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Preface to the Third Edition

This third edition has been thoroughly updated, keeping in mind the numerous
suggestions and the fast changing IT scenario. A complete chapter on mobile computing
& WML has been added. Latest advances in state-of-the-art hardware and software
have also been addressed in this book.

Techniques like Flow charting and Pseudo codes have been added. All these additions
will fill the gap being felt by teachers and students, keeping the book well in line with
latest changes in syllabi for both graduate and post graduate courses.
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Preface to the First Edition

This book has originated from the fact that both teachers and students have to refer to
many different books for their course of study in Information Technology Fundamentals.
Keeping this in mind, the syllabi of the BCA course of AP has been adopted as a
guideline for the preparation of this book.

Efforts have been made to provide the topics in a concise yet easily understandable
manner. Revision exercises and questions have been given for the students to firm up the
lessons and be prepared for the exams. The book in my opinion should serve the needs
of the students doing a first course in computers in BCA or MBA. It will prove very
useful to the practising industry Managers, who have to keep abreast of the strides being
made in the Information Technology area, so as to apply them in their business area.
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Chapter 1:
INTRODUCTION TO COMPUTER BASICS

INTRODUCTION

Computers! Amazing machines! We are living in the computer age today. Most of our
day-to-day activities cannot be accomplished without using computers. Sometimes
knowingly and sometimes unknowingly we use computers. Whether we have to
withdraw money from an ATM (Automated Teller Machine retranslated as Any Time
Money), publish a newsletter, drive a motorbike, design a building or even a new dress,
go to a grocery shop and buy anything, from cookies to tyres for our car—all involve
computer in one way or the other.

We are breathing in the computer age and the computer has gradually become such a
dire necessity of life that it is difficult to imagine life without it. Computers are affecting
every sphere of our life—be it government, business, education, legal practice,
entertainment, defense or home—computers have become an indispensable and
multipurpose tool.

Whereas supercomputers can forecast weather, embedded computers make smart
devices like washing machines that beep when washing is complete or automobiles that
give you warning before breaking down.

In this chapter we will see how computers affect our daily lives, its positive and
negative effects, characteristics, history, the various types of computers and the tasks
associated with them.

NEED FOR COMPUTER LITERACY

Computers have shaken up the world. They have made us dependent upon them. We
expect them to be present at every place: be it the ticket reservation counter, the
microwave or the car. Now that computers have moved into our society so rapidly, one
needs at least a basic knowledge of computer skills to pursue one’s career goals and to
function effectively and efficiently. We can say that computer literacy is the need of
today and the voice of tomorrow to survive in the fast changing world of computers.

For most people computer literacy is restricted to using the keyboard for typing a
document or making use of it for calculations. But this is not enough. One must know
fundamental concepts such as what computers are constituted of and how they work. For
example, you drive a motorbike and you take it for servicing. One way is to tell the
service boy to service the motorbike and that you will collect it in the evening. Another
way could be to tell him that, apart from servicing, please change the engine o1l and
clean the carburetor too. This way the service man would be more careful while



working on your motorbike and you would be able to solve some of the small problems
with your bike when the mechanic is not available. Lack of knowledge can sometimes
be a cause of great trouble. Lack of knowledge can cause mistakes while using the
computer. Lack of knowledge is also a cause of fear in some people. This fear 1s termed
as CYBERPHOBIA. This is not a technical term. It is just used for people who are
scared of using computers.

COMPUTER: THE DEFINITION

For most people, the computer is a machine used for calculations or computation, but
actually it is much more than that. Precisely, “The computer is an electronic device for
performing arithmetic and logical operations”, or “The computer is a device or flexible
machine to process data and convert it into information”.

Now, in the two definitions given above, there are three tricky words that need
some explanation. Let us start with logical operations — these are the type of operations
in which decision(s) is/are involved. Data 1s simply raw facts or figures collected
whereas information is what one gets after processing the data. Information 1s always
useful and meaningful for the user. Let us consider an example in which the marks of
various subjects are collected for a particular group of students. Now, these marks
independently (data) are of no use as such for the class teacher, but once she adds the
marks of all the students and calculates their respective percentages, this becomes
information and it serves her in finding out the answer for the queries like — ‘Who has
stood first in the class?’ or, ‘how many people have got distinctions in the class?’ or,
‘what 1s the overall performance of the class?’

Computers are not only used for the purpose of calculations. An accountant or a
grocery shop owner or a bank or an ATM uses it like a computational device, an author
uses it as a writing tool, a musician as a device for controlling music, kids as a machine
for playing games and so on.

Now, you must be wondering, what 1s so special about this machine that people
from diversified fields can use it so flexibly for entirely different functions. The answer
is that the computer is programmable, meaning that it all depends upon what program it
1s using for performing a particular function.

Now, the next question that comes to mind is, what is a program? In very simple
language, we can say that a Program is a set of instructions that tells the computer what
to do.

The computer hardware (actual machine) is designed in such a way that it does
whatever the software (computer programs) tells it to do. We will be discussing the
hardware and software of a computer in detail later in this chapter.



There are four basic operations which a computer performs, irrespective of the
program which is running on it. They are classified as:

Figure 1.1

1. Input: This involves inserting or feeding data into the computer by means of an
input device, like a keyboard.

2. Processing: Some kind of processing is done in the computer to take out or
transform data in some way.

3. Output: The computer produces an output on a device, such as a printer or a
monitor, that shows the result of the processing operations.

4.  Storage: The computer stores the result of processing operations for future use in
some storage device, such as a hard disk or a floppy disk.

These operations are often referred to as the IPOS cycle. The four steps of the IPOS
cycle — input, processing, output and storage — may not necessarily appear in the same
sequence as they are defined.
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Figure 1.2

HISTORY OF COMPUTERS

Electronic data processing doesn’t go back more than just half a century. It has been in
existence barely since early there 1940’s. The very first modern electronic computer
became operational only in early the 1940’s. In fact, it's only a little more than five



decades ago since the first modern electronic computer was brought into existence for
the purpose of business data processing. Computers before that were used only in
scientific and technological fields.

Although the present modern electronic computers are very recent, the idea was
conceived far back. A brief outline of human history shows some interesting facts. In the
early days when our ancestors used to live in caves, counting was a problem. They
could, of course, count on their fingers, but gradually it started becoming difficult. As
the belongings and possessions increased, the need for more counting tools grew. It was
not possible to have more than 20 fingers (ten on hands and ten on feet). The record
keeping system switched over to counting on a number of stones and scribbling on the
walls of their caves. The inconvenience of being restricted to stones and walls forced
them to look out for some other counting devices. In the mid-seventh century, adding
tools and devices started being developed across the world. Thus we can say that the
idea of computing is as old as civilization itself. It is very important to learn how
people attempted to create early computers as they played a very important role in
reaching this stage.

When people started using stones to count their animals or their possessions, they
never knew that this would lead to the computer of today. People started following a set
of procedures to perform calculations with these stones, which later led to the creation
of a digital counting device, which could be thought of as the predecessor of a computer.

1450 B.C. Abacus (China)

The abacus is the first known calculating device. It was invented by the Chinese and is
still widely used in the Far East for commercial calculations. In its primitive form, it
consists of a wooden frame with a number of wires with beads strung through them. The
beads are used for counting and calculations. To show a number, beads are pulled down
so that each rod represents a digit.

1600 Napier “Bones”

This is another counting device invented by John Napier, a Scottish mathematician. The
“bones” were strips of ivory with numbers written on them. When the bones were
arranged properly, the user could read the numbers in adjacent columns to get the
answer of a multiplication operation.

Between the 16™ and 19" centuries, Europeans contributed their bit by inventing
several machines that used existing technologies like clockwise gears and levers.

1642 A.D. Adding Machines (Blaise Pascal)

The well known French scientist and mathematician, Blaise Pascal invented the first



machine, which could add and carry digits automatically. He was only nineteen years
old at that time. His machine was so revolutionary that the principle behind it is still
used in most of the mechanical counters being used today. He became a great
philosopher and mathematician in Europe. His father was a tax commissioner and he
used to accompany his father to his office. There he felt the need for an automatic
calculating device, which could save people like his father from that boring and tedious
job of doing sums over and again. He came out with a machine “Pascaline” that worked
with clockwise gears and levers. The machine was basically developed to perform
addition and subtraction operations only. The machine rotated wheels to register values
and the lever was used to perform the carrying operations from one wheel to another.
Although the machine was not accepted by business, it, however, initiated a series of
inventions. To give honor to Pascal, a computer programming language was named after
him. This
language, Pascal, is generally used to teach programming to budding programmers.

1692 A.D. Multiplying Machine (Gottfried Leibnitz)

Gottfried Leibnitz improved upon Pascal’s machine and introduced a mechanism to
carry out automatic multiplication of numbers. Leibnitz is best known for his work with
Sir Isaac Newton in developing a branch of mathematics known as calculus. The
calculator invented by him could add, subtract, multiply and divide accurately. It could
even perform the square root function, although not always accurately.

1804 A.D. Jacquard Loom (Joseph Marie Jacquard)

In the early nineteenth century, a French weaver, Joseph Marie Jacquard developed a
programmable loom, which used large cards and holes punched in them to control the
pattern automatically. The output was a thick rich cloth with repetitive floral or
geometric patterns.

Jacquard patterns are still produced to this day. Others adapted the punched cards
and used them as the primary form of input. They were used till about 20-25 years ago.



1822 A.D. Difference Engine (Charles Babbage)

Since the early 19" Century, Charles Babbage, an Englishman, had been working on the
development of a machine, which could perform complex calculations. In 1822 A.D., he
invented the ‘Difference Engine’, which could perform complex calculations and print
them out as well. This machine was a steam—powered machine. While Babbage was
working on his doctorate, he had to solve many complex formulae and he found it
difficult to cope up with them in the given time period. This led him to the invention.

1862 “Arithrometer” (Charles Xavier Thomas)

This was the first calculator with commercial prospects. Frenchman Charles Xavier
Thomas (a.k.a. Charles of Colmar) developed it. He won a gold medal at the
International Exhibition in London. The machine performed addition, subtraction,
multiplication, division and square root functions accurately.

1863 A.D. Analytic Engine (Charles Babbage)

Babbage had been working on a very elaborate machine all this time. By 1863 he had
all the plans ready for the machine, which he named the Analytic Engine. He had
conceived of a mechanism, which could carry out long sequence of complex
calculations under automatic control. It would have the ability to store 1000, 50-digit
numbers in one second and multiply 20-digit numbers in three minutes.

Babbage used a form of the punched card for inputting the data. That would have
been a complete modern computer. However, technology at that time was not advanced
enough to provide him with the hardware he required. He was thinking too far ahead ot
his time and his ideas could not be implemented. However, he was the first person to
conceive the “Stored Program” concept.

Babbage worked on his plans for years. He was accompanied by Augusta Ada
Byron (daughter of the famous poet Lord Byron) herself a brilliant mathematician,
whose contribution to Babbage’s work is tremendous. She is regarded as the first
female computer scientist and programmer. A computer programming language, Ada has
been named in her honor.

Charles Babbage is recognized as “The Father of Computers”. Although his plans
could not be materialized and his analytical engine could not be completed in his life
span a working analytical engine was finally developed from his plans in the year 1991,
and is on display at the Charles Babbage Institute at Minnesota.

1896 A.D. Punch Card Machine (Dr Hermann Hollerith)



Dr Hollerith is also a great figure in the history of computers. Dr Hollerith used the idea
of employing punched cards in speeding up the collation job of the American Census of
1880 (The US Constitution calls for a census of the population after every ten years so
as to determine the representation in the US House of representatives). He devised a
card in which holes would be punched to indicate the presence of a particular criterion
in a respondent. Using wire brushes in his machine the hole punched earlier in the card,
enabled a wire to touch a metal plate, which carried an electric charge. The charge was
transmitted to respective electric counters which automatically incremented the
numbers. After the census was completed, Hollerith perfected his punched card
equipment and marketed it. He founded the Tabulating Machine Company in 1896 to
continue his work. Although the machines were in great demand Hollerith was not
happy as he could not pursue his research work. In 1911 the Tabulating Machine
Company merged with other two companies to form the Computing Tabulating
Recording Company. Then Hollerith again started concentrating on inventing better
equipment.

One of the partners, the marketing expert named Thomas Watson Sr., led the new
company. Under his guidance, the company wrote great success stories. Finally in 1924,
the management decided on a new name for the company and the Computing Tabulating
Recording Company got converted into the International Business Machines
Corporation (IBM).

His idea has been refined and improved further. Punched cards are still used for
recording data items to be input to computers. During the Second World War, an acute
need for fast calculating machines was felt to carry out complex defense calculations.
The British and the American Governments sponsored a number of projects in major
Universities for the development of fast and accurate calculators and computers. This
proved to be a boon for the industry which has never looked back since then.

EARLY ELECTRONIC COMPUTERS
1930 Turing Machine

Alan Turing, an English mathematician, wrote a paper describing the capabilities and
limitations of a hypothetical general - purpose computing machine called the “Turing
Machine” in the late 1930's. Turing also helped in constructing Robinson (the British
Computer used during the World War II) to decode German messages that were
encrypted by the German Enigma machine. In the year 1950, Turing also published a
book titled “Computer Machinery and Intelligence”, in which he proposed the Turing
test of Artificial Intelligence. That test 1s still used by scientists. Turing test basically
explains that a computer is capable of “interacting” with its user.



1939 John Atanasoff's ABC (Atanasoff Berry Computer)

Professor John Atanasoff is remembered because of his contribution of some concepts
which led to the development of electronic computers. He, along with a graduate student
Clifford Berry, built an electronic calculating machine that could solve the problems of
equations. ABC was the first special-purpose, electronic computer.

1940 A.D. Mark-I (University of Pennsylvania — USA)

A group of scientists devised the Mark-I, which was the first electromechanical
calculator in the world. It utilized the punch card concepts of Hollerith and functioned
by a series of electromagnetic relays and mechanical arithmetic counters.

During World War II American Military asked Dr John Mauchy of the University of
Pennsylvania to develop a machine, which could quickly calculate the trajectories for
missiles. A graduated student, Presper Eckert, helped him in building the device. It is

another thing that the computer could not be completed until two months after the war
ended.

1943 A.D. ENIAC (Harvard University — USA)

Following closely on the heels of Mark-1, scientists of Harvard University brought out
the Electronic Numerical Integrator and Calculator (ENIAC), which was the first
electronic computer. It weighed nearly 5 tons and occupied space equivalent to 2 big
rooms and could perform all the calculations that a small pocket calculator of today can
perform. It used vacuum tubes and was able to do 300 multiplications per second. This
was faster than Mark-I but the major problem of using this computer was that the staft
had to rewire the machine completely for carrying out the new instructions.

1944 Mark-II (Dr Howard Aiken)

Dr Howard Aiken, who read the notes of Ada Byron, was keenly interested in
constructing an “Analytical Engine”. He approached IBM. In spite of doing very well
with punched card equipments, IBM hired Aiken and allocated $1 million for the
research. Aiken, with his team members, came out with Mark-II. Mark-II was partly
electronic and partly mechanical. It was bulky, 8 feet high and 55 feet long. It took 3 to 5
seconds to perform a single multiplication operation.

1947 A.D. EDSAC (Cambridge University—England)

Electronic Delayed Storage and Calculation was the name given to the first electronic
computer in the world. It was the first one to implement the ‘stored program concept’.
Known later as the ‘Von Neumann Concept’, it proposed the use of binary numbers and
the internal storage of instructions in digital form.



1951 A.D. Univac-I (USA)

By now a number of commercial companies were working on the development of
computing systems. Sperry Rand Corporation of USA introduced the first commercial
computer to the world and named it UNIVAC-I. Its introduction was followed by the
entrance of the IBM into the computer field with IBM-701 Computer.

COMPUTER GENERATIONS

In recent years, the computer industry has grown at a phenomenal pace. In a short space
of 35 years or so computers have improved tremendously. In the last decade the speed
of computer has increased 200 times. Not only that, the reliability curve has also taken a
sharp surge ahead. The cost per unit of calculation has gone down by 500 times. The
storage capacity is increasing so fast that now it seems that nothing is impossible to
store. Large data can be stored in very small devices.

The term “generations” was initially introduced to distinguish between different
hardware technologies. Gradually it shifted to both hardware and software as the total
system consists of both of them.

Computers can be divided in five past generations, i.e., depending upon the
technologies used. The five generations of computer are:

t .
1" Generation

Until 1951, electronic computers were the exclusive possession of scientists and the
military. Till then nobody tried to use them for business purposes. The idea of marketing
them was conceived by Mauchly and Eckert, creators of ENIAC’s. As the US Census
Bureau was already using IBCP cards, they were the pioneers in buying this computer
for the first time in 1951. The company created by M and ETS became the UNIVAC
division of Sperry and Corporation (later known as UNISYS).

The bringing of the first UNIVAC (Universal Automatic Computer) general-purpose
electric digital computer marks the beginning of the first generation of electronic
computers.

These computers used valves, and copper wires joined all the components. Due to
the large size of the components and the fact that the components had to be spaced apart
as the valves dissipated a lot of heat, the computers were very bulky and required huge
electric power, air conditioners, maintenance and space for their installation. Further,
the speed of operation was very slow and they had a very low reliability factor as
vacuum tubes failed frequently. They were still given the name of “electronic brains “
by journalists. They also said that these electronic brains would change the world one
day. Later IBM Corporation developed IBM 701, IBM 702 and IBM 650 and a few



other systems. These were called the first generation computers. The most popular
brand of first generation computers was the IBM 650, which had a magnetic drum
memory and utilized punch cards for input and output. This type of computer was of
intermediate size and was designed to meet the requirements of business and for
scientific applications. The available memory was as much as a few hundred thousand
words of main storage. The instruction-cycle time was of the order of a few
milliseconds. It was only after 1957 that magnetic tapes were introduced as a faster and
more convenient storage medium. A single tape could hold approximately 1100 P cards
(1.e. about 2 pages of information).

IBM made 19 IBM 701 computers and at that time industry felt that these 19
computers were sufficient to take care of American business. These computer required
special facilities and highly trained personnel.

The instructions given to FGC (First Generation Computers) were in machine
language (i.e. 0’s and 1’s). As the machine language was tough and understood by very
few people, there were very few personnel available.

Computers belonging to this generation had the following characteristics:

(1) Comparatively large in size as compared to present day computers

(11) Generated lot of heat

(111) They were not consistent and reliable as the valves tended to fail
frequently

(1v) Low capacity internal storage

(v) Individual non-related models

(vi) Processors operated in the milliseconds speed range

(vii) Internal storage consisted of magnetic drum and delay lines

d .
2" Generation

FGC were very unreliable, mainly because of vacuum tube components, which kept on
burning out. Users had to be prepared all the time with dozen of extra tubes for
replacement. The computers of the Second Generation were characterized by the use of
Solid State Devices (transistors) instead of vacuum tubes. Transistorized circuits were
smaller in size, generated little heat, were less expensive and consumed less power than
vacuum tube circuits. Despite this they were much greater in processing capacity. Since
transistors had a faster switching action, this generation of computers were significantly
faster and smaller, and were more reliable too, than first generation computers. The use
of magnetic cores as the primary internal storage medium and the introduction of



removable magnetic disc pack, were other major developments of the second
generation, although magnetic tapes were still commonly used. These computers had
built-in error-detecting devices and more efficient means were developed to input and
to retrieve data from the computer. They were much easier to work with as compared to
the earlier generation computers. More efficient programming methods and higher-level
languages like FORTRAN and COBOL became available. They were easily
understandable by people especially because no codes (like Assembly language) had to
be remembered by the programmers. Moreover, unlike Assembly Language the high
level languages were not machine specific i.e. the same set of programs could be used
on computers produced by different manufactures. The instruction-cycle time dropped
from several hundred micro-seconds of the first generation to tens of micro seconds.
The main memory in these systems could store several hundred thousand words.

This generation of computers could communicate among each other using telephone
lines. Transmission of data from one computer to another was possible in this
generation of computers. Although the processing was very slow, the idea was
convenient, which was further developed in subsequent generations. The problem which
second-generation computers faced was that the input and output devices were far too
slow. Projects were started in second generation to solve these problems. Though these
were second-generation technologies, they appeared in third generation computers.

Dr Daniel Slotnick, who worked out the first solution, was working with Burroughs
Corporation at that time. He designed a computer for the US Department of Defence,
and tried to solve the problem of machines sitting idle, waiting for input and output. The
computer known as ILLIAC-IV was developed, which had four control units, and thus
was able to perform input/output and processing (mathematical operation) at the same
time. Slotnick was granted a patent for “Parallel Processing”. They were also called the
first supercomputers. Another supercomputer was proposed at MIT (Massachusetts
Institute of Technology) by a group of students and professors. The name of the project
was MAC (Multiple Access Computer) and the concept of multi-programming was
developed there. The system could concurrently process the various programs which
were run by different users.

Some of the popular models in this generation of computer systems are IBM-1401,
IBM-1620, BURROUGHS B-200 SERIES, HONEYWELL H-400, NATIONAL CASH

REGISTER NCR-315, 500 and UNIVAC-1004. Many of these computers were used for
business applications.

Computers of this generation had the following characteristics:
(1) Smaller in size compared to the first generation computers

(11) Generated less amount of heat as components were much smaller in size



(ii1)
(iv)
v)

(vi)
(vi1)

(viii)

Greater degree of reliability because of solid-state technology
Higher capacity of internal storage
Use of core storage instead of magnetic drum and delay lines
Related series of processors — the family concept
Processor operated in the microsecond speed range

High cost direct accesses storage



d .
3" Generation

A revolution in computer development took place with the development of Integrated
Circuits (IC) on a single silicon chip. In 1958, Jack St Clair Kelby and Robert Noyce
invented the first IC. The IC incorporated a number of transistors and electronic circuits
on a single wafer or chip of silicon. ICs are called chips because of the way they are
made. They are also called semi-conductors, as they combine layers of materials that
have a varying capacity to conduct electricity. This development ushered in the third
generation of computer systems in 1964. The integrated circuits enhanced the processing
capability, improving the speed of the computer manifold. During the period 1964 to
1970, the capability of placing 12 or more logic gates on a single chip was developed
into a well-defined technology of Small Scale Integration (SSI). A logic gate is a circuit
that performs arithmetic such as addition, subtraction, multiplication or division.

In 1970 this technology was redefined to a point where hundreds or more gates
could be placed on a chip of silicon, and could incorporate functional logic block in an
overall system. This technology was termed as Middle Scale Integration (MSI). There
was intense pressure on the semi-conductor manufacturers to provide greater densities
of gates on a single integrated circuit chip. Consequently, more complex chips were
developed with the ultimate goal of obtaining a central processor on a single physical
circuits element. These circuits had higher reliability and lower power consumption and
a substantially reduced size. Component densities of 1,000 to 10,000 gates on a single
silicon chip became possible. The technology consisting of 1,000 gates per chip, termed
Large Scale Integration (LSI), started to become commercially viable in 1975. The later
technology consisting of more than 10,000 gates per chip is called Very Large Scale
Integration (VLSI) or Grand Scale Integration (GSI). These circuits became very useful
in assembling computers. Some of the popular third generation computers are — IBM-
360 series, IBM-370 series and ICL-2900 series. The large advanced computer systems
are usually called ‘Mainframe’.

Integrated circuits technology is responsible for bringing the revolution in the
computer industry. Scientists were aware that more powerful computers could be built
by building more complex circuits; but as these circuits had to be wired by hand, these
computers were too complex and expensive. IC solved this problem by introducing a
computer that cost less than a first generation computer and offered more memory and
faster processing.

In 1962, a new company built a plant in “Silicon Valley”, near Sanjose, California.
DEC (Digital Equipment Corporation) revolutionized the entire computer industry with
its computers, called minicomputers, which used ICs.



The first commercially available minicomputer was introduced in 1965. The PDB-8
(Programmed Data Processor) could fit easily in the corner of a room and did not
require any attendant. The computer could be accessed by a number of users from
different locations of the building. This was actually implementing the concept of time-
sharing, which was developed in the second generation. The price of the system was
one tenth of the traditional mainframe, which made it possible for smaller companies to

afford.

IBM was dominant in the market by releasing 360 series of computers. They were
of different sizes of mainframe computers. The main advantage of using this computer
was the use of same machine language compatibility, thus making it easy and cost
effective, specially when upgraded.

By 1967, IBM decided to change its track as a number of programming languages
appeared in the market. This was the beginning of the software industry. As the
languages grew in number and kind, people who had the skills to translate user
requirements into these languages were high n demand now.

Another technological development, which took place at this point of time, was the
launching of the first telecommunication satellite. The communication stations situated
on earth were now in a position to send and receive data by means of satellite-enabling
communication between the computer systems around the world.

Admiral Grace Nurray Hopper, also known as ‘“the Mother of COBOL” and as
“Amazing Grace”, was sent to Harvard to work on the first large-scale digital computer.
She attended various computer conferences and delivered lectures in various colleges
about data processing insights. She wrote more than 50 papers and articles on software
and programming languages.

Dr Hopper writes about the origin of Bug and Debug in her book “Understanding
Computers”™. It was 1945; the students were working on Mark-1II and it stopped working.
Programmers trying to figure out what was wrong with the computer finally discovered
that there was a moth caught in one of the relays which was causing the whole trouble.
They removed it and the computer started working fine. There the terms “Bug” and
“Debug” were introduced. The first bug can still be seen taped on a page in a logbook at
the Naval Weapons Museum in Dahlgren, Virginia.

Computers of this generation had the following characteristics:

(1) Smaller in size as compared to second generation computers
(i1) Higher capacity internal storage
(111) Remote-communication facilities

(1v) Multi-programming facilities



(v) Reduced cost of direct access storage

(vi) Processors, which operate in the nanosecond speed range

(vii) Range of computers with a common architecture in which models were
upward compatible

(viii) Use of high-level languages such as COBOL

(1x) Wide range of optional peripherals.

th o
4" Generation

The decade of 1970’°s marked the beginning of a new generation of computers, produced
by computer giants like IBM, ICL, NCR and Burrough. From the design viewpoint, the
new generation provided increased input-output capability, longer component-life as
well as greater system reliability. From the functional viewpoint, new powerful
languages were developed to broaden the use of multi-programming and multi-
processing, which brought about a major shift from batch processing to online
processing as well as remote interactive processing.

The development of the microprocessor chip, which contains an entire Central
Processing Unit (CPU) on a single silicon chip led to the mushrooming growth of
inexpensive computers. Microprocessors are not computers by themselves but they can
perform all the functions of arithmetic logic and control units of the CPU. When these
microprocessors are connected with memory and input-output devices, they become
microcomputers. Semi-conductor memories are also very small and very cheap. There
are several types of memory chips. Three of the most commonly used are:

(1) Random Access Memory (RAM), in which data can be read or written
corresponding to the main memory of the conventional computer

(i1) Read Only Memory (ROM) and

(111) Programmable Read Only Memory (PROM).

In ROM chips, the data 1s ‘burnt’ into the chip at the time of manufacturing. It cannot
be changed after that. These chips are used in systems where the data need not be
changed. Even when power supply fails, the data remains in the memory. In case of
PROM a user can program and even correct the data if necessary. The fourth generation
of computers may be called the microcomputer generation. The input-output devices
used with the fourth generation computers are quite advanced. Among the advanced
input-output devices employed in fourth generation computers are optical readers, by
which whole documents can be fed into the computer; audio response terminals, by
which an operator can vocally introduce data or instructions; and graphic display
terminals, by which an operator can feed pictures into the computer.



The use of Very Large Integrated Circuits (VLIC) has made the fourth generation
(micro)computers very compact, much less expensive, faster, more reliable and with a
much greater data processing capacity than equivalent third generation computers.

Some computers belonging to the fourth generation are DEC-10, STAR-1000, PDP-
11 and the APPLE Series Personal Computers.

th .
5" Generation

Till the fourth generation of computers, the major stress was on improving the hardware
- from valves to transistors and then to integrated circuits - which resulted in the
miniaturization and fast speed of computers. However, lack of thinking power in it
forced the scientists to work further towards the fifth generation computers. The concept
of “Artificial Intelligence” is being used in these computers and the Japanese call them
“Knowledge Processors”. Automatic programming, computational logic, pattern
recognition and control of robots (robotics), the processes needing skill and intelligence
are examples of Artificial Intelligence. These computers, when developed, will be able
to execute billions of instructions per second and will have unimaginable storage
capacities. The present day high level languages will become obsolete on these
machines and new computer languages and related software will be needed.

The fifth generation gives the highest priority to making systems that are easy and
natural to use. Other objectives relate to the types of technological support needed to
support “problem solving systems” according to the fifth generation committee. “In
these systems”, the Committee adds, "Intelligence will be greatly improved to approach
that of a human being. When compared to conventional systems, the man—machine
interface will be closer to that of human behavior.”

The fifth generation has three functional requirements:

° Easy to use computers with high intelligence and natural human input and
output mechanism

° Reliable and efficient software development by new languages, new
computer architectures and systems software which overcome previous problems,
and

° Improved overall functions and performance aimed at making computers

smaller, lighter, faster, of greater capacity, more flexible and more reliable.

These objectives set the main themes for the future of computing, whatever
techniques are used to achieve them.

CLASSIFICATION OF COMPUTERS

There is a computer in the car you drive. There could be a PC on your desk or your



study table at home. The weather report you get daily also involves computer, but all of
them do not fall into the same category. They are different in terms of hardware,
software, built, purpose and everything.

Initially computers were classified on the basis of their size, speed and cost, but
now there are many more attributes attached to them.

Each and every computer must fall into one of the four categories described below:

1. Supercomputer

2. Mainframe computer
3. Minicomputer

4.  Microcomputer

Whereas supercomputers are the most powerful and the largest, microcomputers are
the smallest ones. Supercomputers are the most powerful computer available today. It is

another thing that a microcomputer of the 21% century might be as powerful as of the
supercomputer of yore. Today technology is developing so fast that it has become
difficult to predict anything for the future.

Although all the above — mentioned (four) types of computers have been around for
quite some time, the capabilities of each type have changed tremendously.

Supercomputers are highly sophisticated computers used for very special tasks like
scientific researches, etc. Mainframes are large and expensive and are designed to meet
the needs of a large organization. Minicomputers, although smaller than mainframes, are
still big enough to cater to a medium sized organization or a small-scale business. PCs
or microcomputers cater solely to individuals. Microcomputers could be PCs or
desktops or laptops or even notebooks. The computers around us, like those in
microwave ovens, washing machines, automobiles, etc., are embedded computers,
which are special-purpose and are generally used to perform control functions.

Supercomputers

These are the most powerful computers designed till now. They are made to process
huge amounts of data. Many users can access them at the same time. They are primarily
used for mathematically intensive scientific researches such as in aerospace, satellite,
chemical, electronics, petroleum and nuclear power industries. Supercomputers are
used in weather forecasts. It would not have been possible to warn the people around
the coastal areas about the advent of a hurricane but for a supercomputer. It is because
of supercomputers alone that such a large-scale devastation can be controlled well in
time saving human lives as well as financial and infrastructural resources.



Supercomputers are also found in public, private and government research centers
such as universities, government labs and R&D departments of organizations.

One main area where supercomputers are used is in the nuclear field, especially
when nuclear fissionable material approaches a critical mass, and researchers are
required to know what is happening at every nanosecond of the nuclear chain reaction.
A supercomputer can monitor the actions and reactions of million of atoms when they
Interact.

Supercomputers were used to find out the pollution in Los Angeles. The model
comprised of more than 5,00,000 variables including geographic elevation, temperature,
airborne chemicals, etc., and it was required to create an accurate simulation of the Los
Angeles Basin to decide upon various strategies to be used to control air pollution. This
would have taken months with less powerful computers, but supercomputers did it in
just half an hour.

The first supercomputer was built in the 1960’s for the US Department of Defense.
That was supposed to be the fastest and most powerful computer of that time. Millions
of dollars are being spent on R&D of the technology enhancement of supercomputers.

The main feature of a supercomputer is multiprocessing, which enables the
computer to perform a large number of operations simultaneously. The first
supercomputer had 4 CPUs. Today’s supercomputers have hundreds of processors. The
speed of the supercomputer is measured in Nanoseconds and Gigaflops. A Nanosecond

equals 10”th of a second and a Gigaflop is 1 billion floating-point arithmetic operation
per second. A supercomputer can perform up to 128 Gigaflops.

Market and R&D leaders of supercomputers include IBM, Silicon Graphics, Cray
Research Corporation, Fuifits, Intel, Thinking Machines, etc.

Thinking Machines has produced a supercomputer called Connection Machine,
which has over 64,000 processors. Its price is about $5million. Supercomputers are
priced from $2million to $20million and they consume electricity enough to light about
100 homes.

Mainframes

Mainframe computers are used where many people in a large organization need frequent
access to the same information, which is usually organized information of one or more
large databases.

After UNIVAC-I was sold in 1951, the mainframes caught the attention of the
computer industry. IBM, the computer giant, captured the mainframes market in the late
1950’s and made their name and money in the mainframe market. A mainframe computer
system 1s generally made up of several computers, called terminals, in addition to the



mainframe or host processor. A terminal is a keyboard and a screen wired to the
mainframe. It does not necessarily have its own CPU or storage it just has input and
output devices that function as the windows of the computer placed elsewhere. The host
processor 1s responsible for controlling rest of the processors, operations and the
peripheral devices attached to it. A front-end processor is the one that handles
communication to and from all the remote terminals connected to the computer system.
At times, a backend processor is also used to the handle data retrieval operation.
Although the host computer is capable of doing all the operations by itself, it is still
better to have two processors to share the load, thereby saving time and increasing
speed.

The mainframe computer has a processor that handles input, controls the database
and output needs of the terminals attached to it. Each user has access to the contents of
the database. It is difficult to store such massive amount of data and it would also be too
slow. Many modern mainframes have multiprocessing capabilities. However, they are
generally limited to 8 or less processors. They are slower than supercomputers and
their speed is measured in megaflops and not in gigaflops.

Mainframes can cost anything above $35,000. It used to be common for mainframe
computers to occupy an entire room or even an entire floor of a high-rise building.
Typically, they were placed inside glass offices with special air conditioning support to
keep them cool, and on raised floors to accommodate all the wiring needed to tie the
systems together. This setup is not used anymore. Mainframes today, look more like a
file cabinet although they still need the same type of environment.

A mainframes can support up to several hundred users simultaneously. It does so by
keeping a number of programs in primary memory and by rapidly switching back and
forth between programs. These operations are so fast that users do not even come to
know that it is working on others tasks. This property of processing many tasks
concurrently for multiple users is called “multiprogramming”.

No one really knows from where the term 'mainframe' originated. Earlier IBM
documents define the term frame as an integral part of a computer: “the housing ....
hardware support structures, .... and all the parts and components therein”. It was only
when computers of various sizes and shapes came into existence, that the big computers
began to be referred to as main frames and eventually became one word "'mainframe’.

Minicomputers

The advent of minicomputers or minis as they are sometimes called started in the
1960°’s when DEC (Digital Equipment Corporation) began shipping its PDP series
computers. The press named them minicomputers because of their small size as
compared to other prevailing computers.



The easiest way to describe minicomputers is by saying that they lie somewhere in
between mainframes and microcomputers. They can handle a great amount of data like
mainframes. They can also support a number of terminals just as mainframes do.
Although they are designed for hundreds of terminals, they differ in speed, 1.e.
minicomputers are slower than mainframes and they cannot support as many terminals
as mainframes can. They have less storage capacity and their printers too are slow.
They are meant for smaller organizations, which can neither afford mainframes nor do
they require such big computers. The cost ranges from $18,000 to $50,000. The major
manufactures of minicomputers are DEC, Data General, IBM and Hewlett Packard.

Workstations and Microcomputers

When working on minicomputers and mainframes through terminals, users can just
control the input and output of the computer. Whereas a single user computer gives you
the power of controlling the total processing cycle i.e. input and output, processing and
storage. You can select your own programs and do not need to be dependent on
mainframes or minis for storage. They are designed to meet the needs of an individual
and thus are also called as Personal Computers. PC and microcomputers are
interchangeable as far as meaning is concerned.

When we talk about computers today, we generally mean a PC or a microcomputer.
Microcomputers have a great impact on the computer industry. Till 1975, they did not
even exist, and in 1995 the sale of PCs was as high as $16 billion. Microcomputers are
the fastest growing segment of the computer industry. One of the sources of the PC’s
popularity is the rate at which improvements are being made in the technology. As the
technology is growing, microprocessor, memory, chips and storage devices keep getting
faster and better and bigger. Today, a typical PC has 8 times as much RAM, 150 times
more storage capacity and a microprocessor that is at least 100 times faster than a PC
10 years earlier. Analysts believe that the pace of this growth will be the same for
another 20 years.

In 1981, IBM called its first microcomputer the IBM-PC. Within a few years there
were many more companies in the race to design a computer compatible to IBM-PC.
Thus the term IBM-PC became the name of a family of computer that included IBMs and
IBM compatibles. The vast majority of computers falls in this family except Apple
Macintosh, which is another family of microcomputers made by Apple Computer. It is
appropriate to say that Macintosh is a personal computer but not a PC. Presently IBM
commands over about 28 percent of the market where as Apple holds about 8 percent of
market share.

A few years ago, Apple Computers, IBM and Motorola joined to develop the Power
PC chip, which enables Apple Computer to run IBM applications and
vice versa. Most Apple Macintosh computers and compatibles are based on this chip.



A single computer can actually fall into the category of either a microcomputer or a
workstation. A workstation is a powerful desktop computer designed to meet the
computing needs of engineers, architects and other professionals, who need graphic
display. Workstations are generally used for CAD (Computer Aided Design)
applications. For this type of complex programs the computer needs great processing
power and much storage. They are also used as services for LANs (Local Area
Networks). Workstations are sometimes called “Supermicros”. Although they look like
desktops, the chip inside is different. Most workstations use RISC (Reduce Instruction
Set Computer) microprocessors. RISC processors are used in special purpose
applications, where speed is critical.

Presently the boundary between workstations and PCs is becoming less distinct.
Today’s PCs are better than workstations of the past. Pentium-pro has multiprocessing
capabilities. Most microcomputers support multitasking (enabling the user to switch
between the tasks). Multitasking saves a lot of time. The user can open another activity
while one task is being processed. For example while the computer is downloading one
thing in the browser, the user can open another window for writing a mail or a
calculator to perform some calculation.

One style of PC is the desktop. This type of computer is small enough to fit on a
desk but is too big to carry around. There are a number of models available in the
desktop category. The cabinets come in flat (horizontal) and vertical (tower model)
depending upon the space management of the user.

Laptop Computers

The first portable computers were known as “luggable”. They weighed about 28
pounds. As the size reduced further the term also changed to “laptop”. Laptops weigh
about 10 to 12 pounds. The name was probably given because laptops are kept on the
laps while users are on the move (in a car, an airplane or train).

Notebook Computers

As the name suggests, their size 1s about 8.5 by 11 by 2 inches, and can easily fit inside
a briefcase. They were initially called laptops too, but gradually as the size decreased
even further they started being called notebooks. They can be operated on batteries also.
They are fully functional microcomputers. They can have input devices Hard Disk
Drives, Floppy Disk Drives, a CD-ROM, a modem and an in-built mouse.

Personal Digital Assistants (PDA)

These are the smallest portable computers and are no bigger than chequebooks. They
are also called palmtops. They are not as powerful as notebooks and laptops. They are
used for some special applications like keeping record of phone numbers, dates,



agendas and calculations. They can be connected to large computers to exchange data.
They also come with an electronic pen, called stylus, that lets users write on a touch-
sensitive screen. The latest PDA’s can use infrared light to communicate with nearby
computers. They may also have built-in capabilities for fax, cellular telephony and e-
mails.

These are meant for the people who want to avoid carrying a lot of weight and do
not need the full collection of applications while away from home or office. These
computers use inexpensive batteries. They do not have any disk drivers. They use the
PC card, a card of the size of a credit card, to store programs and data. Notebook and
desktop computers also have now adopted these PC cards. PC cards are some version
of smart cards (small cards developed in France). They were earlier used to pay
highway tolls, make STD calls, pay bills etc. A smart card has a microprocessor and a
memory chip.

Embedded Computers

Have you ever noticed that computers surrounds you everywhere? Be it your car, your
kitchen, bathroom, entertainment or anywhere else. You start using computers the time
you get up in the morning and keep using it till you go off to sleep. Such computers as
these, which work inside other machines, are called embedded computers.

Cars use embedded computer to control the engine. Alarm clocks use these
computers to wake you up. VCR and TVs also use embedded computers for a variety ot
functions. The users do not even realize, while using these equipment, that they are using
embedded computers.

CHARACTERISTICS OF COMPUTERS
A few notable features of computers are:

Speed

The computer was initially invented as a very high-speed calculator. It helped in
completing many scientific projects that were previously impossible. The landing on the
moon would not have been possible if computers had not been there, neither would we
today take an umbrella, if saw a clear sky, if the weather, forecast did not tell us that it
would rain in the afternoon. We would have taken a lot of time in making the
arrangements for flying abroad if computers were not there to book our seats so easily
and fast. The ability to get the answers fast enough so that one has time to take an action
on them (to make alternative arrangements in case of reservations) makes real time
computing possible. Electrical pulses travel at incredible speed and a computer, an
electronic machine, works on electrical pulses, so its speed is virtually instantaneous.
When talking about the speed of computers, we don’t talk in seconds or microseconds



but in nanoseconds (10 seconds) or even Pico seconds (10" seconds). You can very
well imagine the speed of computer by the fact that a computer can add two 18-digit
numbers in 300 to 400 nanoseconds: that means that it can do about 3 million such
calculations per second.

Storage

The human mind acquires some knowledge and after it has used it, it might keep it in its
subconscious mind or might even forget it after some time. But computers can store
massive amounts of information. This information can be used and reused time and
again for years (unless something goes wrong with the hardware). Today’s computers
have disks with a capacity of storing billions of characters. This is big enough to store
the complete Britannica thesaurus, dozens of computer programs or the applications,
thousands of songs, huge databases, all the projects we have ever done in our life and
much more.

Accuracy

Computers are very accurate. They do make mistakes, but seldom. This is because of
their physical circuit. They make mistakes because of faulty programs, some mistake
made while feeding in the data or poor designing. Highly efficient error detecting
techniques of computers prevent showing false results.

Versatility

Computers are capable of performing any type of task, provided the activity can be put
into logical steps. It can be used from cooking (microwave oven) to spending a night on
the moon (through satellites). In today’s world it is difficult to imagine even a single
field which is untouched by computer invasion.

Automation

A computer is much more than just a calculator in which we need to give the instructions
at every step. It is an intelligent device and, if programmed for an activity, it keeps
doing it till it finishes, without any human intervention.

Diligence

A computer, being a machine, does not show any signs of fatigue, tiredness, lack of
concentration, or loss in interest. The speed, accuracy and the quality would be
absolutely the same in the first and the last calculation, even if the computer does
millions of calculations. It won’t complain even once of boredom. Thus, it is best suited
for monotonous and voluminous work although that may seem like a threat to the people
who are working on the same kind of jobs.



Reliability

All the above qualities of computers make them reliable and also make us too dependent
on them. They can be run for years and years without any loss of data or facing any other
problem.

Although computers can potentially solve all the problems when instructed
appropriately, they are not creative. They are designed and run by humans only. They
might make an exact copy of Picaso’s paintings but actually can not give the world their
original creations. They might print out countless copies of Shakespeare’s Hamlet but
can never write anything on their own. They might replicate the Taj Mahal but will
never be able to produce architecture like that on their own. And we must be happy
about that as we humans still are superior to computers.

DISADVANTAGES OF COMPUTERS

Until now we have discussed the good points of computers like making work easier,
reducing the response time, facilitating the daily activities, dealing with large amounts
of data and many more, but there are some bad effects too attached to computers. Some
of the disadvantages include the following:

1. They are manufactured using hazardous chemicals that can harm the health of users,
as also contributing to pollution.

2. They are failure prone. A failure in a nuclear power station, or airplane etc. can
endanger many lives and resources.

Discarded computers are real junk and consume lots of space.
They are always a threat to personal privacy.

Working longer on computers gives the user back pain, nerve injuries etc.

SANEN AN

Because of the automation brought about by computers, unemployment is on the
rise.

TASKS ASSOCIATED WITH COMPUTERS: THE MULTIPURPOSE TOOL

In the 1950’s computers were special purpose machines that could cater to only
governments or huge industries due to their high cost. Initially they were being used only
to perform complex numerical problems such as these required in astronomy, statistics,
processing, for the Bureau of Census or deciding the trajectory of missiles.

In the 1960’s, modern computers brought about a revolution around the world. In
1964, IBM brought its system—the 360 mainframe computer—into the market and sold
about 33 thousand of these machines. After this grand success, IBM became a standard
for computer manufacturers.



In early the 1970’s, DEC (Digital Equipment Corporation) took a step ahead by
introducing its PDP-II and VAX computers. These catered to various segments. Modern
computers were of different sizes and prices. That was the time when computers started
shrinking in size. Today’s personal computers or PCs, which are much smaller than
those earlier computers, provide much power to the user and are inexpensive too.

Business

Computers have become such an integral part of our lives that we use them day and
night. They have become such an important part of our business that it is difficult to
think about life without them. From typing a letter to taking out the balance sheets of a
company and designing a building, the computer is present everywhere. Today, in the
offices of any industry, you will see computers on every desk, from the receptionist's
table to the CEO's desk.

Clerical staff use it for writing letters, to keep a record of their day-to-day expenses
and administrative work, sales people carry laptops and notebooks to transmit
information from anywhere in the field or to give their presentations. Accounting
departments of every organization use them for manipulating and playing with the
figures and numbers, taking out budgets, analyzing financial records and keeping track of
the profits and losses of the company whereas the department keeps track of the leaves,
resume(s) and any other information of the employees of the organization.

You can see a computer when you go to buy grocery, or to a bank, or to make an
inquiry about a flight, or to take out money from an ATM or to get a prescription from a
doctor, or any other thing you can think of.

Medicine and Health Care

In the health care industry, computers are very useful. They are used for diagnosing the
illness of a patient, performing surgeries and even controlling the robots that work as
assistants to the doctors.

Not only this, many small special purpose computers are placed inside the body of a
patient for performing specific tasks (such as pacemakers). Artificial internal organs are
commonly used nowadays to replace defective organs inside the body. Computers can
be used to see internal hemorrhages or clots without even putting a cut on the human
body. Now, some computers are so tiny that they are swallowed to take and transmit
photographs of very dense parts of the human body. In this way they act as wonderful
diagnostic tools.

Now, laser surgery is performed without even a cut on the human body while
everything it monitored on screens. This kind of bloodless surgery can only be
performed because of computers. Accuracy and efficiency has increased tremendously



and the rate of successful operations has also risen sharply.

Education

Computers have brought about a revolution in the education industry too. They are
present in classrooms, libraries, laboratories and museums. Even a child of three years
of age uses them.

For young children, self-learning tutorials are so interesting that they start doing
them before they start going to school. Most important is that all age groups can use
them, 1.e. from a child to very senior or old people.

The concept of paperless libraries is spreading very fast. This means that there is
not a single book in the library. Only computers are present. Students can go to these
libraries and enter the name of the book they want to read and the contents of the book
appears on screen.

In museums, computers help visitors by telling them about exhibits. Detailed textual,
audio and video information is available on computers and human guides are not used
any more.

Students prepare their project reports, presentations and even their notes on
computers. Today, small kids prefer doing their homework on PCs. In the USA, most
universities require assignments to be submitted on computer. No paper sheets or hand
written assignments are allowed.

Computers are very commonly used as interactive tools. They are used for teaching,
testing, re-teaching and retesting, to make sure that the student understands a topic as per
his mental level and caliber.

Encyclopedias nowadays come in the form of CDs and are very helpful. One doesn't
need to go and search in the huge and heavy Britannica. Not only this, most magazines,
journals and newspapers are available in soft copies and the records of past decades
are also stored in very less space.



Science

It would have been almost impossible to explore this world, specially the solar system,
so intricately without the help of computers. It would have also been difficult to predict
natural calamities like earthquakes, hurricanes, volcanoes, etc., and warn people
beforehand so that safety measures could be taken well in time.

Scientists collect, test, transmit, analyze and exchange information electronically to
widen the scope of research and bring in more accuracy. This way they can estimate the
impact of an expected natural calamity so that precautions are taken against them.

A man stepped on the moon and the whole world watched his activities on their TV
sets through satellites (again, thanks to the computer!). Now, satellites and spacecrafts
are launched and computers monitor their activities without any human intervention.

Engineering

An electronic engineer designing chips manually would obviously be less productive
than 1f he designs the same on PCs. Similarly, an architect can create the best design by
matching the few options available to him. If, while designing, a number of views are to
be seen, manually one has to draw that many number of drawing or figures describing
each view separately, whereas the computer can give him access to the same figure from
various angles, thus preventing the tedious, error prone and boring job of making the
same drawings again and again.

One of the most extensive uses of computers 1s CAD (Computer Aided Design). It
helps the engineers tremendously in designing the aircrafts, missiles or even small
airplanes. It not only saves time but also physical effort. One more advantage of
designing with the help of CAD is that it saves a lot of money in designing and
redesigning the parts of expensive mobiles.

CAE (Computer Aided Engineering) goes one step further. It helps designers to
specify even the type of material to be used in respective parts and to estimate whether
the part will be able to withstand the required stresses and temperatures. This type of
testing is a very critical part of the total designing of planes.

Manufacturing

The use of computers is not restricted to just the field of designing; but is being
increasingly extended into the manufacturing sector as well. Be it in generating power,
in manufacturing automobiles or even doing some embroidery work on a piece of cloth,
the computer literally controls everything. Just some settings are required, and it not
only functions smoothly but also gives warning signals



(ifrequired). And when needed, it sometimes takes appropriate action as well.

For all those electricity-generating machines, computers control power production.
These are special purpose computers. They not only monitor but also regulate the
temperature and pressure inside and outside the boilers. If they are not able to control
something at some critical point, they set the alarm/warning bells ringing, so that
somebody can just come and check. It is so convenient and safe that now all the
electricity-generating stations are fully automated and computerized. Apart from the
ease of the work, they reduce the chances of any mishap.

They also help a lot in the industries where the work is hazardous for humans. There
computerized robots get in! They do the work like welding, painting, and cutting in steel
industries, and also in industries where there 1s work that involves acidic elements that
are very bad for health. The robots are fully computerized and this type of manufacturing
is called CAM (Computer Aided Manufacturing). Now it is being called CIM
(Computer Integrated Manufacturing) meaning computers can be used to control the
entire production process, right from designing to manufacturing.

Computers are also used in automated fabrication in the garment industry, and are
involved 1n activities ranging from cutting the fabric to stitching buttons on the finished
garment. Not only this, they are used in customized tailoring, meaning that the size and
measurements of the customer are fed into the computer. The computer then gives
instructions to the various machines attached to it and the best-fit clothes are ready for
the customer! Computers are also used in embroidery machines. A design is fed into the
computer and it is embroidered by it automatically with the colors of threads specified
by you. Modifications can also be made in the pre-designed patterns and thus, a
customized product can be manufactured.

Legal Practices

Just imagine a lawyer mugging up all the acts and sections of the law or even going
through them to find out what is required. It is not only difficult but also error prone. On
the other hand, think about the same lawyer feeding in the details of the case in the
computer and getting a list of all the acts and sections or, even more specifically, the
exact act and section applying to that case. The difference is amazing!

Today all those law books are already fed into the computer for quick references.
Such databases are very helpful for easy and quick work, which has actually helped in
reducing the research time from hours to microseconds.

Such use of computers is available not only to individual lawyers, CAs or attorneys
but also in a courtroom where the stenographer's text is immediately transformed into
readable text, and the decision taken by the magistrate can not only stored in the
computer but can also be transmitted across the country for easy reference.



Lawyers have also started carrying laptops to the courtroom for the details of the
case they are fighting, thus contributing to building a paperless office.

Government

The government also makes extensive use of computers in its work. It has started making
a database regarding childbirths, deaths, income taxes, any other taxes etc.

Government Passport Services are also online, which means passport forms can be
downloaded, and even filled and submitted online sitting at home.

The campaigning for the elections is also done online nowadays. The time is not far
when the entire electorate will vote directly online, when people will fill up their
income tax forms online, and the entire database of each citizen of the country will be
computerized, thus improving the government's efficiency.



Law Enforcement

Computers help many departments like the police or the crime branch to function more
efficiently. In America, there are MDTs (Mobile Data Terminals) in which a police
squad simultaneously calls all computers, which have data regarding the car numbers,
persons who own those cars, their license numbers, whether they have valid license or
if the detained person was issued a warrant etc. The computer notes down the number of
the car (of the person violating the rule or the law) and then provides all the above-
specified information to the constabulary. This not only makes the process faster but
also reduces the hassle of calling up the department and collecting the same information
from various places. Thus with MDT's help, the police perform their duties efficiently,
effectively and on time.

Similarly, the DNA technique is very popular in the crime branch where fingerprints
are used to get all the information about the criminal or the person concerned. A very
simple cue about a criminal can be used to draw the exact picture of the person with the
help of a computer.

Defence

In the mid 1940's the first large scale computer ever developed was created for the
Army of US - ENIAC (Electronics Numbered Integrator and Calculators). It required a
house to fit in, occupied space as big as 1800 square feet and contained about 18,000
vacuum tubes. It was initially designed to compute internal shell trajectories for various
distances and weather conditions.

Now computers are used in airplanes, fighter planes, submarines, on the battlefields
in weapons and satellites, in one way or the other.

The army, uses it in its Human Resources Department, considered the biggest
organization in the world. Computers are used to communicate by radio in air, under
water and on surface with a land based network that is used to integrate the systems.

Computer nowadays are also used as Smart Bombs, which are actually missiles but
don't look like that.



Music

Computers are a great help to the musicians as well. They not only compose their tunes
and music on computer but can also use them to find out the best setting automatically.
The MIDI (Musical Instrument Digital Interface) is very commonly used for
synchronizing hardware and software, to produce electronic notes.

A musician can touch one synthesizer key for producing the sound of an accord, and
another for the sound of the tabla. Not only that, the computer also translates the music
into text form or musical notes automatically.

Various settings of different instruments can be tested independently and then can
also be combined together to get the best possible output. It enables the fine editing to
add music and sound effects to human speech and vice versa, thus getting best possible
result of complex compositions and their synchronization with the instruments.



Theatre, Film and Television

Have you ever noticed the computer's contribution to the serials you see on the TV, the
advertisements that children watch with such great interest or the movies you see in the
cinema halls? All these owe a lot to computers for the improvement in the performance
and inculcation of special effects, which have a great impact on the audiences. Even in
theatres, the use of computers has become a very normal phenomenon.

In theatres the lighting system is totally computerized and the effects of light are
coordinated and controlled automatically as per the demand of the situation. Artists
even use some images and sounds to improve upon the performances. This not only
enhances the enjoyment but also leaves a deep impact on the minds of the audience.
Virtual images are shown dancing on the floor, which actually is nothing in reality.

In movies also, fictitious characters are made to do whatever is wished from them.
Sometimes they are even made to work as actual live actors and actress. The characters
are animated as needed. For example, the dinosaurs of “Jurassic Park” were a
masterpiece of computer creation.

At Home

If computers are used everywhere how can homes be left untouched? Apart from PC's,
most of the computers that we use are generally hidden, which means that they are
embedded in household appliances. For example, the microwave oven which warms
our dinner and even switches off automatically after the job is done, has a computer
embedded in it. Similarly our TV has an embedded computer, which automatically tunes
the 1mage brightness and sound as per the surroundings.

Washing machines, sewing machines etc. also use computers for running faster and
more efficiently. Mummy prepares the monthly budget, Papa makes a database of his
meetings, addresses and schedules, and sons/daughters do their homework or play
games on the PC. Grandpa tries his hand at a game of chess with the computer and
grandma researches recipes for the kids.

Internet

The field of communication is another area where the use of computers has greater
enhanced its efficiency and made it cheaper too. The Internet is a World Wide Network
of computers that connects the people together and reduces the distances. It can be used
for receiving, sending and sharing information.

ELEMENTS OF A COMPUTER



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

Apart from these two main elements of the computer, 1.e. hardware, which represent
the physical parts of the computer, and software that represents the programs that
instruct the computer what is to be done, computers also include processing. Processing
transforms data into information and involves data, people and procedures. Thus all
these together are the five elements of the computing process (as a whole). These five
elements are:

1.  Hardware
2 Software

3 Data

4.  People

5 Procedures

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

Thus we can say that the computing process includes everything and everybody
necessary to accomplish an activity or to perform a task. All the five elements of
computing process are explained below in detail.

Hardware

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

Hardware can be divided into four major categories. They are:
1 Processor
2 Memory
3. Input and Output Devices
4

Storage Devices

Processor

The complex procedure that transforms data into information (useful and meaningful



data) 1s called processing. This type of transformation mainly includes two components
—the processor and the memory.

The Processor acts like the brain of the computer. It organizes and carries out the
instructions given to the computer by the user or the message passed on by the software.
There are various types of processors available in the market. In PC, we use
microprocessor(s) (a number of microprocessors can also be used in one PC),
Microprocessors are made of silicon or some other material and are etched with many
tiny electronic circuits. The microprocessor is plugged into the circuit board — a hard
rectangular board that contains the total circuitry used to connect the processor to the
rest of the hardware. This circuit board is called the motherboard. The number of chips
and circuit boards (on which the processors are plugged in) is increased when the
computer is to be made more powerful. The term Central Processing Unit (CPU), in real
terms, is the processor of the computer. This “brain” of the computer, without which
nothing can be done is very small in size and occupies just a few square inches of
space.
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Figure 1.3

Memory

The software is loaded into the memory of the computer and runs from there only. Not
only the software or programs, but also all the data is loaded into the memory for easy
access. This memory is called as RANDOM ACCESS MEMORY (RAM). When one

talks about memory one often means RAM only.

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

The amount of RAM in a computer tremendously affects the speed and power of the
computer. The more the RAM, the greater is the power and speed of the computer. The
measurement unit of memory is byte. The bigger units of bytes are:

Kilobyte (KB) ~ 1000 bytes [2'° bytes = 1024 bytes to be precise]



Megabyte (MB)~ 1000 KB ~ 10,00,000 bytes
Gigabytes (GB)~ 1000MB ~ 10 ‘KB ~ 10’ bytes
Nowadays PC’s have 8 to 128 MB of RAM.

ROM

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

Input and Output Devices

The computer accepts the instructions and delivers the results to the user by means of
some devices. There are two main types of devices. Input devices are used to enter the
instructions whereas output devices are used to see the results of processing. The term
device is generically used to refer to any piece of hardware.

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

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

Lightpen i1s used to directly draw the figures on the screen of the monitor.
Microphones help in inputting our voice directly in the computer or inputting music from
CDs or audiocassettes by attaching them to the computer. Digital Cameras are used to
bring in live images onto the screen, where some changes can also be made thereon.
They are generally used in the barber’s shops (to see the best hairstyle that suits the



customer) or in the optical shops etc.

The output devices are used to see the results of processed input. The title case
output devices mainly used are the screen or VDU (Visual Display Unit) and the
Printers. When the soft copy of the output is required it is seen on the screen of the
monitor and if hard copy (on paper) is required, then the computer sends it to the printer.
Apart from these two output devices, Speakers can also be used as output devices to
produce sound, listen to audio CDs or music.

There are some more devices that act as both input and output devices. One such
device is the Touch Screen which is a type of monitor that displays virtual buttons
which you can touch.

Modem is an example of a communication device that is used to communicate
through telephone lines. It performs both the functions. It 1s used to interconnect the
computers. The process of interconnecting the computers is called networking. The
network interface cards are used to connect the input of computers so as to share the
data and the devices.



Storage Devices

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

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

Storage can be differentiated from memory thus:

[S—

Storage is cheaper than memory
2.  Storage has more space than RAM

3. Storage i1s not volatile whereas RAM is, 1.e. data remains in the storage even if
the power is switched off unlike RAM

4.  RAMais faster than storage.

The most widely used storage medium is the magnetic disk, which i1s round in shape
and flat. Read and write heads (similar to the heads of cassette players or VCRs) float
above and below the disk near the surface. The disk spins around their center.

The device, which holds the disk, is called a disk drive. There are some drives
which have built-in disks and these disks cannot be detached from them, whereas some
drives are meant for removable/replaceable disks. Almost every PC uses non-
removable disks, but additional removable diskette drives can also be used. The non-
removable drive is the Hard Disk Drive (HDD) and the removable one is the Floppy
Disk Drive (FDD). A computer can have any number of HDDs and FDDs as per the
user's requirements.

HDD can store far more data than a diskette can, so the HDD serves as the
computer's primary filling cabinet. Diskettes are used to load new programs or data on
to the HDD to transport the data or make the backup copies of the data of the HDD.

The floppy diskette or the removable disks are made of plastic, and, to protect them
from dust and scratches, are kept enclosed in vinyl cases. Initially, floppies measured 8
inches; they were reduced to 5% inches and now we use 3% inches diskettes. The size
of diskettes is decreasing in diameter, but its storage size is increasing. The capacity of
the 8" diskette was 360KB, and that of the 5% inch was 1.2 MB, whereas the 3-% inch
diskette stores 1.44MB of data. The name floppy was given because the vinyl cover (on
8” and 5" diskettes) used to be very flimsy or floppy.



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

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

Software

Software brings life into the computer. It is nothing but instructions (or a program)
required to run the computer. It guides the hardware on how to do its job. A computer is
otherwise a general-purpose machine. It is the software which differentiates the various
kinds of jobs a computer can perform. Software consists of electronic instructions. A
specific set of instructions that drive a computer to perform a specific task is called a
program. When a computer is using a particular program, it is said to be running or
executing that program.

Programming Language

Software programs are written in programming language and the programmers are the
people trained in the use of a programming language to write the programs.

Before the 1950’s the only language available to the programmers was machine
language or low-level language. A machine language was recognized by only one type
of computer processor. Machine language is the only thing that computers understand but
for programmers such machine language was very difficult to understand use and
develop programs. In 1952, assembly language was introduced, which again was a low-
level programming language. In assembly language short codes were used for specific
machine operations. A specially designed program called assembler, was used to
translate these codes to machine language, so that the computer was able to carry out the
programmer’s instructions. Assembly language was easier than machine language, but it
was still difficult in itself, as the programmer had to remember a large number of codes.
Moreover, the programmer had to have the knowledge of the working of the computer.

Then, in the 1960’s, high level programming language came into existence. It was
(and 1s) comparatively easy to use, as it understands simple English words and
mathematical expressions. The programmers do not need to memorize the details of the
working of the computer.

Although the number of programs available is large and varied, software can be
classified mainly into two categories:

1.  Systemsoftware



2. Application Software

Computer literacy involves learning the use of both system and application
softwares.

System Software

One main type of system software is the operating system that is required by the
computer to function. System software integrates the computer hardware components,
and also provides the tools to use the software components in the desired manner and
for the day-to-day maintenance tasks like displaying the list of all the directories and
files on the disk.

Operating System

When the computer is switched on, it takes several steps to prepare itself for use. The
first step is a self-test, i.e. it identifies all the hardware devices that are attached to it
and whether the memory 1s functioning properly or not. This routine test is initiated by a
part of the system software located in Read Only Memory (ROM), i.e. a chip that
contains brief permanent instructions for getting the computer started. Next, the
computer looks in the diskette drive and then in the hard drive for a special program,
1.e. operating system. This system tells the computer how to use the hardware devices
such as the disk drive, keyboard, and monitor and how to interact with the users. When
the computer finally finds the operating system it loads it into the RAM. It remains there
till the computer is switched off.

After the loading of the operating system, the computer is ready to accept the
commands and instructions from the input device. There are different types of operating
systems that are commonly used, such as MS DOS (Microsoft Disk Operating System),
Microsoft Win95, Microsoft Win98, Microsoft Win NT, Macintosh operating system,
Linux etc.

Application Software

It is the software which turns the computer into a tool for doing some specific tasks.
These are the programs, which cater to various needs of the users. Application software
1s written for every type of task, i.e. from word processing to collecting information on
the worldwide web.

The complex programs, such as any word processing package (MS WORD), consist
of many separate programs that are designed to run together. Such a collection of
software programs is known as a software package.

Application software can further be classified into:



(a) Special Purpose Application Software
(b) General Purpose Application Software

Special Purpose Application Software

They are used to perform a specific task, say for a single profession, e.g. nuclear energy
scientists use special programs for exploding the nuclear bombs. If a person has no
knowledge about the subject, he won’t find it useful or interesting to learn.

General Purpose Application Software

These are the other type of application software used by millions of people for doing
varied tasks. Commonly used General Purpose softwares are:

Word Processing: We can say that the word processing programs are computerized
typewriters. The difference is of the facilities available in the package. Editing in the
text files is easy, spellings and grammar can be checked, and diagrams, figure, labels
can be inserted very easily. It has become a very handy tool for writing books and as
editing is done very conveniently thereon. All the legal documents and encyclopedia etc
are typed on to the computer for easy reference. It also prevents wear and tear.
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Figure 1.4: Word Processing using Microsoft Word

Desktop Publishing: Although most of the word processors have the facility of
desktop publishing, these specially designed programs are very helpful in designing
newsletters, magazines etc. Earlier it used to be a tedious task as it involved time
consuming activities like cutting the papers, photographs, border designing and then
pasting them to create an effective layout, but now it has not only become convenient but
also gives a better and more pleasing layout. The attractive results can be taken out and
this needs very little training and practice. Business organizations and media use DTP to
design their advertisements and catalogues. Even the books that include creative graphs
are taken out by using DTP. DTP produces output that is a combination of word



processing and graphics, resulting in professional looking papers ready for printing.
One of the commonly used DTP software is Quark Express.

Spreadsheet: Imagine the days of calculating budgets, involving voluminous
numbers checking either manually or by using calculators. In electronic spreadsheets, a
series of rows and columns are displayed. One can view just a part of it and scroll the
sheet as per requirement. The text, numbers or formulas can be put into cells to create a
worksheet. Even logical computations are possible by using spreadsheets. Spreadsheets
are also used to generate charts and graphs to establish a relationship among the data or
to make an analysis of the data entered. One of the main advantages of this electronic
spreadsheet is editing i.e. all the invalid data or the wrongly entered data can be
modified. They are generally used in accounts section of an organization to take out the
ledgers, in institutes to take out the results of the students or in the departments where
statistical computation is done, etc. One can have a number of sheets in one file, and
these can also be inter-linked. Spreadsheets nowadays are generally three-dimensional.
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Figure 1.5: Automating Calculations using Microsoft Excel

Database Management Systems (DBMS): Database Management System provides
you with the ability to have well-organized collections of data (database) and to
retrieve them in the order required. Tools are provided in DBMS to use the data in
subsets, and relationships can be established to accomplish the required activity. For
example, in an institution, the records can be sorted out either on the basis of the names
or roll numbers or ages of the students, and you can refer to the sorted files for any
information. Retrieving information has become child’s play by using DBMS, that is
data can be sorted out on a number of fields or can be categorized, and they can even be
combined together to get some typical information. For example, you want to know the
address of a student but you do not know his full name. You just have an idea that his
last name 1s “Sahni” and his age is between 14 and 16. Then DBMS can help you out by
displaying the list of students whose surnames are “Sahni” and age is between 14 and
16. Only those records will be selected and displayed which meet the specified
conditions. The commonly used DBMS are FoxPro 6.0, Microsoft Access, Oracle 8I,
SQL Server etc.



Figure 1.6: Watching Movie from a Site on World Wide Web

Communications: The software programs that are used to work in combination with

some other devices are called communication software. We use a number of
communication software like fax, Internet, network etc.

Fax Software: The computer can work as a fax machine. A fax can be sent by and
received on a computer like any other fax machine. Many online service providers
like America Online (AOL), Microsoft Network etc, distribute this type of software.
This software is freely available on the Internet and can be downloaded. Only a
computer and a telephone line are required.

Network Software: Another type of communication software is network software,
that allows users to create a network which is simply a number of computers
connected together in one room, a building, a city, a country or the whole world. To
connect the computers on a small scale one just needs computer, cables and software
like Win NT, Unix, Linux or Novell’s NetWare. To connect to the whole world
together by computer, i.e. to get connected to anywhere in the world with one PC,
one needs just a modem and a telephone line, where the modem is used to translate
the signals of the computer, and the telephone lines act as carriers of the data from
one place to another. This multi-user transport system enables one to send emails, to
chat with people sitting miles away, to talk to them with the help of a microphone and
a speaker attached to the system, to make online bookings for airlines, hotels or even
movies. This is very helpful in accessing the computer resources which are located
elsewhere. You can even get your groceries delivered to your doorstep. This has
made life very easy and convenient, as one can access almost anything one can think



of, just sitting at home.

Graphics, Multimedia and Presentation Application: The programs needed to play
with images are known as graphics software. They can be used for tasks ranging from
making simple drawings, to making animated movies that leave a great impact on
audiences. Sometimes the viewers do not even come to know that it was a mirage
created by the computer.
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Figure 1.7

Using paintbrush software, simple painting or drawing can be done. Images can be
edited with the help of software like imaging, whereas for bigger graphical software
that includes multimedia, multimedia-authoring software 1s used. They include images,
text, sounds, animation and videos etc. They help in combining all the above and
blending them wonderfully. This software includes special tools for synchronizing the
sounds with moving pictures, text and images. They are very commonly used to make
computer animations, audio and video albums etc. The video games, which kids play
with great interest, are all made with the help of these multimedia softwares.

Figure 1.8

CAD software is also a kind of graphics software, which is generally used by
architects and engineers to design buildings or products before they are actually built or
manufactured.



Presentation graphics is another type of graphics software, which is very useful in
preparing beautiful and attractive presentations that are easily understood by the
audience. It include transparencies, computer presentations, etc., which can be
displayed by using projectors. Handouts can also be designed by these presentation
packages. Slides have a combination of text, image, clipart, sound and visual effects.
Automatic slide show can also be set meaning the speaker doesn’t have to divert his
attention on changing the slides but concentrate only on the speaking or the explanation
of the contents of presentation. Animated slide shows with sound effects can also be
designed to give a more professional look. Graphs and charts can also be imported from
spreadsheets and included in the presentation software to give the audience a better
understanding of the matter. A commonly used presentation software is Microsoft Power
Point.

Education and Entertainment Software

From a child of three to a professor of 50 computer programs are used for the purpose
of education. Children not only use them for their games but also for educational
programs like encyclopedias, mathematical drawing and other subjects. In schools and
colleges, students prepare their presentations and even make their notes on computers.
In graduate schools, all assignments are submitted on the computer itself.

Educational programs teach kids how to perform simple calculations, how to make
words from alphabets, how to pronounce them etc. Children learn them in a fun
atmosphere. They enjoy it and the purpose of giving them training is also solved. It is
easy for students in higher classes or profession to learn through audio and video aids.
Doctors can see and perform electronic surgeries for practice whereas an engineer can
design products and can also find out the most suitable output before actually producing
or manufacturing it. Astronomers can use them for finding out the correct position of
stars and planets and the dates of eclipses etc., whereas crime branches in the police
can teach the cadets the method of matching the fingerprints or even the faces of the
criminals. Thus you can learn so many things while playing, as it is more interesting.

Utilities

This is the software, which generally comes with the operating system but is also
available otherwise. The software provides tools for assisting the computer operations
utilities including helping you out by taking up the backup of the data that has
accidentally been erased, or by arranging the data and information required by the user.
Nowadays most of the utilities come as a part of the operating system. Windows
operating systems come with many tools that take care of your disks, anti-viruses, back

up etc. Utilities help in solving the problems that keep creeping up every now and then,
thus enabling your computer to function smoothly.



Resource Discovery Software

The latest and the most prevailing innovation in the area of IT is the widely spread
Internet. It is like a sea—the more you explore the more is there to know. The Internet is
nothing but a global network of linked computer networks with the help of telephone
links and satellites. To access the vast sea of knowledge on these networked computers
some commonly and popularly used tools are Archie, Gopher and the World Wide Web
which help the user in accessing the computer resources available to the people who are
globally connected.

PEOPLE

Although it sounds odd, it is, however, a fact that people are a part of the computing
process. By people we do not mean the direct involvement of people. The people are
sometimes indirectly involved in the computing process. Even the fully automated
computerized machines, which operate without human intervention (discussed earlier),
are designed and manufactured by people, and even their maintenance is not possible
without human intervention at times. Thus, the computer ultimately works under the
human being and can never be the boss!

People involved in the computing process can broadly be classified into users (or
end users), power users, and computer professionals.

People who operate the computers are called users or end user, whereas power
users are the people who work on specified tasks. Knowledge of power users is more
than that of the basic users and they (power users) work on advanced features of
applications programs. They customize the applications as per the requirements. They
are highly knowledgeable people.

The last category is of the computer professionals. They have an in-depth
knowledge about computers. They are specially trained for using the computer
resources optimally. They, apart from working on the computer, take care of the
performance and efficiency of computer systems. Programmers are one kind of computer
professionals who create computer programs. They are the ones who do all the
software-development work. Hardware engineers are also a part of computer
professionals, and they look after the maintenance and hardware-related problems of the
computers.

PROCEDURES

Procedures are basically the steps that a user follows to make the computer work, and
these also include the steps the computer follows to accomplish the instructions given
by the user.



Take an example of using an ATM card. You go to the bank, insert your card, some
instructions are displayed on the screen (like enter your PIN number), and you keep
following the instructions which the computer gives to you. Finally, you achieve what
you wanted to, like getting fast cash or depositing a cheque. You take back the card and
go away. Another example could be setting a phone alarm or registering the complaint
of your phone. You follow the instructions you are told to, like enter your faulty
telephone number etc. These are examples of computer procedures. You will come
across numerous such kinds of computer processes in your daily life.



STRUCTURED ENGLISH

The purpose of a Structured English business process definition language is to describe
a process in unambiguous terms that can be easily read and understood by a non-
technical business user.

You can develop your own structured English style that suits your company. Some
good style points to follow are:

) Express all logic in terms of sequential structures, decision structures, or
iterations

° Use uppercase for keywords like IF, THEN, ELSE DO, WHILE, and lower case
for everything else. This ensures that the logical structure of the process is easily
visible

e  Use indentation to reinforce the logical structure of the process

) Keep the description high-level

The flow of structured English can be represented by the following Figure:

Phin Vtructured Preducode s Program
Englth Englih

User Anahat Programer

The main difference between Structured English and Program is that syntax rule are
not very strict and an English statement is used to specify an action. The main aim is to
allow easy readability, which helps in documentation. The following conventions are
used in writing structured English

1. Imperative Sentences: This consists of an imperative verb followed by the action
to be performed on variables. For example:

Store profit in revenue
Subtract new price from old price
are some examples of imperative sentences

2. Arithmetic and Relational Operations: Common symbols used in arithmetic are
also used in Structured English. They are:

+ for Add; - for Subtract; * for Multiply; / for Divide
Symbols used in relational operations are:

= equal to; > greater than; < less than; = not equal to; <= less than equal to; >=
greater than equal to



3.

Symbols used for logical operations are:
and, or, not
Symbols used as keywords are:
if, then, else, repeat, until, while, do, case, end ,for etc.

Decision Structure: There are two types of decision structure used in Structured
English statement. One of them is if then else structure, where a condition is
checked and the decision is given on the basis of the truth or falsity of the outcome.

IF condition] THEN
block of steps1
(ELSE IF condition THEN
block of steps n)
[ELSE
block of steps otherwise]
END IF

The other structure is case structure where the condition being checked results
in more than one output. Hence a number of cases arise as the result of condition
checking, which are dealt with individually.

SELECT expression
CASE range of values 1
block of steps1
(CASE range of values n
block of steps n)
(ELSE
block of steps otherwise]
END SELECT

Repetition: This is one of the most powerful structures used in the computer
programming. This structure based on a condition repeats itself for some stipulated
iterations. There are basically two types of such structure: one in which the number
of iteration is know. This is the For structure. If there are fixed iterations to be done,
for example, to add the marks of a student in five subjects, the loop will be repeated
five times, then this structure is used. The other type of repletion statement 1s when



the exiting from the loop depends on the condition to be true or false. In the Do-
Repeat or the Do-While structure conditional statement the loop is terminated when
the condition is false. The structure exits the loop when the condition becomes true.

In the While-Do kind of structure the loop is iterated till the condition is true.
For example if we have to print all the records in a file till the end of the file, we
state the condition as:

while (not end of file)
print record
move to next record
do
In the above the code will run till the file reaches its end.

There are various forms in which we can implement Structure English to solve our
problem. They are Algorithm, Flowchart and Pseudocode. We will deal with each one
in the following section.



INTRODUCTION TO ALGORITHMS

Algorithms were used to solve everyday problems long before computers were even
invented. The word algorithm comes from the name of the 9th century Persian
mathematician Abu Abdullah Muhammad bin Musa al-Khwarizmi. The word algorism
originally referred only to the rules of performing arithmetic using Arabic numerals but
evolved into algorithm by the 18th century. The word has now evolved to include all
definite procedures for solving problems or performing tasks.

The first case of an algorithm written for a computer was Ada Byron's notes on the
analytical engine written in 1842, for which she is considered by many to be the world's
first programmer. However, since Charles Babbage never completed his analytical
engine the algorithm was never implemented on it.

Algorithms have been used for centuries to solve the most complex problems that
humanity has encountered. One of the most famous algorithms was imagined in ancient
Greece. Euclid's algorithm for calculating the greatest common divisor of two integers
had and still does have impacts on the mathematical world. The importance of
algorithms in today's society should not be underestimated. The computer, for example,
would otherwise be useless since almost all programs are written using an algorithmic
approach.

Algorithm can be formally defined as:

"A formula or set of steps for solving a particular problem. To be an algorithm, a set
of rules must be unambiguous and have a clear stopping point. Algorithms can be
expressed in any language, from natural languages like English or French to
programming languages like FORTRAN."

We use algorithms every day. For example, a recipe for baking a cake i1s an
algorithm. Most programs, with the exception of some artificial intelligence
applications, consist of

algorithms. Inventing elegant algorithms -- algorithms that are simple and require
the fewest steps possible -- is one of the principal challenges in programming.



Properties of an Algorithm

1. Correctness - is a characteristic that is most necessary. An algorithm should be
implementable on a computer and give a correct answer to a given problem (in a
finite amount of time).

2.  Efficiency - A good algorithm should make efficient use of the two main resources
in a computer system, time and space. A good algorithm should make efficient use ot
time and space not only in the theoretical sense but also in its actual running time for
the cases of interest to the user of the algorithm.

3. Ease - A good algorithm should be easy to implement (in terms of the number of
times it will be run).

In the above properties first is of course, the most essential. An algorithm must be
implementable and correctly give the desired output. The rest of the properties are
relative. An algorithm may use extra space (or memory) but give faster results. It may be
that the algorithm will be used thousands of times once it is implemented, so we can
choose a more efficient algorithm which is not so easy to implement. It may be that an
algorithm makes efficient use of time and space in theory but is inefficient in practice or
for the sizes of input we will be encountering.

Here is a simple example of an algorithm.

Imagine you have an unsorted list of random numbers. Our goal is to find the highest
number in this list. Upon first thinking about the solution, you will realize that you must
look at every number in the list. Upon further thinking, you will realize that you need to
look at each number only once. Taking this into account, here is a simple algorithm to
accomplish this:

1. When you begin, the first number is the largest number in the list you've seen so
far.

2. Look at the next number, and compare it with the largest number you've seen so
far.

3. If this next number is larger, then make that the new largest number you've seen so
far.

4.  Repeat steps 2 and 3 until you have gone through the whole list.
FLOWCHART

A flowchart (also spelled flow-chart and flow chart) is a schematic representation of a
process. It is commonly used in business/economic presentations to help the audience
visualize the content better, or to find flaws in the process. A flowchart illustrates the



steps in a process. By visualizing the process, a flowchart can quickly help identify
bottlenecks or inefficiencies where the process can be streamlined or improved. It
allows one to break any process into individual events or activities, and to display these
in shorthand form, showing the logical relationships between them.

Examples include instructions for a bicycle's assembly, an attorney outlining a
case's timeline, the diagram of an automobile plant's work flow, the decisions to be
taken on a tax form, etc.

How to Draw a Flowchart?

A basic flowchart identifies the starting and ending points of a process, the sequence of
actions in the process, and the decision or branching points along the way. Generally the
start point end points, inputs, outputs, possible paths and the decisions that lead to these
possible paths are included. Flow-charts can be created by hand or manually in most
office software, but lately specialized diagram drawing software has emerged that can
also be used for the purpose, such as Visio, Openoftice.org Draw and Dia.

Four particular types of flow charts have proven useful when dealing with a process
analysis: top-down flow chart, detailed flow chart, work flow diagrams, and
deployment chart. Each of the different types of flowcharts tends to provide a different
aspect to a process or a task. Flow charts provide an excellent form of documentation
for a process, and are quite often useful when examining how various steps in a process
work together.

When dealing with a process flowchart, two separate stages of the process should
be considered - the finished product or how to operate the process and the making of the
product.

Step-by-Step process of how to develop a flow chart:

° Gather information on how the process flows: use conservation, experience, or
product development codes

Trial process flow
Allow other more familiar personnel to check for accuracy
Make changes if necessary

Compare final actual flow with best possible flow.

Flowchart Symbols

Flowcharts use special shapes to represent different types of actions or steps in a
process. Lines and arrows show the sequence of the steps, and the relationships among
them. All the symbols are illustrated in the following Figure.
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Start/End: The terminator symbol
marks the starting or ending point of
the system. It usually contains the
word "Start" or "End."

Action or Process: A box can
represent a single step ("add two cups
of flour"), or and entire sub-process
("make bread") within a larger
process.

Document: A printed document or
report.

Decision: A decision or branching
point. Lines representing different
decisions emerge from different points
of the diamond.

Input/Output: Represents material or
information entering or leaving the
system, such as customer order (input)
or a product (output).

Connector: Indicates that the flow
continues where a matching symbol
(containing the same letter) has been
placed.

Flow Line: Lines indicate the
sequence of steps and the direction of
flow.

Delay: Indicates a delay i the
process.

Merge: Indicates a step where two
or more sub-lists or sub-processes
become one.

Collate: Indicates a step that orders
information into a standard format.

Sort: Indicates a step that organizes a
list of items into a sequence or sets
based on some pre-determined
criteria.

Subroutine: Indicates a sequence of
actions that perform a specific task
embedded within a larger process.
This sequence of actions could be
described in more detail on a separate
flowchart.




Manual Loop: Indicates a sequence
of commands that will continue to
repeat until stopped manually.

Loop Limit: Indicates the point at
which a loop should stop.

Data storage: Indicates a step where
data gets stored.

Database: Indicates a lList of
information with a standard structure
that allows for searching and sorting.

Display: Indicates a step that displays
information.

Off Page: Indicates that the process
continues off page.
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There are five rules that should be considered while drawing a flowchart:

Rule 1: Program flowchart should use conventional symbols. This helps to keep
uniformity and understandability.

Rule 2: The logic of a program flowchart should flow from top to bottom and
from left to right. This allows Standard English convention and imposes
consistency upto the drawing,

Rule 3: Each symbol used in a program flowchart should have at most one entry
point and one exit point. This will always lead to same solution and consistency.

Rule 4: As far as possible, the instruction within the symbols of a program
flowchart should be independent of any particular programming language. It is not
always known in which programming language the actual code would be written.
So the instruction should be written in simple English language.

Rule 5: All decision branches should be labeled. The decision box gives two
output: one is a true and the other is a false, or a yes and a no. Both branches
should be correctly labeled according to the decision being made.

Tips for Effective Flowcharts

1. Label each flowchart with a title identifying the process that it illustrates. (For
example: "Order Entry Process").

2. Clearly indicate the starting and ending points of the process, using the standard



terminator symbols.

Keep the direction of flow consistent. Avoid confusion by keeping your flow lines
moving from top to bottom and left to right. Don't reverse the direction in the chart
unless the flow reverses itself in reality.

Tager”
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Break the steps down to a consistent level of detail. Don't
include trivial sub-steps of one task while treating another equivalent task as a
whole. If one step or task needs to be analyzed in detail, make a separate chart
illustrating that sub-process.

Avoid crossing flow lines. In a well-designed chart, flow lines will not cross
each other. By rearranging a chart you can usually get rid of crossed lines. If two
lines must cross, use a "bridge" (also known as a "line hop") to show that the lines
do not intersect.

Make sure there are at least two outcomes from every decision
diamond.

Label your flowchart components. Use active verbs to label activity steps and
questions to label decisions. Clearly label the outcomes from a decision diamond in
terms that answer the question.



Advantages of Using Flowcharts

The benefits of flowcharts are as follows:

1.

Communication: Flowcharts are a better way of communicating the logic of a
system to all concerned.

Effective Analysis: With the help of a flowchart, a problem can be analyzed in a
more effective way.

Proper Documentation: Program flowcharts serve as good program
documentation, which is needed for various purposes.

Efficient Coding: The flowchart acts as a guide or blueprint during the systems
analysis and program development phase.

Proper Debugging: The flowchart helps in the debugging process.

Efficient Program Maintenance: The maintenance of an operating program
becomes easy with the help of a flowchart. It helps the programmer to put efforts
more efficiently towards that part.



Limitations of Using Flowcharts

1.

Complex Logic: Sometimes the program logic is quite complicated. In such a
case, the flowchart becomes complex and clumsy.

Alterations and Modifications: If alterations are required the flowchart may
need to be
re-drawn completely.

Reproduction: As the flowchart symbols cannot be typed, reproduction of a
flowchart becomes a problem.

The essentials of what is done can easily be lost in the technical details of
how it is done.

Let us now see some examples of flowcharts.



Example 1: To draw a flowchart to find the sum of first 50 natural numbers.

H=H+1

Sum of first 50 natural numbers



PSEUDOCODE

Pseudocode i1s a kind of structured English for describing algorithms. It allows the
designer to focus on the logic of the algorithm without being distracted by details of
language syntax. At the same time, the Pseudocode needs to be complete. It describes
the entire logic of the algorithm so that implementation becomes a rote mechanical task
of translating line by line into source code.

In general the vocabulary used in the Pseudocode should be the vocabulary of the
problem domain, not of the implementation domain. The Pseudocode is a narrative for
someone who knows the requirements (problem domain) and is trying to learn how the
solution 1s organized.

Each textbook and each individual designer may have their own personal style of
Pseudocode. Pseudocode is not a rigorous notation, since it is read by other people, not
the computer. There is no universal "standard" for the industry, but for instructional
purposes it is helpful if we all follow a similar style. The format below is
recommended for expressing your solutions in our class.

Pseudocode uses the pattern of structured English. The basic constructs for flow ot
control are as follows:

° SEQUENCE is a linear progression where one task is performed sequentially
after another.

° WHILE is a loop (repetition) with a simple conditional test at its beginning.

° [F-THEN-ELSE is a decision (selection) in which a choice is made between two
alternative courses of action.

° REPEAT-UNTIL 1s a loop with a simple conditional test at the bottom.

° CASE is a multiway branch (decision) based on the value of an expression.
CASE is a generalization of IF-THEN-ELSE.

° FOR is a "counting" loop.
° SEQUENCE
Here is an example to illustrate these constructs.
READ height of rectangle
READ width of rectangle
COMPUTE area as height times width

Here the common Action Keywords are as follows.



Input: READ, OBTAIN, GET
Output: PRINT, DISPLAY, SHOW
Compute: COMPUTE, CALCULATE, DETERMINE
Initialize: SET, INIT
Add one: INCREMENT, BUMP
e [F-THEN-ELSE

The general form of this structure is

IF condition THEN
sequence 1

ELSE
sequence 2

ENDIF

The ELSE keyword and "sequence 2" are optional. If the condition is true then
sequence 1 is performed, otherwise sequence 2 is performed. For example

IF HoursWorked > NormalMax THEN
Display overtime message
ELSE
Display regular time message
ENDIF
° WHILE
The general form of this structure is
WHILE condition 1
sequence 1
ENDWHILE

The loop is entered only if the “condition 17 is true. The "sequence 1" is performed
on every iteration. At the conclusion of each iteration, the condition is evaluated and the
loop continues as long as the condition is true. For example

WHILE Population < Limit
Compute Population as Population + Births - Deaths



ENDWHILE



° CASE

There are four keywords, CASE, OF, OTHERS, and ENDCASE, and conditions
that are used to indicate the various alternatives. The general form is:

CASE expression OF
condition 1 : sequence 1

condition 2 : sequence 2

condition n : sequence n
OTHERS:

default sequence
ENDCASE

The OTHERS clause with its default sequence is optional. Conditions are normally
numbers or characters indicating the value of "expression", but they can be English
statements or some other notation that specifies the condition under which the given
sequence is to be performed. A certain sequence may be associated with more than one

condition.

Example
CASE Title OF
Mr. : Print "Mister"
Mrs. : Print "Missus"
Miss. : Print "Miss"
Ms. : Print "Mizz"
Dr. : Print "Doctor"
ENDCASE
Example
CASE grade OF
A : points = 4
B : points = 3
C : points =2
D : points = 1
F : points = 0



ENDCASE
e REPEAT-UNTIL
Two keywords, REPEAT and UNTIL are used. The general formis:
REPEAT
sequence 1
UNTIL condition 1

The "sequence 1" in this type of loop is always performed at least once, because the
test 1s performed after the sequence is executed. At the conclusion of each iteration, the
“condition 1” 1s evaluated, and the loop repeats if the “condition 1” is false. The loop
terminates when the “condition 1”” becomes true.

° FOR

This loop is a specialized construct for iterating a specific number of times, often
called a "counting" loop. Two keywords, FOR and ENDFOR are used. The general
forms:

FOR 1iteration bounds
sequence
ENDFOR

In cases where the loop constraints can be obviously inferred it is best to describe
the loop using problem domain vocabulary. For example

FOR each month of the year (good)
FOR month =1 to 12 (ok)
FOR each employee in the list (good)
FOR empno =1 to listsize (ok)

e NESTED CONSTRUCTS

The constructs can be embedded within each other, and this is made clear by use of
indenting. Nested constructs should be clearly indented from their surrounding
constructs. For example

SET total to zero
REPEAT
READ Temperature
IF Temperature > Freezing THEN



INCREMENT total
END IF
UNTIL Temperature < zero
Print total

In the above example, the IF construct is nested within the REPEAT construct, and
therefore is indented.



REVISION EXERCISES

Fill in the blanks

1.  Portable computers that fit into a briefcase are called

2. refer to the combination of hardware, software, data, people and
procedures.

3.  Electronic instructions that tell a computer what to do are called

4. A is a group of electronic devices used for processing data.

5. A keyboard and a screen wired to a mainframe together are known as a

6. Aprogramis a list of guiding a computer on what to do.

7. Abinary digit, called has a value or

8.  The machine and its components are called

9.  The irrational fear of computers is termed as

10. Application programs that can be used to do many related tasks are called

11. A group of programs designed to work together to perform a task is called a

software
12. was the first Computer programer.
13. High-Level-language was introduced during the computer generation.
14. A program flowchart indicates the to be per formed and the
in which they occur.
15. A program flowchart is generally read from to
16. Flowcharting symbols are connected together by means of
17. A decision symbol may be used in determining the or
of two data items.
18. are used to join remote portions of a flowchart
19. connectors are used when a flowchart ends on one page and

begins again on other page



20. A symbol in used at the beginning and the end of a flowchart.
21. The flowchart is one of the best ways of a program..

22. To construct a flowchart, one must adhere to prescribed symbols provided by the

23. The programmer uses a to aid him in drawing flowchart symbols.
Answers

1. Laptop 2. Computer systems 3. Programs
4. Computer 3. Workstation

6. Instructions 7. Bit, zero, one

8. Hardware 0. Cyberphobia

10. General purpose software 11. Package

12. Augusta Ada Byron 13. Second

14. Operations, sequence 15. Top, down

16. Flow line

17. Equality, inequality 18. Connectors

19. Off -page 20. Terminal

21. Documenting

22. ANSI (American National Standards Institute)

23. Flowcharting template

Tick-mark the correct answer

1. What is the name of the cycle that describes the computer's processing of data:

A. Processing cycle

B. Cyber-phobia cycle
C. [IPOS Cycle

D. Information cycle.

2. What are the two essential parts of the computer?
A. Keyboard and mouse
B. Hardware and software.

C. Printer and screen



D. None of the above
3. The purpose of the computer is to process the data into
Meaningful data
Information

Arithmetic operations

OO wp»

Formulas
4.  How are software packages categorized?
A. Hardware and software
B. Word processing and spreadsheets
C. System software and application software
D. None of the above
5.  The software can be divided into:
A.  System software and application software
B.  General purpose software and special purpose software
C.  Operating system and application software
D.  None of the above
6.  The software required to run the computer is .....
A. Application software
B. Microsoft word
C. Programs
D. Operating system

7.  What is the other name for the personal computers:

A. Mainframes
B. Super computers
C. Desktop computers
D. Microcomputers
Answers
1. (©) 2. (B) 3. (B)

5. (A) 6. (D) 7. (D)

(D)



REVIEW QUESTIONS

—

10.
11.
12.

13.

14.

Describe the IPOS cycle.

Name five everyday places where you encounter the computer, and describe how
it is used at respective places.

Explain three types of software that can be used to publish a newsletter or a book.
Write in detail how three of them can be useful.

What is the difference between memory and storage? Why do we require both to
function properly?

What is the difference between data and information? Why are both of them
important individually?

Describe the five types of computers. Write their differences in characteristics
also.

What is the difference among users, power users and professionals?

Write down the configuration of a computer, you would like to buy for your
personal purpose.

Write the five elements of the computing process.
Write the characteristics of useful and meaningful information.
Write the pros and cons of using a computer.
Vacuum tube based electronic computers belong to
a. First Generation
b. Second Generation

c¢. Third Generation

The generation of computers was characterized by microcomputers.
a. First
b. Second
c. Third
d. Fourth

The second generation of computers was characterized by
a. magnetic cards

b. artificial intelligence



15.

16. The acronym ENIAC stands for

17.

18.

19.

20.

Cc. transistors

d. transformers

Integrated circuits signified the beginningofthe ~ generation of computers.
a. First
b. Second
c. Third
d. Fourth

a. Electrical Neon Infuser And Calculator
b. Electronic Numerical Integrator and Computer

e

Eulogistic Nuisance In A Cart
Electronic Number Interpreter And Calculator

&

The first counting tool was the

a. Abacus
Slide Rule
c. ENIAC

1s known as the first woman programmer.
a. Charles Babbage
Lady Lovelace

c. Abacus

The difference between a calculator and a computer is that a computer can store
data for long periods of time.

a. True

b. False

Computers use base two number system because

a. 1tis easier to do calculations than in a base 10 system

b. they are made of switches, which are either on or off

c. 1t was the first number system used by people

d. the first mechanical calculators used the same number system



Answers

12. (a) 13. (d) 14, ()
15. () 16. (b) 17. (a)
8. (b) 19. (b) 20. (b)



Chapter 2: DATA REPRESENTATION

INTRODUCTION

Even people who have been using computers for a few years still marvel at what they
can do - how at lightning speed and with amazing accuracy they can sort a mailing list,
balance a ledger, typeset a book, or create lifelike models of objects that have never
existed.

Just how a computer does all this may seem magical, but in fact it is a process
based on simple concepts. All the words, numbers and images you put into and get out
of the computer are manipulated in relatively simple ways by the computers’ processing
components.

In this chapter you will learn what data is, how it differs from information, and what
form it takes inside the computer.

DATA AND INFORMATION

Data

We generally talk about data and information. Are they the same terms? And if not, what
is the difference between them? Well, data 1s the raw material and information is what
we get after processing the data. To be more precise, data is raw facts and figures and
information is processed data, that is useful and meaningful. Data is the input to
processing, and information is the output.

How is data converted into information is explained in the Figure:
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Figure 2.1
Data is a plural form. The singular form of data is “datum” which is rarely used.

Information distinguishes itself from data, as it is more useful and meaningful. The
marks of the subjects, as such are of no use for the teacher but then calculating the total
helps him in finding out the ranks of the students. One information can be used as the
data for taking out another information, i.e. one information becomes input for another
type of output, e.g. the total marks calculated as shown above will serve as data to find
out the percentage and hence the division of the students, to check how many students
have scored distinction, first class, second class or failed. Information can be



distinguished from data by some characteristics like whether it is relevant, timely, and
accurate, concise and complete. Data should be accurate but may not necessarily
possess rest of the characteristics. The characteristics of information are explained as:

° Relevant: The information should apply to the situation or the query or problem.

° Timely: Information should be presented as and when required. For example,
there 1s no point receiving newspaper after two-three days.

° Accurate: Input and output should be accurate, so that no wrong decisions take
place. A small mistake can lead to hazardous results.

° Reliable: It should be reliable, i.e. there should not be any doubt about the

presented information.

° Concise: It should not be unnecessarily lengthy, i.e. precision is an important
characteristic of information.

° Complete: All the important elements should be covered
and nothing should be missed.

It seems that computers understand us as we understand them. However, this is not
true. They do not understand the language we normally use among ourselves. It is their
own language which they understand. That language comprises of two distinct physical
states produced by electricity, magnetic polarity, or reflected light. All they can
understand is whether a switch is on or off. In fact the “brain” of the computer, the CPU,
consists primarily of several million of tiny electronic switches, called transistors.

A computer only appears to understand information because it contains so many
transistors and operates at such phenomenal speeds, assembling its individual on/oft
switches into patterns that are meaningful to us.

The term used to describe the information represented by groups of on/off switches
1s data. Although the words data and information are often used interchangeably, there is
an important distinction between them. Data is raw facts that the computer organizes to
produce information.

Data can be explained more explicitly by taking an example. The letters G, O and D
do not indicate anything individually but when combined together they do give you a
word GOD, which has some meaning. Similarly, a few words can be combined together
to form a sentence that might convey some meaningful message to you and thus become
information to you. The computer converts the data into information by processing it in
some way.

REPRESENTATION OF CHARACTERS IN COMPUTERS

To discuss how a computer processes data, we should first have an understanding of the



form in which data is stored in the computer’s memory. There are two basic types of
data which are stored and processed by a computer. They are characters and numbers.
But to a computer everything is number. Numbers are numbers, letters are numbers,
punctuation marks are numbers, sounds and pictures are numbers, even the computer’s
own instructions are numbers. This might seem very strange.

Characters and numbers are assigned different values by the computer. The output
from a computer must be in the form that is understood by the users. Thus the computer
translates those values into the form understandable by the normal users, which is again
natural language consisting of numbers and characters. This constitutes EXTERNAL
DATA REPRESENTATION. On the other hand, the values used by a computer to store
and process the data is INTERNAL REPRESENTATION OF DATA.

Let us see how external data representation is different from the internal data
representation. For example, consider the following sentence: GOD IS
EVERYWHERE.

It may look like a sentence or a string of characters to you but for the computer it is
a string of numbers (just zeros and ones). The computer interprets the sentence in the
manner discussed below.

Internal data representation in a computer looks strange because people are in the
habit of using base 10 to represent numbers. The system is called base 10 or the
DECIMAL SYSTEM (deci means 10 in Latin). This system uses 10 symbols, viz., 1, 2,
3,4,5,6,7,8,9, and 0. When you need to represent a number greater than 9, you use
two digits instead of one, as 9+1=10 and so on. Each symbol in a number is called a
digit and, therefore, we can say that the number 10 1s a two-digit number.

In the computer all the data has to be converted into electrical switches. A switch
has only two states: “on” and “off”. And as they take only two numeric symbols they are

said to function in base 2. This number system is known as BINARY SYSTEM (BI
means two).

When a computer needs to represent a quantity greater than 1, it does the same thing
you do when you need to represent a quantity greater than 9 in decimal. It uses two or
more binary digits.

BITS AND BYTES

When referring to computerized data, each switch whether it is on or off is called a bit.
The term bit is nothing but the contracted form of Binary Digit. A bit is the smallest
possible unit of data. To represent anything meaningful — in the other words, to convey
information — the computer needs groups of bits.

After the bit, the next larger unit is byte. The byte is a group of 8 bits. With one byte,



the computer can represent up to 256 different values because it is possible to count
from 0 to 255 with these 8 binary digits.

The byte is a very important unit because there are enough different eight-bit
combinations to represent all the characters on the keyboard including all the letters
(uppercases and lowercases, punctuation marks, numbers and other symbols). The byte
1s basic unit for measuring the size of memory; although with today’s memory sizes, it is
more common to hear terms like kilobyte (KB) or megabyte (MB) or gigabyte (GB).

1 Kilobyte (KB) = 1024 bytes ~ 1000 bytes
1 Megabyte (MB) = 1024 kilobytes ~1000 KB
1 Gigabyte (GB) = 1024 megabyte ~ 1000MB

The number of adjacent bits that can be stored and manipulated as a unit is called a
computer word. Some of the newer microcomputers have the ability to manipulate a 32-
bit word, whereas the older ones could process words up to 16 bits. The length of the
word matters, as the longer the word (that registers can hold), the more would be the
processing speed.

TEXT CODES

Characters are similarly represented as series of binary 1’s and 0’s. However, there
must be some universally accepted standard coding scheme to do this coding. This way,
all the values representing digits, characters, punctuation marks and special symbols can
be coded uniquely in terms of binary digits. The three most popular systems developed
for this purpose are EBCDIC, ASCII and Unicode.

EBCDIC

Binary Coded Decimal (BCD) system was designed by IBM for one of its early
computers. It was one of the first complete systems to represent symbols with bits. BCD
codes consisted of 6-bit codes, which allowed a maximum of 64 possible symbols.
BCD computers could work only on uppercase letters and a very few other symbols.
That was the reason of their not being in use for a long time.

The need for more symbols led IBM to develop EBCDIC system. EBCDIC is
pronounced as “EB-SI-DIC” and stands for Extended Binary Coded Decimal
Interchange Code. EBCDIC is an 8-bit code that defines 256 symbols. EBCDIC is still
used in IBM mainframes and mid-range systems. By the time small computers started
getting developed the ANSI (American National Standards Institute) had started
developing the standards for computers.



ASCII

ANSIs’ defined ASCII character set used to represent the symbols, numbers, characters
etc. ASCII stands for American Standard Code for Information Interchange. Today, the
ASCII character set is the most common.

In this scheme of coding characters 0 to 31 are control characters, 32 to 64 are
special characters, 65 to 90 are uppercase alphabets, 97 to 122 are lowercase alphabets
and 123 to 127 represent some common symbols. ASCII being a 7-bit code specifies
characters only up to 127. There are variations that specify different character sets for
codes from 128 to 255. The ISO (International Standards Organization) offers different
sets of charters for different language groups.

Unicode

A new standard for data representation, called Unicode Worldwide Character Standard,
provides 2 bytes (16 bits) to represent each symbol. That means the range could be
anything up to 65, 536 different characters or symbols. That means all the characters and
symbols of the world can have the same standard, thus facilitating the interchanging ot
the data and programs written in any language without requiring any special programs.

NUMBER SYSTEM

Before we go any further we need to study the various types of number systems and also
the transformation rules to inter-convert them (i.e., external representation of data into
internal data and vice versa).

Representation of Integers or Decimal Numbers

We now know how characters and strings of characters are represented internally in a
computer. Decimal digits are also considered as characters and codes are assigned to
them. These codes for digits are primarily used when digits are used merely as symbols
with no “value” assigned to them. For example DL3C 3455 is the registration number of
a car, which is a combination of both numbers and characters. Now if we want to store
these numbers in the computer and perform calculations too, they are required to be

converted into binary system that uses only “0” and “1”. The combination of zeros and
ones can be used to represent the above given decimal numbers as we discussed earlier.

For example, consider the decimal number 3455. The value of each digit is
determined by the digit itself (face value). The position of the digit and the base or radix
of the number system determines the actual value represented.

The base of a number system is defined as the number of distinct symbols used to



represent numbers in the system. The decimal system uses the ten symbols
0,1,2,3,4,5,6,7,8,9, and 0. Its base 1s thus 10.

To a decimal integer, we assign a value but before that we assign weights (place
value) to each digit position. The weights are unity for the right most digit and changes
to tens, hundreds, thousands etc. as we proceed towards the left digits of the number.

We multiply the digits of the number by its respective weights and then add them all
to get the value of that number. Thus, the value of 3455 is calculated as:

Ao TR +~ A 100 ~ AwTil + Rl

2000 407 50 1 5 — M55
Thonsands TTordrerds Tens LTnits

Puasiticn Position Memition MMuasitivi

The notation used above is called the positional system.

Binary System

As explained in the beginning of the chapter, if a number system has only two symbols
then its base is 2. Such a system is called binary system. Numbers in this system are
strings of bits. For example, 10011 is a binary number.

00 1T

most significant least signific ant
bit bit
The right most bit is called LEAST SIGNIFICANT BIT and the left most bit is
called the MOST SIGNIFICANT BIT. Weights assigned to the bits are the powers of 2

as 2'=1,2'=2,2°=4,2°=8,2%= 16, etc.

As the powers of 10 are important in the decimal system, similarly the powers of 2
play an important role when it comes to representation in the binary system. A table is
given below which gives powers of 2 and their decimal equivalents. The abbreviation
K stands for 1024 and is taken as 1000 (a kilo) approximately. Similarly the notations
mega stands for 1024 x 1024 and so on.

Powers Decimal  Abbreviations Powers Decimal Abbreviations
of 2 equivalent of 2 equivalent

20 1 5 11 2048 2K

) 1 2 ) 12 4096 4K

22 4 ) 13 8192 8K

23 8 ) 14 16384 16K

24 16 215 32768¢ 32K




25 32 216 65536 64K
26 64 217 131072 128K
27 128 218 262144 256K
28 256 219 524288 512K
29 512 220 1048576 IM
210 1024 1K 221 2097152 2M

Representation of fractions (L2)

Decimal fractions are interpreted as:

iL.45K e L1 5x 10 g’
'

T ' '
Daciinal Cie- Lanty Che-1Tundradth Cipa-Thousandth
PPizint 'iisine PPovitiom Pisition

Negative powers of 10 (the base) are used as the weights for the digits in the
fractional part of the number.

A binary fraction is represented by a string of 1’s and 0’s on the right of a binary
point. The bits are multiplied by negative powers of 2 to obtain the decimal value of the
binary fraction as:

0.1141 12" P2 0 w2 1x2

= 13/16
= 0.8125 (In Decimal)

Examples
1. (110101.11)_ =1x2° + 1x2* + 0x2° + 1x2 * + 0x2' + 1x2°
+1x27" + 1x27
=32+16+0+4+0+1+% +%%
=53 +3%
=53.75
2. (1011.011) =1x2° +0x2° +1x2' + 1x2° + 0x2"' +1x27

+1x2°



=8+0+2+1+0+0.25+0.125
=11.375
10

Hexadecimal Representation

Counting in the binary system is similar to that in the decimal system. In decimal we
start from 0, add 1, obtain 1 and continue adding 1 successively till we get 9. That
means in base 10 there are symbols from 0 to 9. Now when we add 1 to 9 we get 10.1
gets carried to the tens position in the decimal system. Similarly we count 100 after
reaching 99 and so on. Counting in binary proceeds exactly in the similar fashion:

0,1, 10, 11, 100, 101, 110, 111, 1000, 1001, ...

The table given below shows the binary counting sequence. Observe that we require 3
bits to represent decimal numbers 0, and 7 bits to represent 8 and 9. Thus we can say on
an average there are 3.2 bits (binary digits) required to represent a decimal digit [(8 x
3 +2x4)/10 =3.2]. That means, if we convert a large decimal number to obtain its
binary equivalent, it would be approximately 3.2 times the number of digits of the
corresponding decimal number.

Thus the binary equivalent of a ten digit decimal number would be 32 bits long.
Don’t you think that writing such long strings of Os and 1s are a very cumbersome and
error prone task? This problem is solved to a great extent by using the hexadecimal
number system, which uses 16 as a base. There are sixteen symbols used by this system
viz.. 1,2,3,4,5,6,7,8,9, A, B, C, D, E, F. Here the symbols A, B, ..., F are used to
represent the numbers 10, 11 12, 13, 14 and 15 respectively. We need only 4 bits to
represent a hexadecimal digit. The table below gives the hexadecimal system’s
symbols, their decimal and binary equivalents.

Biveny Tz bzl ozl Binny R TF BRI Craxinul

E Hl
cxpuieshanl weqaivealenl e bz weqaivenlenl

Il ]

I b 2 2 100
o 3 3 1011 ] "

A binary number can be quickly converted to its hexadecimal equivalent by
grouping together 4 bits of the binary number, starting with the least significant digit and
replacing each four bits group with its hexadecimal equivalent given in the table.

Examples



The binary number (1101111000101001 )2 is converted into its hexadecimal

equivalent by first making groups of four bits, starting from the least significant digit
and proceeding towards the most significant digits.

Hinary Nurnber 2 LN 110 1101 T LR
d 4 - i

Hexadacimal Number 1 o L

The binary number (00111011100.10010100)2 is converted into its

hexadecimal equivalent by the same method as explained above but the groups are
formed from left to right for the fractional part unlike in the integer part. One more
thing to be noted is that, to complete a group of four bits, 0’s are introduced at the
left most position in the left most group in the integer part, and in the rightmost
position in the right most group in the fractional part.

CONVERSIONS

All the number systems discussed above can be inter- converted to one another. The set
of rules to convert them are discussed below.

Decimal to other Number Systems

Decimal numbers can be converted to other numbers by using either of the two methods

given below:

Power Method

a.  Write the powers of the radix till it is less than the number to be converted.

b. Subtract the highest number, which is obtained by raising the powers of the radix
from the number, which 1s to be converted.

c.  Obtain the remainder, say R.

d.  Subtract the next highest number from this remainder.

e.  Repeat the process till the remainder is zero.

f. Now multiply the power, which have been used with one, and multiply the powers
which have not been used by zero.

Remainder Method

This is the method commonly used for the conversions from the decimal number system
to the binary number system. The conversion is carried out in the following order:



divide the given number (decimal system) by the radix of the proposed system (in which
the number has to be converted). Note down the remainder.

Now the quotient will again be divided by the radix and the remainder will be noted
down.

The procedure goes on till zero comes as quotient.

Fraction Conversion

We have already discussed the remainder and the power methods to convert the decimal
numbers to binary numbers. Now the fractional decimal numbers can be converted to
binary numbers by following the steps given below:

p—

Multiply the radix of the proposed system with the fraction to be converted.

2 Note down the resulting integer (if any), otherwise put down zero in that place.
3. Repeat the multiplication with the resulting fraction.
4

Keep repeating the procedure till the fraction vanishes or you encounter the
recursive fractions.

Examples
l. By using the Power Method:

(1) (220,

Radix of the binary system = 2
Powers of radix which are less than 220

(2]

I

(g
wa

128




iy e 2 _ 17
L po2=1x2
8 e 2 -1
4 p T-1x7

1x2 1

1x2°

0x2° 0

1x2* 1

1x2° 1

1 x2° 1

0x2' 0

0x?2° 0

Thus, the binary equivalent of (220),,1s (11011100),

(i1) (674),,

Radix of the binary system = 2
Powers of radix which are less than 674

2

4
=

(3

5

I
iz
&4
| 28
2RA

b I [y I S T | EO T L D N N SO |
= 3 = p = -

2
1




074

512 p T -1x7
|1:; h N
gr)
a2 p 2 12

=
o} > M= x2
il

1x2° 1

0x2’ 0

1x2’ 1

0x2’ 0

1x2° 1

0x2* 0

0x2° 0

0x2° 0

1x2! 1

0x2° 0

Thus, the binary equivalent of (674)10 is (1010100010)2

By using the Remainder Method

(i) (220),,
o | e,
- |
2 kS [
2 1 1

While writing the binary equivalent the digits are taken from the bottom to
the top (as indicated by the arrow). The binary equivalent in the above example
is (11011100)2

(1) (674),,



2 BT F 9
2 16k
2 42
2 z1
a g
n

Thus, the binary equivalent of (674),,1s (1010100010),

Fraction Conversion

(1) Converting (0.40)2 to binary form

Radix=2

Hraction Inkeger
040 = 2 (LAN I
(A0 ® = 1.&0) 1
el x = 1.0 1
020 = = (1400 I}
040« 2 = (LA 1}
thus binary equivalent of (1405 - (01100 b 4
(11) (12.25)
10
Radix =2

Integer part = 12.

Using the remainder method:

2 12 A
2 4
7 i
2 |
0 1

Thus, the binary equivalent of (12)10 is (1 100)2

Fraction part = (0.25)10

Traction Intoger
23 » 2 a0 n
.50 = 2 = 1.00 1



The binary equivalent of (0.25)10 1s (01)2

Thus, the binary equivalent 0f(12.25)10 is (1 100.10)2

Decimal to Octal

Integer
° (98),,
Radix =8

-
= - =2

Thus, the octal equivalent of (98)10 s (142)8

Fraction
° (423.03125)10
Integer part =423
5 423
H 52 7
6 1
Thus, the octal equivalent of (423)10 1S (647)8
Fraction Part = 0.03125
N2y x 4 = B0 i .

That is (0.03 125)10 = (0.02)8
Thus, the octal equivalent of (423.03 125)10 = (647.02)8

Decimal to Hexadecimal

Integer
(8234)10



L 314 10 w0 A

2
14 2 1!
p

Thus, the hexadecimal equivalent of (8234)10 1S (202A)16

Fraction

(0.225)

Traction T teger
0.225 x L - in & 3
[N W Ti = .- e

Thus, the hexadecimal equivalent of (0.225),,1s (0.39) ,

Binary System to other Number Systems
