming volume of
operations

(iii) To perform some function which cannot be performed in the manual system,
providing always that the administrator actually wants to perform the new
service, has the resources to pay for it and is not endangering the performance
of existing services for which/there is an established demand.

In this connection, the mere capability of performing a given function by the
computer is not a sufficient reason for doing it. The technician is likely to believe, ‘If we
can do it, we should.’ The industrialist will assert, ‘If we can make a profit, we should do
it.’ The director of the library must decide whether that is the thing he really wishes to do
in terms of his program, his budget and his clientele.

With regard to the difficulties of library automation, an encouraging attitudinal
shift is now evident. From a trivial problem, library automation has emerged as the
intellectual challenge, rivaling information retrieval. There is, of course, always a substantial
distance between the availability of a device and its actual application. A.G. Oettinger
Chairman of Program or Information Resources Policy, has outlined carefully the long,
arduous struggles between the conception of a device or technique, the building and
testing of prototypes, and their emergence into production. In discussing the properties
of educational devices, he cites the following factors to be considered in applying innovative
resources: Flexibility, generality, parallelism of access and simplicity of scheduling, quantity
available, physical accessibility, reliability, ease of maintenance, degree of complexity,
comfort for the user, and standardization. He also demolishes the idea (so glibly promoted
by hardware salesmen) that possession of a device is synonymous with change of habit.

Leaving aside practicality for a moment, a fourth justification for library automation
activity is research to learn whether certain new functions can be carried out with
computer assistance, and if so, how to do them. The library community should neither
abrogate nor delegate its research responsibilities. However, it is advantageous to integrate
a variety of talents in complex computer applications. The stimulus of the non-librarian
working together with librarians can aid in making sure that we do not suffer from
‘tunnel vision’ and try merely to apply the new technology in the context of present
limitations. These dangers are well delineated in SDC’s (SAARC Documentation Centre)
report, Technology and Libraries.

1.5.8 Time Scale for System Development

What can one realistically expect concerning the time scale to design install and operate
an automated library subsystem, such as circulation or acquisition? Library scientist and
author Ralph M. Shoffner has pointed out that much early design work was based on the
assumption—now known to be false—that existing library operations were already known
in considerable detail. To provide this detail in the form necessary for adequate system
design work is very time-consuming, and the failure to realize the required time
commitments is responsible for much of the slippage observed in current projects.

Contrary to popular belief, the design and installation of a computerized system to
perform a given function is anything but a mechanical process. Yet too many people still
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imagine that it is a simple, straightforward process to how to chart an operation, write a
program and start running. Once a logically correct program has been written, it is true
that its execution will be mechanical if no equipment malfunction occurs. To be logically
perfect, the program’s intellectual design must account for every conceivable detail and
alternative in the function being automated. This degree of perfection is hardly ever
achieved the first time because of our lack of precise knowledge about our operations;
it is here that we are confronted (rather brutally and expensively) by the conceptual
error that everything there is to be known about a given library function is already
known in complete detail. Programming bears a much closer resemblance to space
exploration or to a large building construction project, where unanticipated problems are
constantly intruding into well-laid plans.

To reiterate: No computer system can be implemented in the absence of a
series of systematic prescriptions resolving the minutest detail and possible alternatives
for all possible actions associated with a given application. The designers must have
an exact picture in advance of the extent to which these minutiae must be described,
documented and incorporated into a design before a single program can be written.
Popular misconception still talks about ‘what the computer will do,’ whereas the
programmer knows the computer will insistently and stubbornly do only the things it
has been instructed to do. The man-machine gulf is deep enough so that every
programmer wishes for an imaginary command or instruction for his computer: ‘Do
what I mean, not what I said!’ These remarks are not meant in disrespect of the
research being conducted in artificial intelligence, simulation of the nervous system
and other advanced projects.

1.5.9 Communication and Documentation

Without proper documentation, a job is not finished, and the systems analysis work,
design and programming are useless. There are five purposes of documentation. These
are as follows:

(i) To make progress visible to one’s sponsor;
(ii) To communicate one’s intellectual product in the absence of its creators
(iii) To communicate designs for staff knowledge and participation from the moment

of conception through all formal design steps, terminating in completely coded,
working programs

(iv) To record the reasons for specific logical decisions and design features so that
the originator does not have to depend upon memory in the course of revising or
debugging designs and programs

(v) To communicate project results to the outside world

Documentation does not fall out automatically as a by-product of a system
development effort; it requires rigorous discipline. Unfortunately, there is nothing inherently
romantic or fascinating about report writing; it is a burden. The provision of adequate
documentation requires first a person who can write in clear, articulate English and who
understands both computers and libraries. These people are expensive. A project with a
staff of five professionals should at least consider having a full-time editor to relieve the
principal investigator of extensive report writing. If the professional staff is ten or more,
an editor is indispensable.
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1.5.10 Costs of Automation

The following are the costs involved in automation of library and information centers:

(i) Planning and consulting costs

(ii) Purchase of the computer, hardware and software

(iii) Development of automation system (if in-house)

(iv) Customization costs (if open source)

(v) Purchase of network-specific hardware, software and cable, Internet connection
costs

(vi) Retrospective conversion of bibliographic information

(vii) Access and subscriptions where appropriate, to external databases and systems

(viii) Ongoing operating costs

(ix) Annual Maintenance Costs (AMC) of computers, hardware and software

1.5.11 Characteristics

According to library and information science author P. S. G. Kumar, the characteristics
of an automated system are as follows:

(i) The operations/processes are carried out with minimum human intervention.

(ii) It avoids or reduces human action, and thus, saves labour.

(iii) It increases efficiency and speed in operation.

1.5.12 Advantages and Disadvantages

P. S. G. Kumar states the following advantages of library automation:

(i) Large data can be handled with ease and accuracy.

(ii) Operates at great speed and promptness.

(iii) High rate and better quality in performance.

(iv) Labour saving.

(v) Cost effective.

(vi) Ease in functioning.

(vii) Avoids duplication of work.

(viii) Greater manipulation possible.

Following could be a few possible barriers of library automation:

(i) Fear of adverse impact on employment

(ii) Apprehension that the technology could be too expensive

(iii) The library staff have to undergo extensive training

(iv) Lack of support from the management due to budget constraints

(v) Retrospective conversion of data

Let us examine each of the above points. If we analyse the various jobs, such as
book acquisition, technical processing, circulation and reference service, one can conclude
that human interference is necessary at each and every step. The only area where
substantial manpower can be saved is cataloging. The data entered at the time of ordering
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in acquisition can be used for cataloging with some updation, this would eliminate multiple
card preparation and subsequent filing. The manpower, thus, saved can be utilized in
retrospective conversion and later on for introducing new services. Therefore, there will
be no adverse impact on employment.

There is an apprehension that the technology, both hardware and software, would
be expensive and unaffordable. The cost of hardware and software depends on the
level of automation. From the user point of view, a cataloging system is most important
and also forms the base for other library activities. Keeping these two points in view,
UNESCO (United Nations Educational, Scientific and Cultural Organization) developed
PC based software titled ‘CDS/ISIS’ (Computerized Documentation Service/Integrated
Set of Information System) and is available at a very nominal price to all the libraries in
developing countries.

This software which works on a simple IBM compatible PC/XT (Personal
Computer-Extended Technology) is also available on UNIX and NOVELL platform.
Recently, Windows version has also been released. This software can export data in
ISO 2709 format and, therefore, at later stage, if one decides to go in for some other
software, data transfer poses no problem. INFLIBNET has developed public domain
library software titled ‘ILMS’ which is available on DOS and UNIX platform.

The in-house training for handling the software is usually provided by the developers
and one can choose the software which can suit their budget. However, training for
CDS/ISIS is available at INSDOC, INFLIBNET and DRTC. For further information on
training program, one can contact NISSAT. The training of library staff also depends on
the level of automation. If one decides to go only for cataloging a minimum training of
one or two week’s duration, then it will enable the librarians to develop a database and
maintain it. With this basic training, one can easily transfer the same data on a server/
main machine in a network environment. The job becomes easy as most of the institutions
have systems department with computer professionals maintaining the network.

Moreover, lack of support from the management, may be owing to budget
constraints, will be one of the barriers. Here, the role of librarians becomes crucial in
convincing the management that the users of libraries will also be the major beneficiaries
of automation. Also, the skill and initiative play a major role in convincing the management.

Problems Hampering Standardization of Library Automation

The following can hamper the standardization of library automation system:

(i) Lack of funds to provide for standard library automation software and hardware

(ii) Poor knowledge of library automation process

(iii) Poor knowledge of library automation standards, for example, MARC, Z39.50,
and so on

(iv) Ignorance of the need for system standardization during automating process

(v) Lack of expert catalogers with knowledge of standardized machine readable
cataloging

(vi) Poor network infrastructure

(vii) High cost of standard library automation hardware and software

(viii) High cost of Internet connectivity
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1.5.13 Prerequisites for Implementing Library Automation

Implementation of library automation involves several changes of process, functions and
the way a library interacts with its users. Automation can change the role of different
staff members, new skills need to be learnt and some skills need to be upgraded. Changes
may be in the organizational structure, workflows and in service patterns. Any function
which involves change requires that it should be planned. Library management faces
challenges that are similar to those encountered by any other organization that plans
automation. In the case of library, however, there are two dimensions to management:

(i) Need to manage the ongoing service responsibilities

(ii) Project management for the selection/design and implementation of a new system

Like any successful project, a library automation project depends on good planning
and management for successful implementation. An important prerequisite is a good
project manager and formation of a project team. The project manager should have
good and in-depth understanding of the task to be carried out. S/he shall be aware of
strength and capabilities of its team members, and must have confidence of the top
management of the library and institution. The project team should be committed to the
project. The project manager can receive valuable assistance from a few key individuals
within the library and related concerned department outside library.

1.5.14 Success of Library Automation

Here, we describe success from two major viewpoints: In vocabulary and in expert
views. By definition, success is equated with accomplishment and attainment. It also
means advance, prosperity and luck. It is the opposite of failure (Webster’s Dictionary
and Thesaurus, 1988). In the Oxford Advanced Learner’s Dictionary, success is
defined as: ‘Gaining what is aimed at’. In this definition, two underlined concepts are
aiming at a target. In this regard, success of an automated library system would
depend on the aim of the system and/or the goal for which the automated library
system has been established.

Turning to expert views, as Irene B. Hoadley from Texas A & M University
notes, in the library profession, success is usually measured in terms of status: The
position held, the honours achieved or the offices held. Further, she mentions that one
aspect of success is to make a difference. A system which can bring about a difference
in library services most probably can be successful. There is no doubt that by ‘difference’,
Hoadley means a change for good.

In the literature, a number of factors have been suggested as criteria for the
success of library automation. Genaway believes that: ‘Satisfaction with an integrated
online library system will be directly related to how thoroughly the library conducts the
planning process’. While planning can be, and is, a very important factor in the success
of an automated library system, library scientist Reynolds relies generally on human
factors, of which, obviously, planning is an example. He believes that: ‘In the context of
computerization, machines with appropriate capabilities and software that has been
properly written are prerequisites to any successful venture into library automation.
However, beyond these prerequisites, library automation is as much a human process as
a technological one. Even the most sophisticated automated systems only provide a solid
base from which to work. Equally important as ingredients for successful automation
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are very human elements having to do with how successfully the technology is selected,
introduced into a setting, and used.’

Some other authors, like Drabenstott, look into the criteria for the success of
library automation in a more specific manner. From discussions with a forum of five
library experts, Drabenstott concludes that in the views of librarians, there are several
reasons why an automated library system does not prove successful, among which
there are some common mistakes:

(i) Contract negotiation and failure to evaluate a vendor’s viability or calculate
the five year cost

(ii) Unrealistic expectations or schedules
(iii) The responsibility of the library
(iv) Refusal to plan adequately or at all for automation
(v) Ignoring retrospective conversion
(vi) Identification of decision maker
(vii) Cost-justification

In addition to the above, Drabenstott, from another discussion with a forum of
several vendors, reaches the conclusion that there are five areas in which vendors make
common mistakes which usually lead to the failure of library systems. These areas are
as follows:

(i) Identification of library needs
(ii) Communications
(iii) Delivery dates
(iv) Inadequate systems
(v) Systems support

These are a few which are representative of a vast diversity of reasons and
causes of success or failure of an automated library system. However, one may conclude
that success in library automation can be evaluated in two respects: technical as well as
human. On the technical side, it seems that success lies in the quality and quantity of the
performance of the system. On the human side important elements, as Reynolds (1985)
indicates, have to do with how successfully the technology is selected, introduced into a
setting and used.

Success of Automated Library Systems in Terms of Management
of the Systems

The scale examined eight criteria regarding the management of the systems, which are
as follows:

(i) Careful planning

(ii) Integration of the automation planning into the library activities

(iii) Contractual commitment with the vendor(s)

(iv) Time saving

(v) Need for less staff training

(vi) Need for less qualified staff

(vii) Supplying management information
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1.5.15 Areas of Application

Automation in libraries has immensely enhanced the effectiveness of library services
including efficient organization and retrieval of information activities. In a library, the
activities may be broadly grouped into two broad categories:

1. Housekeeping Operations

Under ‘housekeeping operations’, we can mainly include following:
(i) Administration and maintenance

(ii) Acquisition

(iii) Classification

(iv) Cataloging

(v) Circulation

(vi) Serials control

(vii) Stock verification

2. Administration and Maintenance

Administration and maintenance in a library can be made more efficient and effective
with the use of computers which are of immense help in doing many administrative jobs,
such as the making of:

(i) Employee’s directory
(ii) Duty chart

(iii) Duty Roster for holidays

(iv) Record of committees

(v) Library rules

(vi) Periodical statistics

(vii) Periodical reports

(viii) Stock verification

(ix) Leave record of employees

(x) Internal office orders

Taking care of these and other relevant administrative activities through computer
make the system more efficient and effective.

1.6 SUMMARY

 A computer primarily constitutes of three integral components, viz. input devices,
Central Processing Unit (CPU) and output devices.

 The main memory or the primary storage of the computer system is responsible
for storing all the instructions and data.

 ALU performs the basic four arithmetic operations, viz. addition, subtraction,
multiplication and division, and also performs logic comparison operations including
equal to, less than or greater than.

Check Your Progress

17. State two
limitations of
traditional libraries.

18. Name two types of
library automation
system

19. State two
characteristics of
automated system.

20. List two problems
hampering
standardization of
library automation.
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 The function of the control unit is to ensure that according to the stored instructions,
the right operation is done on the right data at the right time.

 The first computers used vacuum tubes in their electronic circuits and magnetic
drums for memory.

 The second generation of computers used transistors

 The third generation of computer used integrated circuits.

 The fourth generation of computers used microprocessors.

 The fifth generation of computers used ultra scale large integration optical disks

 Storage and retrieval of instructions and data in a computer system is the
responsibility of the memory.

 The main memory of the computer which communicates directly with the processor.
This memory is large in size and fast, but not as fast as the internal memory of the
processor.

 Secondary memory stores all the system software and application programs and
is basically used for data backups.

 The list of specific instructions supported by the CPU is termed as its instruction
set.

 The processor in a personal computer that is embedded in small devices is often
called a microprocessor.

 BCD (Binary Coded Decimal) is based on the concept of converting each digit of
a decimal number into its binary equivalent rather than converting the entire decimal
value into a pure binary form.

 A computer code that is very widely used for data interchange is called the
‘American Standard Code for Information Interchange’ or ASCII.

 The speed at which the processor executes commands is called the processor
speed or clock speed.

 If the storage unit can retain the data even after the power is turned off or
interrupted, it is termed as non-volatile storage.

 Cache memories are small, fast memories placed between the CPU and the main
memory.

 A system that automates a single function of a library is known as a stand-alone
library automation system.

 An integrated library system is one in which all the modules share a common
bibliographic database of an item.

 A feasibility study is an evaluation of a proposal designed to determine the difficulty
in carrying out a designated task.

 Steps in library automation system:
(i) Identifying the library functions and services which could be computerized
(ii) Analyse these functions and services in details from the view point of:

o Operation involved

o Type and size of records

o Storage media required

o Various outputs required
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(iii) Estimations of the volume of information to be handled and the rate of
growth

(iv)  Cost factors:

o For manual system

o For automated system

1.7 KEY TERMS

 Inputting: The process in which the user specify a set of commands to process
data into the computer system.

 Storing: The process of recording data and information so that it can be retrieved
for use whenever required.

 Processing: This process implies performing arithmetic or logical operations on
data to convert them into useful information. Arithmetic operations include addition,
subtraction, multiplication and division, and logical operations include comparisons,
such as equal to, less than and greater than, etc.

 Outputting: This is the process of providing results to the user. These can be in
the form of visual display and/or printed reports.

 Controlling: This refers to directing the sequence and the manner in which all
the previous functions are carried out.

 Instruction register: This register holds the current instruction.

 Program control register: This register holds the next instruction to be executed.

 Instruction set: They are the list of specific instructions supported by the CPU.

 Opcode: The task or operation to be carried out by the processor.

1.8 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Computer primarily constitutes of three integral components, viz. input devices,
Central Processing Unit (CPU) and output devices.

2. Advantages of computers are as follows:
(i) Speed: Computers are very fast. They can process millions of instructions

every second. The speed is related to the amount of data it processes and
the time it takes to complete the processing task.

(ii) Storage: Computers can store vast amounts of information in the form of
files, which can be recalled at any time. These files help in easy and speedy
retrieval of information. This type of storage is known as electronic storage
system.

Disadvantages of computers are as follows:
(i) No IQ: Computers do not have their own intelligence and their IQ (Intelligence

Quotient) is zero. Hence, the user can and has to decide what tasks a
computer should perform.

(ii) No Feelings: Computers have no feelings because they are machines. They
cannot make judgements as they process on the basis of a set of instructions,
called programs, provided by the users.
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3. First generation of computers – It used vacuum tubes.
Second generation of computers – It used transistors.
Third generation of computers – It used integrated circuits.
Fourth generation of computers – It used microprocessors.
Fifth generation of computers – It used ultra scale large integration optical disks.

4. The primary or the main memory is the temporary storage located in the computer
hardware. Secondary storage or auxiliary memory constitutes devices that can
give backup storage, such as magnetic tapes and disks.

5. (i) 32- or 64-bit architecture

(ii) Clock rate

(iii) Number of cores

6. It is the smallest element that a computer uses. It can hold one of the two possible
values, i.e., 0 or 1. A bit which is ON is seen as SET or TRUE; and a bit which is
OFF is seen as NOT SET or FALSE.

7. ASCII – American Standard Code for Information Interchange
8. Registers, ALU (Arithmetic Logic Unit) and control unit

9. CPU registers serve as temporary storage areas within the CPU. CPU registers
are termed as fast memory and can be accessed almost instantaneously.

10. The speed at which the processor executes commands is called the processor
speed or clock speed.

11. The time taken for positioning the head on a specific track is known as seek time.

12. Google desktop search, Yahoo desktop search and ISYS desktop search.

13. Computer Output Microfilm or  COM is a process for copying and printing data
onto microfilm from electronic media found on personal, mini or mainframe
computers.

14. Compact Disk(CD), Digital Versatile Disk (DVD) and ZIP drives

15. Universal Serial Bus (USB)

16. An iPod is a portable device used for storing and playing audio files encoded by
MP3 or Advance Audio Coding (AAC) compression algorithms.

17. (i) The number of documents is ever growing, whereas space available with a
library is limited.

(ii) Organising the flood of data

18. (i) Stand-alone systems

(ii) Integrated systems

19. (i) The operations/processes are carried out with minimum human intervention.

(ii) Avoid or reduces human action and thus saves labor.

20. (i) Lack of funds to provide for standard library automation software and hardware

(ii) Poor knowledge of library automation process
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1.9 QUESTIONS AND EXERCISES

Short-Answer Questions

1. Discuss any two generations of computers.

2. Define three basic components of CPU.

3. What is EBCDIC? How this is different from BCD?

4. List two types of data processing. State one difference between the two.

5. Describe cache memory.

6. State four needs for computerization of library.

7. What are the various library automation systems? Define them.

8. Describe the essential requirements for library automation system.

Long-Answer Questions

1. Explain the generation of computers in the form of a table.

2. Briefly describe the working of CPU.

3. What is static and dynamic RAM? Briefly explain.

4. List various kind of Compact Disks (CDs) and explain their utilities.

5. Briefly explain integrated library automation system.

6. Write a short note on planning for automation of library.

7. Describe various barriers of library automation.

8. List the various areas of application of library automation system.
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UNIT 2 SOFTWARE
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2.0 INTRODUCTION

In this, unit you will learn about various kinds of software. On a functional basis, software
is categorized into three types: System software, application software and programming
software. System software helps in the proper functioning of computer hardware. It
includes operating systems, drivers and servers. Whereas application software end-
user’s programs, such as MS Word, MS Excel and MS PowerPoint and programming
software provide tools to help a programmer in writing computer programs. In addition
to this, software can also be categorized based on type of application, and type of
relationship between software users and software development.

The unit will also discuss various kinds of system software, application software
and programming languages. One of the most commonly used system software is
Operating System (OS). It provides access to the system, so that the user can
communicate with the computer. MS DOS, Windows, UNIX and Linux are various
operating systems. You will also learn to distinguish between licensed software and free
domain software. Further, you will learn about various kinds of programming languages
and how these languages can be further classified into machine language, assembly
language and high-level language.

2.1 UNIT OBJECTIVES

After going through this unit, you will be able to:

 Distinguish between system software and application software

 Define various kinds of software such as real-time, business, artificial intelligence
and web-based software
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 Outline various components of an operating system

 Identify single OS installed system and multiple OS installed system

 Describe licensed software and free domain software

 Classify programming languages into machine language, assemble language and
high-level language

 Name various kinds of high-level languages

 List various kinds of OS and their features

2.2 SYSTEM AND APPLICATION SOFTWARE

A computer cannot operate without any instructions and is based on a logical sequence
of instructions in order to perform a function. These instructions are known as a
computer program and constitute the computer software. The sequences of instructions
are based on algorithms that provide the computer with instructions on how to perform
a function. Thus, it is impossible for a computer to process without a software, a term
attributed to John W. Tukey in 1958.

Different kinds of software designs have been developed for particular functions.
Popular computer software include interpreter, assembler, compiler, operating systems,
networking, word processing, accounting, presentation, graphics, computer games
and so on. The computer software is responsible for converting the instructions in a
program into a machine language facilitating their execution.

Software engineers develop computer software depending on basic mathematical
analysis and logical reasoning. Before implementation, the software undergoes a number
of tests. Thus, the programming software allows you to develop the desired instruction
sequences, whereas, in the application software the instruction sequences are
predefined. Computer software can function from only a few instructions to millions of
instructions; for example, a word processor or a Web browser. Figure 2.1 shows how
software interacts between user and computer system.

Users

Application Software

Operating System Software

Hardware System

Fig. 2.1 Interaction of Software between User and a Computer System
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2.2.1 Types of Computer Software

On a functional basis, software is categorized as follows:

 System Software: It helps in the proper functioning of computer hardware. It
includes device drivers, operating systems, servers and utilities.

 Programming Software: It provides tools to help a programmer in writing
computer programs and software using various programming languages. It
includes compilers, debuggers, interpreters, linkers, text editors and an Integrated
Development Environment (IDE).

 Application Software: It helps the end-users to complete one or more specific
tasks. The specific applications include industrial automation, business software,
computer games, telecommunications, databases, educational software, medical
software and military software.

Types of Computer Software

Today, software is a significant aspect of almost all fields including business, education,
medicine and various others. The basic requirement for software is a distinct set of
procedures. Thus, software can be used in any domain that can be described in logical
and related steps, and every software is developed with the aim of catering to a particular
objective, such as data processing, information sharing and communication. Software
is based on the type of applications that are as follows:

 System Software: This type of software is involved in managing and controlling
of the operations of a computer system. System software is a group of programs
rather than one program and is responsible for using computer resources
efficiently and effectively. Operating system, for example, is system software,
which controls the hardware, manages memory and multitasking functions, and
acts as an interface between applications programs and the computer.

 Real-Time Software: This is based on observing, analysing and controlling
real-life events as they occur. Manually, a real-time system guarantees a response
to an external event within a specified period of time. The real-time software,
for instance, is used for navigation in which the computer must react to a steady
flow of new information without interruption. Most defence organizations all
over the world use real-time software to control their military hardware.

 Business Software: This kind of software is functional in the domain of
management and finance. The basic aspect of a business system comprises
payroll, inventory, accounting and software that permits users to access relevant
data from the database. These activities are usually performed with the help of
specialized business software that facilitates efficient framework in the business
operation and in management decisions.

 Engineering and Scientific Software: This software has developed as a
significant tool used in the research and development of next generation
technology. Applications, such as study of celestial bodies, study of undersurface
activities and programming of orbital path for space shuttle, are heavily dependent
on engineering and scientific software. This software is designed to perform
precise calculations on complex numerical data that are obtained during real-
time environment.
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 Artificial Intelligence (AI) Software: Certain problem solving techniques
are non-algorithmic in nature and primarily require this type of software. The
solutions to such problems normally cannot be arrived at using computation or
straightforward analysis. Such problems need particular problem solving
techniques including expert system, pattern recognition and game playing. Also,
it constitutes various kinds of searching techniques, such as the application of
heuristics. The function of AI is to add certain degree of intelligence into the
mechanical hardware to have the desired work done in an agile manner.

 Web-based Software: This category of software performs the function of an
interface between the user and the Internet. There are various forms in which
data is available online, such as text, audio or video format, linked with hyperlinks.
For the retrieval of Web pages from the Internet, a Web browser is used which
is a Web-based software. The software incorporates executable instructions
written in special scripting languages, such as Common Gateway Interface (CGI)
or Active Server Page (ASP). Apart from providing navigation on the Web, this
software also supports additional features that are useful while surfing the Internet.

 Personal Computer (PC) Software: This software is primarily designed for
personal use on a daily basis. The past few years have seen a marked increase
in the personal computer software market from normal text editor to word
processor and from simple paintbrush to advance image editing software. This
software is used mostly in almost every field, whether it is database management
system, financial accounting package or a multimedia based software. It has
emerged as a versatile tool for daily life applications.

Software can also be classified in terms of the relationship between software users or
software purchasers and software development.

 Commercial Off-The-Shelf (COTS): This comprises the software without
any committed user before it is put up for sale. The software users have less or
no contact with the vendor during development. It is sold through retail stores
or distributed electronically. This software includes commonly used programs,
such as word processors, spreadsheets, games, income tax programs, as well
as software development tools, such as software testing tools and object
modeling tools.

 Customized or Bespoke: This software is designed for a specific user, who is
bound by some kind of formal contract. Software developed for an aircraft, for
example, is usually done for a particular aircraft making company. They are not
purchased ‘off-the-shelf’ like any word processing software.

 Customized COTS: In this classification, a user can enter into a contract with
the software vendor to develop a COTS product for a special purpose, that is,
software can be customized according to the needs of the user. Another growing
trend is the development of COTS software components, i.e., the components
that are purchased and used to develop new applications. The COTS software
component vendors are essentially parts stores which are classified according
to their application types. These types are listed as follows:

o Stand Alone Software: A software that resides on a single computer
and does not interact with any other software installed in a different
computer.
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o Embedded Software: A software that pertains to the part of unique
application involving hardware, like automobile controller.

o Real-Time Software: In this type of software, the operations are
executed within very short time limits, often microseconds, e.g., radar
software in air traffic control system.

o Network Software: In this type of software, software and its
components interact across a network.

Figure 2.2 illustrates the various types of customized COTS.

Fig. 2.2 Types of Customized COTS

2.2.2 System Software

System software constitutes all the programs, languages and documentation provided
by the manufacturer in the computer. These programs provide the user with an access
to the system, so that he can communicate with the computers and write or develop
his own programs. The software makes the machine user-friendly and makes an efficient
use of the resources of the hardware. Systems software are permanent programs on a
system and reduce the burden of the programmer as well as aid in maximum resource
utilization. MS DOS (Microsoft Disk Operating System) was one of the most widely
used systems software for IBM compatible microcomputers. Windows and its different
versions are popular examples of systems software. Systems software are installed
permanently on a computer system and used on a daily basis.

Classification of an Operating System

An Operating System (OS) is the main control program for handling all other programs
in a computer. The other programs, usually known as application programs, use the
services provided by the OS through a well-defined Application Program Interface
(API). Every computer necessarily requires some type of operating system that instructs
the computer about operations and use other programs installed in the computer. The
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role of an OS in a computer is similar to the role of the manager in an office for the
overall management of the college.

Any computer system can be broadly classified in terms of four component
dimensions:

(i) Hardware
(ii) Operating system
(iii) Application programs (like MS Word, Games, Calculator)
(iv) Users (people who work on the computer)

Figure 2.3 displays the various components of the computer system.

. . . . . . . . . .

Calculator Games MS Word

Application Programs

Hardware

OPERATING SYSTEM

User-2 User-NUser-1

Fig. 2.3 Components of a Computer System

Components of an Operating System

An operating system has three primary components:

1. Control Programs: As the name implies, these control and maintain the
operations of a computer. There Initial Program Loader (IPL) is located in the
form of firmware and is stored in the Read Only Memory (ROM) section of the
Memory Unit. When the computer is switched on, the electronic chip is
automatically activated and the IPL reads the Boot Sector Routine (BSR), which
resides in the primary memory of the computer.

2. System Service Programs: These support the control programs. Each of
these is divided into three portions: Linkage Editor, librarian and input/output
control system.

A linkage editor is an editor program that establishes a single module from many
modules by resolving cross-references among the modules.

3. Utility Programs: These programs run on the operating system in order to
carry out various user related commands to manage the software linking the
user and the operating system. In MS DOS, for example, the utility programs
are FDISK, FORMAT, ATTRIB, BACKUP, FIND and others.

Booting Process: In computing, a bootstrapping process called booting (booting up)
starts the OS when the computer system is switched on. The first set of operations
performed by the computer when switched on is called boot sequence. The main
operating system for the computer is loaded by the bootloader.

One can boot an operating system in two conditions: (i) Where there is a single OS
installed, and (ii) Where there are multiple OSs installed on the computer.

1. Utilities: Utilities are useful software for the smooth working of the computer.
These software will assist the user to perform activities, like editing a text file,
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backing up data, removing the outdated files, recovering the data and protecting
the computer from virus. Most of these utilities are also available along with the
operating system. Utilities are also available separately. A few utilities are
discussed as follows:

Text Editors: Text editors are used to text from keyboard and save in a storage
media. The text stored can be retrieved, modified, and printed.

Antivirus Programs: Antivirus programs are used to protect your computer from
virus. Computer virus is nothing but a computer program which will rearrange the
stored data or programs in such a way that the user will not be able to use it. The virus
programs make the computer work abnormally. Some virus programs called friendly
virus programs will not cause any damage to the data or hardware. Other viruses will
cause heavy damage to the resources and the hardware.

The antivirus program scans the storage devices checking for virus. Antivirus programs
are also available to protect the computer online.

Language Processors: A language processor is a system program that converts the
English-like instructions used by computer programmers into the machine-readable
code used by the hardware. Programs written in languages, such as C, C++, Pascal,
BASIC, FORTRAN, or COBOL must be converted into the appropriate machine
language.

Assembler, interpreter and compiler are language processors. An assembler
converts an assembly language program into machine language. An interpreter converts
a high-level language program line by line into a machine language. The machine language
program is called object program. A compiler also converts an error free high-level
language program into object program, however, in one step.

Operating systems are discussed in detail in next section of this unit.

2.2.3 Application Software

Users install specific software programs based on their requirements; for instance,
accounting software (like Tally) used in business organizations and designing software
used by architects. All programs, languages and utility programs constitute software.
With the help of these programs, users can design their own software based on individual
preferences. Software programs aid in achieving efficient application of computer
hardware and other resources.

A few types of application programs that are widely accepted these days are:

1. Word Processing

A word processor is an application program used for the production of any type of
printable text document, including composition, editing, formatting and printing. It takes
the advantage of a Graphical User Interface (GUI) to present data in a required format.
It can produce any arbitrary combination of images, graphics and text. Microsoft
Word is the most widely used word processing system.

Microsoft Word can be used for the simplest to the most complex word
processing applications. Using Word, you can write letters and reports, prepare bills
and invoices, prepare office stationery, such as letterheads, envelopes and forms,
design brochures, pamphlets, newsletters and magazines, and so on.
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2. Spreadsheet

Microsoft Excel is the most commonly used spreadsheet. It is ideal for a task that
needs a number of lists, tables, financial calculations, analysis and graphs. Excel is
good for organizing different kinds of data, however, it is numerical data that is best
suited. Thus, Excel can be used when you not only need a tool for storing and managing
data, but also analysing and querying it. In addition to providing simple database
capabilities, Excel also allows you to create documents for the World Wide Web
(WWW).

The menus, toolbars and icons of MS Excel are very similar (though not the
same) to MS Word. This is in keeping with Microsoft’s much hyped philosophy and
strategy of offering users a totally integrated office suite pack. From the user’s point of
view, this means less time spent in learning the second package once you know the
first, and almost effortless and seamless exchange of data between various components.

3. Presentation Graphics

PowerPoint is a presentation tool that helps create eye-catching and effective
presentations in a matter of minutes. A presentation comprises individual slides arranged
in a sequential manner. Normally, each slide covers a brief topic. The term ‘Free’
software specifies the freedom of using the software by various computer users (private
individuals as well as organizations and companies) granting them freedom and control
in running and adapting the computing and data processing as per their needs. The key
objective of free software is to grant freedom rights to users so that the users are free
to run, copy, distribute, study, change and improve the software. For example, you
can use PowerPoint software for preparing presentations and adding notes to the
specific slides. Similarly, you have the option of either printing the slides—in case you
want to use an overhead projector, simply attach your computer to an LCD display
panel that enlarges the picture several times and shows the output on a screen.

You have three options for creating a new presentation:
(i) Begin by working with a wizard (called theAutoContent Wizard) that

helps you determine the theme, contents and organization of your
presentation by using a predefined outline

(ii) Start by picking out a PowerPoint Design Template which determines
the presentation’s color scheme, fonts and other design features

(iii) Begin with a completely blank presentation with the color scheme, fonts
and other design features set to default values

If you decide to choose the third option, PowerPoint designers have provided
a wide assortment of predefined slide formats and Clip Art graphics libraries. Through
these predefined slide formats, you can quickly create slides based on standard layouts
and attributes.

PowerPoint shares a common look and feel with other MS Office components,
and having once mastered Word and Excel, learning PowerPoint is almost like playing
a game. In addition, it is also easy to pick up data from Word and Excel directly into
a PowerPoint presentation and vice versa.
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4. Database Management Software

Nowadays, all large businesses require database management. When managing a large
customer base, it is important to examine  vital  information, like the busying pattern,
cheap suppliers and the number of orders being received. In order to efficiently manage
all these functions, MS Access is required.

As a first step, plan and create your database structure, identify the required
fields based on the type of data (numbers, alphanumeric, data, and so on), and the
maximum width of each field. After determining the structure, you can create a table
either in the design mode (which is customized), or you can use the table wizard and
any of the predefined tables, with the required modifications.

Creating the tables through the table wizard is much faster and easier than through
the design mode. However, if you use wizards you are somewhat restricted with the
predefined settings already available.

Once you have created the table, you can then use the form’s wizard to create
user-friendly and aesthetically pleasing layouts for data entry. Creating forms for data
entry also ensures that the user inputs only the right kind of information and both data
entry errors as well as typing work is minimized.

Once the forms have been created and relevant data has been entered, using
these you can then use the report wizard to generate any kind of report. Using reports,
you can not only organize and present your data in a more meaningful manner, but also
use various standard functions, like subtotals, totals and sorting, to summarize your
data.

Now to really fine-tune this access application, you can create data access
pages to enable people spread over a large geographical area to share and compile
information using the Internet.

2.2.4 Computer Languages

A computer language essentially implies a language that is understandable to the
computer. It is the computer’s native language. Computer languages serve the same
purpose as human languages. They are a means of communication.  Let us understand
the similarities and differences between computer languages and human languages.

Languages that we speak daily, such as English, Hindi, French or German, are
known as material or human languages. It constitutes words and rules known as lexicon
and syntax, respectively. These words are joined to make meaningful phrases according
to the rules of the syntax. A computer language also consists of lexicon and syntax, i.e.,
characters, symbols and rules of usage that allow the user to communicate with the
computer.

The primary difference between a natural language and computer language is
that natural languages have a large set of words (vocabulary) to choose from while
computer languages have a limited or restricted set of words. Thus, fewer words but
more rules characterize a computer language.

All problems to be solved by the computer needs to be broken down into
discrete logical steps before the computer can execute them. The process of writing
such instructions in a computer or programming language is called programming or
coding.



Self-Instructional
92 Material

Software

NOTES

Since computer hardware has improved over the years, programming languages
have also moved from machine-oriented languages (that used strings of binary 0s and
1s) to problem-oriented languages (that use common English terms). All computer
languages can, however, be classified under the following categories:

 Machine Language (First Generation Language)

 Assembly Language (Second Generation Language)

 High-Level Language (Third Generation Language)

Classification of Computer Languages

Computer languages are classified as follows:

(a) Machine Language

The computer can understand only a binary-based language. This is a combination of
0s and 1s. Instructions written using sequences of 0s and 1s are known as machine
language. First-generation computers used programs written in machine language.

A major drawback of machine language is that it is highly complex and difficult
to use. In addition, it consumes a lot of time and requires a substantial effort on the part
of the programmer. Thousands of machine language instructions are needed to carry
out simple tasks, such as listing a few addresses for mails. Any instruction in machine
language is divided into two components:

(i) Command: It is also called the operation code or opcode including addition,
multiplication, and so on.

(ii) Operand: Refers to the address of the date on which the function has to be
performed.

A general machine language instruction is presented as follows:

OP Code Operand

001 010001110

The number of operands varies with each computer and is, therefore, computer
dependent.

It can be concluded that in order to develop computer programs in machine
language, the programmer will be required to remember a lot of operation codes and
addresses of the data items based on the storage location and also information regarding
the internal structure of the computer. Thus, using machine language can be highly
complicated and liable to errors. Identifying these errors and introducing changes had
become increasingly difficult leading programmers to seek better options.

(b) Assembly Language

The development of assembly language marked the beginning of the evolution of
programming languages. In assembly language, mnemonics (symbolic codes) were
used to present operation codes as well as strings of characters to represent addresses.
Instructions in assembly language may appear as follows:

Opration Opration address

READ M

ADD L
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Certain important facts about assembly language are as follows:

 Assembly language was designed to replace each machine code by an
understandable mnemonic and each address with a simple alphanumeric string.
It was matched to the processor structure of a particular computer and was,
therefore, (once again) machine dependent. This meant that programs written
for a particular computer model could not be executed on another one. In other
words, an assembly language program lacked portability.

 A program written in assembly language needs to be translated into machine
language before the computer can execute it. This is done by a special program
called Assembler, which takes every assembly language program and translates
it into its equivalent machine code.

 The assembly language program is known as the source program, while the
equivalent machine language program is known as the object program. It may
be useful to know that the assembler is a system program supplied by the
computer manufacturer. Second-generation computers used assembly language.

 The lack of portability of programs (written using machine or assembly languages)
between various computer systems led to the development of high-level
languages. Since, they allowed a programmer to overlook a lot of low-level
particulars of the hardware of the computer system, they were called high-level
language programs.

 It was obvious that if the syntax, mnemonics, and rule and regulations of the
programming language were closer to the natural language, it would be easier
for the programmer to program and the lesser the possibility of introducing
errors (or bugs) into the program. Hence, third generation languages, which
were algorithmic and procedural, came into being in the mid-1950s. They were
designed to solve a particular problem. They contained commands that are
particularly suited to one type of application. For example, a number of languages
were designed to process scientific or mathematical problems. Others emphasized
on commercial applications. These languages varied very little between different
computer systems, unlike machine or symbolic languages. However, a complier
or an interpreter program was required to translate these machine codes. Once
again, the high-level program is called the source code, while its equivalent
machine language program is referred to as the object code.

 Easy-to-learn feature, machine independence, easier maintenance and portability
contributed to the popularity of high-level languages. Slow program execution
was the main disadvantage, since, programs needed to be converted into machine
language (by an interpreter or a compiler) before they could be executed.

(c) High Level Languages

Some of the high-level languages have been discussed as follows:

The third generation programming language (3GL) is a refinement of a second
generation programming language. The 3GL made the languages more programmers
friendly. High-level language is a synonym for third generation programming language.
First introduced in the late 1950s, FORTRAN (FORmula TRANslation), ALGOL
(ALGOrithmic Language) and COBOL (COmmon Business Oriented Language) are
early examples of 3GL. Most of popular and general purpose languages today, such as
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C, C++, C#, Java, BASIC and Pascal, are also third generation languages. Most 3GLs
support structured programming. The following are the examples of 3GL:

1. FORTRAN

FORTAN (FORmula TRANslation) was the first high-level language developed by
John Backus at IBM in 1956.

FORTRAN has a number of versions with FORTRAN IV being one of the
earlier popular versions. In 1977, the American National Standards Institute (ANSI)
published standards for FORTRAN with a view to standardizing the form of the language
used by manufacturers.This standardized version is called FORTRAN 77.

2. COBOL

COBOL (COmmon Business Oriented Language), the first language used for
commercial applications, was developed under the leadership of Grace Hopper, a US
Navy programmer, with a group of computer manufacturers and users in 1959. The
maintenance and further growth of the language was handed over to a group called
CODASYL (COnference on DAta SYstems Languages).

It is written using statements that resemble simple English and can be understood
easily; for example, to add two numbers (stored in variables A and B), a simple
statement in COBOL would be: ADD A TO B GIVING C.

COBOL was standardized by ANSI in 1968 and in 1974. COBOL became
the most widely used programming language for business and data processing
applications.

3. BASIC

BASIC (Beginner's All-purpose Symbolic Instruction Code) was developed as a
teaching tool for undergraduate students in 1966 by John Kemeny and Thomas Kurtz,
two professors at Dartmouth College. Eventually, BASIC was used as the main language
amongst the personal computer users.

A minimum version of BASIC was standardized by ANSI and is so simple that
it has been incorporated in every subsequent version of BASIC. Some versions of
BASIC include MBASIC (Microsoft BASIC) and CBASIC (Compiler based
BASIC).

One of the newer versions of BASIC, commonly known as Visual Basic, has
also evolved from the original BASIC language. It contains various statements and
functions that can be used to create applications for a Windows or GUI environment.

4. PASCAL

PASCAL was designed by Nicholas Wirth, a Swiss professor, in 1971. It was
developed as a more structured language used for teaching which Wirth named after
the French mathematician Blaise Pascal, who also designed the first successful
mechanical calculator. His primary aim was to provide a language that supported
beginners learning good problem solving and programming techniques.

In addition to manipulation of numbers, PASCAL supports manipulation of
vectors, matrices, strings of characters, records, files and lists, thereby, supporting
non-numeric programming. Hence, it has proved to be an attractive language for
professional computer scientists.
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PASCAL has been standardized by ISO (International Standards Organization)
and ANSI.

5. PL/1

PL/1 (Programming Language 1) was developed by IBM in the 1960s and was the
first language that was attempted to be used for a variety of applications rather than
one particular area like business, science or artificial intelligence.

6. LISP

LISP was developed in the early 1950s, but was implemented in the 1959 by John
McCarthy at the Massachusetts Institute of Technology. It became a standard language
with the artificial intelligence community and was a program that could easily handle
recursive.

7. C

This language was developed by Dennis Ritchie of Bell Laboratories in order to
implement the operating system UNIX.

8. C ++

This language was developed by the Bjarne Stroustrup of Bell Laboratories by
enhancing C. C++ is also used to write procedural programs like C, but the reason for
its increased popularity is perhaps because of its capability to handle the rigours object-
oriented programming. C and C++ are the most extensively used general-purpose
languages amongst programming experts.

9. JAVA

Java is again an object-oriented language like the C++, but is a simplified version with
extra features. It is less prone to programming errors. It was developed for writing
programs that could be safely and easily executed through the Internet. It is free from
any kind of common virus threats. It is basically a network-oriented language that can
develop Website pages with enhanced multimedia features using small Java programs
known as Java Applets. Java is secure to use over the Internet and is a platform
independent language.

Generation of Computer Languages

Computer languages have changed with every changing generation of computers. Some
of these new languages are:

(I) Fourth Generation Languages (4 GL)

These are non-procedural languages, which suggests that they present the objective
but not the procedure to achieve it. The main features of fourth generation languages
are as follows:

 They constitute simple instructions.

 They are user-friendly, enabling the user to write programs and achieve the
desired goal.

 They eliminate the need of a professional programmer for writing programs.

FORTH, was the first fourth generation language and was developed by Charles Morre,
an American astronomer, in 1970.
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Its main application is in the industrial and scientific control applications. Another
example of fourth generation language is FOCUS.

(II) Fifth Generation Languages (5 GL)

Fifth generation languages have developed as a result of research in the area of artificial
intelligence. They are, however, at an early stage these are discussed below:

(i) PROLOG (PROgramming LOGic):It is a general purpose logic programming
language. PROLOG is often associated with artificial intelligence and
computational linguistics. It has a purely logical subset, called pure Prolog, as
well as a number of extralogical features.

Prolog was developed in the early 1970s by two French computer scientists,
Alain Colmerauer and Philippe Roussel.

(ii) GPSS (General Purpose System Simulator): Used for modeling physical
and environmental events.

(iii) SNOBOL (String Oriented Symbolic Language): Designed for pattern
matching and list processing.

(iv) LOGO (a version of LISP): Developed in the 1960s to help children learn
about computers.

(v) PILOT (Programmed Instruction Learning, Or Testing): Used in writing
instructional software.

Licensed and Free Domain Software

1. Licensed Software

Although, there is a large availability of open source or free software online, not all
software available in the market is free for use. Some software falls under the category
of Commercial Off-The-Shelf (COTS). COTS is a term used for software and
hardware technology which is available to the general public for sale, license or lease.
In other words, to use COTS software, you must pay its developer in one way or
another.

Most of the application software available in the market need a software license
for use.

Software is licensed in different categories. Some of these licenses are based
on the number of unique users of the software, while other licenses are based on the
number of computers on which the software can be installed. A specific distinction
between licenses would be an Organizational Software License, which grants an
organization the right to distribute the software or application to a certain number of
users or computers within the organization, and a Personal Software License which
allows the purchaser of the application to use the software on his or her computer
only.

2. Free Domain Software

To understand this, let us distinguish between the commonly used terms: Freeware
and Free Domain software. The term ‘freeware’ has no clear accepted definition, but
is commonly used for packages that permit redistribution without modification. This
means that their source code is not available. Free domain software is software that
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comes with permission for anyone to use, copy, and distribute, either verbatim or with
modifications, either gratis or for a fee. In particular, this means that the source code
must be available. Free domain software can be freely used, modified, and redistributed
but with one restriction that the redistributed software must be distributed with the
original terms of free use, modification and distribution. This is known as ‘copyleft’.
Free software is a matter of freedom, not price. Free software may be packaged and
distributed for a fee. The ‘Free’ here refers to the ability of reusing it — modified or
unmodified — as a part of another software package. The concept of free software is
the brainchild of Richard Stallman, head of the GNU project. The best known example
of free software is Linux, an operating system that is proposed as an alternative to
Windows or other proprietary operating systems. Debian is an example of a distributor
of a Linux package.

Free software should, therefore, not be confused with freeware, which is a term
used for describing software that can be freely downloaded and used but which may
contain restrictions for modification and reuse.

2.3 OPERATING SYSTEMS

An operating system refers to a program whose function is to connect the user and the
electronic hardware in a computer. It has a set of programs for supervising the activities
of a computer and activating/controlling the operations of the hardware components,
which include CPU, main memory, disk drives, keyboard, monitor, printer, and so on
(see Figure 2.4).

Fig. 2.4 An Operating System

These are some of the startup programs stored in ROM, initially loaded to
RAM, particularly the BIOS programs which the manufacturers of the computer system
record. Service programs available in operating systems for operations, such as copying
and deleting a file, formatting a disk and printing a file are normally stored in the disk.
Any malfunctioning of hardware components are instructed to the user by displaying
error messages on the screen. Operating system programs are also called system
software.

 Computers use many operating systems. MS DOS (Microsoft Disk Operating
System), Windows 95/98/2000, Windows 7 and 8, UNIX are among the most

Check Your Progress
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2. What is the full
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public?

4. Name three high-
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5. Give two examples
of third generation
language.
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commonly used operating systems. Today, Windows operating system is common in
personal computers, while UNIX  is preferred in mainframes, servers, graphic
workstations as well as personal computers. The operating system UNIX itself is
written using C language.

2.3.1 Functions of an Operating System

The operating system supervises the entire working of the computer. It has a collection
of programs that control the functions of the computer hardware. These OS (Operating
System) programs oversee the resources, manage files and control tasks. In case of a
network environment, the network operating system will control the memory resources
and the sharing of input/output hardware, like CD drives, printer, plotter, and so on.
The functions of an operating system are summarized here.

 The operating system displays instructions on the monitor screen, so that the
user can interact with the computer.

 It loads application programs, such as MS Word or AutoCAD, from a disk to
the computer memory.

 It manages the information stored on disks and retrieves the same, if and when
needed.

 It supervises and coordinates the activities of the hardware and peripherals,
which include CPU, keyboard, mouse, monitor, printer, RAM, disk drives, and
so on.

 It makes use of the power of the CPU for multitasking and timesharing.

1. Batch Processing

This is a process of executing programs one after the other using a batch file program.
A batch file contains instructions and names of the executable programs, written
sequentially in the order to be executed. When the execution of one program is complete,
the system control is transferred automatically to the next program in the batch file.
After all programs in the batch file are executed, the control is transferred to the
operating system.

Let us create a batch file named ‘JP.BAT’ to copy all the .EXE, .COM and
.TXT files to the floppy disk in drive A.

C:\>COPY CON JP.BAT

COPY *.EXE A:

COPY *.COM A:

COPY *.TXT A:

^Z

C:\>

To executeJP.BAT, we use the command:
C:\>JP

Advantages of Batch Files

The following are the advantages of batch files:

(i) The programmer may prepare many small programs and execute them
sequentially using a single batch file.
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(ii) The user can execute the required programs and omit unnecessary programs.

(iii) The programs may be executed without any operator intervention. The system
would execute one program (or task), process it and display the results. The
procedure is repeated until all programs in the batch file are executed.

(iv) Batch files are useful to execute the start-up settings for the computers. The
AUTOEXEC.BAT is a special batch file in our computers that will execute
during the start-up of our computers.

2. Multiprogramming

This is the name given to the interleaved execution of two or more programs in the
computer. Multiprogramming refers to loading two or more programs in the computer
main memory and executing them concurrently. We know that the working speed of
the CPU is much more than that of the I/O devices. Hence, the idle time of the computer
to wait for input or output operations can be utilized to execute some other program
(see Figure 2.5).

Operating System
Programs.

Job 1

Job 2

Job 3

1

3

2

Reading input data

Executing
this job

Storing Results
data

Secondary
storage
device

Main Memory

CPU

Fig. 2.5 Multiprogramming

While Job 1 is receiving data from the input device, the computer executes Job
2 and Job 3 which is storing the results to the storage device.

3. Multitasking

This is the ability of the computer to handle several application programs concurrently,
so that the idle time of the processor is reduced. In other words,with the help of
multitasking, various functions, such as  printing a document, solving a set of equations
and any other operation, can be done simultaneously. The multitasking  capability of
the operating system leads to an efficient utilization of processor. This reduces the user
waiting time.

The concept of multitasking is no different from the concept of multiprogramming.
Programmers use both the terms synonymously. However, the difference is that
multitasking refers to single-user systems (DOS based) and multiprogramming refers
to multi-user systems (UNIX based).
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4. Timesharing

This refers to the ability of the CPU to serve many users connected to it through a
network. The operating system assigns each user a slice of processor time in a round-
robin pattern (see Figure 2.6). CPU is able to process the information of many users
as it has high processing speed.

Ready Running

Blocked

New
job

Job
processing
completed

Job allocated to C PU
for execution

Return when allotted time is o ver

Job waits for completion
of I /O

I/O completed

Fig. 2.6 Timesharing in a Round-Robin Pattern

The term timesharing is used in the concept of multiprogramming, where users
in the network environment can work simultaneously on the system. In a timesharing
system, the CPU scheduling algorithm allocates the CPU time to various users. The
time allotted to each user is usually in the order of 10 to 100 milliseconds.

There are three states in a time-sharing system: Ready, running and blocked.

The Jobs 1, 2 and 3 are in three states as Ready, Running and Blocked in cycle,
respectively. Job 3 is in ready state for execution as soon as Job 2 is executed and job
1 completes its output. In the timesharing system, the CPU will never be idle as long as
there is some job to be executed.

Hardware and Software Requirement in a Timesharing System:

(i) A computer network with a number of terminals

(ii) A large memory for supporting multiprogramming

(iii) A method to prevent interruption of job instructions in memory

(iv) A method to preserve the job status

(v) A special algorithm for CPU scheduling to allocate the CPU time for each job

(vi) A clock mechanism to send an interrupt signal to the CPU after every time slot

Advantages of Timesharing

The major advantages of the timesharing system are as follows:

(i) Executing many tasks, simultaneously, reduces the idle time of CPU and increases
the system throughput.

(ii) The CPU scheduling algorithm ensures a quick response to all jobs in
multiprogramming.

(iii) Even small users share a sophisticated hardware and software facility.
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5. Real Time Processing

In real-time processing, a computer system processes a user request as soon as it is
input. The user waits only as long as the computer processes the input and outputs the
results. The time length between the user’s request and the computer’s output is referred
to as the response time. An example of real-time processing is the ATM (Automated
Teller Machine) in banking. Research shows that users become impatient with real-
time processing when the response time is longer than three seconds.

Real-time processing requires a dialog between the computer user and the
computer. When the user requests service from the computer, the computer often
responds by producing a dialog box, menu or screen display. The computer often
prompts the user for more data or instructions as necessary. The series of exchanges
is characteristic of real-time processing. Different types of input peripherals are available
for real-time processing. Devices commonly used in real-time processing, include
keyboard, mouse, trackball, light pen, scanner, sensors, touch-sensitive screen and
voice-recognition devices.

2.3.2 Types of PC Operating Systems

The following are the various types of operating systems in PC:

1. UNIX

UNIX is an Operating System (OS) that was originally developed in 1969 by
employees of AT&T. The most significant stage in the early development of UNIX
was in 1973 when it was rewritten in the C programming language (also an AT&T
development). This was significant because C is known as a high-level programming
language, which means that it is written in a form that is closer to human language than
machine code. The philosophy of the IT community at the time was that since operating
systems dealt primarily with low level and basic computer instructions, they should be
written in low-level languages that were hardware specific, such as assembly language.
The advantage of developing software in C gave UNIX its portability; very little changes
needed to be made for the operating system to run on other computing platforms. This
portability made UNIX widely used within the IT community which consisted
predominantly of higher education institutions, government agencies and the IT and
telecommunication industries.

Currently, the main use of UNIX systems is for Internet or network servers.
Commercial organizations also use this OS for workstations and data servers. UNIX
has been used as the base for other operating systems; for example, Mac OSX is
based on a UNIX kernel. An operating system that conforms to industry standards of
specifications can be called a UNIX system; operating systems that are modelled on
UNIX but do not conform strictly to these standards by fault or design are known as
UNIX-like systems. Linux, for example is a UNIX-like operating system, whereas
Solaris (developed by Sun Microsystems) is a UNIX system that conforms to standards.
Initially, UNIX systems used Command Line Interface (CLI) for user interaction but
now many distributions come with a Graphical User Interface (GUI).

2. Linux

Linux is a UNIX-like operating system originally developed by Linus Torvalds, a
student at the University of Helsinki. Since, the complete source code for Linux is
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open and available to everyone, it is referred to as open source. The user has the
freedom to copy and change the program or distribute it among friends and colleagues.

Technically, Linux is strictly an OS kernel (a kernel is the core of an OS). The
first Linux kernel was released to the public in 1991. It had no networking, ran on
limited PC hardware and had little device driver support. Later versions of Linux
come with a bundle of software, including GUI, server programs, networking suites
and other utilities to make it a more complete OS. Typically, an organization would
integrate software with the Linux kernel and release what is called a Linux Distribution.
Examples of popular Linux distributions are Red Hat, Mandrake and SCSE. These
organizations are commercial ventures, selling their distributions and developing software
for profit.

Linux is primarily used as an OS for network and Internet servers. Lately, it has
been gaining popularity as a desktop OS for general use, since, the wider inclusion of
GUIs and office suite software in distributions. The general features of Linux are
explained as follows:

 Multi-Tasking/Multi-User: Linux allows multiple users to run multiple
programs on the same system at the same time.

 Reliability: A highly reliable and stable OS, it can run for months, even
years, without having to be rebooted.

 TCP/IP Networking Support: Linux supports most Internet protocols.
TCP/IP is built into the kernel itself. TCP/IP is the communication protocol
that binds the Internet.

 High-Level Security: It has many built-in security features to protect your
system from unauthorised access. It stores passwords in an encrypted form
which cannot be decrypted.

3. Mac OS

Mac OS is the operating system designed for the Apple range of personal computers,
the Macintosh. It was first released in 1984 with the original Macintosh computer and
was the first OS to incorporate GUI. In fact, in contrast to the other operating systems
available at the time which used a CLI, the Mac OS was a pure GUI, that is, it had no
CLI at all. The philosophy behind this approach towards OS design was to make a
system that was user-friendly and intuitive, and was unlike MS DOS and UNIX that
appeared complicated and challenging in comparison.

The Mac OS was originally very hardware specific, only running on Apple
computers using Motorola 68000 processors. When Apple started building computers
using PowerPC processors and hardware, Mac OS was updated to run on these
machines. This was the case from the original Mac OS until Mac OS version 9 was
released in 2000. All these versions of Mac OS were pure GUIs. The release of OSX
(or Mac OS 10) brought a significant change in the development of Apple operating
systems. OSX was built on UNIX technology and brought better memory management
and multitasking capabilities to the OS. It also introduced a CLI for the first time.
Previous versions of the Mac OS had problems with multiple applications, causing
each other to crash while running simultaneously. OSX was originally developed to
only run on PowerPC hardware, but since 2006 it has been able to run on Intel or
X86 processors. Some distinctive features of the Mac OS are as follows:
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 It is the first GUI with a focus on usability and simplicity in an operating
system.

 The intuitive interface and development of publishing and creative software
since the first release of Mac OS has made Macintosh computers a favourite
in the design and publishing industries.

4. MS DOS

The Microsoft Disk Operating System (MS DOS) is a single-user, single-tasking
operating system offered by Microsoft. It was the most widely used operating system
for Personal Computers (PC) in the 1980s and Microsoft’s first commercialized
operating system. It was the same operating system that Microsoft developed for
IBM’s personal computer as a Personal Computer Disk Operating System (PC-DOS)
and was based on the Intel 8086 family of microprocessors. MS DOS uses CLI and
requires knowledge of a large number of commands. With the GUI-based operating
system gaining popularity, MS DOS has lost its appeal quickly though it was the basic
OS on which early versions of the GUI-based Windows Operating Systems ran. Even
today you will find that the Windows OS continues to use and support MS DOS
within a Windows environment. MS DOS was initially released in 1981 and till now
eight versions of it have been released. Today, Microsoft has stopped paying much
attention to it and is focusing primarily on the GUI-based Windows operating systems.

5. IBM OS/2

Operating System 2 or OS/2 was a joint effort by IBM and Microsoft for developing
a successor of MS DOS and early versions of Microsoft Windows. However, after
the huge success of Windows 3.1, Microsoft decided to part ways with IBM, who
decided to develop the OS/2 operating system itself. Introduced in 1987, this OS for
personal computers was intended to provide an alternative to Microsoft Windows for
both enterprise and personal users. Though OS/2 looks like Windows 3.1, it has
features that are similar to UNIX, particularly the multitasking feature and the ability to
support multiple users. IBM released OS/2 version 3.0 in 1994 and named it OS/2
WARP in order to highlight its new features and also to strengthen the brand value
which was lost due to IBM and Microsoft’s rivalry. OS/2 was the preferred operating
system in various banks for their Automated Teller Machines (ATM) and railways for
their Automated Ticket Vending Machines (ATVM).

Listed below are some features of OS/2 WARP:
 Support for multitasking support for a multi-user environment
 Internet compatible networking
 Peer-to-peer networking
 Receive and send fax
 Enhanced hardware support
 Enhanced multimedia capabilities for viewing and editing applications
 Office Application Suite known as IBM Works, that includes word

processing, spreadsheets, database and other office tools
 Security and Reliability Object oriented GUI that can manage programs,

files and devices by manipulating objects on the screen



Self-Instructional
104 Material

Software

NOTES

6. Windows 3.x

Microsoft released the first version of Windows 3.0 in 1990. It was a graphical interface
based package and not a complete operating system, because it required DOS to be
installed first on the computer, and only after that could it be loaded and used. With the
launch of Windows 3.11, huge improvements in terms of usability and performance
were seen because the user did not have to remember complex DOS commands,
work only a single application at a time or suffer from the limited use of input devices,
such as a mouse or trackball.

Some prominent features of Windows 3.0 and 3.11 are as follows:
 It supports graphical user interface where programs can be executed just by

double clicking on them and most of the system settings can be modified
from one point called the Control Panel.

 It can perform most of the DOS housekeeping commands, such as creating,
renaming and deleting directories, copying, moving, renaming, deleting files,
and formatting disks.

 It can run multiple programs in different windows.
 It can interchange data among different applications using a utility called a

clipboard.
 It support many options, such as FAX, drawing, graphical Internet browsing,

work on mixed text and graphical documents.
 Most DOS applications can be executed from within the Windows

environment and graphical interface is extended to those applications which
are designed according to Windows.

7. Windows 95

Windows 95 is a GUI that was released by the Microsoft Corporation in 1995. It had
significant improvements over the earlier version distributed by Microsoft under the
name Windows 3.11. In addition to the complete change in the user interface, there
were a number of important internal modifications made to the core of the operating
system. Windows 95, also known as Windows version 4.0 during its development
phase, was one of the most successful operating systems of that time.  Windows 95
operated independent of MS DOS rather than in conjunction with it and reduced the
use of MS DOS to only a boot loader for Windows 95.

A summary of all the elements that Windows 95 offers over the previous version
of the OS is listed as follows:

 Native 32-Bit File Access: With the introduction of the 32-bit file system,
Windows 95 has been able to directly manage files and file functions
performed on a large hard drive. Its introduction has enabled Windows to
remove the role of a system BIOS for allocating priorities and hard drive
parameters.

 Long File Names: File names supporting 255-character mixed cases are
used in Windows 95 using a 32-bit file access. Files created in Windows or
MS DOS, launched under Windows, are able to support this by using buffers
built into the operating system.
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 Multitasking: The concept was first introduced commercially by the
Windows 95 operating system by using a 32-bit protected mode kernel and
virtual machine monitor. It basically means that for every open window, it
creates one or more virtual processor environments, and provides device
virtualization for the video card, keyboard, mouse, timer and interrupt
controller inside each of them.

 Internet Explorer 4.0: It was included in the OEM service release 1 along
with TCP/IP support for connecting to the Internet. The final service pack
for Windows 95 also included Internet Explorer 5.5.

 Plug ‘n’ Play: Facilitates easy installation of hardware peripherals and
software applications through plug ‘n’ play capabilities under which most
devices didn’t require drivers for using them or could be plugged in without
rebooting the system.

 Hybrid Compatibility: In terms of support to previous versions of
applications and drivers based upon the 16-bit Windows 3.11 file system,
Windows 95 is to support 16-bit programs and provide 100 per cent native
support to DOS programs while managing 32-bit applications simultaneously.

8. Windows 98

Microsoft released the next version of Windows in 1998. Like its predecessor, Windows
98 supported a hybrid 16/32 bit file access system and provided better graphical user
interface. It is often described as an operating system that ‘Works Better, Plays Better’.
Code named ‘Memphis’ during its development stage, Windows 98 integrated Internet
Explorer into the user’s desktop to allow its access to get a global view of technologies
over the World Wide Web, and to enable easy access to it.

Some of the main features of this operating system are as follows:
 New features were added to enable easy access to the Internet related

information and Push technology was introduced, which delivered news
and other Internet related content directly to Websites.

 It supports multiple displays using several Visual Display Units (VDUs)
simultaneously to increase the capacity of the desktop and support the running
of different programs on separate monitors.

 Universal Serial Bus or USB has made computers easier to use, with advanced
plug ‘n’ play capabilities. It has allowed adding devices to your computer
without having to restart each time a device is added to the computer.

 Accessibility wizard has made it easier for people with disabilities to operate
a computer without installing any special software.

 Help on an extensive and easy-to-use, self-help system was provided in its
interface.

 In Windows 98, new interfaces, such as Universal Serial Bus, Digital Versatile
Disk, and Advanced Configuration and Power Interface, are also supported.
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9. Windows 98 SE

The Windows 98 SE (Second Edition) is an improved and enhanced version of
Windows 98. It includes new versions of Microsoft applications as compared to
Windows 98, to improve user experience and stability of the operating system.

Some of the new or improved elements of this operating system are as follows:
 Inclusion of Internet Connection Sharing: ICS (Internet Connection

Sharing) allows the users over a network to share a single dial-up or high
speed Internet connection with multiple computers on the network.

 Windows Driver Model (WDM) for Modems: WDM drivers are a part
of a standard model which provides support for independent hardware
vendors to write driver for their hardware to work both on Windows 98
and Windows NT platform. It also has enhanced support for USB modems
connected to a Windows 98 SE operating system.

 Wake-on-LAN: This enables a computer to be power managed while still
being available on the network. By using this technique, a computer can go
into a low-power state and conserve energy. The Network Interface Card
(NIC) monitors the activities on the network, and whenever, a request to
the computer is detected, it wakes up the computer to respond to it.

 Replacement of Internet Explorer 4.0 with 5.0 version: It is faster and
uses less computer resources then version 4.0.

 Integrated Support for DVD-ROM Drivers: This operating system
supported DVD-ROM drivers.

 Bugs:A major memory issue with Windows 98 was resolved with the release
of the second edition. This bug caused the system to crash when it was left
running for 48 hours.

 Microsoft Plus: A Windows enhancement pack, which wasn’t available
earlier as part of the operating system under Windows 98, was integrated
into Windows 98 SE.

 Support for Web TV: This edition supported Web TV using an Internet
connection.

 Updates for other Microsoft Programs, such as NetMeeting, MSN,
Microsoft Wallet, Windows media player, and so on, were released with
this version of Windows.

10. Windows Millennium Edition

Windows ME was released on 14 September 2000, and targeted specially home PC
users. This Operating System (OS) was in continuation to Windows 98, with restricted
access to real mode MS DOS shell to improve functionality. Among other changes
Windows ME incorporated an improved look and feel to the user interface and a
system restore option of going back to a previous state of the machine.

The key features of this operating system are as follows:
 Upgraded version of Microsoft products, such as Internet Explorer 5.5,

Windows Media Player 7 and introduction of the Windows movie maker
into the operating system were available.
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 System restore to troubleshoot problems by simply rolling back to recover
system at a previous working state and restoring only the operating system
files.

 Windows image acquisition helped in letting Windows and its applications
be easily connected with digital cameras and scanners.

 Windows Movie Maker is a utility based on Windows Media technology,
which uses a Directx interface to enable video capturing and editing features
on Windows computer systems.

 It includes image preview which allows the user to preview images without
installing additional software. Simple image functions are also supported by
this application, such as rotate, print and zoom.

 Improved Generic support for USB interface and shell extension of ZIP files
into the Windows Explorer.

The success story of Windows ME was short lived due to its instability and
unreliability as an operating system. Frequent system crashes and freezes led to further
unpopularity among home PC users. In addition, the flagship feature of Windows ME,
i.e., the System Restore function sometimes ended up restoring the system to an unstable
state and corrupted the file system.

11. Windows NT

Microsoft released this version of Windows in 1993. It increased the ease of use and
simplified management. It used the Windows 95 interface and included improved
networking support, easy access to the Internet and corporate intranets. With the
intent of designing it as an operating system capable of supporting high-level language,
and at the same time, processor independent, and support a multiuser and
multiprocessing environment, Windows NT had high acceptance in the home user and
professional user markets. Some of its main features are as follows:

 It was the first Windows operating system to combine support for high-end
client/server business applications.

 It includes new features for security, operating system power, performance,
desktop scalability and reliability.

 It includes support for multiprocessor (more than one CPU) architecture.
 Windows NT was geared towards business users and had a rich Application

Programming Interface (API), which made it easier to run high-end
engineering and scientific applications.

 It also supports a full 32-bit system of processors and memory addressing
(technique of transferring data from Memory), unlike the previous versions
of Windows which were 16/32 bit hybrids.

Various versions of Windows NT were released over the years, starting from
Windows NT 3.1 in 1993 to Windows NT 4.0 in 1996, after which product
development was stopped by Microsoft.

12. Windows 2000

Microsoft released this version of Windows in 2000. It was upgraded from Windows
NT 4.0 and designed with the aim of replacing Windows 95, Windows 98 and Windows
NT on all business desktops and laptop computers. It added major improvements in
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reliability, ease of use, Internet compatibility and support for mobile computing. It
made hardware installation much easier by adding support for a wide variety of new
plug ‘n’ play devices, including advance networking and wireless products, USB devices
and infrared devices. Like its predecessor, Windows NT supported various computer
environment elements, such as multiprocessing, New Technology File System (NTFS),
rich API, and so on, and in addition, also active directory services, distributed file
system and Microsoft management control.

The main features of Microsoft Windows 2000 are as follows:
 Dump capabilities, wherein, the operating system gives its users the option

of dumping either a part of the memory or the entire contents into a file on
the hard drive. This helps in saving critical information in case of a system
failure.

 Windows 2000 introduced the Microsoft management control, which
controls the access to administrative tools and system settings.

 Recovery Console is another tool added to the Windows 2000 version.
Recovery console is run from outside the Windows shell to perform tasks
that cannot be executed from Windows and boot loading of the operating
system has failed.

 Distributed file system is a technique which allows the user to group multiple
storage locations as one logical unit on the computer.

It should be noted that when compared to the previous version of Windows
operating systems, Windows 2000 server was publicised to be the most secure OS so
far. However, starting from the first day of launch till the end of its development cycle,
Windows 2000 was troubled by security issues and exploits for which constant updates
were released.

13. Windows 2003

Windows 2003 was released by Microsoft on 24 April 2003. This OS was designed
and developed over various functional parts of Windows 2000 and Windows XP. It
boasted better stability, compatibility and security than Windows 2000 and XP. It
improved the performance of the system by taking advantage of the recent hardware
developments, redesigning the system interface and developing better services. Major
updates of Microsoft in-house applications and services, such as networking, Web
server and compatibility with Windows NT, were released with this OS.

The main features of this OS are listed as follows:
 The support for 64-bit processors was a major step towards using more

efficient and latest technology hardware.
 Internet Information Services V6.0 comes with a significant improvement

over the previous versions of IIS. It is more secure, fast and included as part
of the OS.

 A separate Web Edition of Windows 2003 was launched, specially designed
as a Web server with a focus solely on Web services.

 Tighter security measures over previous versions of Windows, using built-in
firewall and service selection process incorporated in an OS for the first
time.
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 Support of a hardware based monitoring system called ‘watchdog timer’
which can monitor the server for hang-ups and freezes. It can also restart
the server in case it fails to respond.

 Virtual disk services allow offsite storage media to be used as normal hard
drives with no separation at user level.

 Support for multiple roles, such as that of a Web server, print server and
storage server.

14. Windows XP

Windows XP was first released on 25 October 2001, and since then, over 600 million
copies have been sold worldwide. It is a successor to both Windows 2000 and Windows
ME, and the first OS aimed at home users built on Windows NT kernel and architecture.
Due to the integration of multiple technologies from various operating systems, it has
gained wide popularity among home and business desktop, notebooks and media
center users. As acknowledged by most Windows XP users as well as the Microsoft
Corporation, this version of Windows is the most stable and efficient OS released by
Microsoft yet.

The key features of all the different versions of Windows XP are given below:
 Enhanced support to drivers for hardware devices connected to the computer

using an improved version of Windows Image Acquisition (WIA). In addition
to this, in the control panel an option to revert back to driver changes has
also been inserted into it.

 CD-burning capabilities are integrated into the Windows XP OS. This
technology is adopted from Roxio and doesn’t require a third party software
to be installed in order to burn CDs and DVDs.

 Simultaneous user login into the operating system enables multi-user switching
between tasks and does not require one user to close all applications before
letting another user log in.

 Remote assistance helps a Windows XP user to take control of another
Windows XP machine by using a network or the Internet. This is very helpful
in remotely fixing problems without being physically present around the
machine.

 Improvement in Fonts using ClearType technology has made it easier and
more attractive to work in Windows XP.

 Power Management functions are drastically improved and the default
standard changed to ACPI (Advance Configuration and Power Interface)
from APM (Advanced Power Management). With ACPI, according to
battery status, processor speeds can be reduced or increased instantly, USB
devices can be individually isolated and suspended to save power and screen
brightness can be adjusted to increase battery life.

 The first OS from Microsoft which required product activation to fight piracy.

15. Windows Vista

The most recent in the line of Microsoft Windows personal computer operating system,
Windows Vista, code named Longhorn, was developed to succeed Windows XP and
improve upon the security aspect. Microsoft started the development of Windows
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Vista five months after releasing Windows XP and the work continued till November
2006, when Microsoft announced its completion, ending the longest development
cycle of an operating system. Since, the original idea of building longhorn from Windows
XP’s code was scraped and it was built on Windows 2003 SP1, several developments,
including new graphical interface named Windows Aero, refined and faster search
capabilities, an array of new tools, such as Windows DVD Maker, integrated Windows
Media Centre in the Vista Home Premium and vista Ultimate Editions, redesigned
networking, audio, print, and display subsystems, were made.

The key features of Windows Vista are stated as follows:
 There is an increased level of communication between machines on a home

network. The peer-to-peer technology is used for simplifying sharable files
and digital media between computers and devices.

 Windows Vista includes version 3.0 of the .NET Framework, which aims at
making it significantly easier for software developers to write applications
than with the traditional Windows API.

 Windows Aero, the new graphical interface of Windows Vista OS is an
aesthetically driven GUI with transparencies, live thumbnails and icons. The
overall look and feel of the GUI is pleasing to the eye and convenient to
work with.

 Instant Search is a new feature of Windows Vista which is significantly faster
and returns better in-depth results for files and folders on the desktop.

 Windows Sidebar is a panel where selected Windows gadgets are located.
These gadgets update the user on various topics, such as stock indexes,
sports score and currency exchange rate, and can be customized according
to user requirements.

 Windows Internet Explorer 7 incorporates tabbed browsing and anti-phishing
filtering, and works in isolation from other applications using a protected
mode.

 Backup and Restore Center application provides the user with the ability to
backup and restore application at periodic intervals of files and folders present
on their computers. Backups are stored on the basis of changes made to the
data and incremented automatically to the existing backup. The option to
completely back up all data on the PC is also available in selected editions
of Windows Vista, wherein an image can be created on hard drives or DVDs.
In case of a hardware or software failure, complete PC Restore can be
easily performed and data loss can be prevented.

 Windows DVD Maker brings native support to Windows Movie Maker for
creating custom DVDs based on the user’s content. Operations, like designing
a Title, menu, video, soundtrack, pan and zoom motion effects on pictures
or slides, can be easily performed.

 Windows Media Center, which used to be a separate edition of Windows
XP, known as Windows XP Media Center Edition, now comes integrated
with Windows Vista in the Home Premium and Ultimate editions.

 Windows Mobility Center refers to a control panel which centralizes the
most relevant information related to mobile computing, such as brightness,
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sound, battery level/power scheme selection, wireless network, screen
orientation and presentation settings.

 NetMeeting has been replaced by Windows Meeting Space.Windows
Meeting Space may be used for sharing data or the entire desktop with
other users of this application who are connected over the Intranet, LAN,
or Internet, using the peer-to-peer technology.

16. Windows CE

The Windows Embedded Compact (CE) is an operating system optimized for devices
with minimum hardware resources, such as embedded devices and handhelds. It
integrates advance and reliable real-time capabilities with Windows technology. The
kernel of this OS is not just a trimmed down version of desktop Windows, but is in
fact, a brand new kernel which can run on less than a megabyte of memory. Besides,
the advantage of performing on a minimum specification, it is also an OS which satisfies
the prerequisites of a real-time operating system. Another distinct feature of Windows
CE is that it was made available in a source code form to several hardware
manufactures, so that they could modify the OS to adjust with their hardware and also
to the general public. Since, Windows CE was developed as a component based and
embedded operating system, it has been used as the basis for the development of
several mobile operating systems, such as AutoPC, PocketPC, Windows Mobile and
Smartphone, and also embedded into games consoles, such as Microsoft Xbox.

Some key features of Windows CE are given below:
 Connectivity with a wide array of options, such as wireless communication,

infrared, dial-up networking or Ethernet network connections, with advance
security encryption and continuous synchronization with personal computers
and other handheld devices.

 Availability of business applications, such as Excel, Word, Outlook and
PowerPoint, on the move is a great advantage in improving productivity and
easier access to information.

 The option to connect to different types of printers and support for multiple
modes of connection, such as serial port or infrared.

 New support for programming languages with ActiveX, DirectX, Hypertext
Markup Language (HTML), Java Virtual Machines(JVM), Visual Basic
Script (VBS), and so on.

 Easy to use graphical user interface with a cascading Start menu, color and
grayscale screens, customization of command bars, support for international
character set, ability to display VGA graphics using an external display, true
type fonts, and so on.

 Starting from Windows CE 5.0 onwards, the support for Voice over Internet
Protocol (VoIP) was also added.

 Besides smooth browsing using the integrated Internet Explorer, other features,
such as Remote Desktop, Web Services on Devices API (WSDAPI) and
Windows media player updates, are also available in Windows CE.

Check Your Progress

6. Define batch
processing.

7. List at least two
advantages of
timesharing.

8. Name any three
operating systems.

9. What is the full
form of MS DOS?
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2.4 SUMMARY

 On a functional basis, software can be categorized into system software,
programming software and programming software

 Types of software based on type of application are as follows:

o System software

o Real-time software

o Business software

o Engineering software

o Artificial intelligence software

o Web-based software

o PC software

 In computing, a bootstrapping process called booting (booting up) starts the OS
when the computer system is switched on. The first set of operations performed
by the computer when switched on is called boot sequence. The main operating
system for the computer is loaded by the bootloader.

 Most of the application software available in the market need a software license
for use.

 A computer language essentially implies a language that is understandable to the
computer.

 All computer languages can, however, be classified under the following categories:

o Machine Language (First Generation Language)

o Assembly Language (Second Generation Language)

o High-Level Language (Third Generation Language)

 In ROM are stored some of the start-up programs initially loaded to RAM,
particularly the BIOS programs which the manufacturers of the computer system
record.

 Following  are the functions of an operating system:

o The operating system displays instructions on the monitor screen so that the
user can interact with the computer.

o It loads application programs, such as MS Word or AutoCAD, from a disk to
the computer memory.

o It manages the information stored on disks and retrieves the same, if and
when needed.

o It supervises and coordinates the activities of the hardware and peripherals,
which include CPU, keyboard, mouse, monitor, printer, RAM, disk drives and
so on.

o It makes use of the power of the CPU for multitasking and timesharing.

 Advantages of batch files are as follows:

o The programmer may prepare many small programs and execute them
sequentially using a single batch file.
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o The user can execute the required programs and omit unnecessary programs.

o The programs may be executed without any operator intervention. The system
would execute one program (or task), process it and display the results. The
procedure is repeated until all programs in the batch file are executed.

o Batch files are useful to execute the start-up settings for our computers. The
AUTOEXEC.BAT is a special batch file in our computers that will execute
during the start-up of our computers.

 Advantages of timesharing are as follows:

o Executing many tasks simultaneously reduces the idle time of CPU and
increases the system throughput.

o The CPU scheduling algorithm ensures a quick response to all jobs in
multiprogramming.

o Even small users share a sophisticated hardware and software facility.

2.5 KEY TERMS

 System Software: It helps in the proper functioning of computer hardware. It
includes device drivers, operating systems, servers and utilities.

 Programming Software: It provides tools to help a programmer in writing
computer programs and software using various programming languages. It includes
compilers, debuggers, interpreters, linkers, text editors and Integrated Development
Environments (IDEs).

 Application Software: It helps the end users to complete one or more specific
tasks. The specific applications include industrial automation, business software,
computer games, telecommunications, databases, educational software, medical
software and military software.

 Real-Time Software: This is based on observing, analysing and controlling real
life events as they occur. Manually, a real-time system guarantees a response to
an external event within a specified period of time.

 Business Software: This kind of software is functional in the domain of
management and finance.

 Engineering and Scientific Software: This software has developed as a
significant tool used in the research and development of next generation technology.

 Web-based Software: This category of software performs the function of an
interface between the user and the Internet.

 Commercial Off-The-Shelf (COTS): This comprises the software without any
committed user before it is put up for sale.

 Customized or Bespoke: This software is designed for a specific user, who is
bound by some kind of formal contract.

 Customized COTS: In this classification, a user can enter into a contract with
the software vendor to develop a COTS product for a special purpose, that is,
software can be customized according to the needs of the user.

 Stand-Alone Software: A software that resides on a single computer and does
not interact with any other software installed in a different computer.
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 Embedded Software: A software that pertains to the part of unique application
involving hardware like automobile controller.

 Real-Time Software: In this type of software, the operations are executed within
very short time limits, often microseconds.

 Network Software: In this type of software, software and its components interact
across a network.

 Licenced Software: These are the technologies which are available to the general
public for sale, license or lease.

 Free Domain Software: It is the software that comes with permission for anyone
to use, copy, and distribute, either verbatim or with modifications, either gratis or
for a fee.

 Batch Processing: This is a process of executing programs one after the other
using a batch file program.  A batch file contains instructions and names of the
executable programs written sequentially in the order to be executed.

 Multiprogramming: It refers to loading two or more programs in the computer
main memory and executing them concurrently.\

 Multitasking: This is the ability of the computer to handle several application
programs concurrently so that the idle time of the processor is reduced.

2.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. (i) System software

(ii) Real-time software

(iii) Business software

(iv) Engineering and scientific software

(v) Artificial intelligence software

(vi) Web-based software

(vii) PC software

2. Commercial Off-The-Self (COTS)

3. Licensed software is available to general public for sale, license or lease.

4. COBOL, BASIC and Java

5. C, C++, C#, Java, BASIC and PASCAL are few examples of 3GL.

6. Batch processing is a process of executing programs one after the other using a
batch file program. A batch file contains instructions and names of the executable
programs, written sequentially in the order to be executed. When the execution of
one program is complete, the system control is transferred automatically to the
next program in the batch file.

7. (i) Executing many programs, simultaneously, reduces the idle time of the CPU
and increses the system throughput.

(ii) The CPU scheduling algorithm ensures a quick response to all jobs in
multiprogramming.

8. UNIX, Linux, Mac OS and MS DOS are few examples of OS.

9. Microsoft Disk Operating System (MS DOS)
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2.7 QUESTIONS AND EXERCISES

Short-Answer Questions

1. Distinguish between licensed software and free domain software.

2. What are the various kinds of programming languages?

3. State functions of an operating system.

4. List the advantages of batch files.

5. Define multitasking.

6. Name various kinds of utilities.

Long-Answer Questions

1. List the various kinds of software based on type of applications. Explain each of
them.

2. With the help of a diagram, explain timesharing in a round-robin pattern.

3. Write a brief note on Linux.

4. Name various versions of Windows and explain each one of them.

5. Distinguish between free domain software and licensed software.

6. What is an assembly language? Give few certain important facts about assembly
language.
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UNIT 3 COMPUTERS AND SOCIETY

Structure
3.0 Introduction
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3.2 Impact of Computers on Society

3.2.1 Impact of Computers in Various Fields
3.2.2 Information Theory, Information System and their Benefits

3.3 Information Society
3.3.1 The IS as Information Economy; 3.3.2 The IS as Technological Change
3.3.3 ICT and IS; 3.3.4 The Characteristics of IS
3.3.5 The IS as Knowledge and Learning Society
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3.4.1 Components of NII; 3.4.2 Need of NII; 3.4.3 Characteristics of NII
3.4.4 Importance of NII; 3.4.5 Types of Data NII Includes
3.4.6 Technical Challenges in NII; 3.4.7 Role of Libraries in NII
3.4.8 Global Information Infrastructure

3.5 Technological Convergence
3.6 Summary
3.7 Key Terms
3.8 Answers to ‘Check Your Progress’
3.9 Questions and Exercises

3.10 Further Reading

3.0 INTRODUCTION

Today, the computer is involved in reforming the whole world and has touched the life of
humans than any other technology. It has become an ardent part of people’s life. A
computer is any electronic device that accepts data, and then processes it using a set of
instructions, known as a program, to give an accurate and efficient result known as
information.  The goal of a computer is to produce information using the art of computing
known as information processing.

In the past few decades, computer and communication has revolutionizedtechnology
and there has been a rapid growth in the use of information technology. The first modern
digital computer was developed for military purposes in the 1940s and the first personal
computer was developed in the 1970s which was faster and more powerful. They were
affordable and in the reach of individuals. Hence, people use these personal computers for
personal business and academic needs. The technology grew so rapidly that by the end of
1990s, laptops were developed with smarter technologies. They were capable of performing
millions of calculations per second. Today, the progress in information technology and
communication has changed the way we live, work, educate our children and perform our
business. This is also affecting the way we communicat with each other.  Computers have
made an enormous impact in our lives and it is unbelievable that we lived in this society
without the computers for so many years.

We are benefiting a great deal from the advancements in technology made in the
computer industry. The uses of computers range from hundreds to billions of things.
Although, the full effect of the current information revolution is unpredictable, it has
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become a primary tool of our life which does even the daily annoying tasks easily with a
click of a button. From our education to vacation, from our employment to our
communication, we perform nearly all jobs with the help of computers. Computing is
reaching to every field whether science, industry, or business, and thus, reaching directly
or indirectly to the various aspects of our society. Thus, we may say that the world has
compacted so much that no one can lack behind or live in isolation. Computer has
affected the human life and benefitted individuals and organizations for administrative
and clerical convenience.

The advent of this electronic device was first explored by scientists to search for
scientific queries. We cannot deny the fact that the users were scientists themselves.
There were several problems that had satisfactory solution using numerical methods but
involved a huge amount of computing. The computers made it possible to make reliable
solutions to these complex problems with accuracy and also opened new application methods
or areas. It would have been otherwise tedious, inexhaustible and may be incomplete in
some cases to solve such problems and the solutions, if found would have been inaccurate.
Today, it is impossible to list all the possible applications of computer and there is hardly any
branch of science which is not dependent on this electronic device.

Science is not the only field where computers have been used. It has also made
the revolution in the business field. There are applications available, for example,
accounting, inventory management, airlines seat reservation and banking business, that
have made the working easier for people. For example, banking business have made the
banking so easy that one can make transactions online without visiting banks and waiting
in the queue. Even the national projects have been accomplished with the use of computers.
Consider, for example, registration of voters for elections which involves huge volume of
data, and is otherwise, becomes tiring, inaccurate and full of errors, if managed manually.

3.1 UNIT OBJECTIVES

After going through this unit, you will be able to:

 Describe the impact of computers on society

 Identity the impact of computers in various fields

 State information theory, information system and their benefits

 Express Information Society (IS) as information economy

 State various characteristics of IS

 Discuss the role of libraries in the Information Society

 Define National Information Infrastructure (NII)

 List various  components of NII

 Describe the technological convergence

3.2 IMPACT OF COMPUTERS ON SOCIETY

For the past few decades, the world is experiencing proliferation in use of computers
and its technology at an exponential rate. The era has been termed as ‘Information Age’
and has become a dominant and pervasive part of modern life. This is shaping the way
and changing the society, and has an impact on the entire global system. The development
of computers can be considered as a major scientific achievement in twentieth century.
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Today, no field is untouched where computers are not used. Computers are used as a
management tool to assist in solving the business problems, banking tool to provide the
people online banking facility, industrial tool to plan, coordinate and control the production
in the industry, engineering tool used to assist in designing, meteorological tool to record
the activities at different level of atmosphere, air plane equipments, road traffic controller
and so on. Although, it is not possible to predict the full effect of the technological
revolution, but we can feel and experience the changes in our daily life due to computers.
Computers have positive impact as well as negative impact on the society.

Positive impact are as follows:

 The work through computers can be done very fast and efficiently.
 Computers have changed the way of storing and accessing information. One

can access any piece of information at any point of time.
 Data and information can be accessed easily.
 The results produced by computers are accurate and cannot be over-

emphasized.
 Interaction of people with the outside world is made easy with the use of

computers.
 It can be used as a tool for educating or entertaining people.
 Appointments with doctors, buying stocks, paying electricity bills, reading

interactive books and even a recipe on the kitchen are various functions which
can be performed online.

Negative impact are as follows:

 Due to the automation, i.e., the tasks are performed automatically, the needs
of people to perform various tasks have remarkably reduced resulting in
unemployment.

 Data security is one of the major problems as unauthorized access of data
may lead to a serious hazard.

 The introduction of new technology very often may require the organizations
to arrange the new hardware, software and need to provide training resulting
into overhead expenses.

 The young children are using computers for playing games and to perform
arithmetic activities which may result into lose of their mental ability skills.

In today’s world, computer is no more a computer, but has become a life. Personal
Computers (PCs) have evolved in a way that it has redefined the experience for the
people of all age group.  The technology has been  transformed in a way that a PC can
be used as a telephone, a fax machine, a copier, a scanner and even a television.

3.2.1 Impact of Computers in Various Fields
Computers has been used in offices, banks, industries, schools, hospitals and even at
homes. It is even used for research purposes and at higher level of administration for
decision making.

1. Computers in Education: CBE (Computer Based Education) is a tool used in the
field of education. Computers are being used in schools to drill the work. It is now
an inseparable part of education. It is used as a tool for analysing and solving a
problem in order to shape the mind of children. This can be used in almost all the
subject areas, such as to learn mathematics, to learn animations and to learn how to
colors. It is also used to teach science where simulation of experiments can be
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performed. Programs are designed for automatic teaching operations. It has promoted
the distance learning programs, and made it effective and productive with the help
of Internet and video-based classes. Even online examinations have become popular
that are conducted all over the world. This also helps in declaring the result in time.

2. Computers in Hospitals: Computers are used in hospitals to digitize the medical
information from prescriptions to reports. It is used as a tool to scan and diagnose
different diseases. Patient’s monitoring with ECG and CT Scan is not possible
without computers. Technology has made it possible to perform surgery with the
help of computers.

3. Computers in Banks: The whole banking system is totally dependent on the
computers. Banks provide facilities, such as online banking facility, which enables
its users to perform their banking transaction, such as balance, deposits, fund
transfers and bill payments through computers. Even the ATM machines are also
a kind of computer.

4. Computers in Business: The high speed of computers in calculation, accuracy,
and reliability has made them an integral part in business organizations.  These
are used as tools for payroll calculation, sales analysis, financial forecast, budgeting,
maintenance of stocks and so on.

5. Computers in Marketing: Computers are used in creating artful and graphical
advertisements, to print and to disseminate those advertisements with the aim to
increase the sales of any product. They have been used as computerized catalogues
for home shopping applications and provide access to the information about the
product. These are used in deciding price strategy and make the organizations
aware about the needs and requirements of the consumers.

6. Computers in Defense: Even the military is not untouched with the use of
computers. The computers are used as tools in developing equipments, such as
military communication, smart weapons, military planning and operations, and
missiles in military system. These systems are controlled by computers.

7. Computers in Communication: Computers have proven to be a source of
faster and reliable communication. Computers are used to communicate via emails,
chatting, video-conferencing and so on. They may even interact with each other
over social media websites, such as Facebook, Google Plus and Twitter.

8. Computers as Favorite Pass Time: Computers are the major entertainment
source. They can be used for watching movies, playing games, listening music
and so on. They can even watch live matches using Internet.

3.2.2 Information Theory, Information System and their Benefits

Advancement in economy needs specialization in production, distribution and use of
information. This specialization of information is a source of substantial welfare gains.
Reliable information is required for a competitive market to work as a mechanism for
efficient resource allocation. When information, which  is a key variable, is widely available
is more likely to generate rational product and provide powerful signals to the growth of
market. Information is a basic input factor for scientific and technological progress.
Thus, information based economies are more competent in research and development,
in knowledge creation, and proved to be economic laboratories for business and
government innovation.  Information cannot be patented, kept secret or copyrighted.
Creation of information by one organization may benefit the production of other firms.
Information technology is evolving with the potential to support existing business strategies
and shaping up new business strategy. The importance of information can be seen due
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to the large investments in computer and telecommunication. This is due to the substantial
benefits of utilizing statistical information which reduces the risk. For example, bank
insurance and other financial companies have adopted computers in their management
process and have been benefitted.

Information technology has become an important part of industrial restructuring
which occurs constantly. IT applications have become an important part and governments
have recognized that the development of IT sector as a crucial factor for maintaining
industrial competitiveness. There is a collaboration of industry and research institutions
due to the increased numbers of IT programs. Besides, the limitations in creating effective
information infrastructures are impediments in the advancement. The importance of
information system is not restricted to the economic sphere, but has become important
for all levels of society. There is a sufficient need of flow of information in order to make
decision by almost all organizations. In fact, a good decision-making structure depends
on the flow of information. Thus, it is important to form information system in such a
way that it is useable in a timely fashion.  An information system is considered to be a
successful in the context of the present information age, if it is able to condense the
significant information quickly to its users and additionally should suit the decision-making
process. In addition, the relationship between the decision-making structure and information
structure should be developed in such a way that there is a continuous improvement in
both the fields. In other words, there is a way that decision-making structure should be
able to communicate its demand to the information structure clearly and the information
structure should be able to provide the necessary information, so as to take appropriate
decision by the decision structure. This way, we are able to focus and sort out the
relevant information important for policy making.

How the information is important, and where and how does it make its contribution?
We may quantify some of the benefits of information but others are difficult to quantify.

A partial list of some of the benefits is identified and represented as follows:

 Effective control of operation
 Helps in making plans in a more realistic way
 Open information on market and prices
 Helps in decision-making process
 Improved efficiency
 Improves the performance and growth of organization
 Access to new ideas, theories and scientific model

There is a great impact of enhanced information structure and statistical
infrastructure at almost all levels. Different methods of arranging information are the
area of computer and information scientists, and need extensive academic and professional
research to describe algorithms on how information can be operated, and can be
constructed better, faster, efficient and more reliable. An information infrastructure user
may find infinite amount of information while making a decision and not all information is
relevant. In order to use the information effectively, there must be some finite and
manageable set of data. Such an abstraction (or filtering) of data has to be accomplished
with the help of some application model.

There is a revolutionary advancement in information and communication
technologies and accumulation of knowledge has been increased faster than ever. Our
society is confronted with a large number of information need.  Sorting out the useful
idea from the general chatter of community is the flow of information in social organization
which is also related to the production and innovation.

Check Your Progress

1. Explain the impact
of computers in a
hospital.

2. What is the impact
of computers in
communication?
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3.3 INFORMATION SOCIETY

There have been many changes in existing societies and the life of each person in the
recent years. Initially, these changes were focused mostly on structural, mental and
economical revolution of the societies. However, now the world has moved from the
industrial age to information age. The desire for knowledge by humans has escorted to
the creation and amassing of vast amount of information. The term information can be
defined as knowledge of what one knows or understands. It is considered as awareness
of something. The term is often regarded as data and ideas, which are identifiable and
are organized in a structured manner, so that, it can be communicated and can be stored
in different forms as books, magazines and television programs, which can be used by
other people later in a meaningful way. The information is used in attaining technological,
scientific, economical and political development of any country.

This is a modern era where the lives of people and nations have been transformed
due to information. The national development is measured by the amount of information
available. We may associate the concept of Information Society (IS) with this fact. In
fact, it is common to say that we live in an information society.  Indeed, IS has taken a
center place in the recent years. The concept of society is taken, in fact as, collaboration
where community and communality discussion can be made between different interest
groups. We may find many names corresponding to IS, such as digital society, network
society, knowledge based society, Internet society and virtual society, but the concept
remains the same for all terms and claims the importance of knowledge, i.e., the creation,
generation, diffusion and use of information.

Although, the concept of IS is not new and was laid in late 1960s. Since then, the
concept has been used numerous times to update the technological innovation with
different names.  USA adopted the notion of information superhighway in 1990s to
symbolize economic development. The notion was popularized around the world and
was based on the potential of Internet. The EU (European Union) launched its vision as
‘IS’ in response to the US information superhighway and economic recession in 1993,
and became a major slogan for European Economic and political issues. The success of
Internet and high-speed broadband communication connections was the heart of this
economic regeneration. The IS is a way of economic modernization and development.
The aim of such notion was to solve socio-economic problems and inequalities.

The idea of IS has emerged within the framework of various theoretical contexts
rather than a theoretical concept. The literature is interdisciplinary with social science
discipline, business studies, the sociology of organization, political and educational science,
communication and media, and natural and technical sciences. The IS aims at achieving
competitive advantage in a creative and productive way using it. IS is a modern way of
producing information enormously by collecting, storing, archiving and accessing
information using ICT, anywhere anytime.

From the above discussion, it is clear that ICT in today’s world is represented as
machines during industrial revolution. It has revolutionized the way of working, transformed
the economy and has an irreversible impact on the life of people. It has shaped a new
‘information’ society. The fundamental role of information and knowledge to the society
has been widely recognized, and is a crucial factor for social and economic development.
This means that access to information should be extended to everyone and everywhere,
and this makes universal access or universal service a fundamental point of declaration.
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It is the concept of making communication facilities available to everyone in the society.
The merging of information and communications technologies (ICTs) is a result that we
have been driven into a new sort of society. Email, data and text communications, online
information exchange and many others are the part of computer communication and is
responsible for the generation of new society. Rapid growth of Internet has promoted
education, economic success and democratic process, and is called as information
superhighways. This paradigm has been named as ‘Information Age’. Although, there
is voluminous literature available on this term, no universally accepted definition of the
term information society is yet produced. The writers talk about particular features of
IS, but are not clear about their operational criteria. Kelvin Kasiwulaya and Wlater
Gomo (Makerere University) cite that information societies are those that have intensified
their use of IT for economic, social, cultural and political transformation. Martine (1995)
defined the term as

‘A society in which the quality of life, as well as prospects for social change
and economic development, depends increasingly upon information and its
exploitation. In such a society, living standards, patterns of work and leisure,
the education system and the marketplace are influenced markedly by advances
in information and knowledge. This is evidenced by an increasingly array of
information-intensive products and services, communicated through a wide
range of media, many of them electronic in nature.’

This term is widely used in academic as well as in the wider society. To encounter
to the new information age, one has to refer to the newspaper or turn on the television or
browse the shelves of bookshops. This is because of the prevalence of the information
in the present era. The most obvious reason for the explosion in information is due to
media and media products (from cable TV to CD records and from mobile phones to the
Internet).  Apart, the rapid and accelerating penetration of computers and the related
technologies throughout the society in the education, and the need of information in
different occupation is also the reason for this explosion. This development describes
the age in terms of one of the most palpable feature, and hence, logically the information
society. The information age has also been affected with the recent development in the
technologies, such as digital television, mobile telecommunications, personal computers,
emails and e-commerce. This leads to more information around us than a decade ago
which is demonstrable from everyday experience. This is inhabited as IS. The change in
terms does not mean only revolution from industrial society to IS, but also, the change in
the work image of the citizens.

The definition of IS can be presented with respect to the five different features:
Technological, economical, occupational, information flow, and the expansion of signs
and symbols. The concept of IS first emerged in Japanese social science in 1960s. The
cause of IS is the interrelation of two developments: Long term economic development
and technological changes.

3.3.1 The IS as Information Economy

Umesao, a biologist and an anthropologist, was among the first academicians who wrote
for IS. He associated the knowledge industry with the modernization. In his studies, he
claimed the electronic industry to be a key for the structural transformation of the industrial
society as the intermediary industries (transportation, heavy industry) were for the
transition from the agricultural to the industrial society. He tailored the three-sector
theory where he defined national economies as the total of the agricultural, industrial and
service sectors.
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Later, an Austrian-American economist Machlup augmented the three sector
model provided by Umesao with a fourth factor as the knowledge industry. The IS
was also defined as national economies by Karl Deutsch, a political scientist, where
more than half of the work force was employed in information oriented profession, and
the net product of these activities were greater than half of the Gross National Product
(GNP).

In earlier years, the economy was relied upon the primary sectors: Forestry,
agriculture and mining, and since, the structure of economy changed a secondary sector,
manufacturing industry, it became important by contributing to a large part of GNP. This
rise was followed by spreading out of another sector called service and commercial
sector, that contributed to the national income. At every point of progress, there was
added value to the number of workers and capital investment which led to an expansion
in economy. The service sector became more important due to the information and its
processing in various formats.

Thus, from the definitions and discussions of researchers, it could be concluded
that information economy can be defined as sum total of the value that can be obtained
through information activities, such as production, processing, and distribution of
information goods and services. The information, thus, generated is sold by the market
and is consumed by the organizations. Researchers have considered the information
economy as a significant aspect of IS. The economic structure provides one aspect of
the social and cultural implication on IS.

3.3.2 The IS as Technological Change

The economic development was majorly affected by the technological change. The
rapid development of ICT in the recent years has certainly increased the ability to process
information and an accelerated growth can be seen in information sector. Some
economists have even claimed for the sustained economic growth is triggered due to the
technological change. The impact of IT can be applied to a wide range of different state
of affairs and can itself put in to further technological changes. The capacity of IT is
growing at an exponential rate and has never shown a sign of recession or slows down.
Even the cost of technology has a sharp fall over the period and it continues to do so.
These are the factors that has triggered a new wave in the growth of economy, and
hence, the development of IS.

Quantitative changes in information indicate the coming of an IS that is analog to
decline in the number of farmers and rise in factory employment signifies the end of
agricultural society and the emergence of industrialism.

3.3.3 ICT and IS

Advent of new technologies is the indication for new times and signal for the coming of
IS. These technologies, include computer-to-computer communication, such asnotably
online information services. The impact of such volume of technological innovation leads
to a reconstitution of the social world. To this, the leading futurist of 1980s, Alvin Toffler
suggested that the world was shaped by three waves of technological innovation with
unstoppable tidal force. These revolutions were agricultural revolution, industrial revolution
and of course information revolution which provided us new ways of living. The spread
of computer communication technologies inspired the making of new society. The most
common definition of IS lies in the technological innovation, where the application of IT
has led to all corners of society due to the way of processing, storage and transmission
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of information. This is mainly due to the reduction in the cost of computers, and hence,
their application in every field. Moreover, the route to information society is due to the
features involved with ICT which has also improved the information management and
distribution. Since, everyone is using ICT for the dissemination of information, there is a
network of computers called as information grid that offers the information, whenever
and wherever it is needed. With the spread of Integrated Services Digital Network, i.e.,
ISDN, there is a foundation for IS and has become the highways of the modern age
acting as railways and roads to industrial age and providing infrastructure support to the
Post-industrial Society–information. Some authors have stated that ICT has provided a
basis for a different way of working, i.e., flexible specialization. Cakewell has considered
ICT as the prerequisites for an IS. Thus, it can be claimed that IT with a
telecommunication-based information services are the factors for identifying a society
as IS.

Due to the merging of information and communication, we have entered into a
new sort of society. The Internet is the mainstream medium that has an impact on IS.
From the discussion, it seems appropriate to associate IS with technical definition. The
need of national and international information exchange between the organizations (private
and governments), and institutions signifies the establishment of a technological
infrastructure that allows the computer communications at any day and at any time.

ICT has added value to the IS by enabling users to operate the information in a
faster, larger and in a more interactive manner. The ICT provides lower cost transactions
and speedy innovation by connecting the people with the market for doing business in a
better way. Even scientists and researchers have been benefited from such technology
where there is an international collaboration and the knowledge is shared, and it becomes
easy to predict the economy.

Although, there are number of objections for the technological definition of IS.
These include:

 Whether technology is really a criteria to define an IS? If yes, then why don’t
we call this with some other terms, such as automated age or high-tech society,
and why have we chosen it to be IS? In addition, if the technology is really the
key, then why the term has been prefixed by ‘information’?

 How much ICT is involved in the identification of IS?

This is a term used for society where creation, manipulation and distribution of
information is becoming an important aspect of economic and cultural activity. It was
concluded by the policy makers of G7 (now G8) group of nations in 1995 that there is a
rapid progress in information technologies and communication, and is affecting our lives
in every sense, be it business, education, research and even entertainment. It is also
affecting the way we are interacting and requires to be more flexible, more participatory
and more decentralized.

The IBM Community Development Foundation released a succinct definition of
information society in 1997 (in a report ‘The Net Result – Report of the National Working
Party for Social Inclusion.’ According to the report:

Information Society: A society characterized by a high level of information intensity
in the everyday life of most citizens, in most organizations and workplaces; by the use of
common or compatible technology for a wide range of personal, social, educational and
business activities, and by the ability to transmit, receive and exchange digital data rapidly
between places irrespective of distance.
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In other terms, IS is creation, management and trading of information. The ICT
has driven the IS and has been seen as an instrument or industry for it.  The hunt for
knowledge has no limits and can never be satisfied. According to ISSA (2013), there is
a realization of the fact that information will remain the most important commodity for
present age. This trend is continued since the dawn of civilization to the modern age. In
fact, the availability of free flow of information has a great impact on the social, spiritual,
cultural, political, economical, scientific and technological advancement in any nation.
This is hard earned information which is valuable and must be preserved for the entire
mankind.  The preservation and dissemination of information result into the establishment
of more libraries.

Moreover, the value of information, unlike other goods, will never decrease with
its consumption. In fact, one bit of information will add to other and increase the value.
Economically, the cost involved in the production of information may be high, but the
reproduction of extra copy involves a very low cost.

3.3.4 The Characteristics of IS

We can perceive three characteristics of IS as follows:

 The information can be used by organizations as economic resources by making
greater use of information, so as to increase their efficiency, to encourage
innovation, and to boost their competitive position and their effectiveness by making
continuous improvements in the quality of the goods and services of their products.
More information is developing everyday that add greater value, and hence,
country’s overall economy is benefitted.

 The information is used intensively by the people in their action as a consumer.
They use information to choose between different products available, to discover
their entitlement to public services and to control their own lives. People also use
information to exercise their civil rights and responsibilities as a citizen. People
also use information for educational and cultural purpose. So, information systems
are being developed to extend its public access for the provision of information
for various uses.

 The information sector is also developed for the economy, which is another
characteristic of IS. The development of IS is used to satisfy the demand of
information facilities and services. So, a part of information sector is related with
the development of technological infrastructure, i.e., the computers and
telecommunication networks. The need to develop the information sector is realized
due to the flow of information around the networks.

The creation and development of IS is taking place with a great international
process change. This is due to the development of information system globally as satellite
broadcasting systems are not aware of the international boundaries. Countries and
continents are being connected through telecommunication networks. Internet is an
example of such a global system.

Every country is trying to transform them into IS. This is due to their concern to
make use of information, so as to improve their competitive global market, and hence,
improve their relative competitiveness. As a result, all countries are taking active part in
developing their local information industry to grow their international market for
information. Today, developing IS means achievement in more general economy and
social advancement. Therefore, almost all countries are building economies that promote
rigorously the companies based on information. These countries are developing
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information system to make remarkable improvement in education, reinforce community
links and motivate public to play a part in decision-making. World Bank has also commenced
an initiative Information for Development for the purpose.

3.3.5 The IS as Knowledge and Learning Society

When we talk about IS, we talk about Knowledge Society (KS) where the knowledge of
society is emphasized. When we talked about KS we focus on the following:

 The massive growth of knowledge

 The computer as a machine for knowledge

 The convergence of both of these into the knowledge-based techniques

The information is a result of rapid increase in the scientific forms of knowledge,
knowledge theory and of rules. There is also a rapid growth of knowledge in the non-
scientific areas, such as mass media, administration, protection services and information
services. The combination has led to a massive expansion of information sector called
as knowledge industry resulting in informatisation  of society.

Due to this KS, computers have become knowledge-based machines which
incorporate the knowledge bases and conclusion of experts. The characteristic KS is
that all of its functional systems are bound to a knowledge base for their basic operations.
The operations are based on knowledge, intelligence and expert opinions. Knowledge is
nothing but an organized form of information and has been considered as a key factor in
social transformation. The second generation of IS can be considered as KS. While IS
is responsible for the availability of information and provision of necessary technology,
the objective of KS is to craft the culture of sharing by developing applications that are
Internet drive. KS is mainly accountable to the fulfillment of social needs, build wealth
and to improve the quality of life in a sustainable mode. In India also, an initiative had
been taken up in 1998 by forming a National Task Force (NTF) on software development
and IT. The objective was to convert India into IT software superpower by creating
National IT-policy that helped India to become ‘Knowledge economy’ or ‘Knowledge
based economy’ from ‘economy of goods’. The steps were taken to make India as KS
by producing corridors and parks.

Apart from knowledge and information, the factor that revolutionizes current
technology is of course the application of knowledge and information in a way to generate
knowledge, and to process information with the help of innovation and their uses. This is
only possible through learning by doing and by interacting which has become a key
factor for IS.

Learning by doing generates new knowledge leading to the growth in innovation
process. Conversely, innovation creates opportunities for learning. The learning process
engrosses a clear interaction and collective aspect. The learning process can take place
either between individuals or between firms and organizations. The learning can be
categorized at three different levels. They are as follows:

 First Order Learning: This type of learning can happen within a company.
This includes the interaction between various teams, departments and functions.

 Second Order Learning: This type of learning occurs when many different
companies exchange information and knowledge through networks.

 Third Order Learning: This type includes learning not only between
companies but public and private organization and exchange knowledge and
information.



Self-Instructional
128 Material

Computers and Society

NOTES

3.3.6 The Industries Emerged as a Result of IS

The IS has materialized and developed the information industry. Almost all countries
across the world are actively involved and encouraged in developing the information
industry to convene the requirements of the country. Moreover, this way, the countries
are preparing themselves to contribute to the rapidly growing international information
market. The different industries that have emerged as a result of IS can be divided into
three sectors: The industry or sector responsible for the creation of information, also
called as content sector; the industry or sector responsible for the processing of information,
also called as processing sector; and the industry or sector responsible for the delivery
of information, also called as delivery sector. Let’s take a brief look at the three sectors
which are as follows:

 The Information-Creation Sector: This industry consists of all those privates
and public organizations that are responsible for producing and developing
intellectual information. The source of origin may be artists, composers, writers,
scientists and so on. The information so produced or the work done by them are
sold to the  publishers, distributors, broadcasters or production companies who
accept the raw intellectual information, process it and then sold again to the
consumers. Today, it is possible to present the various sort of information in the
form of digital format. Apart from the original and genuine creation of information,
a part of information is concerned with the compilation of information as well.
The compilation of information from various sources, such as database, reference
work, statistical series and some real-time information services, that brings a
constant flow of information in the areas, such as share and commodity prices.
These types of information contribute a significant portion of the total revenue of
the information-content industry. Governments of the countries are also major
contributors to collecting and compiling of information. Event the private
organizations have been encouraged to explore the information so as to disseminate
the information and to develop the information sector.

 The Information-Processing Sector: The information can be processed
conveniently using the ICT. So, we may divide this sector into two parts: Hardware
and software makers. The hardware makers are responsible for the design,
development, manufacturing and marketing of computers, telecommunication
equipments and other electronics. The software makers are responsible for the
provision of operating systems or any application software packages. Generally,
the software companies produce the application software for mass consumption;
however, custom-built software may be designed for the use of an individual.

 The Information-Delivery Sector: This sector deals with the release of the
information through the communication channel by creating and managing the
communicating and dissemination networks. Telecommunication companies,
cellular companies, television stations and radio comprise this industry. Besides,
other organizations which are used as channels to distribute information are
libraries, booksellers, providers of VAN (Value Added Network) services providing
the information about traffic news to weather and so on.

3.3.7 The Role of Libraries in the Information Society

Libraries and information Science play key role in providing unhindered access to essential
resources for economic and cultural development by effectively and efficiently developing
and maintaining the intellectual information. The goal of any library is to preserve the
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past information, enhance the present information and enrich the future information.
Since, the whole idea of educating is relied upon independent learning and acting, libraries
are now especially more important.  The search and use of information must be available
to all the citizens of a nation. Libraries are always considered as a key raw material to
access information and documents. They serve to all those in their user communities
regardless of their age, gender, economic status, literacy or technical skills, and physical
or mental ability. They are considered as learning and research centers with different
culture and communication. The function of libraries is to acquire, organize, preserve
and to provide access to information. Libraries are considered as foyer of ideas by
people. These ideas permeate and animate all characteristic of national life. It is a place
where dead are alive, i.e., the knowledge, idea and experiences of great people continue
to live even after their lives. Therefore, libraries have great impact on IS. Libraries play
an important role in the development of any society by providing knowledge and
information needs to the people of a specific community, and hence, referred to as
source of information, sentinel of knowledge and house of learning. Some others have
considered libraries as organizers of knowledge and information in the form of books
assuring equality of access to all citizens. They collect information from the past and
present to lay it down for future.

The term library is usually equated to ‘public library’ which is fulfilling the different
purposes and serving different users group. Libraries may take different forms ranging
from rooms in any institutions to a small temporary structure to large purpose-built buildings.
Today, the libraries are combination of physical space as well as a virtual library with a
collection of many electronic materials and services. There are national libraries that are
responsible for coordination of the network of different kind of libraries throughout the
countries and collecting materials to make them available to the users.

Libraries collections represent the cultural identity of any country.  With the growth
of technology, we are able to have a Digital Libraries that give the users online access to
the materials and provide services to serve them. The term IS is there to fill libraries,
periodicals, newspapers.

Today, traditional libraries are as a memory institutions. They have a new role
with different library models which are based on electronic and Web. They work in
different way and have flexible communication system. The focus is on user-oriented
and quality services. There are different type of library model, such as electronic library,
digital library and virtual library. The objective of libraries is not only to provide the
infinite multiplication of information but also its correct use. The prerequisite for this to
achieve is the free access to the information. IS includes education and knowledge
which represents a highly-developed societies where modern information and
communication technologies generate huge information, distribute it and interconnect it.
The users of IS also depend upon the accessibility to the information. Technologies are
able to facilitate the circulation of information across the world virtually through the
networks.  Libraries are access providers to the various kind of information. Libraries
have always been a primary provider of every kind of information. The users must be
assisted in obtaining the correct information to speak about information management as
there is a flood of accessible information. The libraries must be able to provide various
ways to cope up with the increased information and to filter the information according to
the need of the users. The libraries must be able to assist their users to evaluate the
content and truth of the information, so as to convert it to the knowledge. In the constantly
changing environment and technologies, the libraries are losing their identity and receiving
less public notice due to the availability and free accessibility of information over the
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Internet. Libraries must focus on the provision of personnel support to users in the
course of transition to information centers. The librarians should be competent enough
to accept and to learn the new media so as to contribute to the IS.

3.3.8 India Moving Towards IS

Singhal and Rogers have enlightened the developments that are taking place in India in
the fields of communication. In their book titled, India’s Information Revolution, they
have discussed the developments in the fields of telecommunications and computer
industry and high-tech microelectronics, and have analysed and deduced the factors that
have led to information revolution in India. They have avowed ‘whether information
workers will ever out-number farmers and industrial workers is a problematic, as it will
depend on government policies, world-wide competition in microelectronics and other
unpredictable factors...as India moves toward becoming an Information Society.’

The science and technology has a significant impact on the rapid industrialization
and building an effective infrastructure in telecommunications which will lead to the
evolution of Information based economy and IS in near future. Thus, Indian society
shows the traits of developing IS in the coming years.

3.3.9 Problems in IS

IS has been defined as the one where there is an intensive use of information with
respect to economy, cultural, social and politics. It is still in its infancy although it’s not a
new concept. Obviously, the risks and challenges are associated with any new technology.
The globalization of IS poses some problems. The information can be obtained from
anyone across the world over Internet. The piece of information requested by someone
is owned and compiled by some company based in some other country. There are certain
questions that arise from here, they are as follows:

 Who regulates the information?

 The law under which a piece of information is collected, compiled, delivered and
consumed.

 Whether the user has to pay for the information?

 If yes, what will happen to the revenue generated and where it will go?

Apart from these issues, there are certain other issues which need to be dealt
with care. These include the network security, data protection, balancing issues, privacy
with openness, and access and trade. Also, adding ICT to the recipe for growth of IS is
not enough, the policies and framework should be designed to foster the IS. For this, ICT
access should be improved at all levels. Analysis shows that, the leading use of Internet
is email only that is followed by information search where as other online transactions,
such as buying and selling of goods, and services are lagging far behind.

Another serious matter to take up in IS is trust and confidence. There are many
threats in using ICT, such as spam, viruses, worms and hacking. So, if these issues are
taken care the risk to digital economy may be lowered.

Another problem in IS is the term ‘digital gap’. This implies an insufficient
knowledge and limited resources of the nation. At some other places, gender is also
poses a serious problem because it is assumed that the computer skill is not their role.
Thus, gender is a marginalization for the technology.
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The digital content and networked environment also poses challenges to the
regulation of copyright law. There should be at least one intellectual property law to
challenge the information age. In addition, there is an issue of preserving the privacy of
personal information around the globe.

3.4 NATIONAL INFORMATION INFRASTRUCTURE
(NII)

The term infrastructure represents the set of all the equipment required by us to perform
some activities, such as constructing buildings, roads, rail tracks, ports, channels and also
to build communication networks. Apart from these tools/equipments, it includes even
more abstract entities, such as standards, protocols and memory. When preceded with
the term information, it (infrastructure) refers to all the facilities and services associated
with the term digital and in turn Internet. These facilities and services can be some
computational services, or some help desks and may be access to data repositories to
name few. Infrastructure exists and supports from the back, is invisible and sometimes
even taken for granted. However, infrastructure is a broad category usually refers to
invasive resources in the form of network that plays a significant role in the associated
field and is crucial to design.

We, as a people, have generated colossal volumes of information of various kinds.
As we have already discussed about information society that has created Information
Superhighway. We definitely are not lacking the information. However, this information
has to be maintained and has to be usefully processed to access it. There are various
types of distributed network (print, network, broadcast and so on) to create, maintain
and disseminate this information to the public and provide an information infrastructure.
The concept of infrastructure of information was coined by President Clinton and Gore
administration in USA in February 1993, and was named as National Information
Infrastructure (NII). The idea was to create a national communication environment by
creating an infrastructure that could offer advance information services to all Americans
and not restricted to only researchers and educationists. The infrastructure was a tool
provided to the professionals and ordinary American Citizens to perform their working
tasks. Through the project, the Americans were benefitted from the services and were
able to get the access to information database, libraries, entertainment, health care services
and education. Development of such NII would unleash an information revolution to
change the way of life of people forever, their work and the way of interacting with each
other.  The NII provided access to vast information at a fingertip’s by constructing
seamless Web of computers, communications networks, database, and consumer
electronics.  To articulate and to implement the administrator’s vision for NII, Information
Infrastructure Task Force (IITF) was established by White House. The IITF organized
three committees to drive the efforts. The IITF consisted of the representatives of the
Federal Agencies which were responsible for the advancement in the development and
application of Information Technologies (IT).  These committees were as follows:

 The Telecommunication Policy Committee: This committee was responsible
for the formulation of administration positions on key telecommunication issues.
The committee created a working group on Universal Service which ensured
the access to NII to all Americans to get the benefits.

 The Application and Technology Committee: This committee was
responsible for the coordination between administration efforts in order to

Check Your Progress

3. What is the full
form of GNP?

4. Give the names of
two industries
emerging as a result
of IS.
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develop, demonstrate and promote application of IT in the key areas, such as
education, health care, manufacturing, libraries, government services and other
areas.  The committee created a working group on GITS (Government
Information Technology Services) to put efforts on to improve the application
of IT with the help of Federal Agencies.

 The Information Policy Committee: This committee was responsible to
address the critical information policy issues which had to be dealt with in
order to deploy and utilize the goal of NII. The committee created three working
groups: The working group on Intellectual Property Right (IPR) for the
development of proposals to protect copyrights and other IPR in an electronic
worlds, the working group on Privacy for the design of administration policies
in order to protect individual privacy despite of the speedy growth in the
collection, storage and dissemination of personal data in electronic form, the
working group on Government Information centers on ways to promote
dissemination of government data in electronic form.

Thus, we may say that NII was an initiative for Americans as a network of
networks, based on nationwide, enabling them to access the information, communication
and computing resources. The agencies participating for the comprehensive development
of telecommunications and information policies to promote NII and to meet country’s
need included private sectors and public interest high-speed, interactive narrow band
and broadband networks with state and local government.

The aim of Clinton administration’s initiative was to loosen the regulatory loop
around phone and cable companies, so as to provide opportunities to the private sector to
construct the information superhighway, while retaining the regulation to ensure a public
right of way on the information superhighway for libraries, schools and museums (as per
New York Times in 1993).

The NII had a insightful effects on the lives of the citizens from every corner of
society, that promised to deliver the vast array of information to the people in their
homes and offices, thereby, changing the way the business was conducted, bringing
geographically dispersed library resources and other materials to their doorsteps, and
offering new educational opportunities. It was a way to connect the people together.
The NII is growing rapidly to include millions of information through networked information
repositories that facilitates the access to digital libraries, interactive product simulations
and multimedia educational materials. The current trend in technologies (semiconductor
density, processor speed and network bandwidth) may support the array of services by
the NII. The objective of NII is to provide specification and delivery of data infrastructure
for open public data, maintaining the standards of agreement describing the fundamental
components of our society with open access, used and reused by anyone.

Since, NII facilitates all the users to access the data for use and reuse, NII should
be open data accessible under OGL (Open Government License). Under this license,
people are encouraged to use and reuse the information freely and flexibly. There are
certain benefits of a properly designed NII. They are as follows:

 It is an agreed architecture to publish the key dataset that preserves the most
important dataset of any nation, and can be used by all types of citizens and
organizations.

 It makes the dataset more consistent, robust and dependable.
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 It facilitates with the ways to evaluate the work done by government by
providing an interoperable list of individual datasets that can be coupled with
each other.

 The NII formulates the standards for key public data within government which
in turn raise the standard for the publication of other datasets.

Technology

The robust nature of NII is used widely for the creation, dissemination, and use of
information oriented products and services. To achieve the goal, there is a need to
address certain issues, such as technical and security needs of the consumers, content
and carrier providers, and service providers. The success of NII depends on delivery of
the flow of information and information-based products, and services to the consumers.
Of course, the easier it is to retrieve, purchase and use an information product and
services for the consumers, the more the service will be used. There must also be a
secure and reliable means of delivering of this information product and services to the
users. That means, the content providers must be able to deliver the content in a secure
manner, so that the information remains unaltered and authentic. For this, the secure
system must be developed. Besides, the service providers, who are responsible to serve
for the physical infrastructure of the NII should ensure to cater the users and content
providers needs.

In fulfilling these needs, technology plays a vital role. There are varieties of tools
that have been developed and deployed to get access to this Internet-based information.
The Internet is a telecommunication service providing value-added capability on top of
the carrier infrastructure. Internet gained popularity in the past few years. It is a means
today to serve through electronic mails and remote access to deliver information to the
people and to connect them to information. The Internet in real sense has proved to be
a prototype for the use of NII. Internet has changed the manner of delivering the
information in NII.

3.4.1 Components of NII

Following are the components of NII:

 NII Data and Framework: From the above discussions, we can say that NII
consists of a collection of dataset called as NII Data generated by public sector
organizations to deliver public services and defines a NII framework as a tool to
maintain and make the data accessible. There is a need of great care to design
NII. However, it is not needed to be built it from scratch the basic building block
of NII, i.e., the data is readily available and can be delivered through standard
Web technologies. The only requirement in the establishment is to determine how
the data can be linked together in a useful way with maintaining the quality of
data and its frequent update. The full potential of NII is achieved with the flexible
infrastructure and easy to use facility.

The NII framework which is required for the useful access to the collection of
NII data specifies:

o The mandates of the individual characteristics of each dataset to know what
each dataset represent.

o The governance mechanisms to control the detailed specifications and control
the lacking of quality of data.
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o The delivery services that facilitate the data consumers to locate and access
the data they require.

o The people to look after the NII datasets, who have right skills and tool.

 Standards: These have to be defined to interoperate the data services. These
standards define some commonly agreed, reliable process and formats, and are
fully documented. The standards are always required to perform something in an
agreed way. In this case also, it improves flexibility and capability of government
to cooperate with other organizations, business and individuals to make it
comfortable and easier to access the government data for the users. The primary
definition of NII standards were given by UK government Open Standards
Principles.

 Data List: This is a list of strategically most important data. This list is convoyed
with rich metadata which can be discovered easily.

 Code Lists and Dictionaries: The NII makes available the reference service
for the words and code lists it uses. It helps to understand a term in a dataset by
providing a definition of terms in relation to the context of the dataset. The data
controller uses these dictionaries to help users. For example, if the term used is
‘pool’, then it is possible to use the dictionary to find whether the term ‘pool’
referees to swimming pool or any game pool.  It also enables to identify the things
in data by providing a canonical list of some arbitrary codes called as code lists.
For example, USA stands for United States of America, GB stands for Great
Britain and UK stands for United Kingdome. These code lists and vocabularies
provide a great help in context of the data.

 Licensing: The NII follow the Open Government License (current version) to
publish open data.

 Quality Commitments: For data to be useful, quality of the data is a prerequisite.
Since, the data in NII is important with national value, there should be some set of
conditions for data quality.

 Service Levels: Since, the government data is available publicly to the citizens,
it is important to assure the reliability of data, for which there should be a basic
level of service commitments to highlight the ownership and for the management
of data lifecycles in use with the explanations of the terms of the services.

 Statutory Relationship: Since, the government congregate data, the resource
of data, control or limit of data, its usage and the purpose is to be documented
under legal framework.

 Technical Annexes: The details of structures, standards and practices that are
applicable to the framework are clustered and technically annexed for the reference
of NII.

3.4.2 Need of NII

The need of NII is to shelter the data and hence protect the society and an individual by
joining the data for may be emergency services, such as some natural disaster. It is
required to secure public interest, for better coordination in data management, for safe
handling of sensitive data. The NII supports following:

 It provides an understanding of the most important and sensitive data, helps in
promoting the way this data is managed and standardized to make it available for
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the public access so as to provide transparent, social and economic growth of the
nation.

 Connection of data with other data across the NII so as to link the data, and
hence, make the services available.

 Quality and timeliness of publication of data for a reliable usage of data.

 Improvement in the efficiency of public services.

3.4.3 Characteristics of NII

There are several characteristic of NII. They are as follows:

 The data held under NII is complied with data protection legislation and is available
for the public access.

 The NII data is based on user’s needs and follow the service standards of
government’s digital.

 The NII provides an open access to the information.

 The NII must be governed by some authority for the framework supported by
data controllers and users.

 The data presented by NII must be reliable that are available at an appropriate
time with easy access and in appropriate formats.

 The services to maintain the data by data controller must be sustainable throughout
the lifecycle of data.

 The NIIs must be interconnected, so as to identify the data and to connect to
another data in a standard documented form.

The capability of NII depends on technological change in both computers and
communications. Apart from these characteristics, there are certain technological
characteristics of NII which are worth mentioning here. They are as follows:

 The data transmission rate is substantially faster resulting into speedy access to
the information.

 The transmission of information is reliable and quick in the digital formats that are
directly accessible by the computers. The information can be stored, manipulated
and displayed easily in many ways.

 Provision of flexible and wide variety

Now, the question arises who are the beneficiary of NII and take advantage of
the opportunities it offers? Many people have no formal training in computers. There are
many more technical challenges in the success of NII. Computer system is also rigid
and complex to understand. In the next section, we are going to discuss some challenges
of NII.

3.4.4 Importance of NII

NII has a capability to deliver social, economical and citizen benefits transparently.
Economically, it is analog to public good whose value is not deflated even when used by
multiple people. The investment needed to set up NII as a public good is a dataset which
already exists and is required to be made accessible publically. To some extent, it is
made possible also with the help of digital technologies that has helped to make the
information available and accessible easily over the Internet as an open standard



Self-Instructional
136 Material

Computers and Society

NOTES

information infrastructure. The NII is presented as single data architecture under Open
Data Assets. NII facilitates the linking of various events and performances across the
service providers.  The concept will allow people to keep informed about the following:

 Citizens to account the government for its deeds, such as spending of public funds
and planning of any new infrastructure proposals, converting the governance into
transparent governance.

 Investments of public resources for the betterment of the societies resulting into
evidence based policy making.

 The design and integration of public services to get a better public services and
efficient drives.

 Availability of local and national services and hence an increased choice.

 Digital transformation of society to be called as smart cities.

The objective of NII, to open the data to anyone can prove to be useful to fortify
the assessment of the nation’s economy. It may also prove to be helpful in opportunities
for the growth of citizens by delivering public services and use the public resources
efficiently. The NII may improve the quality of daily life.

3.4.5 Types of Data NII Includes

The data in NII is categorized into 2 types. They are as follows:

 Subject Data: This data is the most critical data that is required for the functioning
of a society or community and is for a given area of subject. This data can have
a makeover effect on the lives of the citizens and can add value to the economy
as well as society.

 Reference Data: As the name suggests, this type of data is required to connect
the different types of datasets to discover and identify new information. This is
considered as an interconnection point between the public data where the data is
linked through geographical and sequential data, code lists, and definitions and
vocabularies.

3.4.6 Technical Challenges in NII

There are various challenges and obstacles in the development of NII. Three most
important challenges are: Easy usage, flexible infrastructure and powerful development
tools. They are discussed in detail here.

 Easy usage: There are many people who find computer system complex and
difficult to use. In fact, there are many people who do not have access to computer
systems. The NII system is much more complex than Internet. There is a
requirement of remarkable improvement in the design of the user interface to
make NII accessible to the people. The NII interface requires an intelligent
interface that could adjust automatically according to the person’s skills and pattern
of usage. This intelligent interface may help people to locate what they want,
when they want and do what they want in a natural manner without having to
know the details of NII structure. This can be achieved with the help of software
agent that acts as a personal assistant to the users.

 Flexible infrastructure: The NII will require a flexible system of support service
to be usable. Since, the NII transactions involve interactions between two
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autonomous programs, the designed infrastructure should provide guidance to the
software agents, and hence, to the people. While designing a flexible infrastructure
for NII services, three factors are to be considered. They are as follows:

o Scale: The information repositories of NII should be truly vast on scale to
hold the information.

o Scope: The scope of the stored information should also be too vast that can
store information that can range across all subjects.

o Heterogeneity: The data shall be available in variety of forms, including
human languages, video and digital images, audio, mathematical equations,
CAD (Computer-Aided Design) model and database relations.

A foundation of high-level information infrastructure services may provide
considerable support to the NII applications that ensure a great handling in these
three dimensions and complete access to the data to support interoperability.
There can be three types of infrastructure services that can provide support to
NII problems. They are as follows:

o Data and Knowledge Management: This adds to two common needs of
NII. They are as follows:

(i) To find the information that is relevant to the goals or task of the users

(ii) To locate precise person for the information produced

These services facilitate the information users to locate the useful information
and software resources from a huge mass of heterogeneous and distributed
data very quickly.

o Integration and Translation Service: Since, the data similar in content
can vary in the form and the operations performed on them, this service is
useful in integrating and translating the information, i.e., conversion of
information from one format to another, including semantic constraints. For
example, a translation service for finance can not only carry out the conversion
of units from US Dollars to INR but also make conversions of raw cost to
total cost that includes all taxes, fees, duties and many others.

o Knowledge Discovery Service: The information repositories for NII are
huge; it is difficult for people to check for the consistencies of the repositories.
This service may allow tracking the creation of new databases to update the
existing repositories. This helps in correlating the related topics and to produce
the summaries.

 Powerful development tools: The tools for programming languages available
today to construct any software system are bit difficult and somewhat error prone.
For the success of NII, a more powerful tool and technology is required that may
support the NII’s lifecycle at all phases: specifications, design, adaptation,
construction, evaluation and maintenance. The tool should be able to contribute to
the rapid prototype system that is able to provide services to specify and refine
the design along with the previously developed software and world knowledge,
the software that are capable of verifying resource utilization and providing
assistance to the people to replan under unexpected conditions, and the simulation
of distributed and artificial environment used by the applications for training,
education and so on.
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3.4.7 Role of Libraries in NII

Libraries as discussed in previous section are institutions for information. They form a
part of information infrastructure of any nation. With the evolution of computers and
ICT, even libraries are heavily dependent on computers and computer networks. Library
activities that are based on ICT is an integral part of information infrastructure. They
are the most trusted source of information and allow the selection, collection, organization,
preservation, conservation and access to information resources.  They are responsible
for the creation and development of the content of information and act as an array of
information services. The associations of library and information services are tightly
coupled with respect to the information infrastructure. So, it is important to uphold the
policies and standards of libraries carefully to support the objective. The aim of libraries
is to provide the advancements in the world’s knowledge. Computers are providing the
capabilities to extract, classify, analyse and categorize the data to produce the context
and new uses of content. Libraries are capable of providing quality information. Thus,
libraries can be considered as one of the key component for the open access of information,
and hence, in society development. The NII and WWW have offered new opportunities
to serve the information needs of users through libraries. The NII has made it possible
one-stop information shopping and libraries can use the opportunity to act as a mediator
and providing access to the information.

3.4.8 Global Information Infrastructure

The focus of NII is to provide the access of information and information services to the
citizens of a nation. The innovative use of ICT has helped governments of a nation to
achieve a broad range of economic and social goals. The information technology sector
has provided dynamic growth and development in the economy of nation. With the
realization of importance of NII in the economic growth, the countries have taken initiatives
on the capabilities of underlying information and infrastructure to expand the growth
scope of benefits of NII at global level. The interconnection of local, regional, national
and global networks has taken NII a step further to Global Information Infrastructure
(GII). The efforts have taken to create a global information marketplace, encouraging
the social interaction within and among the countries as a whole using the worldwide
network of networks. The goal of GII is to facilitate a massive acceleration of economic
and social development.

3.5 TECHNOLOGICAL CONVERGENCE

As we are in twenty-first century, information has become a significant component for
the economic system for the entire world. The nation’s economy changes with the
speed with which information is produced, accessed and is used. The changes are result
of the technological convergence of telecommunications, information and media industry.
Today is a digital world where the types of networks and services used to deliver data,
voice and videos are combined over the same transmission systems which were earlier
separated with the boundaries. This multiple networks, consisting of different transmission
media, such as coaxial cables, fiber optic cables, copper wire, radio and satellite, carry
an extensive range of telecommunications, information services and information
technology applications into schools, business, and hospitals and now even in homes.
These networks are considered as the foundation of NII which creates a seamless Web
connecting the world in Information Age. The convergence has built up a new marketplace
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for information which has provided the challenges and opportunities for all, including
industry, government and individuals.

The concept of NII was laid down by Clinton administration with the objective to
facilitate the citizens to access the vast amount of information and information services.
With the help of ICT and the concept of NII, a nation is able to achieve social and
economic goals. It has been recognized that ICT is not only a dynamic growth in itself
but can be useful in the growth and development of the economy of any nation. Most of
the countries are now focused on the concept and have taken initiatives on the capabilities
of their underlying information infrastructures. By interconnecting the local, regional and
national level networks, there is an increased economic growth resulting in more
employment and improved infrastructure. The growth rate of NII depends on the ever
expanding technology and products along with the advancements in computing, information
and networking technologies. The standards, interfaces and transmission codes are also
available to ensure secured and reliable interoperability of information carried over the
networks. The NII offers an unprecedented access to information to the consumers of
the country.

3.6 SUMMARY

 Computers have positive impact as well as negative impact on the society.

 CBE (Computer Based Education) is a tool used in the field of education. Computers
are being used in schools to drill the work. It is now an inseparable part of education.

 Computers are used in hospitals to digitize the medical information from
prescriptions to reports. It is used as a tool to scan and diagnose different diseases.

 Banks provide facilities, such as online banking facility, which enables its users to
perform their banking transaction, such as balance, deposits, fund transfers and
bill payments through computers.

 The high speed of computers in calculation, accuracy, and reliability has made
them an integral part in business organizations. The high speed of computers in
calculation, accuracy, and reliability has made them an integral part in business
organizations.

 Computers are used in creating artful and graphical advertisements, to print and
to disseminate those advertisements with the aim to increase the sales of any
product.

 The computers are used as tools in developing equipment, such as military
communication, smart weapons, military planning and operations and missiles in
military system. These systems are controlled by computers.

 IT applications have become an important part and governments have recognized
it as a crucial factor for maintaining industrial competitiveness.

 This is a modern era where the lives of people and nations have been transformed
due to information. The national development is measured by the amount of
information available. We may associate the concept of Information Society
(IS) with this fact.

 The term infrastructure represents the set of all the equipment required by us to
perform some activities such as constructing buildings, roads, rail tracks, ports,
channels and also to build communication networks. Apart from these tools/

Check Your Progress

5. State two needs of
NII.

6. Write the full form
of GII.
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equipment, it includes even more abstract entities such as standards, protocols
and memory.

 NII was an initiative for Americans as a network of networks based on nationwide
enabling them to access the information, communication and computing resources.

 There are several characteristic of NII. They are as follows:

o The data held under NII is complied with data protection legislation and is
available for the public access.

o The NII data is based on user’s needs and follow the service standards of
government’s digital.

o The NII provides an open access to the information.

o The NII must be governed by some authority for the framework supported by
data controllers and users.

o The data presented by NII must be reliable that are available at an appropriate
time with easy access and in appropriate formats.

o The services to maintain the data by data controller must be sustainable
throughout the lifecycle of data.

o The NIIs must be interconnected so as to identify the data and to connect to
another data in a standard documented form.

3.7 KEY TERMS

 CBE (Computer Based Education): It is a tool used in the field of education.

 Information Superhighways:Rapid growth of Internet has promoted education,
economic success and democratic process and is called as information
superhighways.

 First Order Learning: This type of learning can happen within a company. This
includes the interaction between various teams, departments and functions.

 Second Order Learning: This type of learning occurs when many different
companies exchange information and knowledge through networks.

 Third Order Learning: This type includes learning not only between companies
but public and private organization and exchange knowledge and information.

3.8 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Computers are used in hospitals to digitize the medical information from
prescriptions to reports. It is used as a tool to scan and diagnose different diseases.
Patient’s monitoring with ECG and CT scan are not possible without computers.
Technology has made it possible to perform surgery with the help of computers.

2. Computers have proven to be a source of faster and reliable communication.
Computers are used to communicate via emails, chatting, video-conferencing and
many others. They may even interact with each other over social media websites
such as Facebook, Google Plus and Twitter.

3. Gross National Product (GNP)
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4. (i) Information-creation sector

(ii) Information-processing sector

5. Following are the two needs of NII:

 It provides an understanding of the most important and sensitive data, helps in
promoting the way this data is managed and standardized to make it available
for the public access so as to provide transparent, social and economic growth
of the nation.

 Connection of data with other data across the NII so as to link the data and
hence make the services available.

6. Global Information Infrastructure (GII)

3.9 QUESTIONS AND EXERCISES

Short-Answer Questions

1. State two positive and two negative impacts of computers on society.

2. List two benefits of information system.

3. What is information superhighway and when was it adopted by USA?

4. Give two major components of NII.

5. What are the two types of data NII? Explain.

Long-Answer Questions

1. Write a short note on the impact of computers in various fields.

2. Explain IS as knowledge and learning society.

3. Describe various technical challenges in NII.

4. Briefly explain the role of libraries in NII.

5. What is technological convergence? Explain it briefly.
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