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Preface to the Third Edition

This third edition has been thoroughly updatezkping in mind the numerous

suggestions and the fast changing IT scenario. A complete chapter on mobile computing
WML has been added. Latest advances in sththe-art hardware and software

have also been addressed in this book.

Techniques like Flowltarting 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 tothe First Edition

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

Efforts have been made to provide the topics in a concise yet easily understandabl
manner. Revision exercises and gquestions have been given for the students to firm up tl
lessons and be preal 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 mac
in the Infomation 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 cotapage 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 Ang Tim
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 dualcar
involve computer in one way or the other.

We are breathing in the computer age and tmputer 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 ldebe it government, business, education, legal
practice, entertainment, defense or hénoemputers hae become an indispensable
and multipurpose tool.

Whereas supercomputers can forecast weather, embedded computers make sm
devices like washing machines that beep when washing is complete or automobile
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 tasl
associated with them.

NEED FOR COMPUTER LITERACY

Computers have shaken up the world. yitave made us dependent upon them. We
expect them to be present at every place: be it the ticket reservation counter, th
microwave or the car. Now that computers have moved into our society so rapidly, one
needs at least a basic knowledge of computdisdki pursue ones car eer go
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 resed 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. F
example, you drive a motorbike and you takdoit 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 oil and clea
the carburetor too. This way thergee 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 knowledgeatgse mistakes while
using the computer. Lack of knowledge is also a cause of fear in some people. Thi
fear is 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, bt
actually it is much more than that. PrecisélyT he comput er i s an
performing arithmetic and logical operatiens @ he comput er idles a
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 operatibnshese are the type of
operations in which decision(s§/are involved. Data is simply raw facts or figures
collected whereas information is what one gets after processing the data. Informatio
is always useful and meaningful for the user. Let us consider an example in which th
marks of various subjects arelleated for a particular group of students. Now, these
marks independently (data) are of no use as such for the class teacher, but once <
adds the marks of all the students and calculates their respective percentages, tt
becomes information and it s&w her in finding out the answer for the queries iike
OWho has stoodb fobhrosw mann yt hpee ocpll aes sh?a v e
classe8 owhat 1is the overalbl performance o

Computers are not only used for the purpose of caiiculs. 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
machine for playing games and so on.

Now, you must be wondiag, what is 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 wh:
program it is using for performg 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 comput
what to do.

The computer hardware (actual machine) is designexich 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, irrespecthe of
program which is running on it. They are classified as:

Figure 1.1

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

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

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

Storage: The computer stores the result of processing operairdnguire 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 th

IPOS cycled input, processing, output and stordgemay not necessarily appear in
the same sequea@s they are defined.
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Figure 1.2

HISTORY OF COMPUTERS

Electronic data processingdoésh go back more than | ust
existence barely since early there 1640. The very first moc
became opational only in early the 1940s . Il n fact, i1it's onl



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

Although the present modern electronic computers are very recent, the idea wa
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, cguvdama 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.
was not possible to have more than 20 fingers (ten on heamdiden on feet). The
record keeping system switched over to counting on a number of stones and scribblin
on the walls of their caves. The inconvenience of being restricted to stones and wall
forced them to look out for some other counting devices.dmild-seventh century,
adding tools and devices started being developed across the world. Thus we can s
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 thegdodayery important role
in reaching this stage.

When people started using stones to count their animals or their possessions, the
never knew that this would lead to the computer of today. People started following a se
of procedures to perform calculatis 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 Chinase and
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, beadeare pul
down so that each rod represents a digit.

1600 Napieri Bo o e s

This is another counting device invented by John Napier, a Scottish mathematician
Theinbomewere strips of ivory with numbe

arranged properly, thaser could read the numbers in adjacent columns to get the
answer of a multiplication operation.

Between the 16 and 1¢" centuries, Europeans contributed their bit by inventing
several machines that used existing technologies like clockwise geaevars] |

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 olc
at that time. His machine was sevolutionary that the principle behind it is still used in
most of the mechanical counters being used today. He became a great philosopher a
mathematician in Europe. His father was a tax commissioner and he used to accompar
his father to his office. flere 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 an
again. He came out with a machifieP a s ®wa Itihmmg wor ked wi t h
levers. The mache was basically developed to perform addition and subtraction
operations only. The machine rotated wheels to register values and the lever was used
perform the carrying operations from one wheel to another. Although the machine was
not accepted by busess, 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 buddin
programmers.

1692 A.D. Multiplying Machine (Gottfri ed Leibnitz)

Gottfried Leibnitz improved upon Paséas mac hi ne and 1 ntroc
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 calCidus.
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 Frenakaver, Joseph Marie Jacquard developed a
programmable loom, which used large cards and holes punched in them to control th
pattern automatically. The output was a thick rich cloth with repetitive floral or
geometric patterns.

Jacquard patterns are splioduced to this day. Others adapted the punched cards and

used them as the primary form of input. They were used till abe@b3@ars ago.



1822 A.D. Difference Engine (Charles Babbage)

Since the early 18 Century, Charles Babbage, an Englishman, heseh working on the
development of a machine, which could perform complex calculations. In 1822 A.D., he
inventedthed Di f f er edcewlkEinhghneoul d perform cor
them out as well. This machine was a stépowered machine. WhilBabbage 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 Ar i t hroo ie&€thearr | es Xavier Thomas)

This was the first calculatonith 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 furanis accurately.

1863 A.D. Analytic Engine (Charles Babbage)

Babbage had been working on a very elaborate machine all this time. By 1863 he ha
all the plans ready for the machine, which he named the Analytic Engine. He hac
conceived of a mechanism, whiatould carry out long sequence of complex
calculations under automatic control. It would have the ability to store 10e@igi0
numbers in one second and multiply-@@it numbers in three minutes.

Babbage used a form of the punched card for inputtieglaita. That would have
been a complete modern computer. However, technology at that time was no
advanced enough to provide him with the hardware he required. He was thinking toc
far ahead of his time and his ideas could not be implemented. Howeveashiev
first person to conceivetieSt or e do Pao mmao eapmt .

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

Charles Babbage is recognized@a¥ he Fat hero.ofAlCohmpuwg he |
could not be materializeand 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 HermannHollerith)



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 populatoreatry

ten years so as to determine the representation in the US House of representatives).
devised a card in which holes would be punched to indicate the presence of
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 a
electric charge. The charge was transmitted to respective electric counters whic
automatically incremented the numbers. After the census was completed, Holleritt
perfectel his punched card equipment and marketed it. He founded the Tabulating
Machine Company in 1896 to continue his work. Although the machines were in grea:
demand Hollerith was not happy as he could not pursue his research work. In 1911 tf
Tabulating Machie 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 ne
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 Computir
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 fc
recording data items to be inputto computers. During the Second World War, an acut
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 majo!
Universities for the development of fast and accurate calculators and computers. Thi
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 anc
limitations of a hypothetical generapurpose computing machine called h@ u r i n |
Machin® i n t he | ate 19 30 hstructingRobinsondthealtitisho
Computer used during the World War Il) to decode German messages that wer
encrypted by the German Enigma machine. In the year 1950, Turing also published
book titledi Comput er Machiney yi manwlpdsedihe fiudng g e
test of Artificial Intelligence. That test is still used by scientists. Turing test basically
explains that a computer is capabldiof nt ed awittimgi t s user .



1939 John Atanasoff's ABC (Atanasoff Berry Computer)

Professor John Atanaas 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 wdhe first specigburpose, electronic computer.

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

A group of scientists devised the Mdrkwhich was the first electromechanical
calculator in the world. It utilized the punch card concepts of Hdilamid functioned
by a series of electromagnetic relays and mechanical arithmetic counters.

During World War Il 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. |
is another thing that the computer could not be completed until two months after the
war ended.

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

Following closely on the héeof 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 bi
rooms and could perform all thealculations that a small pocket calculator of today
can perform. It used vacuum tubes and was able to do 300 multiplications per secon
This was faster than Maikbut the major problem of using this computer was that the
staff had to rewire the machicempletely for carrying out the new instructions.

1944 Mark-1l (Dr Howard Aiken)

Dr Howard Aiken, who read the notes of Ada Byron, was keenly interested in
constructingarii Anal ytiac.al HEnagp mreoached | BM. |
with punched ard equipments, IBM hired Aiken and allocated $1 million for the
research. Aiken, with his team members, came out with MaMark-1l was partly
electronic and partly mechanical. It was bulky, 8 feet high and 55 feet long. It took 3
to 5 seconds to penfim a single multiplication operation.

1947 A.D. EDSAC (Cambridge University England)

Electronic Delayed Storage and Calculation was the name given to the first electroni
computer in the world. It was the first one to implementdlet or ed prt@w.gr &
Known laterasth® Von Neumaaéan Conpepposed t he
and the internal storage of instructions in digital form.



1951 A.D. Univael (USA)

By now a number of commercial companies were working on the development of
computing sgtems. Sperry Rand Corporation of USA introduced the first commercial
computer to the world and named it UNIVACIts introduction was followed by the
entrance of the IBM into the computer field with IBR01 Computer.

COMPUTER GENERATIONS

In recent yea, the computer industry has grown at a phenomenal pace. In a shor
space of 35 years or so computers have improved tremendously. In the last decade t
speed of computer has increased 200 times. Not only that, the reliability curve has als
taken a sharpurge 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 |
impossible to store. Large data can be stored in very small devices.

The termfi g e n e © a twia & nydntnoduicad &ol distinguish between different
hardware technologies. Gradually it shifted to both hardware and software as the tot:
system consists of both of them.

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

1% Generation

Until 1951, electronic computers were the exclusive possession of scientists and th
military. Till then nobody tried to use them for business purposes. The idea of
marketing them was conceiveg Mauchly and Eckert, creators of ENIAG . A's
US Census Bureau was already using IBCP cards, they were the pioneers in buyir
this computer for the first time in 1951. The company created by M and ETS becamt
the UNIVAC division of Sperry and Corporatidlater 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 jaithétte components. Due to the
large size of the components and the fact that the components had to be spaced apart
the valves dissipated a lot of heat, the computers were very bulky and required hug
electric power, air conditioners, maintenance grate 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 nameficd | ect r oimni by b
journalists. They also said that these elaair 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 popul
brand of first generation computers was the IBM 650, winadd 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 f
scientific applications. The available memory was as much as a fewdtltinarusand
words of main storage. The instructioypcle time was of the order of a few
milliseconds. It was only after 1957 that magnetic tapes were introduced as a faste
and more convenient storage medium. A single tape could hold approximately 1100 |
cards (i.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 require
special facilities and highly trained personnel.

The instructions given to FGC (First Generation Computers) were in machine
language (l,e.®s &md .1 As the machine | anguage
very few people, there were very few personnel available.

Computers belonging to this generation Hael following characteristics:

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

(i) Generated lot of heat

(iii) They were not consistent and reliable as the valves tended to falil
frequently

(iv) Low capacity internal storag

(V) Individual nonrelated models

(Vi) Processors operated in the milliseconds speed range

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

2" Generation

FGC were very unreliable, mainly because of vacuum tube components, whicbnke
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
Solid State Devices (transistors) instead of vacuum tubes. Transistorized cirergts w
smaller in size, generated little heat, were less expensive and consumed less power th
vacuum tube circuits. Despite this they were much greater in processing capacity. Sinc
transistors had a faster switching action, this generation of computerssigarficantly
faster and smaller, and were more reliable too, than first generation computers. The us
of magnetic cores as the primary internal storage medium and the introduction of



removable magnetic disc pack, were other major developments ofcihredsgeneration,
although magnetic tapes were still commonly used. These computers had euitir
detecting devices and more efficient means were developed to input and to retrieve da
from the computer. They were much easier to work with as comparé#e earlier
generation computers. More efficient programming methods and Highalrlanguages

like FORTRAN and COBOL became available. They were easily understandable by
people especially because no codes (like Assembly language) had to be remdapbered
the programmers. Moreover, unlike Assembly Language the high level languages wer:
not machine specific i.e. the same set of programs could be used on computers produc:
by different manufactures. The instructioycle time dropped from several hundred
micro-seconds of the first generation to tens of micro seconds. The main memory in thes
systems could store several hundred thousand words.

This generation of computers could communicate among each other using telephon
lines. Transmission of data from @@omputer to another was possible in this generation
of computers. Although the processing was very slow, the idea was convenient, whicl
was further developed in subsequent generations. The problem which -ggc@ndtion
computers faced was that the ih@und output devices were far too slow. Projects were
started in second generation to solve these problems. Though these were secon
generation technologies, they appeared in third generation computers.

Dr Daniel Slotnick, who worked out the first solutiowas working with
Burroughs Corporation at that time. He designed a computer for the US Department c
Defence, and tried to solve the problem of machines sitting idle, waiting for input and
output. The computer known as ILLIALY was developed, which hadur control
units, and thus was able to perform input/output and processing (mathematica
operation) at the same time. Slotnick was granted a pateitfoar al | elo. Pr
They were also called the first supercomputers. Another supercomputer wasgaop
at MIT (Massachusetts Institute of Technology) by a group of students and professor:
The name of the project was MAC (Multiple Access Computer) and the concept of
multi-programming was developed there. The system could concurrently process th
various programs which were run by different users.

Some of the popular models in this generation of computer systems ar248M
IBM-1620, BURROUGHS B00 SERIES, HONEYWELL H00, NATIONAL
CASH REGISTER NCR315, 500 and UNIVAEL004. Many of these computers
were used for business applications.

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

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



(iii)
(iv)
(V)
(Vi)
(vii)
(viii)

Greder degree of reliability because of sefithte technology
Higher capacity of internal storage
Use of core storage instead of magnetic drum and delay lines
Related series of processdrthe family concept
Processor operated in thecrosecond speed range
High cost direct accesses storage



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 sewoinductors, as they combine layers of materibig t
have a varying capacity to conduct electricity. This development ushered in the third
generation of computer systems in 1964. The integrated circuits enhanced the processit
capability, improving the speed of the computer manifold. During the peri6d t®
1970, the capability of placing 12 or more logic gates on a single chip was developed intt
a welldefined technology of Small Scale Integration (SSI). A logic gate is a circuit that
performs arithmetic such as addition, subtraction, multiplicatiahivasion.

In 1970 this technology was redefined to a point where hundreds or more gate
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 [W8fg
was intense pressure on the semmductor manufacturers to provide greater densities
of gates on a single integrated circuit chip. Consequently, more complex chips wer:
developed with the ultimate goal of obtaining a central processor on a siygieal
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
single silicon chip became possible. The technology consisting of 1,000 gatésme
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 Ven
Large Scale Integration (VLSI) or Grand Scale Integration (GSI). These circuits
became very useful in assembling computers. Some of the popular third generatio
computers aré IBM-360 series, IBM370 series and IGR900 series. The large
advanced computer systems are usually cdlléddla i nd .r a me

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

In 1962, a new company builtaplanfinSi | i c @an Vialalreyanj) os
DEC (Digital Equipment Cguoration) 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 corneradra and did not
require any attendant. The computer could be accessed by a number of users fro
different locations of the building. This was actually implementing the concept of
time-sharing, which was developed in the second generation. The price fstem
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 advantagenaf tnés computer
was the use of same machine language compatibility, thus making it easy and co
effective, specially when upgraded.

By 1967, IBM decided to change its track as a number of programming language:
appeared in the market. This was the beigig of the software industry. As the
languages grew in number and kind, people who had the skills to translate use
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 satellit
enabling communication between the computer systems around the world.

Admiral Grace Nirray Hopper, also known @t he Mot heo a@arhd C:
AAmazi ng, Gwase sent t o Har v ar escalé¢ digitavo r
computer. She attended various computer conferences and delivered lectures
various colleges about data processinggints. She wrote more than 50 papers and
articles on software and programming languages.

Dr Hopper writes about the origin of Bug and Debug in herbdodkn d er st ar
Computers . | t was 1945, t he s t-luah@ i stappedve r
working. Prgrammers 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 tt
whole trouble. They removed it and the computer started working fine. There the
termsi Bw g ainDde bugver e i1 ntroduced. The first
page in a logbook at the Naval Weapons Museum in Dahlgren, Virginia.

Computers of this generation had the following characteristics:

(i) Smaller in size as compared to second generatiopgtars
(i) Higher capacity internal storage
(i) Remotecommunication facilities

(iv) Multi-programming facilities



(v) Reduced cost of direct access storage
(vi) Processors, which operate in the nanosecond speed range

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

(viii) Use of highlevel languages such as COBOL
(ix) Wide range of optional peripherals.

4th Generation

The decade of 19%s mar ked the Dbeginning of a
producedby computer giants like IBM, ICL, NCR and Burrough. From the design
viewpoint, the new generation provided increased hguiput capability, longer
componemife as well as greater system reliability. From the functional viewpoint,
new powerful languagesere developed to broaden the use of Fauitigramming 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 contaimsentire 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 ce
perform all the functions of arithmetic logic and control units of th& C®hen these
microprocessors are connected with memory and {optgut devices, they become
microcomputers. Sergonductor memories are also very small and very cheap. There are
several types of memory chips. Three of the most commonly used are:

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

(i) Read Only Memory (ROM) and
(iii) Programmable Read Only Memory (PROM).

In ROM chips, the data® b uér nitnt o t ehtime af hanyfactaring. It cannot
be changed after that. These chips are used in systems where the data need not
changed. Even when power supply fails, the data remains in the memory. In case
PROM a user can program and even correct the data isserge The fourth generation
of computers may be called the microcomputer generation. Theoupoiit devices used
with the fourth generation computers are quite advanced. Among the advanced inpuf
output devices employed in fourth generation computeroptieal readers, by which
whole documents can be fed into the computer; audio response terminals, by which a
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
much greater data processing capacity than equivalent third generation computers.

Some compters belonging to the fourth generation are BEL STAR1000,
PDR11 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 itdegrated 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
conceptofi Art i fi ci &l i kndeeihtheggommpaters and the Japanese
cal themAi Knowl edgedo.PrActesemmatrisc programmi n
pattern recognition and control of robots (robotics), the processes needing skill anc
intelligence are examples of Artificial IntelligencCEhese 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 the
machines and new computer languages and retatibaare will be needed.

The fifth generation gives the highest priority to making systems that are easy anq
natural to use. Other objectives relate to the types of technological support needed |
supporti pr obl em s od va anogo rsdyi sntgenetatoon dornnaittedh | M t |
these systends, the Committee adds, "Intell]
approach that of a human being. When compared to conventional systems, the mat
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 computel
architectures and systems software wiagbrcome 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 computinggwehnat
technigues 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 a
of them do nofall 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, bu
now there are many more attributes attached to them.

Eachand every computer must fall into one of the four categories described below:
Supercomputer
Mainframe computer
Minicomputer

Microcomputer

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

another thing that a microcomputer of th&'2gentury might be as powerful as of the
supercomputer of yore. Today technologyd&veloping so fast #t it has become
difficult to predict anything for the future.

Although all the abové 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 specialkasks li
scientific researches, etc. Mainframes are large and expensive and are designed to me
the needs of a large organization. Minicomputers, although smaller than mainframes, ar
still big enough to cater to a medium sized organization or a stalk bumess. PCs or
microcomputers cater solely to individuals. Microcomputers could be PCs or desktops o
laptops or even notebooks. The computers around us, like those in microwave oven:
washing machines, automobiles, etc., are embedded computers, whicpeaia s
purpose and are generally used to perform control functions.

Supercomputers

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



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

One main area where supercomputers are used is in the nuclear field, especial
when nuclear fissionablenaterial approaches a critical mass, and researchers are
required to know what is happening at every nanosecond of the nuclear chain reactiol
A supercomputer can monitor the actions and reactions of million of atoms when the)
interact.

Supercomputers werused 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 accura
simulation of the Los Angeles Basin to dbe 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 inthe 1660 f or t he US Depar
That was supposed to be the fastest and most powerful computer of that time. Millions o
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 prform a large number of operations simultaneously. The first
supercomputer had 4 CPUs. ToGay s upercomputers have
The speed of the supercomputer is measured in Nanoseconds and Gigaflops.
Nanosecond equals Pth of a second and Gigaflop is 1 billion floatingpoint
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 Machirets,

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

Mainframes

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

After UNIVAC-I was sold in 1951, the mainframeaught the attention of the
computer industry. IBM, the computer giant, captured the mainframes market in the late
195s and made their name and money in tt
system is generally made up of several computers, calimin@ls, in addition to the



mainframe or host processor. A terminal is a keyboard and a screen wired to thi
mainframe. It does not necessarily have its own CPU or storage it just has input an
output devices that function as the windows of the compugsrep! elsewhere. The
host processor is responsible for controlling rest of the processors, operations and tt
peripheral devices attached to it. A freemid processor is the one that handles
communication to and from all the remote terminals connected eoctmputer
system. At times, a backend processor is also used to the handle data retriev
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 savegnd
increasing speed.

The mainframe computer has a processor that handles input, controls the databa
and output needs of the terminals attached to it. Each user has access to the content:
the database. It is difficult to store such massive amotdata 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 al
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-ad&gh
building. Typically, they were placed inside glass offices with special air conditioning
support tokeep them cool, and on raised floors to accommodate all the wiring needec
to tie the systems together. This setup is not used anymore. Mainframes today, loc
more like a file cabinet although they still need the same type of environment.

A mainframes caisupport 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 co
to know that it is working o others tasks. This property of processing many tasks
concurrently for multiple usersiscall@dmu | t i pr ogr ammi ng

No one really knows from where the term 'mainframe’ originated. Earlier IBM
documents define the term frame as an integral partofadempu he housi n

hardware support structures, .. adand wals
when computers of various sizes and shapes came into existence, that the big computer
began to be referred to as main frames and eventually bemramgord ‘mainframe’.

Minicomputers

The advent of minicomputers or minis as they are sometimes called started in th
1966s when DEC (Digital Equi pment Corp
computers. The press named them minicomputers becauseeiofsthall size as
compared to other prevailing computers.



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

Workstations and Microcomputers

When working on minicomputers and mainframes through terminals, users can jus
control the input and output of the computer. Whereas a single user computer give
you the power of controllinghe total processing cycle i.e. input and output,
processing and storage. You can select your own programs and do not need to |
dependent on mainframes or minis for storage. They are designed to meet the needs
an individual and thus are also called assBnal 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 nbeven 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 th
sourcesoftheP&s popul arity i s the rate at wh
technology. Aghe technology is growing, microprocessor, memory, chips and storage
devices keep getting faster and better and bigger. Today, a typical PC has 8 times.
much RAM, 150 times more storage capacity and a microprocessor that is at least 1C
times faster tham 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 IBRIC. Within a few years there
were many more companies in the race to design a computer coiapatiBM-PC.
Thus the term IBMPC 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 hold
about 8 percent of market share.

A few years ago, Apple Computers, IBM and Motorola joined teette 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 workgation. A workstation is a powerful desktop computer designed to meet the
computing needs of engineers, architects and other professionals, who need grapr
display. Workstations are generally used for CAD (Computer Aided Design)
applications. For this tygof complex programs the computer needs great processing
power and much storage. They are also used as services for LANs (Local Are:
Networks). Workstations are sometimes calie® u p e romi cAlotsh ough
like desktops, the chip inside is differelMost workstations use RISC (Reduce
Instruction Set Computer) microprocessors. RISC processors are used in speci
purpose applications, where speed is critical.

Presently the boundary between workstations and PCs is becoming less distinc
Todayd s Relstterahan workstations of the past. Pentpromhas multiprocessing
capabilities. Most microcomputers support multitasking (enabling the user to switch
between the tasks). Multitasking saves a lot of time. The user can open anothe
activity while onetask is being processed. For example while the computer is
downloading one thing in the browser, the user can open another window for writing &
mail or a calculator to perform some calculation.

One style of PC is the desktop. This type of computer islsnaligh to fit on a
desk but is too big to carry around. There are a number of models available in th
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 knownidad uggablTadey wei ghe
pounds. As the size reduced further the term also changetita pt opapt ops
about 10 to 12 pounds. The name was probably given because laptops are kept on t
laps whileusers are on the move (in a car, an airplane or train).

Notebook Computers

As the name suggests, their size is about 8.5 by 11 by 2 inches, and can easily
inside a briefcase. They were initially called laptops too, but gradually as the size
decrease@ven further they started being called notebooks. They can be operated ol
batteries also. They are fully functional microcomputers. They can have input device:
Hard Disk Drives, Floppy Disk Drives, a GBROM, a modem and an-iouilt mouse.

Personal Digitd Assistants (PDA)

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



agendas and calculations. They can be connected to large computers to exchange d:
They also come with an electronic pen, called stylus, that lets users write on a touct
sensitive screen. The latestP®A can wuse | nf r atewatd nehrbyg ht
computers. They may also have binltcapabilities for fax, cellular telephony and e
mails.

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

Embedded Computers

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

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

CHARACTERISTICS OF COMPUTERS
A few notable features of computers are:

Speed

The computer was initially invented as a very hggleed calculator. It helped in
completing many scientific projects that were poergly impossible. The landing on the
moon would not have been possible if computers had not been there, neither would w
today take an umbrella, if saw a clear sky, if the weather, forecast did not tell us that i
would rain in the afternoon. We would levaken a lot of time in making the
arrangements for flying abroad if computers were not there to book our seats so easil
and fast. The ability to get the answers fast enough so that one has time to take an acti
on them (to make alternative arrangementase of reservations) makes real time
computing possible. Electrical pulses travel at incredible speed and a computer, al
electronic machine, works on electrical pulses, so its speed is virtually instantaneous
When talking about the speed of computersdodt t al k i n seconds



but in nanoseconds (i%seconds) or even Pico seconds’ﬁ@econds). You can very
well imagine the speed of computer by the fact that a computer can add-thgit18
numbers in 300 to 400 nanoseconds: thatnmadhat 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 i
its subconscious mind or might even forget it after some time. But computers can stor
massive amunts of information. This information can be used and reused time and
again for years (unless something goes wrong with the hardware).@@dayc o mp u -
have disks with a capacity of storing billions of characters. This is big enough to store
the completeBritannica thesaurus, dozens of computer programs or the applications,
thousands of songs, huge databases, all the projects we have ever done in our life a
much more.

Accuracy

Computers are very accurate. They do make mistakes, but seldom. Thiausdet

their physical circuit. They make mistakes because of faulty programs, some mistak
made while feeding in the data or poor designing. Highly efficient error detecting
technigues of computers prevent showing false results.

Versatility

Computers & 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 nigh
on the moon (through satellites). In todag wor | d it s di f fi
single fied 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 finiskes, without any human intervention.

Diligence

A computer, being a machine, does not show any signs of fatigue, tiredness, lack c
concentration, or loss in interest. The speed, accuracy and the quality would b
absolutely the same in the first and thstlaalculation, even if the computer does
millions of calculations. It wod t compl ain even once of
suited for monotonous and voluminous work although that may seem like a threat tc
the people who are working on the same kind b§jo



Reliability

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

Although computers can potentially solve all theolgems when instructed
appropriately, they are not creative. They are designed and run by humans only. The
might make an exact copy of PicBse pai nti ngs but actual
their original creations. They might print out countless copiesSSluakespeates
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 tmhedt to computers.
Some of the disadvantages include the following:

They are manufactured using hazardous chemicals that can harm the health of
users, as also contributing to pollution.
They are failure prone. A failure in a nuclear power station,rplaaie 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.

Because of the autation brought about by computers, unemploymentis on the
rise.

TASKS ASSOCIATED WITH COMPUTERS: THE MULTIPURPOSE TOOL

In the 1956 s computers were speci al pur pos
governments or huge industries due to their high cogially 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.

Inthe 196@ s, modern comput er snarunadtegvbrid. Ina b «
1964, IBM brought its systednthe 360 mainframe compuélinto the market and
sold about 33 thousand of these machines. After this grand success, IBM became
standard for computer manufacturers.



In early the 1970 s , DEC ( pmegtiCorpolatiorf @qoaki a step ahead by
introducing its PDRI and VAX computers. These catered to various segments. Modern
computers were of different sizes and prices. That was the time when computers starte
shrinking in size. Todays p e r s o n arlPCs;vehiclpatetmech 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 ar
night. They have become such an important paour business that it is difficult to
think about life without them. From typing a letter to taking out the balance sheets of ¢
company and designing a building, the computer is present everywhere. Today, in th
offices of any industry, you will see swuters 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 theirtdagay expenses
and administrative work, sales people carry laptops and notebooks to transmi
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 th
profits and loses 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 a
inquiry about a flight, or to takout 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 diagnosin
the illness of a patient, performing surngsrand even controlling the robots that work
as assistants to the doctors.

Not only this, many small special purpose computers are placed inside the body @
a patient for performing specific tasks (such as pacemakers). Artificial internal organs
are commnly used nowadays to replace defective organs inside the body. Computer
can be used to see internal hemorrhages or clots without even putting a cut on tr
human body. Now, some computers are so tiny that they are swallowed to take an
transmit photographof 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
performal because of computers. Accuracy and efficiency has increased tremendousl



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 classroomsbiaries, laboratories and museums. Even a child of three years
of age uses them.

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

The concept of paperless libraries is spreading very fast. This means that there
not a single book in the library. Only computers are present. Students can go to thes
libraries and enter the nametb€& 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 ar
not used any more.

Students prepare their project reports, presentations and even their notes c
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 ha
written assignments are allowed.

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

Encyclopedias nowadayome 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, mo
magazines, journals and newspapers are available in soft copies and the records of p
decades are also stored in venslepace.



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, volcarates 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 cateestima
the impact of an expected natural calamity so that precautions are taken against then

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 afiacee
launched and computers monitor their activities without any human intervention.

Engineering

An electronic engineer designing chips manually would obviously be less productive
than if he designs the same on PCs. Similarly, an architect can tiredtest 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 figure
describing each view separately, whereas the computer can give him &ctkss
same figure from various angles, thus preventing the tedious, error prone and borin
job of making the same drawings again and again.

One of the most extensive uses of computers is CAD (Computer Aided Design). I
helps the engineers tremendoustydesigning the aircrafts, missiles or even small
airplanes. It not only saves time but also physical effort. One more advantage o
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 tc
specify even the type of material to be used in respective parts and to estimate wheth
the part will be able to withstand the required stresses and temperatures. This type «
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
not only functions smoothly but also gives warning signals



(if required). And when needeit sometimes takes appropriate action as well.

For all those electricibgenerating machines, computers control power production.
These are special purpose computers. They not only monitor but also regulate th
temperature and pressure inside and det#le 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 th
electricity-generating stations are fully fmmated 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 is work that involves
acidic elements that are very bad for health. The robots are fully computerized and thi
type of manufacturing is called CAM (Computer Aided Manufacturing). Now it is
beng 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 ai
involved in activities ranging from cutting the fabric to stitching buttons on the
finished garment. Not only this, they are used in customized tailoring, meaning tha
the size and measurements of the customer are fed into the computer. The compult
then gives instretions to the various machines attached to it and thefibesdthes
are ready for the customer! Computers are also used in embroidery machines. .
design is fed into the computer and it is embroidered by it automatically with the
colors of threads spe®fl by you. Modifications can also be made in theqesigned
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 goin
through them to find out whad 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 tt
computer and getting a list of all the acts and sections or, even more specifically, th
exact act and saoh 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 i
reducing the research time froraurs 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 intc
readable text, and the decision taken by the magistrate capnnhptstored 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 starte
making a database regarding childbirths, deaths, income taxes, any other taxes etc.
Government Passport Services are also online, which means passport forms can
downloaded, and even filled and submitted online sitting at home.
The campaigning for the elections is also done online nowadays. The time is no
far when the entire electorate will vote directly online, when people will fill up their

income tax forms dme, 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 functior
more efficiently. In America,ltere are MDTs (Mobile Data Terminals) in which a
police squad simultaneously calls all computers, which have data regarding the ce
numbers, persons who own those cars, their license numbers, whether they have val
license or if the detained person wasuiesd a warrant etc. The computer notes down
the number of the car (of the person violating the rule or the law) and then provides a
the abovespecified information to the constabulary. This not only makes the process
faster but also reduces the hasslealfing 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
fingerpints 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 «
the person with the help of a computer.

Defence

In the mid 1940's the first large scale congrwever 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 18,0
vacuum tubes. It was initially designed to carte 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 Resowd@epartment, considered the biggest
organization in the world. Computers are used to communicate by radio in air, unde
water and on surface with a land based network that is used to integrate the systems.

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



Music

Computers are a great help to the musicians as well. They not only compose the
tunes and music on computer but can also use them to find out the best settin
automatically. The MIDI (Musicalnistrument 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 tin&t,computer also translates the
music into text form or musical notes automatically.

Various settings of different instruments can be tested independently and then cal
also be combined together to get the best possible output. It enables the finetediting

add music and sound effects to human speech and vice versa, thus getting best possil
result of complex compositions and their synchronization with the instruments.



Theatre, Film and Television

Have you ever noticed the computer's contribution eéod#rials you see on the TV, the
advertisements that children watch with such great interest or the movies you see in th
cinema halls? All these owe a lot to computers for the improvement in the performance
and inculcation of special effects, which havgraat 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 dematiteddituation. Artists
even use some images and sounds to improve upon the performances. This not or
enhances the enjoyment but also leaves a deep impact on the minds of the audien
Virtual images are shown dancing on the floor, which actually is ngtini 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. Tt
characters are animated as needed. For example, the dinosaurswof a s ®dwere P ¢
a masterpiece of computer creation.

At Home

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

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

Internet

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

ELEMENTS OF A COMPUTER



The computers about which we have been discussing aoall shapes and sizes and
can be used for various purposes. But all of them have certain characteristics i
common. Two of the most important constituents of computer§ amardware and
software.

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

Hardware
Software
Data
People
Procedures

But all these elements have to be organized in such a way that each element worl
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 everybod
necessary to accomplisdn 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 i
the computer that we can touch. It consists oérzdnnected electronic device that
control everything in the computer.

Hardware can be divided into four major categories. They are:
Processor
Memory
Input and Output Devices
Storage Devices

Processor
The complex procedure that transforms data imfimrmation (useful and meaningful



data) is called processing. This type of transformation mainly includes two
component® the processor and the memory.

The Processor acts like the brain of the computer. It organizes and carries out th
instructions giva 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 u:
microprocessor(s) (a number of microprocessors can also be used in one PC
Microprocessors are made ofisdn or some other material and are etched with many
tiny electronic circuits. The microprocessor is plugged into the circuit boardard
rectangular board that contains the total circuitry used to connect the processor to tr
rest of the hardware. Thesrcuit board is called the motherboard. The number of chips
and circuit boards (on which the processors are plugged in) is increased when th
computer is to be made more powerful. The term Central Processing Unit (CPU), ir
real terms, is the processor thie computer. Thisib roaionf t he compu
which nothing can be done is very small in size and occupies just a few square inche

of space.
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Memory

The software is loaded into the memory of the computer and runs froencthky. Not
only the software or programs, but also all the data is loaded into the memory for eas
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 whieorking 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 o
the computer. The more the RAM, the greater is the power and speed of the compute
The measurement unit of memory is byte. The bigger units of bytes are:

Kilobyte (KB) ~ 1000 byte$210 bytes = 1024 bytes to be precise]



Megabyte (MB)~ 1000 KB ~ 10,00,000 bytes
Gigabytes (GB)~ 1000MB~1® KB &6 WKyt e s
0

NowadaysP@6s have 8 t 128 MB of RAM.

ROM

Read Only Memory holds permanent data or instruction that can only be read, an:
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 canputer, 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
some devices. Thereeatwo main types of devices. Input devices are used to enter the
instructions whereas output devices are used to see the results of processing. The te
device is generically used to refer to any piece of hardware.

Thus, input devices accept the instrans or the data from the user and output
devices return the processed data back to the user in the form of visual display or o
paper. New types of input devices keep on coming as technology and the user
demands grow. The most commonly used input desitiee Keyboard, which accepts
numbers, alphabets and commands from the user. Another input device is the Mous
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 thersurface. Even the
commands are executed by clicking it on the commands displayed on the screen. Tt
other commonly used input devices are trackballs, joysticks, scanners, lightpens
microphones, digital cameras etc. These will be discussed in d&gail la

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

Lightpen is used to directly draw the figures on the screen of the monitor.
Microphones help in inputting our voice directtythe computer or inputting music from
CDs or audiocassettes by attaching them to the computer. Digital Cameras are used
bring in live images onto the screen, where some changes can also be made thereon. TF
are generally used in the barbes s h see the bést 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 ca
output devices mainly used are the screen or VDU (Visual Display Unit) and the
Printers. Wherthe 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 outp
devices to producsound, listen to audio CDs or music.

There are some more devices that act as both input and output devices. One su
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 commaation device that is used to communicate
through telephone lines. It performs both the functions. It is used to interconnect the
computers. The process of interconnecting the computers is called networking. Th
network interface cards are used to connleetinput 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 oeven programs files for future use, some place is required to store them
Storage devices are used to store data permanently cpsemanently.

Storage holds the data and the software brings into the memory (RAM) a particulat
program or data required @itat 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:
Storage is cheaper than memory
Storage has more space than RAM

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

RAM is faster than storage.

The most widely used storage medium is the magnetic disk, which is round in
shape and flat. Read and wititeads (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 builin disks and thee disks cannot be detached from them, whereas
some drives are meant for removable/replaceable disks. Almost every PC uses no
removable disks, but additional removable diskette drives can also be used. The not
removable drive is the Hard Disk Drive (HDRhd 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 th
computer's primary filling cabinet. Diskettegaised 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 protec
them from dust and scratches, are kept enclosednyl ¢ases. Initially, floppies
measured 8 inches; they were reduced to 5% inches and now we use 3% inch
diskettes. The size of diskettes is decreasing in diameter, but its storage size |
increasing. The capacity of the 8" diskette was 360KB, and thla¢ &2 inch was 1.2
MB, whereas the-3z inch diskette stores 1.44MB of data. The name floppy was given
because the vinylcover(om8 and 5" diskettes) wused t



Other types of storage devices include-BDM drives, tape drivegptical drives
etc. CDROM 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 stor
approximately 640MB. In personal computers we generally usé&ROM (Compact
Disk Read Only Memory). The information on €®IOM 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 comfer. It is nothing but instructions (or a program)
required to run the computer. It guides the hardware on how to do its job. A compute
is otherwise a generglurpose machine. It is the software which differentiates the
various kinds of jobs a computer rcgerform. 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 t
be running or executing that program.

Programming Language

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

Before the 1959s t he only | anguage availmble
language or lowevel language. A machine language was recognized by only one type of
computer processor. Machine language is the only thing that computers understand bi
for programmers such machine language was very difficult to understand use alugp dev
programs. In 1952, assembly language was introduced, which again waslevébw
programming language. In assembly language short codes were used for specific machit
operations. A specially designed program called assembler, was used to transkte the
codes to machine language, so that the computer was able to carry out the programme
instructions. Assembly language was easier than machine language, but it was sti
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 | evel programming | a
(and is) comparatively easy to use, as it understands simple English words an
mathematical gxressions. 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:
System software



Al U
pplication Software

<
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Conputer 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 th
computer to function. System software integrates the computer hardwagre roemts,

and also provides the tools to use the software components in the desired manner a
for the dayto-day maintenance tasks like displaying the list of all the directories and
files on the disk.

Operating System

When the computer is switched ontakes several steps to prepare itself for use. The
first step is a selfest, i.e. it identifies all the hardware devices that are attached to it
and whether the memory is functioning properly or not. This routine test is initiated by
a part of the syste 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
l.e. operating system.hls 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 computes 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
Operaing 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 toiowes needs of the users. Application
software is 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 progiathat are designed to run together. Such a collection
of software programs is known as a software package.

Application software can further be classified into:



Special Purpose Application Software

General Purpose Application Software

Special Purposé\pplication Software

They are used to perform a specific task, say for a single profession, e.g. nuclee
energy scientists use special programs for exploding the nuclear bombs. If a persc
has no knowledge about the subject, heavbn f i n d ietestingdodetarn. | or

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 procegsiomgrams 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
inserted very easily. It has become a vergdyatool for writing books and as editing is
done very conveniently thereon. All the legal documents and encyclopedia etc are type
on to the computer for easy reference. It also prevents wear and tear.
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Figure 1.4: Word Processing usig 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 utedohe
consuming activities like cutting the papers, photographs, border designing and thet
pasting them to create an effective layout, but now it has not only become convenient bt
also gives a better and more pleasing layout. The attractive resulie ¢aken out and
this needs very little training and practice. Business organizations and media use DTP t
design their advertisements and catalogues. Even the books that include creative grap
are taken out by using DTP. DTP produces output that isdioation 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 number:
checking @her manually or by using calculators. In electronic spreadsheets, a series o
rows and columns are displayed. One can view just a part of it and scroll the sheet as p
requirement. The text, numbers or formulas can be put into cells to create a workshee
Even logical computations are possible by using spreadsheets. Spreadsheets are also u
to generate charts and graphs to establish a relationship among the data or to make
analysis of the data entered. One of the main advantages of this eleqtreadsfieet 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 institute
to take out the results of the students or in the departméwet®e statistical computation
is done, etc. One can have a number of sheets in one file, and these can alse be int
linked. Spreadsheets nowadays are generally-tiraensional.
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Figure 1.5: Automating Calculations using Microsoft Excel

Database Management Systems (DBMS): Database Management System provide
you with the ability to have welbrganized collections of data (database) and to retrieve
them in the order required. Tools are provided in DBMS to use the data in subsets, an
relatonships can be established to accomplish the required activity. For example, in ar
institution, the records can be sorted out either on the basis of the names or roll numbe
or ages of the students, and you can refer to the sorted files for any intormati
Retrieving information has become clilé pl ay by using DBMS,
sorted out on a number of fields or can be categorized, and they can even be combine
together to get some typical information. For example, you want to know the adidaess
student but you do not know his full name. You just have an idea that his last name i
ASadhhnand his age is between 14 and 16.
the list of students whose surnamesiai@®@adhnand age i s bet ween

Only those records will be selected and displayed which meet the specified
conditions. The commonly used DBMS are FoxPro 6.0, Microsoft Access, Oracle 8l,
SQL Server etc.



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

Communcations: The software programs that are used to work in combination
with some other devices are called communication software. We use a number c
communication software like fax, Internet, network etc.

Fax Software: The computer can work as a fax maclirfax 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 bel@ixed.

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 connectel
together in one room, a buildjnpa city, a country or the whole world. To connect the
computers on a small scale one just needs computer, cables and software like Win N
Unix, Linux or Novelb s Net War e. To connect to t
computer, i.e. to get connected to angwhin the world with one PC, one needs just a
modem and a telephone line, where the modem is used to translate the signals of tl
computer, and the telephone lines act as carriers of the data from one place to anoth
This multruser transport system drlas 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 t
the system, to make online bookings for airlines, hotels or even movies. This is very
helpful in accessing the computersources which are located elsewhere. You can
even get your groceries delivered to your doorstep. This has made life very easy an
convenient, as one can access almost anything one can think



of, just sitting at home.

Graphics, Multimedia and PresentatiApplication: The programs needed to play
with images are known as graphics software. They can be used for tasks ranging frol
making simple drawings, to making animated movies that leave a great impact or
audiences. Sometimes the viewers do not even donk@mow that it was a mirage
created by the computer.

Figure 1.7

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



Presentation graphics is another type of graphics softwarehwdhvery useful in
preparing beautiful and attractive presentations that are easily understood by th
audience. It include transparencies, computer presentations, etc., which can b
displayed by using projectors. Handouts can also be designed by thesatation
packages. Slides have a combination of text, image, clipart, sound and visual effect:
Automatic slide show can also be set meaning the speaker@dbesnh av e t o
attention on changing the slides but concentrate only on the speakinge or t
explanation of the contents of presentation. Animated slide shows with sound effect:
can also be designed to give a more professional look. Graphs and charts can also
imported from spreadsheets and included in the presentation software to give th
audience a better understanding of the matter. A commonly used presentation softwat
is Microsoft Power Point.

Education and Entertainment Software

From a child of three to a professor of 50 computer programs are used for the purpos
of education. Childremot only use them for their games but also for educational
programs like encyclopedias, mathematical drawing and other subjects. In schools an
colleges, students prepare their presentations and even make their notes on compute
In graduate schools, aksignments 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 iving them training is also solved. It is
easy for students in higher classes or profession to learn through audio and video aid
Doctors can see and perform electronic surgeries for practice whereas an engineer ci
design products and can also find dug tmost 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
teach the cadets the methofl 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 alsc
available otherwise. e 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 th
user. Nowadays most of thailities come as a part of the operating system. Windows
operating systems come with many tools that take care of your disksjrasas,

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



Resource Discovery Software

The latest and the most prevailing innovation in the area of IT is the widely spreac
Internet. It is like a séathe more you explore the more is there to know. The Internet
IS nothing but a globahetwork of linked computer networks with the help of
telephone links and satellites. To access the vast sea of knowledge on these network
computers some commonly and popularly used tools are Archie, Gopher and th
World Wide Web which help the user incessing 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 peapl
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 possil
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 (o
end users), power users, and computer professionals

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

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

PROCEDURES

Procedures are basically the steps that a user follows to make the computemndgork,
these also include the steps the computer follows to accomplish the instructions give
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 nuarig)ou
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 th
card and go away. Another example could be setting a phone alarm or iregjister
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 wi
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 ti
describe a process in unambiguous terms that can be easily read and understood b
nontechnical business user.

You can develop your own structured English stigkg 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. Thignsures that the logical structure of the process is easily
visible

Use indentation to reinforce the logical structure of the
process Keep the description hilgivel

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

Phin Structured Pieducode s Program:
Englch Englih

User Anahst 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 ail
Is to allow easy readability, which helps in documentation. The following conventions
are used in writing structured English

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 imperatsentences
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:

A U u
gual to; > greater than;less than; != not equal to; <= less than equal to; >=
greater than equal to

<



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

Decision Structure: There ertwo types of decision structure used in Structured
English statement. One of themifishen elsestructure, where a condition is checked
and the decision is given on the basis of the truth or falsity of the outcome.

IF condition1l THEN
block of stepsl
(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 checkec
results in more than one output. Hence a number of cases arise as the result
condition checkig, which are dealt with individually.

SELECT expression
CASE range of values 1
block of stepsl
(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 ircdhguter
programming. This structure based on a condition repeats itself for some stipulatec
iterations. There are basically two types of such structure: one in which the numbei
of iteration is know. This is thBor structure. If there are fixed iteratioto be done,
for example, to add the marks of a student in five subjects, the loop will be repeatec
five times, then this structure is used. The other type of repletion statement is when



the exiting from the loop depends on the condition to be truelss.ftn theDo-
Repeator theDo-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 conalitiis
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.

Thereare 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 desbs long before computers were even
invented. The word algorithm comes from the name of the 9th century Persian
mathematician Abu Abdullah Muhammad bin MusaKhalwarizmi. The word
algorism originally referred only to the rules of performing arithmetiogig\rabic
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
andytical 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 centuriessolve the most complex problems that
humanity has encountered. One of the most famous algorithms was imagined i
ancient Greece. Euclid's algorithm for calculating the greatest common divisor of two
integers had and still does have impacts on the mmtteal world. The importance of
algorithms in today's society should not be underestimated. The computer, fol
example, would otherwise be useless since almost all programs are written using a
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 b
expressed in any language, from natural languages like English or French ftc
programming édnguages like FORTRAN."

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

algorithms. Inventing elegant algorithmsalgorithns that are simple and require
the fewest steps possibldas one of the principal challenges in programming.



Properties of an Algorithm

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

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

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 &f course, the most essential. An algorithm must be
implementable and correctly give the desired output. The rest of the properties ar
relative. An algorithm may use extra space (or memory) but give faster results. It may
be that the algorithm will be udeghousands 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 inpwe 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 atwery 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 simpl
algorithm to accomplish this:

When you begin, the first number is the largest number in the listggeen so

far.

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

If this next number is larger, then make that the new largest number you've seel

so far.
Repeat steps 2 and 3 until you have gone through the whble i

FLOWCHART

A flowchart (also spelled flovehart and flow chart) is a schematic representation of a
process. It is commonly used in business/economic presentations to help the audien
visualize the content better, or to find flaws in the processovdhart 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. |
allows one to break any process into individual events ovites, 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 dectsidres
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
actions in the process, and the decision or branching points along the way. Generally tr
start point end qints, inputs, outputs, possible paths and the decisions that lead to thest
possible paths are included. Flmharts can be created by hand or manually in most
office software, but lately specialized diagram drawing software has emerged that cat
also be uad for the purpose, such as Visio, Openoffice.org Draw and Dia.

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

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

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

Gather information on how th@ocess 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
process. Lines and arrows show the sequence of the steps, and the relationships amc
them. All the symbols are illustrated in the following Figure.
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Manual Loop: Indicates a sequenge
of commands that will continue to
repeat until stopped manually.

—

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

Data storage: Indicates a step
wheredata gets stored.

Database: Indicates a list of
informationwith a standard structure
that allows for searching and sorting.

Display: Indicates a step that
displaysinformation.

Off Page:Indicates that the process
continues off page.

<10 DAL

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 ilmpa®nsistency upto
the drawing.

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

Rule 4:As far as possible, the instruction within the synsbafl 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
correctly labeled according to the decision being made.

' Tips for Effective Flowcharts
Label each flowbart with a title identifying the process that it illustrates. (For
example: "Order Entry Process").
Clearly indicate the starting and ending points of the process, using the standard



terminator symbols.

Keep the direction of flow consistent. Avoid cosion by keeping your flow
lines moving from top to bottom and left to right. Don't reverse the direction in the

......

o

Break the steps down to a consistent level of detail. Don't
include trivial substeps of ondask while treating another equivalent task as a
whole. If one step or task needs to be analyzed in detail, make a separate che
illustrating that sukprocess.

Avoid crossing flow lines. In a wetlesigned chart, flow lines will not cross
each other. Byearranging 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.

Labelyour flowchart components. Use active verbs to label activity steps and
guestions to label decisions. Clearly label the outcomes from a decision diamont
in terms that answer the question.



Advantages of Using Flowcharts

The benefits of flowcharts are fdlows:
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.
3. Proper Documentation: Program flowchaesve 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
6. 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: Sometimeahe 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 symbolshcet 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 i
done.

Let us now see some examples of flowcharts.



Example 1: To draw a flowchart to find the sumiodtf50 natural numbers.

Start

k

r
| Sum=0 |
¥
| N=0 |

N=N+1

Sum of first 50 natural numbers



PSEUDOCODE

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

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

Each textbook and each individual designer may have their own personal style o
Pseudocode. Pseudocode is not a rigorous notation, since it is read by other people, r
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 ¢
control are as follows:
SEQUENCE is dinear progression where one task is performed sequentially
after another.

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

IF-THEN-ELSE is a decision (selection) in which a choice is made between two
alternative courses otaon.
REPEAT-UNTIL is 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 {IFHEN-ELSE.
FOR is a "counting" loop.

SEQUENCE
Here is an exanip 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, CALCULATEDETERMINE
Initialize: SET, INIT
Add one: INCREMENT, BUMP
IF-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
sequencd 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 thé c o n d iot iiosn tlr ue. The
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 + Birth3eaths



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 : squence 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 théecan
English statements or some other notation that specifies the condition under which th
given sequence is to be performed. A certain sequence may be associated with ma
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
C . points = 2
D : points =1

F . points = 0



ENDCASE
REPEATUNTIL
Two keywords, REPEAT and UNTILra used. The general form is:
REPEAT
sequence 1
UNTIL condition 1

The "sequence 1" in this type of loop is always performed at least once, becaus
the test is performed after the sequence is executed. At the conclusion of eac
iteration, thefi c o n dliot iien eval uated, ammdonhdetl ¢
false. The loop terminateswhenfiece ond bt benofnes true.

FOR

This loop is a specialized construct for iterating a specific number of times, often
called a "counting" loop. Two keyword5OR and ENDFOR are used. The general
form is:

FOR iteration bounds
sequence
ENDFOR

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

FOR each month of the ye@ood)

FOR month =1 to 12 (ok)

FOR each employee in the list (good)

FOR empno =1 to listsize (ok)
NESTED CONSTRUCTS

The constructs can be embedded within each other, and this is made clear by u:
of indenting. Nested constructs should be clearlyeimtdd 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 EfeHRAT construct,
and therefore is indented.



REVISION EXERCISES

Fill in the blanks
Portable computers that fit into a briefcase are called

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

Electronic ingructions that tell a computer what to do are called

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

A program is a list of iging a computer on what to do.

A binary digit, called has a value or

The machine and its components are called

The irrational fear of computers is termed as

Application programs that can be used tondany related tasks are called

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

was the first Computer programer.

High-Levellanguage was introduced during the computerajere
A program flowchart indicates the to be per formed and the
in which they occur.
A program flowchart is generally read from to
16. Flowcharting symbols are connectedtogether by means of
A decision symbol may be used in determining the or

of two data items.
are used to join remote portions of a flowchart

connectors are used when a flowchart endsegaga and
begins again on other page




A symbol in used at the beginning and the end of a flowchart.

The flowchart is one of the best ways of a program..
To construct a flowchart, one must adhere to prescribed symbols provided by the

The programmer uses a to aid him in drawing flowchart symbols.
Answers
1. Laptop 2. Computer systems 3. Programs
4. Computer 5. Workstation
6. Instructions 7. Bit, zero, one
8. Hardware 9. Cyberphobia
10. Gereral purpose softwal 11. Package
12. Augusta Ada Byron 13. Second
14. Operations, sequence 15. Top, down
16. Flow line
17. Equality, inequality 18. Connector
19. Off -page 20. Terminal
21. Documenting
22. ANSI (American N&onal Standards Institute)
23. Flowcharting template

Tick-mark the correct answer

What is the name of the cycle that describes the computer's processing of data:
Processing cycle
Cyberphobia cycle
IPOS Cycle
Information cycle.

What are tlke two essential parts of the computer?
Keyboard and mouse
Hardware and software.
Printer and screen



None of the above
The purpose of the computer is to process the data into
Meaningful data
Information
Arithmetic operations
Formulas
How are softvare packages categorized?
Hardware and software
Word processing and spreadsheets
System software and application software
None of the above
The software can be divided into:
System software and application software
General purpose software and spépurpose software
Operating system and application software
None of the above
The software required to run the computer s .....
Application software
Microsoft word
Programs
Operating system
What is the other name for the personal computers:
Mainframes
Super computers
Desktop computers
Microcomputers

Answers
1. (C) 2. (B) 3. (B)
5. (A) 6. (D) 7. (D)



REVIEW QUESTIONS

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 propdy?
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 professional

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 compute

Vacuum tube based electronic computers belong to
First Generation
Second Generation
Third Generation

The generation of computers was characterized by microcomputers.
First
Second
Third
Fourth

The second generation of computers wasattarized by
magnetic cards
artificial intelligence



transistors
transformers
Integrated circuits signified the beginning of the generation of computers.
First
Second
Third
Fourth
The acronym ENIAC stands for
Electrical Neorninfuser And Calculator
Electronic Numerical Integrator and Computer
Eulogistic Nuisance In A Cart
Electronic Number Interpreter And Calculator
The first counting tool was the

Abacus

Slide Rule

ENIAC

is known as the first wamprogrammer.

Charles Babbage
Lady Lovelace
Abacus

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

False

Computers use base two number system because
it is easier to do calculati® than in a base 10 system
they are made of switches, which are either on or off
it was the first number system used by people

the first mechanical calculators used the same number system



Answers

12.
15.
18.

(@)
()
(b)

13.
16.
19.

(d)
(b)
(b)

14.
17.
20.

(c)
(@)



Chapter 2: DATA REPRESENTATION

INTRODUCTION

Even people who have been using computers for a few years still marvel at what the
can do- how at lightning speed and with amazing accuracy they can sort a mailing list,
balance addger, typeset a book, or create lifelike models of objects that have nevel
existed.

Just how a computer does all this may seem magical, but in fact it is a proces
based on simple concepts. All the words, numbers and images you put into and get o
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 generdy talk about data and information. Are they the same terms? And if not,
what is the difference between them? Well, data is the raw material and information i
what we get after processing the data. To be more precise, data is raw facts and figur
and inbrmation is processed data, that is useful and meaningful. Data is the input tc
processing, and information is the output.

How is data converted into information is explained in the Figure:

Iripal PMrocassirg Curaut

Daie Tate
Roll ~o M1 23 [ 2V E N ’ Farl Man b oz
I Q03 8D = 140 — sezowel e ars o
7 <4 &% £2 ([ER rarke
%] F2 (N1 | T
T 7

Lk —Sarks sbiaines HEURETER] (AT R Who hes coed mae
b Trime <l endscin Piw wdal ks fin weahs ix infonmal o
Uves subyerts eazpaciaely 2xehva e madenls Tar the flaze easer

-

Figure 2.1
Data is a plural form. The singular formadtaisi d ad® uwhi ch i s r a

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 tot
helps him in finding out the ranks dhd 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 fin
out the percentage and henbe wivision 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, anc
accurate, concise and comgletData 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 psented as and when required. For example,
there is no point receiving newspaper after-timee days.

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

Reliable: It shou 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 coveredrartding should be
missed.

It seems that computers understand us as we understand them. However, this is n
true. They do not understand the language we normally use among ourselves. It is the
own language which they understand. That language compfise® distinct physical
states produced by electricity, magnetic polarity, or reflected light. All they can
understand is whether a switch is on or off. In factitheroa ionf t he comput
consists primarily of several million of tiny electrorswitches, called transistors.

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

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

Data can be explained more explicitly by taking an example. The letters G, O anc
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 cambine
together to form a sentence that might convey some meaningful message to you ar
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 ooputer processes data, we should first have an understanding of the



form in which data is stored in the comp@es me mory. There ar e
data which are stored and processed by a computer. They are characters and numb
But to a computerwerything is number. Numbers are numbers, letters are numbers,
punctuation marks are numbers, sounds and pictures are numbers, even the 6ospute
own instructions are numbers. This might seem very strange.

Characters and numbers are assigned differdoesay the computer. The output
from a computer must be in the form that is understood by the users. Thus the compute
translates those values into the form understandable by the normal users, which is aga
natural language consisting of numbers and adttars. 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 datz
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 i
Is a string of numbers (just zeros and ones). The computer interprets the sentence
the maner discussed below.

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

In the computer all the data has to be converted into electrical switches. A switcl
has only two statesi oon ainodd.f And as they take only
are said to function in base 2. This number system is known as BINARY SYSTEM
(Bl mears two).

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

BITS AND BYTES

When referring to computerized datach 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 meaningfin the other words, to
convey informatiori the computer rexds 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 cou
from O to 255 with these 8 binary digits.

The byte is avery important unit because there are enough different -bight
combinations to represent all the characters on the keyboard including all the letter:
(uppercases and lowercases, punctuation marks, numbers and other symbols). The byte
basic unit for masuring the size of memory; although with today me mor y si
more common to hear terms like kilobyte (KB) or megabyte (MB) or gigabyte (GB).

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

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

TEXT CODES

Characters are similarly represented as series of bifaly 1 &rsd MHo wever
must be some universally acce@tstandard coding scheme to do this coding. This
way, all the values representing digits, characters, punctuation marks and speci:
symbols can be coded uniquely in terms of binary digits. The three most populal
systems developed for this purpose are EBGASCII 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-lit codes, which allowed a maximum of @bssible
symbols. BCD computers could work only on uppercase letters and a very few othe
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 asi E-BI-DICO and stands for Extende
Interchange Code. EBCDIC is arb§ code that defines 256 symbols. EBCDIC is still
used in IBM mainframes and midnge systems. By the time small computers started
getting developed the ANSI (American Natal Standards Institute) had started
developing the standards for computers.



ASCII

ANSIsO defined ASCI | character set us e
characters etc. ASCII stands for American Standard Code for Information Interchange
Today, theASCII character set is the most common.

In this scheme of coding characters 0 to 31 are control characters, 32 to 64 ar
special characters, 65 to 90 are uppercase alphabets, 97 to 122 are lowercase alphal
and 123 to 127 represent some common symB@si1l being a 7bit code specifies
characters only up to 127. There are variations that specify different character sets fc
codes from 128 to 255. The ISO (International Standards Organization) offers
different sets of charters for different languageugi®

Unicode

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

NUMBER SYSTEM

Before we go any further we need to study theousr types of number systems and
also the transformation rules to irHanvert 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 chargcare represented internally in a

computer. Decimal digits are also considered as characters and codes are assigned
them. These codes for digits are primarily used when digits are used merely as symbo
withnoivad uaessi gned t o (L3CS4B5 is theoregistatkoa mmbereof D
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 b
converted into binary system that uses amlp andf & . The combinat i (
ones can be used to represent the above given decimal numbers as we discussed earlie

For example, consider the decimal number 3455. The value of each digit is
determined by the digit itself (face value). The positof 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 t



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

To a decimal integer, we assign a value but before that we assign weights (plac
value) to each digit position. The weights are unity for the right most digit and changes tc
tens, hundreds, thousands ekwa 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:

A T - Z2x 100 - AxT + Ax1
2000 20 50 1 5 - D455

Thousands ITurdrards Tens Limirs

Puosition Pisition Mosition [ositiun

The notation used above is callée fpositional 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 th
system are strings of bits. For example, 10011 is aypimamber.

001>

most significant least significant
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

2as2=1,2=2 7=4,2=8,%= 16, etc.

As the powers of 10 are importantthe decimal system, similarly the powers of 2
play an important role when it comes to representation in the binary system. A table i
given below which gives powers of 2 and their decimal equivalents. The abbreviation

K stands for 1024 and is taken @00 (a kilo) approximately. Similarly the notations
mega stands for 1024 x 1024 and so on.

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

2O 1 211 2048 2K

21 2 212 4096 4K

22 4 213 8192 8K

23 8 214 16384 16K

24 16 215 32768 32K



32 216 65536 64K

5
6
2 64 217 131072 128K
7
8

2 128 218 262144 256K
2 256 219 524288 512K
29 512 220 1048576 1M
210 1024 1K 221 2097152 2M

Representation of fractions (L2)
Decimal fractions are interpreted as

11455 < KSTH CRR [ gan’

A T A B
Decimal Ome- tenth One-1Tundredth COnpe-Thousandth
Pisirtt I'usitinn Position Position

Negative powers of 10 (the base) are used as the weights for the digits in thi
fractional part of the number.
A binary fraction is represented by a string 6f4 &rsd o t he ri gt

point. The bits are multiplied by negative powef to obtain the decimal value of
the binary fraction as:

1.1101 -1::- | 1x2" 1 Dx | x
[ A T A
Paint

= 13/16

0.8125 (In Decimal)

Examples
1. (110101.11 = 1x2 + 1x2' + Ox2Z + 1x2 % + 0x2* + 1x2
1x271 + 1x27 2
32+16+0+4+0+1+Y5 +14Y,
53+
53.75
10
2. (1011.011) = 1x2 +0x2® +1x2" + 1x2 + ox2* +1x22

+1x2°3



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 O, add 1, obtain 1 and continue adding 1 successilfeletget 9. That
means in base 10 there are symbols from 0 to 9. Now when we add 1 to 9 we get 10
gets carried to the tens position in the decimal system. Similarly we count 100 afte
reaching 99 and so on. Counting in binary proceeds exactly inrtlarsiashion:

0, 1, 10, 11, 100, 101, 110, 1

The table given below shows the binary counting sequence. Observe that we require
bits to represent decimal numbers 0, and 7 bits to represent 8 and 9. Thus we can say
an average therae 3.2 bits (binary digits) required to represent a decimal digit [(8 x

+ 2 x 4)/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 dewial number.

Thus the binary equivalent of a ten digit decimal number would be 32 bits long.
Donbt you think that writing such | ong
error prone task? This problem is solved to a great extent by using thesbiexald
number system, which uses 16 as a base. There are sixteen symbols used by f{l
system vi z. : 1, 2, 3, 4, 5, 6 , 7, 8, C
used to represent the numbers 10, 11 12, 13, 14 and 15 respectively. We gekd onl
bits to represent a hexadecimal digit. The table below gives the hexadecimaldsgstem
symbols, their decimal and binary equivalents.

By iz bzl Dl Biinsy Hanadovin Coainul
g el equivalenl (RO UTIEE weqaivalenl

el

8111 7 7 11

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

Examples



1. Headecine. honker - L L IJ L
The binary number (110111100010108Xonverted into its hexadecimal
2

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

inany Mumber : e 1 1101 Tt U1
E 2 . a A

2. Hoxadacimal Number @ | o

The binary number (00111011100.10010%@@):onverted into its

hexadecimal equivalent by the same method as explained bhbbtree 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 fourbdissO ar e I ntr o
left most position in the left most group in the integer pamt in the rightmost
position in the right most group in the fractional part.

CONVERSIONS

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

Decimal to other Number Systers

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

Power Method

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

Subtract the highest number, which is obtained by raisia@dtwers of the
radix from the number, which is to be converted.

Obtain the remainder, say R.
Subtract the next highest number from this remainder.
Repeat the process till the remainder is zero.

Now multiply the power, which have been used with ond,aaltiply the
powers which have not been used by zero.

Remainder Method

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



divide the gven 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 zecomes as quotient.

Fraction Conversion

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

Multiply the radix of the proposed system with the fraction to be converted.
Note down the resulting integer (if any), otherwise put down zero in that place.
Repeat the multiplication with the resulting fraction.

Keep repeating the procedure tilethraction vanishes or you encounter the
recursive fractions.

Examples
1. By using the Power Method:
(i) (220)0

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




1 | e A R
-.';i- B 2=1=x2
a3 - 2 -1xY
4
4 p I-1xT
1x 2
1x 26
0 x 25
1x 24 1
1x 23 1
1x 2 1
0 x 21 0
0 x 2O 0
Thus, the binary equivalent of (220)s (11011100
(i) (674)0

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




w

PERTE
;
1x2 1
0x2 0
1x2 1
0x2 0
1x2 1
ox 2 0
ox 2 0
0x2 0
1x 2" 1
0x 2 0

Thus, the binary equivalent of (67 is (101010001(
10 2

By using the Remainder Method
(i) (220)0

o L A

53 L

13 1
[ 1
K] [N

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

2

(i) (674)0



2 BT &
2 16k
2 42
2 11
2 10
b L
a z
2
n

Thus, the binary equivalent of (644)s (1010100010)

Fraction Conversion
(i) Converting (0.40) to binary form
2

Radix =2

Fraction Integer
040 x 2 050 0
80 x = .40 1
060 x = 1.20 1
020 x 2 = (.40 I
040 x 2 = (150 N
thus binary equivalent of ({141} 5 HLOTIN. v
i 2

(ii) (1225)

Radix =2
Integer part = 12.
Using the remainder method:

2 12 4
2 i 4
2 1
(0 1
Thus, the binary equivalent of (1 is (1100

10 2

Fraction part = (0.25)
10

Traction Integer
023 x 2 .50 il
50 x 2 = 1.00 1



The binary equivalent of (0.25% (01)
10 2
Thus, the binary equivalent of (12.2 is (1100.D)
10 2

Decimal to Octal

Integer
(98)0
Radix =8
) 12 2
1 B
0 1

Thus, the octal equivalent of (9 is (142

10 8

Fraction
(423.03125)
10

Integer part= 423

8 423

! 52 7

6 1

Thus, the octal equivalent of (42 is (647

10 8

Fraction Part = 0.0R25

I'rastiom Instosner
3

D023 % & = 0050 0

& X &= N2

That is (0.03125) = (0.02)
10 8
Thus, the octal equivalent of (423.031: = (647.02
10 8

Decimal to Hexadecimal

Integer
(8234)
10



L #2534
[ q14 10 A
14 32
14 2 Il
1

Thus, the hexadecimal equivalent of (82 is (202A

10 16

Fraction
(0.225)
10

Thus, tke hexadecimal equivalent of (0.225is (0.39)6
Binary System to other Number Systems

Binary to Decimal Number System

Binary numbers can be converted to the decimal number system by multiplying eacl
binary digit with its respective position weight atinen adding all the results. Here are
a few examples.

(10100011)
2

= 128

1R2

2. (1101)
2



Binary to Decimal (Fraction)

Binary Fractions are converted to the decimal number system by multiplying eact
digit by its respective positioweight (that is the negative powers of the base 2) and
then adding them together. Here are a few examples.

(1011.11011)
2

Consider the integral part first

= bl

0 x = 0

I ] 4 o rJ
- re e

|
-

L1
Consider the fraction part now:
Fraction = (0.11011)

2

= 1x2t+1x2"% + 0x2% +1x7*x1x2°

v +1/4%+ 0 +1/16 + 1/32
(0.84375)

10

Thus, the decimal equivalent of (1011.11011) is (11.84375)
2 10

Binary to Octal Number System

Binary numbers can be converted to the octal number system by two methods:
By converting the binary number first into the decimal number system, and then
converting the number so obtained into octal number system.

By grouping three binary digits to produce a single octal number proceeding
from the least significant bit to theast significant bit.



Here are a few examples.

1. Integer

(1101001013

First, convert the above binary number to its decimal equivalent by multiplying
each digit with its respective position weight:

1 1 0 1 0 0
1 0 1 2s 27 2s
25 24 23 22 21 20
256 12€ 0 32 0 0
4 0 1
256 + 128+0+32+0+0+4+0+1
421

Now convert this decimal to its equivalent octal form:

8 421

8§ 82

8 6 4

Thus, the octal equivalent of (423)s
(645)% (110100101) = (421)0= (645}

Convert the same number by the setamethod, that is by grouping the binary
number.

Lineary MHomba 1]
grovprd m D Lxlal

Ir aquiveimnt A2
capraonntial lovan

Ir dezimal form 1 2 i 1 21 1 2 1

I acstual freen G450 2211 750 T x) 41  T<lX 1 IxC A1 1 1xCG 1 1y

Therefore, the octal equivalent of (110100104)645)s
2. Fraction

(110111001.10000%)

Let us first convert the above given binary number to its decimal equivalent:



Integer part:
(110111001 = 1x 2 + 1x2" + 0x2P + 1xZ + 1x2F + 1x2 + 0x2Z + Ox2" + 1x2
256+128+0+32+16 +8+0+0+1
(441)0

Now convert this decimal form into octal form:

8 441

& 55 |

8 @ 7

X ;
U h

Thus, the octal equivalent of integer part 442 is (671)
Fractional part:
(0.100001) =2+ 1/64

33/64

(0.515625j0

Now convert this decimal form into octal form:
Fraction = 0.515625

Fraction Integer
0.515625 x 8 = 4.125 4
0.125x 8 = 1.000 1

Thus, the octal equivalent of (0.515625 ) (0.41)
Therefore, (110111001.100008(441.5156250= (671.41}

Binary to Hexadecimal

For converting a binary number into its hexadecimal equivalent, it should first be
converted into groups of four bits, and then these groups should directly be converte
into their hexadecimal equivalents. The foliogyexamples illustrates the method.

(1110100010111109)

1119 L1300 01l 1o

a5+ It n240 x In3+DnA+ w2+ | vA=(vl=IxZe ¥ I3+ IxA+0x2+0c ]

11=E 3=5 1i=R 12=C



Thus, the hexadecimal equivalent of (111010001011%18@ES8BC)s

Even the fraction part is converted into a group of four bits, and then further convertec
to its corresponding hexadecimal no@n. The grouping starts from the very next bit
after the decimal, and proceeds towards the right. Here are a few examples.

(0.11001101

1100 1101

12=C 13=D

Therefore, the hexadecimal equivalent of (0.110014981D.CD)s

Octal Number System to othe Systems

Octal to Decimal

For converting the octal number to its decimal equivalent, each digit is multiplied by
its respective position weight, and then added, to get the desired octal number. See t
following example.

(349%

4 9

192 32 9
192+32+9
(233

For converting the fractional octal number to its decimal equivalent, each digit is
multiplied by its respective position weights (i.e. the negative powers of the radix 8),
and then added together to get the result. See the following example.

(0.265)

2x8l+6x8%+5x87°
2/8 + 6/ 64 + 5/ 512

(0.353515625)

Therefore (0.26%)= (0.353515625)

For converting the octal number to a binary number, it has first to be converted into
decimal form and then to binary form. See the following examp



(243%
Convert the above given octal number to decimal form first:
(243) =2xg+4x8+3x¢

8

2X64+4x8+3x1
128+32+3
(163)

10

Now convert this decimal equivalent to the binary form:

2 163
s Le A

2 X1

[ 3]

40

20 0

Lo 0

2 | K2 (] (3] i}
I~ N

)

Thus, the binary equivalent (163) = (10100011
10 2

Therefore, (24: = (163) =(10100011

8 10 2
For converting the octal number to its binary equivalent, it has to be first converted
into its decimal form. See the following example.

(0.25)
(0.25 =2xdt+5x8?
8
= 2/8 + 5/64
= 21/64

= (0.328125)
10

Now convert this decimal number to its binary equivalent:



Traclion Inleger

DE2R125 « 2= 13125 5125 I
0E1ZF w Z=135 NZh I
(L25 w2 IE] 1.5 !

(LS w =114 (LR L] 1

Thus, the binary equivalent of (0.3281: is (0.1101
10 2

Therefore, (0.25) =(0.32812! =(0.1101)
8 2

10

Hexadecimal System to other Sstems

Hexadecimal to Decimal

Each digit of the hexadecimal number is multiplied by its respective position weight,
and then added, to get the number in the proposed system. See the following exampl

(E28B)6

E=14 2 8 B =11
16" = 446 16" = 256 16' = 16 16" =1
14 x 4065 2x 256 & x 16 11 x1
57544 512 128 11

57344 + 512 + 128 + 11

(57995)

10

Therefore, (E28B)= (57995)
16 10
Hexadecimal to Binary

1StMethod

A hexadecimal number can be converted to its binary equivalent by first converting it
to the equivalent decimal number, and then further converting the resultant decima
number to the biary number. See the following example.

(C3B1)
16
Convert (C3B1)to its equivalent decimal form:
16
0 _
1 X 16 = 16
B X 16" = 176

3 X 16 = 76¢&



cx 16 = 49152

- 5011:
Thus (C3B1) = (50112)

16 10
Now convert this decimal form ttsi equivalent binary form:

50112 4
25056 0
12528 0
6264 0
3132 {

1367 1

783 1
391

1
195 1
1
|

q7

48
24

12
3 I

SR (SR | SUTRN SO T o6 B 5 B (0[RS I [ 3% I | 5 I UG RS T I B AN 0N I 5N B o)

| |
(0 1

Thus, the binary equivalent of (501. is (110000111100000
2

10

Therefore, (C3B1) = (50112) = (1100001111000000)
16 10 2




an Method

The hexadecimal number is first converted into its decenalivalent, and then the
decimal number so obtained is further converted to a group of binary digits. It uses th
group of four bits to represent a single number

| wradouimy

acierad

inany it 23224 12¢ £Jdz2120 csd%cl1dv 28L22129

Viemy B liwe i i/ H o4 21 1 7 it ) S |

o 0%

ERROR DETECTING CODES

When a user types some data through the keyboard, typings emay occur.
Detection of errors during typing the data is essential to avoid delays and difficulties.
Hence, it is necessary to design a code, such that, if there is an error in the code, it ¢
be detected during data entry by a simple program. Prigtit@s not possible to
design a code so that an arbitrary error is detected. A code can be designed if the typ
of errors normally committed in data entry are known. Then the code will be able to
detect all such errors.

Type of ermor Fxample Qecurrence
Sng e travscription error 13087 = 19687 A0
e digil incorrecty vped)

Iranspnaition arror URh'3 =3 OL18S =
{Two digits are inwerchanged) 96523 3 04068

All olther errors

If a code is designedhich is able to detect the two types of common efir@gmgle
transcription and transposition errairsit would be good. Such a code has been
designed which is known as modulus 11 code.

Constructing Modulus-11 Codes

Let us construct a modulu$l codefor 34718.
Multiply the least significant digit by 2.
Multiply the digit to its left by 3.
Multiply the digit to its left by 4 and so on.
Add the products.
Divide the weighted sum of digits by 11.
Append 111 remainder to theight of the code.
This is the newode to be used.



After operating this rule on the given code 34718:

=3*6-4*5+7%*4+1*3+872=§5

S s

85 mod 11 =8

So, append 11 8 = 3 to the code and get the new code 347183. The remainder 3
appended to the code is called check digit.

If the remainder after division is 1, then
1171 1=10

In this case, the character 'X' is appended to the code.

Weights Now

If the remainder after division is O, then 0 is appended to the code.
For example,
If the given code is 45687, then
4*6+5*5+6*4+8*3+7*2=111
111/11 = quotient = 10 remainder = 1
Digit to be appended ( 1111) = 10. Use X to represent 10
45687X
Similarly, for the code 68748
6*6+8*5+7*4+4*3+8*2=132
132/11 = quotient = 12 remainder = 0
Digit to be appended will be 0.
45680

The modulusN check can be generalized for nroaomeric codes. If a code is
constructed with 10 decimal digits and 26 letters of the English alphabet, then the
value of N should be a prime greater than 36. The number 37 is prime. Hence,
modulug 37 check is suitable forghanumeric codes.

REVISION EXERCISES

Convert the decimal number 250.5 into octal and hexadecimal numbers.
Convert the following decimal numbers to binary

ones: a. 12.0625



673.23
10000
1998
Convert (225.22?0) to binary, octal and hexadecimal.

Cornvert (11010111.110) to decimal, octal and hexadecimal.
2

Convert (623.77) to decimal, binary and hexadecimal.
8

6. Convert (2AC5.D) to decimal, octal and hexadeci
16

Convert the following binary numbers to decimal numbers:
10.10001
101110.001
1110101.110
1101101.111



Add a modulusl1 check digit to the codes

48467
96432
87646257
Answers
1. a. (372.4)
8
b. (FA.8)
1€
2. a. 1100.0001
b. 1010100001.00111
C. 10011100010000
d. 11111001110
3. (225.225) (11100001.001110001
10 2
(341.16314) (E1.399)
0 H
4, (215.75) (11010111.110)
10 2

(327.6) (D7.C)
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Chapter 3:
INPUT AND OUTPUT DEVICES

INPUT UNITS

Data must be entered into a computer before processing may take place. You can en
data into the computer in mg ways. A device that allows the user to enter data into a
computer is called an input device. Most commonly used input devices are keyboard:
pointing devices such as mouse and track balls; and scanners. Many other speci:
purpose input devices are alawailable. Computers often have more than one input
device attached. For example, most personal computers have both a keyboard anc
mouse.

Keyed Input

Most input data is entered into the computer by using a keyboard. This input method i
similar to typhng on a typewriter.

Most typewriters and computer keyboards are QWERTY keyboards. The
alphabetic keys are arranged in a manner so that the-lghpeyw of letters begins
with the six letters Q W E R T Y. Designers of other keyboards claim that thed<oa
are easier to learn than the QWERTY keyboard. The Dvorak keyboard is one example
It is not widely accepted, however, because most people have already learned tt
QWERTY keyboard.

In different parts of the world, we find different keyboards. The apdised on
the QWERTY and Dvorak keyboards works with ahiBcode, which accommodates
256 different characters. Asian languages have many more characters. The Kan
alphabet, for example, has 50,000 characters. Japanese keyboards have to work witl
16-bit code to accommodate all the characters.

Computer keyboards also include keys that are designed to perform specific task
instead of entering characters only. These special keys include function keys
directional keys and speciplrpose keys such as AGtrl, Enter, Ins, and Esc. These
keys enable the user to perform complex tasks easily when using the application. Fc
example, many applications use a function key to access online help for the user.

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

Prolonged keyboard use can cause wrist problems, sometimes so serious as to



require surgery. To help prevent these problems, ergonomic keyboards have bee
introduced in the market.

One special type of keyboard construction tise MEMBRANESWITCH
KEYBOARD, in which a protective film covers the keyboard. Membrawéch
keyboards are reliable, durable and resistant to such hazards as liquids or greas
However, membrane keys require more pressure than keys on a standard comput
keyboard. You have probably seen membrandch keyboards in fagbod restaurants.
Membraneswitch keyboards are ideal in situations that require little actual keying.

Many computer systems are designed for SOURBGHA AUTOMATION.
These systems placeyboards and display units at the most convenient spot for data
entry. An example is the use of PoeoftScale (POS) cash registers in retail stores.
POS registers send data directly to a computer file for later processing. This techniqu
has an advantagbecause most stalled computer errors are actually keying errors.
Capturing data at the source minimizes errors, because the people who key in the de
are doing a variety of tasks and are, therefore, less likely to make errors due t
boredom or loss afoncentration.

A tiny chip, called the keyboard controller, detects that a key has been pressec
The keyboard controller places a code into a part of its memory, called the keyboart
buffer, indicating which key is pressed. This code is called the keyscecke. The
keyboard controller then signalstothecomputer system softwar e
happened at the keyboard. It does not specify what has occurred, just that somethir
has. The signal that the keyboard sends to the computer is a speciaf kiedsage
called an interrupt request. The keyboard controller sends an interrupt request to tr
system software when it receives a complete keystroke. For example, it you type th
letter6 D t he controller I mmediately i ssues

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

Pointing Devices

Wherever possible many people use pointing devices instead of keyboards . An inpt
device is used to move the pointer (cursor) on screen. Pointing devices minimize th
amount of typing donsequently, the number of errors). Movements of the pointing
device are echoed on the screen by movements of the mouse pointer and by oth
visual changes. The many pointing devices available include the mouse, the trackbal
the light pen, the digitizig tablet, the touch screen and the dmsed systems. Some

of them are shown below.



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

Mouse and Track Ball

The mousE is a palmsized device with a ball built into the bottom. The mouse is
usually connected to the computer by a cable (computer wires are frequently calle
cables) and may have from one to four buttons (usually two). A mouse may be
mechanical or ojtal and comes in many shapes and sizes. When you move the mous
over a smooth surface, the ball rolls, and the pointer on the display screen moves in tt
same direction. Apple Macintosh, with its graphical user interface, made the mous
popular. Today, mst microcomputer systems, regardless of the manufacturer, use &
mouse. With the mouse you can draw, select options from a menu, and modify o
move text. You can issue commands by pointing with the pointer and clicking a moust
button. In addition to miniming typing errors a mouse makes operating on a
microcomputer easier for the novice. The underside of the mouse houses a device tr
detects the movement of the mouse relative to the flat surface on which it sits. The 2|
motion of the mouse is typically tnalated into the motion of a cursor on the display.

A mouse is so called, primarily because the cord on early models resembled th
rodenbs tail, and also because the dart:.
to be mouse like.




Operating a mdwanical mouse. 1. Pulling the mouse turns the ball. 2. The X and
Y rollers grip the ball and transfer the movement. 3. The optical encoding disks
include light holes. 4. The infrared LEDs shine through the disks. 5. The sensors the
gather the light pulsae convert to X and Y velocities.

How does a Mouse Work?

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

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

Like the keyboard, the mouse does not send a message directly to the program th
the computer is running. Rather, it sends an interrupt requttst ©PU. The program
that is running checks regularly to see whether a mouse has been used; if it has, tl
program reads a memory location to see what has happened, and then reac
appropriately.

Like all input devices, the mouse needs some connectitretbost computer in
order to transmit its input. Typically the mouse uses a thin electrical cord (e.g-an RS
232, ADB or USB cable) for this purpose. It was most likely the combination of the
tail-like cord, its size, and shape, which led the inventéith® mouse to name it as
such. Cordlessii(t -fessd ) mi ce use wireless commur
infrared, radio or Bluetooth.

There are several other methods of using a mouse apart from the most basi
movement of the device to make a cursowvenA mouse click is the action of pressing
andreleasing (i@ c !l iéc)kiangbut t on on a mouse in or
the context of a Graphical User Interface (GUI), as in pressing an onstrigeand t b n
0cl idc kann g t , uter game o firmaa gonamagdirperson shooter. The clicking
noise is made due to the specific switch technology used nearly universally in compute
mice. This switch, called a micro switch or a cherry switch, uses a stiff but flexible metal
strip thatis bent to actuate the switch. The bending of the metal makes a snapping o
clicking noise in the same way as the safety button does on the lids of vpackaged
jars to indicate that they have been opened.

Single Clicking

It is the most common methad distinguishing mouséased input. On a singlautton



mouse this involves usingthe moGse o ne b ut t o nbutto®mouse,hte
involves any one of the buttons, and is usually characterized by which button is
pushed (e.qg. leftlicking, rightclicking).



Double Clicking

A doubleclick occurs when the user presses the button twice in quick succession. This
triggers an action separate from that of a skujiiek. For example, in the Macintosh
Finder, the user singlelicks to select a file, andodible-clicks in order to open that file.
Usability studies have found that the doublek can be confusing and hard to use

o0 for example, users with poor motor skills may not perform the second click fast
enough, with the result that the action is ipteted as two singlelicks rather than a
doubleclick. Ironically, the doublelick was introduced because the previous solution

0 separate mouse buttons for separate actionsas also found to be confusing in
user studies. Most multiplleutton mice allav setting one button to emit a double click

on a single press.

Triple-click

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

Click-and-Drag

Auseridroiagas mouse by depressing and cont
while moving the mouse across the surface.

A TRACK BALL is like an upsidelown mouse. Used in the same way as the
mouse, the trackball is frequently attached to or built into the keyboard. It is a pointing
device consisting of a ball housed in a socket which contains sensors to detect th
rotation of the ball ontwo axe$® like an upsidedown mouse, but with the ball
sticking out more. The user rolls the ball with his thumb, finger, or the palm of his
hand to move the cursor. Trackerballs are common on CAD workstations for ease o
use, and also on modern portabtanputers, where there may be no desk space on
which to use a mouse. Some trackballs clip onto the side of the keyboard and hav
integral buttons, which have the same function as mouse buttons. The main advantas
of a track ball is that it requires less HBespace than a mouse. Some individuals in the
computer industry believe that devices that do not require as much space to use w
soon replace the mouse.



Logitech Marble Mouse Trackball

A mouse is not a practical option for people usingpdp computer in a small
space. Early alternatives, such as trackballs clipped to the side of the keyboard, ha
not proved satisfactory either. The Apple PowerBook uses a central trackball. The
IBM ThinkPad replaces the trackball with a red plastic byttalled a trackpoint,
located in the middle of the keyboard. You move the button with your thumbs. The
newest Apple PowerBooks have a small square of plastic on the front of the keyboar
which moves easily to control the pointer.



Touchpad

The TOUCH PADiIs a stationary pointing device that many people find less tiring to
use than a mouse or a track ball. The movement of a finger across a small touc
surface is translated into cursor movement on the computer screen. The touc
sensitivity surface may be ju$.57 2 inch square, so the finger does not have to move
much. Its size makes it most suitable for notebooks and laptops.

Joysticks

A JovsTick IS a pointing device often used for playing games. It has a gedikaift
lever that is used to move the ptar on the screen. On most joysticks, a button on the
top is used to select an option. In industry and manufacturing, joysticks are used t
control robots. Flight simulators and other training simulators also use them. Most
joysticks are twedimensionalhaving two axes of movement, just like a mouse, but
threedimensional joysticks also exist.

Joysticks are often used to control games, and usually have one or more pus
buttons whose state can also be read by the computer. Most I/O interface cards for P(
have a joystick (game control) port. Modern joysticks generally use a USB interface
for connecting to the PC.

An analog one is one that has continuous states, i.e., it returns an angle measure
the movement in any direction in the plane or the spandh® other hand, a digital
joystick gives only on/off signals for four different directions, and for mechanically
possible combinations (such as-ight, downleft). Additionally, joysticks often have
one or morefire buttons which are used to triggeosie kind of action. These are
digital.
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Joystick elements: 1. Stick 2. Holder 3. Fire button 4. Extra buttons 5. Autofire
switch 6.Throttle 7. Hat Switch 8. Sucker



Touchi sensitive Screens

Perhaps the easiest way to enter data isthéhouch of a finger. TOUCH SCREENS
enable the user to select an option by pressing a specific part of the screen. Touc
screens are commonly used in grocery storesfdast restaurants and information
kiosks.

Peri based Systems

Pen based Systems amspecially useful for people who do not like to type or for
those who are frequently on the move. PERSONAL DIGITAL ASSISTANTS (PDA),
such as the Apple Newton, are designed for people on the go. The Newton can lin
entries with data on stored files. For exde, if you write, A Ca | | Anni e
Happy Birthdap , t he Newt on faldodsdlod slti mendds d p pndkr
number from your telephone directory. If your friend Ken moves, you can simply
change his address and phone number. The Newtoassequally well as a calendar,

a calculator and a notepad.

Penbased systems are not peréethey do not always register handwriting
correctly. Perbased computing is just beginning to gain widespread acceptance. Fol
example, many stores no longer askuysign a carbon form to charge a purchase;
instead you sign on a tablet that automatically records your signature.

Many engineers and architects use a different type of pen called a LIGHT PEN.
The light pen uses a photoelectric (light sensitive) celhtbcate the screen position
to the computer. You operate the pen by touching it to the screen. Light pens ar
frequently used for Computé&tided Design (CAD) applications.

Another tool used in CAD and other graphics applications is a digitizing tablet. A
DIGITIZING TABLET consists of a grid on which designs and drawings can be entered.
Most tablets are pressusensitive and the user draws directly on the tablet using a
special pen called arvLus or a puck. Digitizing tablets are used to design cars,
buildings, medical devices and robots.



DATA SCANNING UNITS

Optical Recognition Systems (ORS)

Optical Recognition Systems provide another means of minimizing keyed input by
capturing data at the source. These systems enable the compiiterdoa dl at a
scanning printed text for recognizable patterns.

In the 1950s, the banking industry developed one of the earliest scanning systemn
for the purpose of processing cheques. The Magnetic Ink Character Recognitior
(MICR) system is still used throughout the bamkimdustry. The bank, branch,
account number and cheque number are encoded on the cheque before it is sent to
customer. After the customer has used the cheque and it comes back to the bank,
that needs to be entered manually is the amount. MICRdtdseen adopted by other
industries because the character set has only fourteen symbols.

Bar Code Readers

Of all the scanning devices, you are probably most familiar with BAR CODE
READERS. Many retail and grocery stores use some form of the bar cabl tea
determine the name of the item being sold and to retrieve its price from a compute
system. The code reader may be a Haeld unit or it may be embedded in a
countertop. The bar code reader reads the Universal Product Code (UPC), a pattern
bars printed on merchandise. The UPC has gained wide acceptance since it
introduction in the 197® s . Il nitially, workers resis
system was used to check their accuracy and speed. Today, bar codes are used
update inventory ahensure correct pricing. Federal Express uses a unique bar code ft«
identify and track each package. Federal Express employees can usually tell
customer within a matter of minutes the location of any package.

Many different types of barcode scannersaalable. They can be distinguished
in the following manner.

By light source:
LED scanners,also referred to a8CD scannersd even ifthe CCD is in
fact the photo conductor.

Laser scannersmuch more expensive than LED scanners, but capable of
scanning barcodes at a distance of up to 25cm (~10")

By housing:
Hand-held scannerwith a handle and, typically, a trigger button for switching



on the light source

Pen scanners(or wand scanner$, a penshaped scanner that is swiped
acrossa barcode

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

Optical Mark Readers

You would probably be familiar with Mark Sense Character Retiognsystems if

you have ever taken a written examination ofithe i | | Il tly@ebulBhbi
are called Scantron forms. They use a #2 lead pencil; you darken the circular area wit
the pencil creating input suitable for an OPTICAL MARK READER (RMA #2

lead pencil works best because of the number of magnetic particles in that weight leac
The OMR senses the darkened marks, enabling the reader to determine whic
responses are marked. OMR is very helpful for researchers who need to tabulat
resporses to large surveys. Almost any type of survey or questionnaire can be
designed to be suitable for OMR devices. An OMR unit can be attached to a
microcomputer and the data transferred to a file directly.

Optical Scanners

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

Depending on the volumend type of material to be scanned, you can use a drum
scanner, a flatbed scanner, a sheeted scanner or even a small handheld scanner.
small, handheld scanners (priced at about $150) are used most frequently witl
microcomputers; however, only 5 per tefiall microcomputer systems are equipped
with scanners. In 1995, manufacturers responded terekmtance to scanners by
releasing a number of new, small paper scanners priced between $200 and $500.
1994, fullpage scanners cost between $500 ar@$ost of these new devices sit
between the keyboard and the monitor and can interface with a fax machine; send «
mail, and store documents on the disk for archive purposes.

Voice Recognition Devices



Voice input and control systems have the potentfalewolutionizing the way we
communicate with computers. Steady progress has been made in this area, althou
some problems still exist. The day may soon come when we will be able to talk to ou
computers the way the actors do inBcnovies like Star Tek.

Computer scientists and linguists have been working on VOICE RECOGNITION
SYSTEMS for two decades. The major difficulty has been that different people spealk
with different accents and intonations. For this reason, most successful voice
recognition sysms require a period éft r ad nfionrg t he system t
anindividuabs accent and intonati on.

The first few systems could recognize only a few dozen words. A system recently
released by IBM, known as Voice Type, is capable of recogniangany as 32,000
words and is speak@ndependent.

Voice recognition has unlimited possibilities and will make computers much easier to
use. Speech recognition systems are already being used in many types of settings.
factories, workers use speech rgeibion systems to control robotic arms when the
workeb s own hands are busy. Speech recogr
people to use computers. A microcomputer Voice User Interface (VUI), capable of
recognizing input from a variety of individis, will be considered standard soon.

VIDEO DIGITIZERS can capture input from virtually any type of video device,
such as VCRs, television and camcorders. Audio digitizers can digitize music or voice
from a microphone. It is fairly easy to capture a porbf a television show, add some
music that complements the picture and play back the result on a microcomputer t
create a multimedia presentation.

OUTPUT UNITS

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

Most output can be divided into two categories: soft copy and hard copy. Soft copy is
ideal when you are writing a document, playing a game, watching a video clip, orgreadin
the latest news. Soft copy is what you see on the monitor. It is temporary; after you hav
finished with it, there is nothing solid to hold. You can, however, transfer soft copy to a
disk to transport it. Hard copy on the other hand, can be touchedaretclt is usually
some form of paper output. It is especially helpful if you need to have a colleague look a
your work or you need to give your work to a supervisor or a teacher.



Monitors

When you think about viewing computer output, you probakdyalize a monitor.

Monitor output is soft copy; when you have finished viewing it, you cannot move it.
Monitor displays are the most common form of soft copy.

Sometimes when watching television, you may notice that the picture looks a little
snowy. Thiscondition occurs because the images are not solid but rather created b
configurations of dots. These dots, or picture elements, combine to form the imag
you see. The more picture elements, also known as pixels, there are the better is t
resolution ofthe image. The better the resolution, the clearer is the picture. Computer
monitors are similar to television screens.

The large monitors that you see connected to desktop computers are €Réyode
Tube (CRT). Monitors that are used on laptops and notebomputers are known as
flat-panel displays. Flgbanel displays weigh less and consume less electricity than
CRTs. Common types of flgganel displays include Liquid Crystal Displays (LCDs),
Electro Luminescent (EL) displays and Gas Plasma (GP) disptatganel display
monitors are still more expensive than CRTSs, but eventually their prices are expecte
to decrease. (PixelVision recently released anté flatpanel display that includes a
two million-color palette and sells for $10,000.) Can yougma monitor hanging on
the wall like a painting? It may be common in a few years.

Most new monitors are SVGA (Super Video Graphics Adapters), with a pixel
configuration of 800 by 600 at lovesolution mode and 1024 by 768 at high
resolution mode. The 8t number designates the horizontal pixel, count, and the
second is the vertical pixel count. The higher resolution, with more pixels, provides a
clearer, more detailed image. Each pixel displays a single color at a time. Each color |
represented by a nuanic code. For example, bright red could be 12. If the monitor
displays only 16 colors, the numeric code can be represented with only four bits. Tc
display 256 colors (each with its own code) requires eight bits.

One monitor may looki s h ar p éhra rr, exeem tboudh ehey may have

the same pixel configuration. This is due to the dot pitch, which is the distance
between pixels. A .28 dot pitch gives a crisper image than a .30 dot pitch. The .28 dc
pitch is fairly standard. You should consider dot pitdten purchasing a monitor. The
dot pitch is built in by the manufacturer and cannot be changed.

With users increasingly viewing video clips, animated objects and complex graphics,
monitors have taken on a new importance. Users now must decide how laagetar
they need. Fourteeimch to seventeemch monitors are commonly used with desktop
microcomputer systems. Larger monitors are available, but are expensive.



Display in black and white (monochrome) or color categorizes monitors.
Monochrome monitorare rapidly becoming a thing of the past, as most applications
today require color. In fact, a display of 256 colors is usually necessary for working
with informational CDROMs and clipart collections.

In order to connect a monitor to a microcomputery youst have a graphics
adapter board (also known as a video card). Each type of monitor requires a differer
type of board. The graphics board plugs into an expansion slot inside the computer ar
the monitor plugs into the board.

In order to run today sraphicsintensive programs properly and quickly, most
graphic boards come with some memory capability, known as video memory. It is
important to realize that Video RAM (VRAM) must meet higher performance
specifications than regular RAM. It is recommendedt tinstead of using RAM on a
video card, the user should place VRAM or dynamic RAM (DRAM), which is slightly
slower than VRAM, on a video card.

The refresh rate of a monitor is also important and is affected by the video card
Even a steady image is caastly regenerated, or refreshed, from top to bottom. A
slow refresh rate of 60 times per second (60Hz) can cause headache; 70Hz is
reasonable minimum. Some monitors, known as interlaced monitors, refresh evern
other line; noAnterlaced monitors are @ason the eyes. The Motion Picture Expert
Group (MPEG), has developed standards for video compression that improve th
guality of the video on the monitor. MPEG drivers are available as software or as
hardware (builin video card).



Audio Output

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

New sound cards even include the capability to have th@utenread a text file
to you while you continue working on a different application. Voice input and output
has proved helpful to individuals with speech and vision impairments. People with
speech impairment can key a message into a computer and havenih&er repeat
it. Of course, computer generated voices are not human; they are synthesized. Spee
synthesis, having the computer speak, is a much simpler process than spee
recognition.



Printers

The second most common form of computer output is thtgalr document. Although a
computer can operate perfectly well without a printer, it is certainly helpful for the user to
have one. Because you can hold printed output, it is considered a form of hard copy.

Printers can be categorized by whether anytimmeghanical touches the paper;
whether they do or do not produce a solid character or how many pages or a line, or
character they produce, at a time.

When a part of the printer presses the paper to form the character, the printer i
considered an impagirinter. Impact printers can produce carbon copies and are fairly
loud, although covers are available to muffle the noise. In contrastjmpact
printers are quiet. However, because nothing presses on the pagangaonhprinter
cannot produce carbaropy. This fact is usually not a problem because it is easy to
produce multiple originals, but sometimes carbons are required for legal purposes.



Impact Printers

Impact printers can produce a page, a line, or a character at a time. Large compute
use Ine printers. The main drawback of line printers is that they can produce only text
and no graphics.

Many small computers use character printers. Although only one character can b
produced at a time, many types of character printers can produce graphiell as
text. The most common character printers create images by using a dot pattern. The
printers are known as dot matrix printers. If you use a magnifying glass to look at a
report created with a DOT MATRIX PRINTER, you can see the small dots fgrmin
each character.

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

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

Non-impact Printers

Non-impact printers are increasing in popularity largely because of improvement in
print quality coupled with decreasing cost. Niampact printers can produce both text
and graphics. Because nothing actually strikes the papeimpatt printers are fairly
guiet. Some of the most popular rmnpact printers are laser printers and inkjet
printers.

Laser Printers

Laser printers work in the same manner as copy machinaseAbeam creates electrical
charges that attract the toner to form an image and transfer it to paper. A printer uses tt
laser and the electrophotographic methods to print a full page at a time. The laser is use
tohpadi naa char ged dwhicmthemonerhs applied &nd then transferred
onto paper. Laser printers come in a variety of sizes; generally the larger and faster th
printer, the more expensive it is. Large laser printers are used on mainframes an
minicomputers where high qualityraphic output is required. Smal,per 8 o hak e
printers are suitable for home use. Hewlett Packard recently began production of wireles
printers. The HP5P (IBM) and HP5PM (Mac) enable the user to



beam a document from the laptop to an infrared receivthe front of the printer. The
laptop needs to have a built in infrared transmitter installed, but no cables or wires ar
required.
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The Laser Mechanism: The laser printer uses electrostatic charges to (1) create :
image on the dim, (2) adhere the toner to the image, (3) transfer the toned image to
the paper, and (4) fuse the toner to the paper. The laser creates the imageaby  t i |
a negative of the page to be printed on the charged drum. Where light falls, the charg
is dissipated, leaving a positive image to be printed.

Inkjet Printers

Inkjet printers are also popular among microcomputer users. Although the resolutior
is lower on inkjet printers than on laser printers, it is higher than that of dot matrix
printers. Inkjet printers are significantly less expensive than laser printers.
Electronically charged ink is sprayed through a jet nozzle and passed through a
electronic field, which deflects the ink to form a dot matrix character. Color inkjet
printers, which use mufile nozzles, are available at very reasonable prices. Canon
recently released a color inkjet printer that weighs 3 pounds and stands 2 inches hig
The perfect choice of printer while traveling!

A well-equipped office at home or at workplace includesrdget printer, a fax
machine (with its own telephone), a copier and a full sheet scanner. A recent additiol
to the market is one device that does all four functions. The technology to print 8
document that has been faxed to you and the technology to cdpgument are
similar to the technology to print a document from a PC. All three technologies use
similar digital patterns and the mechanical aspects are nearly identical.

Other high quality printers include Thermabx printers, Dyesub printers, Fiery
printers and IRIS printers.



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

The dyesub printer is a printer that produces contiustone images that look like a
photographic film. It uses a ribbon containing an equivalent panel of dye for each page ftt
be printed. Color printers have either three (CMY) or four (CMYK) consecutive panels
for each page, thus the same amount of ridbarsed to print a fulpage image, as it is
to print a tenth of the page. Special dgeeptive paper is used, and the consumables
(ribbon and paper) cost more than other printer technologies.

The paper and ribbon are passed together over the print Weath contains
thousands of heating elements that can produce varying amounts of heat. The hott
the element, the greater is the amount of dye released. By varying the temperatur
shades of each color can be overlaid on top of each other. The dyfremsparent and
blend into a continuoutne color.

Fiery printer servers are special type of computers that transmits documents to
digital color copier, where they are printed.

IRIS printers are largéormat color printers from the Iris Graphics dies of
CreoScitex, that are used for digital proofing. Iris printers use a patented continuou:
inkjet technology to produce consistent, continutarse, photerealistic output on
several varieties of paper, canvas, silk, linen and othefilmaw textiles.lris prints are
widely noted for their color accuracy and ability to match printing and proofing
standards. They are also known for theirdoest consumables as compared to other
technologies.

Plotters

A plotter, like a printer, produces hard copy autpPlotters, which produce high
guality color graphics, are usually categorized by whether they use pens ol
electrostatic charges to create images. A continuous curve plotter is used to draw ma|
from stored data. Computer generated maps can be ret@eneglotted or used to
show changes over time. Plotters are generally more expensive than printers, rangir
from about $1,000 to $75,000 (or even more).

A plotter uses a robotic arm to draw with colored pens on a sheet of paper. The
instructions that a pkter receives from the computer consists of the color and the



beginning and ending coordinates for a line. With this information, the plotter picks up
the appropriate pen, positions it at the beginning of the coordinates drops the pe
down to the surfacef the paper and draws to the ending coordinates. The plotter draw
curves by creating a sequence of very short, straight lines.

REVISION EXERCISES

Fill in the blanks
1. . cannot produce multiple copies.
The capability of a computer to undiansd verbal instructions is called.........
.......... produces highuality graphics.
............ keyboard is most commonly used.
.......... can be used to input the picture in the computer.
............ displays the soft copy.
........... printers us@fra-red receiver to receive a document
The banking industry uses .............
Personal computers use ......... and ......... input devices, most commonly.
............. keyboards are resistant to liquids and grease.
............ are the smallest g of computers.

Answers

1. Non-impact Printers 2. Voice recognition 3.
Plotter

4 QWERTY 5. Scanne

6. Monitor 7. Wireless

8 MICR

9 Keyboard, Mouse

10. Membrance Switch

11. Personal Digital Assistan

REVIEW QUESTIO NS
List four types of output devices.
Describe various types of input devices and differentiate amongst them.



Write about various types of scanners.

What is the difference between impact and-imopact printers?
Write a note on trackballs.

What is arMICR?

Why are Personal Digital Assistants becoming popular?
Write a brief on all the types of input devices.

Write a note on scanning devices.

What do you think can come after voice recognition devices?



Chapter 4: COMPUTER MEMORY

THE MAIN MEMORY UNI T

The main memory, also known as the primary memory, is a part of the central
processing unit and is a combination of both RAM (Random Access Memory) and
ROM (Read Only Memory).

RANDOM ACCESS MEMORY

The random access memory is a reade memory i.e.nformation can be read as
well as written into this type of memory. It is volatile in nature, i.e., the information it
contains is lost as soon as the system is shut down, unlegsstadv ebdy t he
further usage. It is basically used to storegpams and data during the compater
operation.

RAM Basics

A memory chip is an Integrated Circuit (IC) made of millions of transistors and
capacitors. In the most common form of computer memory, Dynamic Random Acces:
Memory (DRAM), a transistor and a macitor are paired to create a memory cell,
which represents a single bit of data. The capacitor holds the bit of informati@r

a 1. The transistor acts as a switch that lets the control circuitry on the memory chij
read the capacitor or changestate.

For dynamic memory to work, either the CPU or the memory controller has to
come along and recharge all of the capacitors holding a 1 before they discharge. To c
this, the memory controller reads the memory and then writes it right back. This
refresh operation happens automatically thousands of times per second.

This refresh operation is where dynamic RAM gets its name. Dynamic RAM has
to be dynamically refreshed all of the time or it forgets what it is holding. The
downside of all of this refreshg is that it takes time and slows down the memory.

Memory cells are etched onto a silicon wafer in an array of columns (bitlines) and
rows (wordlines). The intersection of a bitline and wordline constitutes the address o
the memory cell.

DRAM works bysending a charge through the appropriate column (CAS) to activate
the transistor at each bit in the column. When writing, the row lines contain the state the
capacitor should take on. When reading, the sensglifier determines the level of
charge in theapacitor. If it is more than 50 percent, it reads it as a 1; otherwise it reads it
as a 0. The counter tracks the refresh sequence, based on which rows have been acces
and in what order. The length of time necessary to do all this is so short



that itis expressed in nanoseconds (billionths of a second). A memory chip rating of
70ns means that it takes 70 nanoseconds to completely read and recharge each cell.

Memory cells alone would be worthless without some way to get information in
and out of themSo the memory cells have a whole support infrastructure of other
specialized circuits. These circuits perform functions such as:

ldentifying each row and column (row address select and column address select)

Keeping track of the refresh gegence (counter)
Reading and restoring the signal from a cell (sense amplifier)

Telling a cell whether it should take a charge or not (write enable)

Other functions of the memory controller include a series of tasks that include
identifying the type, geed and amount of memory, and checking for errors.

Static RAM uses a completely different technology. In static RAM, a form of flip
flop holds each bit of memory. A fliflop for a memory cell takes four or six
transistors along with some wiring, but mewhas to be refreshed. This makes static
RAM significantly faster than dynamic RAM. However, because it has more parts, a
static memory cell takes up a lot more space on a chip than a dynamic memory cel
Therefore, you get less memory per chip, and thakes static RAM a lot more
expensive.

So static RAM is fast and expensive, and dynamic RAM is less expensive but
slower. So static RAM is used to create the GRJ ssensigvd cache, while
dynamic RAM forms the larger system RAM space.



Memory Modules

Memory chips in desktop computers originally used a pin configuration called Dual
Inline Package (DIP). This pin configuration could be soldered into holes on the
computed s mot herboard or plugged I nt o a
motherboard. Thismethod worked fine when computers typically operated on a

couple of megabytes or less of RAM, but as the need for memory grew, the number c
chips needing space on the motherboard increased.

The solution was to place the memory chips, along with all ef ghpport
components, on a separate Printed Circuit Board (PCB) that could then be plugge
into a special connector (memory bank) on the motherboard. Most of these chips use
Small Outline dead (SOJ) pin configuration, but quite a few manufacturergdhese
Thin Small Outline Package (TSOP) configuration as well. The key difference
between these newer pin types and the original DIP configuration is that SOJ an
TSOP chips are surfageounted onto the PCB. In other words, the pins are soldered
directly tothe surface of the board, not inserted in holes or sockets.

Memory chips are normally only available as part of a card called a module.
Youbve probably seen memory | isted as ¢
number of the chips multiplied by themgacity of each individual chip, which is
measured in Megabits (Mb), or one million bits. Take the result and divide it by eight
to get the number of megabytes on that module. For example, 4x32 means that tt
module has four 32negabit chips. Multiply 4 by32 and you get 128 megabits. Since
we know that a byte has 8 bits, we need to divide our result of 128 by 8. Our result i
16 megabytes!

The type of board and connector used for RAM in desktop computers has evolve
over the past few years. The first tgpwere proprietary, meaning that different
computer manufacturers developed memory boards that would work only with their
specific systems. Then came SIMM, which stands for singlmémemory module.

This memory board used a-pin connector and was abip3.5 x .75 inches in size
(about 9 x 2 cm). In most computers, you had to install SIMMs in pairs of equal
capacity and speed. This was because the width of the bus is more than a sing
SIMM. For example, you would install two-r8egabyte (MB) SIMMs to del6
megabytes of total RAM. Each SIMM could send 8 bits of data at one time, while the
system bus could handle 16 bits at a time. Later SIMM boards, slightly larger at 4.25 >
1 inch (about 11 x 2.5 cm), used a-@id connector for increased bandwidth and
allowed for up to 256 MB of RAM.



From the top: SIMM, DIMM and SODIMM memory modules



Common Ram Types

SRAM
Static Random Access Memory uses multiple transistors, typically four to six for each
memory cl, butdoes®t have a capacitor in each ¢
DRAM

Dynamic Random Access Memory has memory cells each with a paired transistor an
capacitor, requiring constant refreshing.

FPM DRAM

Fast Page Mode Dynamic Random Acckksnory was the original form of DRAM.

It waits through the entire process of locating a bit of data by column and row and ther
reading the bit before it starts on the next bit. The maximum transfer rate to L2 cachi
IS approximately 176 MBPS.

EDO DRAM

Extended Dataout Dynamic Random Access Memory does not wait for the entire the
processing of the first bit before continuing to the next one. As soon as the address of tF
first bit is located, EDO DRAM begins looking for the next bit. It is about five pdrce
faster than FPM. The maximum transfer rate to L2 cache is approximately 264 MBPS.

SDRAM

Synchronous Dynamic Random Access Memory takes advantage of the burst mod
concept to greatly improve performance. It does this by staying on the row containing
the requested bit and moving rapidly through the columns, reading each bit as it goe:
The idea is that most of the time the data needed by the CPU will be in sequenct
SDRAM is about five percent faster than EDO RAM and is the most common form in
desktopsaday. The maximum transfer rate to L2 cache is approximately 528 MBPS.

DDR SDRAM

Double Data Rate Synchronous Dynamic RAM is just like SDRAM except that is has
higher bandwidth, meaning greater speed. The maximum transfer rate to L2 cache
approximatey 1,064 MBPS (for DDR SDRAM 133 MH2Z).

RDRAM

Rambus Dynamic Random Access Memory is a radical departure from the previou:
DRAM architecture. Designed by Rambus, RDRAM uses a Rambus



In-line Memory Module (RIMM), which is similar in size and pin configuratto a
standard DIMM. What makes RDRAM so different is its use of a specialdpghd

data bus called the Rambus channel. RDRAM memory chips work in parallel to
achieve a data rate of 800 MHz, or 1,600 MBPS. Since they operate at such hig
speeds, thegenerate much more heat than other types of chips. To help dissipate th
excess heat Rambus chips are fitted with a heat spreader, which looks like a long thi
wafer. Just like there are smaller versions of DIMMs, there are als&IB®Is
designed for notedink computers.

Credit Card Memory

Credit card memory is a proprietary setintained DRAM memory module that plugs
into a special slot for use in notebook computers.



PCMCIA Memory Card

Another seHcontained DRAM module for notebooks, a card of thipetyis not
proprietary and should work with any notebook computer whose system bus matche
the memorycadls confi gurati on.

CMOS RAM

CMOS RAM is a term for the small amount of memory used by the computer and
some other devices to remember things like st settings. This memory uses a
small battery to provide it with the power it needs to maintain the memory contents.

VRAM

VideoRAM, also known as MultiPort Dynamic Random Access Memory (MPDRAM), is
a type of RAM used specifically for video adapters8dd accelerators. ThB mu | t0i p o
part comes from the fact that VRAM normally has two independent access ports instea
of one, allowing the CPU and the graphics processor to access the RAM simultaneoush
VRAM is located on the graphics card and comea variety of formats, many of which

are proprietary. The amount of VRAM is a determining factor in the resolution and color
depth of the display. VRAM is also used to hold grapisjpscific information such as 3

D geometry data and texture maps. True malti VRAM tends to be expensive, so
today, many graphics cards use SGRAM (synchronous graphics RAM) instead. The
performance is nearly the same, but SGRAM is cheaper.

Read Only Memory (ROM)

The Read Only Memory (ROM) contains nealatile or permanent formation. As

the name suggests, the information contained in this type of memory can only be reac
it cannot be altered or overwritten. Information is entered into the ROM chip at the
time of manufacturing. ROM chips are used for applications which reqair
permanent information, for example, a program for the functioning of the visual
display unit, or a program for controlling the working of a washing machine etc.

With the advent of technology, erasable ROMs have become available. We shal
discuss thesend otherROMs i n t he foll owing sectio

Types of ROM:

Programmable Read Only Memory (PROM): A PROM program is used to record
information in the PROM chip. Information once programmed into the PROM chip is
permanent and cannot be changed or erasedpifuess of entering the information
into the PROM chipisknowndsb ur ni ng ot PeROMR CM.i ps ar e



seldom used in modern day computers, but they still find their use in devices
where a permanent ROM is required.

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

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

Electrically Erasable Programmable Read Only Memory (EEPROM): EEPROM is
an electricdly erasable PROM. The use of electrical signals can alter the
information, and so the chip need not be removed from the board. One majol
advantage that this chip has over the EPROM is that even a single memory can k
altered, i.e., the entire memory neeat bbe erased and reprogrammed, unless so

required. The change in the contents of the EEPROM chip is made in
milliseconds, which is much less than the erasing time for EPROM.

Non-volatile RAM: A nonvolatile RAM combines a static RAM and EEPROM.
Such a deice operates as normal RAM but, in case of pefagure, the entire
contents of the RAM are stored in EEPROM. When the power is restored, the dat:
from EEPROM is transferred back to the RAM.

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

The main memory is for costlier than the secondary storage devices. Although the
ROMIC6s of wvarious computers dineRABCthipy ar
are available in wide ranges of storage capacities. In fact, the capacity of the randoil
access memory is an important specification of a computer.

A larger RAM means that larger programs (in terms of memory) can be loaded and



executed. Sympose you want to run a @88 program on a machine with @dB. This
means that the whole program cannot be loaded into the main memory, at onc
resulting in either the neaxecution of the program or a very slow execution.

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

Different memories can be classified on the basis of their concepts:
Access Mode: which means how easily they are accessible.

Access Time: the average &#mequired to reach a storage location and obtain its
content is called access time.

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

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

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

The Cache Memory

The cache memory lies in the path between the processor and the main memory. Tl
cache memory has lesser access time than the main memory and is faster than t
main memory. A cache memory may have an access time of 100ns, while the mai
memory may have arceess time of 700ns.

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

The need for the cache memory arises bexaafsthe mismatch between the
speeds of the main memory and the CPU. The CPU clock as discussed earlier is ve
fast, whereas the main memory access time is comparatively slower. Hence, no matt
how fast the processor is, the processing speed dependsmitie speed of the main
memory (the strength of a chain is the strength of its weakest link). It is because of thi
reason that a cache memory, having access time closer to the processor speed, v
introduced.

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

The cache memory works according to various algorithms, which debiaie



information it has to store. These algorithms work out the probability to decide which
data would be most frequently needed. This probability is worked out on the basis o
past observations.

Register

A register is a combination of memory storagedtions called fligflops. Each flip
flop is capable of storing one bit of information. Arbit register containe @ £ | i
flops and is capable ofstoriigh bi t s of i nfor mati on.

Accumulator

The accumulator is a register that is present within thnaetic logicunit. The
accumulator stores data, which is either the result of an operation, or which is to b
processed through arithmetic and logical operations.



Memory Data Register

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

Memory Address Register

The memory address register contains the address of the memory location (in the ma
memory) whose data is to be transfermsith the memory data register.

In the figure, the Memory Address Register (MAR) contains the address of the third
memory location, the data of which is transferred to the Memory Data Register (MDR).

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

Let the first instruction cause the number 13 to be placed in the accumulator. Whe
the control unit receives this instruction it decodes it and perfarensontrolling

and coordination function by sending the number to the accumulator. A special
purpose register, that holds the instruction currently being processed by the contrc
unit, is called the Current Instruction Register (CIR).

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

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

Once the numerical data has been edssn to the MDR, the control unit signals
the ALU to perform the SUBTRACT Operation which causes the number in the
MDR to be subtracted from the number in the accumulator.

AUXILIARY STORAGE MEMORY

The auxiliary storage memory, also known as the secgmdamory, is an external (to

the CPU) memory. The auxiliary storage devices store system programs, large dal
files, assemblers, compilers and other programs. In other words, the auxiliary storag
devices are used for bulk storage of data. The storageitapé these devices is
unlimited, as an empty device can replace them once the existing device is completel
filled. Even the individual storage devices, such as the magnetic tape, have mor
capacity than the main memory.

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



These devices are cheaper as compared gonthin memory. The information
stored in them is first transferred to the main memory and then processed by the CPL
The final result may then be placed in the secondary memory. It is because of this th:
the access time of the secondary memory is compahahigh. Hence, the data stored
In secondary storage devices take more time to process than the data already presen
the main memory. In fact, the access time for data stored in the secondary memory
one thousand times that for data stored in tagnmmemory.

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

Magnetic Tape

The magnetic tape is one of the oldest forms of computer storage.ahkussecond
generation computers used magnetic tape for most of their storage needs. Today, t
magnetic tape is not used as often. The reasons are discussed in this section.

Magnetic tape storage devices work in much the same way that a tape recorde
works. Instead of 'play' and ‘record’, the terms 'read’' and 'write' are used. The magnet
tape used by a computer is very much like the tape used on an audio tape record:e
Most mainframe computers use rdalreel tapes, minicomputers use cartridges
(similar to VCR tapes), and microcomputers use cassettes. Like the tape used in a taj
recorder, the computer tape can access what is stored on it only in the order in whic
the data has been recorded (sequentially). This lire#@deNTIAL ACCESS Which slows
down data access, is such a significant disadvantage that it is used primarily to back u
data that is also stored on disk or that will not be needed frequently.

There are some good reasons to use magnetic tape, despite the disadvantac
mentioned. Tapes oabe recorded, erased and reused many times, and they are
inexpensive. Tapes are easily transported from one location to another, and tape drive
can store large amounts of data quickly. Magnetic tape capacity is measured in bytes p
inch (bpi), known aghe tape density. Lowlensity tapes generally store 1,600 bpi and
high-density tapes can store 6,250 bpi. The newest tapes, call&ilR can store more
than 14 gigabytes on a single-Bt&tre tape. The speed, the storage capability and the
cost of the tap are the reasons why it is still frequently used as a backup medium.

Magnetic Disk

Disk drives can not only store large amounts of data, but also have the capability t
directly access a file or records. A MAGNETIC DISK, coupled with a disk drive that
can store and retrieve data on the disk, is a RANDOM ACCESS STORAGE
MEDIUM; that is, if you need the 1§§item, the drive head can go directly to that
item and read it. The diskdribes magneti ¢ head is call ec



When you insert a disk iatthe disk drive, the disk fits on a rod that rotates the
disk. The read/write head reads the magnetic impulses. It can move laterally above tf
surface of the disk, just as you would move a phonograph ar m t o | ocC &
track on an LP record. A fierent read/write head is used for each surface of each
platter in a disk pack. All the read/write heads are mounted on a single arm, so the
each head reads the same track and sector on its platter at the same time. It
important to remember that diskives are mechanical devices. Problems can occur,
so backup copies of important programs and data are essential.

Before a disk can be used for storage, it must be prepared by means of a proce
called FORMATTING. In this process, the disk dive r #eahdad lays down a
magnetic patternontheddks sur face. This pattern er
thecomputedh s operating system.

Data is recorded on a disk in concentric circular bands called tracks. The tracks o
a disk are similar to the goves on a phonograph record. Each track is divided into
pie-shaped wedges called sectors. Two or more sectors combine to form a cluster.

Most computers maintain on the disk a table with the sector and track locations o
data. This table, called the Fidlocation Table (FAT), enables the computer to locate
data easily.

There are two popular types of magnetic disks: floppy disks and hard disks. Mos
oftodayo s per sonal computers are equipped

Floppy Disk and Disk Drives

A floppy disk is a flaible circle of Mylar plastic. The 3:Bch version is encased in a
hard plastic cover. The 5.46ch version is encased in a square jacket that is harder
than the disk itself but is still flexible. The 3idch disk is a newer design as
compared to the 85-inch disk, which is rapidly disappearing.

Most personal computers are equipped with one or two disk drives. A disk drive
can perform two operations: read and write. A read operation is similar to playing a
CD-ROM. The driveii p | ¢Ga yisn f o r ma tdisloamd rélayitro thelprecessor.

A write operation is similar to recording on a cassette tape. The drive records
information on the disk. Unlike operating a cassette recorder, though, yéutdonh a v
to push buttons, these actions occur under thetaireof the program you are using.
Disks contain a writgprotection tab that you can open, to protect data from being over
written or deleted.

The density of the magnetic particlesonthedisk sur face det er.

of information that can be sted on a floppy disk. Doubldensity disks store more
than the singlelensity disks of a decade ago. But hagnsity disks are increasingly



common today.

Disks are inexpensive, usually costing less than a dollar each. The storage capaci
of floppy disks is relatively limited. In addition, because floppy disks spin only about
300 revolutions per minute, locating data (seek time), waiting for the disk to spin to
the correct sector (rotational delay time) are comparatively longer. (The combinatior
of seektime, rotational delay time and transfer time is known as the access time.) Fol
this reason, all new personal computer systems are equipped with hard disks, whic
have much more storage and operate considerably faster.



Hard Disks

A hard disk is similard a floppy disk, but the hard disk is made of rigid metallic
platters, can hold much more data and operate much faster. Most hard disks al
permanently encased in the disk drive, although some drives use removable cartridge
Removable disks, generally kwa as Bernoulli disks, consist of a single platter
encased in a plastic cartridge. Some of the newer removable cartridges, called zi
disks, can hold more than 125M on a single-iRch cartridge. A hard disk pack,
which is usually found in a desktop conteu(or larger), consists of several platters,
with data encoded on both sides of each platter. All tracks and sectors in the sarn
relative location on a disk pack form a cylinder. (For example, track 20 sector 2 on
platter s1 and track 20 sector 2 on e other platters in the disk pack form a
cylinder.) Many small notebook computers use a hard card, which is a small disk
mounted on an expansion card, rather than a full disk drive and pack.

Hard disks spin so rapidly that the read/write head doesonohtthe surface of the
disk. Serious damage can be caused if the read/write head encounters an obstacle, sucl
dust or a smoke particle, causing the read/write head to bounce on the disk surface.

Performance of hard disks is better than that of floghgiks because:

A single hard drive may have several platters, providing large data storage
capacities.

Most hard disks are permanently encased within the disk drive in a sealec

environment free from dust and dirt. The disk can spin very rapidly, with the

read/write headi f | ot a ma@v ebd st hseu rdfi ascke .

Hard disks spin at an average of 33,600 revolutions per minute, making data

retrieval very fast.

Intense competition and technological innovation are driving hard disk prices
down, even as storage peeities rise. Many personal computers have hard disks
capable of storing a gigabyteone billion charactefs or more.

Larger computer systems are beginning to use a new type of hard disk storage. .
RAID (Redundant Array of Inexpensive Disks) can be comgasfemore than one
hundred 5.25nch disks with a controller mounted in a single box. RAID storage first

appeared on the market in 1993. A RAID can send data simultaneously over multiple
data paths quickly.

Hard Disk Interfaces

To connect a hard disk somicrocomputer motherboard, you must have a hard disk



interface. This componentincludes circuitry that conforms to a standard recognized b
both the hard disk and the motherboard manufacturer. Common Standards ar
INTEGRATED DRIVE ELECTRONICS (IDE) an6MALL COMPUTER SYSTEM
INTERFACE (SCSI).

Optical Disk

Imagine going into your favourite video store, asking for a movie that you want to see.
and being told that you will just have to look around because the employeéd don
know which movies the store hal$ all of our data weret st or ed i n
manner, the scenario might be just like this. To prevent such a situation, we havi
developed manual filing systems that store records on index cards, in file folders, an
on other media. To answer suchgaery would be equally difficu even with
computerd if we didnd t have some organi zed met h
Fortunately, computer storage methods can produce the answer in just a fraction of
minute. In the following explanations , you will lsahow a computer stores data and
what storage methods are used in data processing applications.

To understand how a computer stores data, you need to know about the storac
media that the computers use. You know that the computer translates into binary f
all the data and instructions stored internally. You have learned that letters, number
and special symbols are represented as a group of bits, based on EBCDIC or ASC
coding. Because a computles me mory ( RAM) I's volati
transerring it from memory to a storage device such as a disk. These storage device
frequently called SECONDARY STORAGE, are not volatile. They can hold large
amounts of data for as long as the user wants. This lesson explains how data
organized when it isaved to a storage device.

Secondary storage is very inexpensive as compared to primary storage (memory
Most computers have a large amount of storage. However, storage devices do ni
transfer data as quickly as RAM does. When you finish working withpgrication,
you save the results of your work on a secondary storage medium.

CD-ROM works much like the compact discs used in CD players. Just as CDs
have revolutionized the music industry, optical disks have the potential to change
secondary storage mi@. Based on the same laser technology as CDs, optical disks
offer a medium capable of storing extremely large amounts of data. The three mai
types of optical disks are GROM, WORM CD, and MO technology.

The most popular and least expensive type ataptlisk is Compact Disk Read
Only Memory (CDROM). As the name indicates, these disks come prerecorded and
cannot be altered; GBOM is, in other words, a reazhly storage medium. Still, GD
ROM provides an excellent way to distribute large amountsita at low cost. CDs



can store up to 650MB of data, yet they can cost as little as a dollar per disk.

To use a CEROM, you must have a computer equipped with alRRXDM drive.
Doublespeed drives achieve the minimum level of retrieval speed for multimedia
applications. (A doublespeed drive is slower than a floppy drive). Eigiteed drives
are decreasing in cost and becoming common in new computer systems, and Te
speed drives are available at a higher price:RIIM towers, containing as many as
256 CDROM drives, are frequently attached to CD servers so that all the computers
on a network can share what is stored on theRQMSs.

The CDROM has been used primarily to market large applications. For example,
Infopedia is a single CD that holds a completeyelopedia, a dictionary, a thesaurus,
a world atlas, a dictionary of quotations, a world almanac and a biographical
dictionary. The Total Baseball CD holds statistics of over 13,000 players, with
photographs of their trading cards, and explanatory soupd. ¢fou can tour the
National Art Gallery on CEROM or play a variety of games.

A WRITE ONCE, READ MANY COMPACT DISCS (WORM CD) is purchased
blank from the manufacturer and encoded using special equipment. The digks cah e
altered after they are encatleand cad t be easily duplicat
process does not actually pit the disk. Many businesses use WORM CDs to store ol
data files. This practice, known as archiving, enables old files to be deleted from the
hard disk, thus freeing space foew files. WORM CDs are used most frequently for
document processing with complete image processing, including replication of photos
graphics, text and even signatures.

Until recently, recording on a GBOM required separate, very expensive
equipmentNow drives that can write to and read a CD, calledRH2ordable (CB
drives, are available for less than $900, and the prices are reducing further rapidly
A blank disk costs about $15. G®is a WORM process. Any standard G(RDM unit
can read the disks.

If you want to create a multimedia presentation and then play it back on any
available computer equipped with a (M drive, CDR is the tool you are looking
for. With the large capacity of a GR (roughly 600 megabytes per disk), you can
create and steran entire multimedia presentation on a single disk. (Floppy diskston
have this capacity).

CD-Rs look like standard CIROMs except that they are golden in colour, rather
than the silver ofi ma s b e rcRMs. The blank disks are made with the spiral
tracks impressed on the recording surface. Becaus® GMs are read by refraction
of light, a dye layer is discoloured in the recording process, which causes the are
either to reflect light or to disperse it.



The technology to make CGBrasable (CEE) disks became recently available.
CD-E enables users to store, access and reuse disks in the same way that floppy dis
can be used. Because of the large storage capacity of CDs, they will in all likelihooc
make magnetic tapes, and perhaps floppy disks asantéling of the past.

MAGNETO-OPTICAL (MO) disks are erasable, and combine the magnetic
principles used on tape and disk with new optical technology. MO disks measure
storage capacity in gigabytes; they are removable, portable and durable. One of tr
newest MO systemd Orray produced by Pinnacle Midouses a storage method
similar to that of RAID. Optical disks have a thiuygar shelf life and are ideal for
graphics and audigisual applications that require large storage capacity.

Flash Memory

Flash memory (sometimes calledif | asldo) RAB a type of C
nonvolatile memory which means that it stores information on a silicon chip in a way
that does not need power to maintain the information in the chip. It can be erased an
reprogrammed in nmits of memory called blocks. It is a variation of Electrically
Erasable Programmable Re@dly Memory (EEPROM), which, unlike flash
memory, is erased and rewritten at the byte level, which is slower than flash memon
updating. Normal EEPROM only allows ehocation at a time to be erased or written,
meaning that flash memory can operate at effectively higher speeds when the syste
uses it to read and write to different locations at the same time. Flash memory is ofte
used to hold control code such as Bssic Input/Output System (BIOS) in a personal
computer. When BIOS needs to be changed (rewritten), the flash memory can b
written to in block (rather than byte) sizes, making it easy to update. On the othel
hand, flash memory is not as useful as Randotneds Memory (RAM) because
RAM needs to be addressable at the byte (not the block) level.

Flash memory offers fast read access times and-staltd shock resistance. These
characteristics explain the popularity of flash memory for applications sucbragest
on batterypowered devices like cellular phones and PDAs.

Flash memory is based on the Floatlegte Avalanchénjection Metal Oxide
Semiconductor (FAMOS transistor), which is essentially an NMOS transistor with an
additional conductor suspendedweén the gate and source/drain terminals.

Flash memory is made in two forms: NOR flash and NAND flash. The names
refer to the type of logic gate used in each storage cell. Flash memory is often used |
MP3 players, digital cameras and mobile phones.

Principles of Operation

Flash memory stores information in an array of transistors, callecedl lesac h of



traditionally stores one bit of information. Newer flash memory devices, sometimes
referred to as muHievel cell devices, can store more tHahit per cell, by varying the
number of electrons placed on the FG of a cell.

In NOR flash, each cell looks similar to a standard MOSFET transistor, except
that it has two gates instead of just one. One gate is the Control Gate (CG) like in othe
MQOS transistors, but the second is a Floating Gate (FG) that is insulated all around by
an oxide layer. The FG is between the CG and the substrate. Because the FG
isolated by its insulating oxide layer, any electrons placed on it get trapped there an
thus stoe the information. When electrons are on the FG, they modify (partially
cancel out) the electric field coming from the CG, which modifies the threshold
Voltage (Vt) of the cell. Thus, whenthecellisr ®@®ady pl aci ng a s
the CG, electcal current will either flow or not flow, depending on the Vt of the cell,
which is controlled by the number of electrons on the FG. This presence or absence «
current is sensed and translated intbosl a&msd @ eproducing th
multi-level cell device, which stores more than 1 bit of information per cell, the
amount of current flow will be sensed, rather than simply the presence or absence ¢
current, in order to determine the number of electrons stored on the FG.

A NOR flash cell is prgrammed (set to a specified data value) by starting up
electrons flowing from the source to the drain. Then a large voltage placed on the C(
provides a strong enough electric field to suck them up onto the FG, a process calle
hot-electron injection. To ease a NOR flash cell (resetto ab & , I n prepeé
reprogramming), a large voltage differential is placed between the CG and source
which pulls the electrons off through Fowldordheim tunneling, a quantum
mechanical tunneling process. Most mad&OR flash memory components are
divided into erase segments, usually called either blocks or sectors. All of the memor
cells in a block must be erased at the same time. NOR programming, however, ca
generally be performed one byte or word at a time.

NAND Flash uses tunnel injection for writing and tunnel release for erasing.
NAND flash memory forms the core of the removable USB interface storage devices
known as keydrives.

NOR flash was the first type to be developed, invented by Intel in 1988. It has
long erase and write times, but has a full address/data (memory) interface that allow
random access to any location. This makes it suitable for storage of a program cod
that needs to be infrequently updated, such as a compsiterBI OS or t he
settop boxes. Its endurance is 10,000 to 1,000,000 erase cyclesbh€ei flash is
the basis of early flashased removable media; Compact Flash was originally based
on it, though the later cards moved to the cheaper NAND flash.

NAND flash from Samsungral Toshiba followed in 1989. It has faster erase and



write times, a higher density, and a lower cost per bit than NOR flash, and ten time:
the endurance. However its I/O interface allows only sequential access to data. Thi
makes it suitable for mastorage devices such as PC cards and various memory
cards, and somewhat less useful for computer memory. The first Nzds$Bd
removable media format was SmartMedia, and numerous others have followed
MMC, Secure Digital, Memory Stick and xBicture Cards.

Onelimitation of flash memory is that while it can be read or programmed a byte
or a word at a time in a random access fashion, it must be eréisbdlap c&t a t
Starting with a freshly erased block, any byte within that block can be programmed.
However once a byte has been programmed, it cannot be changed again until th
entire block is erased. In other words, flash memory (specifically NOR flash) offers
randomaccess read and programming operations, but cannot offer raaci@ass
rewrite or erase opations. When compared to a hard disk drive, a further limitation is
the fact that flash memory has a finite number of evage cycles, so that care has to
be taken when moving hadfive based applications, such as operating systems, to
flash-memory basd devices such as CompactFlash.

Interestingly, the Tungsten T5 PDA and the Treo 650 smartphone from PalmOne
released in late 2004, use NAND flash to back up the contents of main memory durin:
normal operations. PalmOne names this techniguneevolatilefile systemdo ( NV F S|
It gives the illusion of a RAM storage pool that does not lose any of its data when
power is removed. This PalmOne knowled@gesed article explains how this technique
works on the Treo 650.

The cost per byte of flash memory remaingn#icantly higher than the
corresponding cost of a hard disk drive, and that has prevented flash from becoming
solid state replacement for the hard disk drive on most home and office computers.

Because of the particular characteristics of flash membry best utilized with
specifically designed file systems which spreatte over the media and deal with the
long erase times of NOR flash blocks. The basic concept behind flash file systems is
when the flash store is to be updated, the file systdmmite a new copy of the
changed data over to a fresh block, remap the file pointers, then erase the old bloc
later when it has time.

JFFS was the first of these file systems, quickly superseded by JFFS2, originally
developed for NOR flash. Then YAFRf&as released in 2003, dealing specifically with
NAND flash, and JFFS2 was updated to support NAND flash too. However, in practice
most flash media is used with the old FAT filesystem for compatibility purposes.

A special issue is flash memory booting.
Common flash memory parts range widely in capacity from kilobits to hundreds of



megabits each. Parts can be combined to provide even larger capacities within a
package.

Toshiba and SanDisk have developed a NAND flash part capable of storing 8
gigabits ofdata.

Here are a few examples of Flash memory:
Computedt s Bl OS chip
CompactFlash (most often found in digital cameras)
SmartMedia (most often found in digital cameras)
Memory Stick (most often found in digital cameras)
PCMCIA Type | and Type Il memory cards (used as sstate disks in

laptops) Memory cards for video game consoles
REVISION EXERCISES

Fill in the blanks
1. Secondary storage can be organized into ............. that contain ............
2. Magnetic tape can steonly ......... files.
An optical device that has both read and write capabilities is called ..........
Before a disk can be used for storage, it should first be .......
The amount of information that can be stored on a floppy disk is determined by
.. of the ............. on the surface of the disk.

The table that enables the computer to locateekesdy is called .......
9. Each track is subdivided into ....... and two or more ........ combine together t

Answers

1. Directories, files 2. Sequential files
3 CD-ROM 4, Formatted

5. Density, magnetic particles

6 Double, single 7. Tracks



8.
9.

10.

File allocation table(FAT)

Sectors, sectors, cluster
Bernoulli Disks

REVIEW QUESTIONS

List all types of secondary storage devices.

Compare all types of storaglevices and explain why CD ROMs are grabbing the
market fast.

Write down the evolution of floppy disks from the beginning till now.
How is a removable hard disk better than the hard disk and the floppy disk?
What is the term used to measure the capadithe disks?

How is the read and write head able to pass the data to and from the surface of the
disk?
Write a note on SCSI.

Jot down some of the advantages and disadvantages-BI(I\Is over the floppy
diskettes.

Explain Read Only Memory. How isdiifferent from the main memory?
What is RAM and EEPRAM?

Will adding more RAM make Internet browsing faster?

What is the difference between RDRAM AND SDRAM?

This is a general term for all forms of solid state memory that have a continuous
source of powr and do not need to have their memory contents periodically
refreshed.

flash memory

random access memory
volatile memory
nonvolatile memory



Chapter 5: PROCESSOR

INTRODUCTION

Someone who processes things is a processor. It is the part of a coif@uter
microprocessor chip) that does most of the data processing; the CPU and the memo
form the central part of a computer to which the peripherals are attached.

The processor subystem of a data processing system processes received
information after ithas been encoded into data by the inputstdtem. These data are
then processed by the processing-susiem before being sent to the output-sub
system where they are decoded back into information.

The two major types of digital processors are the @eRrtrocessing Unit (CPU)
and the Digital Signal Processor (DSP). There are two main types of processors: CIS
and RISC

CENTRAL PROCESSING UNIT

The part of a computer (a microprocessor chip) that does most of the data processin
the CPU and thenemory form the central part of a computer to which the peripherals
are attached. The Central Processing Unit (CPU) is the part of a computer tha
interprets and carries out the instructions contained in the software.

DIGITAL SIGNAL PROCESSOR (DSP)

A digital signal processor is a specialized microprocessor designed specifically fol
digital signal processing, generally in réimhe. DSPs can also be used to perform
generalpurpose computation, but they are not optimized for this function. DSPs can
also bepurely software, and are usually used teemeode audio for Internet radio
stations in reatime.

INTERRUPT STRUCTURE

A signal informing a program that an event has occurred is an interrupt. When &
program receives an interrupt signal, it takes a $ipdcaction. Interrupt signals can
cause a program to suspend itself temporarily to service the interrupt.

Interrupt signals can come from a variety of sources. For example, every keystroke



generates an interrupt signal. Interrupts can also be genbyatdlder devices, such as

a printer, to indicate that some event has occurred. These are called hardwal
interrupts. Interrupt signals initiated by programs are called software interrupts. A
software interrupt is also called a trap or an exception.

PCs spport 256 types of software interrupts and 15 hardware interrupts. Each
type of software interrupt is associated with an interrupt haddlamroutine that takes
control when the interrupt occurs. For example, when you press a key on youl
keyboard, this tggers a specific interrupt handler. The complete list of interrupts and
associated interrupt handlers is stored in a table called the interrupt vector table, whic
resides in the first 1 K of addressable memory.

The processor is a hightyned machine i is designed to do one thing at a time.
However, we use our computers in a way that requires the processor to at least appe
to do many things at once. In Windows 95, you may have been editing a documen
while downloading information on your modem argidning to a CD simultaneously.
The processor is able to do this by sharing its time among the various programs it i
running and the different devices that need its attention. It only appears that the
processor is doing many things at once because ddlitndingly high speed that it is
able to switch between tasks.

Most of the different parts of the PC need to send information to and from the
processor, and they expect to be able to get the proGessorat t ent i on wl
to do this. The processbas to balance the information transfers it gets from various
parts of the machine and make sure that they are handled in an organized mannt
There are two basic ways that the processor can do this:

Polling: The processor can take turns going to eackcdend asking if they have
anything they need it to do. This is called polling the devices. In some situations
this technique is used; however, it is not used by the processor in a PC for a coup
of basic reasons. One reason is that it is wasteful; gomgnd to all the devices
constantly asking if they need the attention of the CPU wastes cycles in which the
processor could be doing something useful. This is particularly true because ir
most cases the answer willBencbo. A n ot her r emtdevices need t
the process&rs attention at di ffering rate
frequently than say, the hard disk, when it is actively transferring data.

Interrupting: The other way that the processor can handle information transfers is
let the devices request them when they need its attention. This is the basis for the us
of interrupts. When a device has data to transfer, it generates an interrupt tlial says
need your attention now, please The processor ¢dnédealsst o
with the device that requested its attention. It actually can handle many such request
at a time, using a priority level for each to decide which to handle



first.

MICROPROCESSOR HISTORY

A microprocessor, also known as a CPU or central mog

unit, is a complete computation engine that is fabricated on a

single chip. The first microprocessor was the Intel 4004,
Intel 4004 chip introduced in 1971. The 4004 was not very powerful. All it could

do was add and subtract, and it could only do that 4 bits at

a time. But it was amazing that everything was on one chip. Prior to the 4004,

engineers built computers either from collections of chips or from discrete component:

(transistors wired one at a time). The 4004 powered one of the first portable electroni

cdculators.

The first microprocessor to make it into a home computer was
the Intel 8080, a completel@t computer on one chip, introduced
in 1974. The first microprocessor to make a real splash in the
S market was the Intel 8088, introduced in 1979 and rpo@ted

- p— into the IBM PC (which first appeared around 1982). If you are
familiar with the PC market and its history, you know that the PC

market moved from the 8088 to the 80286 to the 80386, to the 80486, to the Pentiur
[, to the Pentium II, to the Peain Ill, and hence to the Pentium 4. Intel makes all of
these microprocessors, and all of them are improvements on the basic design of tf
8088. The Pentium 4 can execute any piece of code that ran on the original 8088, but
does it about 5,000 times fas

PROCESSOR INSTRUCTION SETS

The job of all processors is to execute instructions, which are the commands that malk
up the machine language that the processor understands. Most software programs
written in highedevel languages, but they must lranslated into the proces$os
machine language to enable the computer to run (execute) them. This is calle
compiling the program to machine language.

Collectively, all of the various instructions that the processor can execute are
called its instructiorset. The instruction set determines what sort of software can run
on the processor; in order for two processors to be compatible, they must (among oth
things) be able to execute the same instructions.

Machine Language

Computers represent instructioats in a particular way, and this representation is
what we call machine language.



Machine language is a coding scheme which instructs the computer as to what t
do. In the same way as we used different notations for representing numbeys (2
complement,excess notation), we need a coding scheme which will allow us to
represent each of our items in the instruction set in binary. W@ tan j u st t
machinehadd togedbheltb2damagdred4st and our wor
told where to fetch aa from memory and where exactly to store the result. The
machine uses stringsobls @&md O

A typical machine language represents a certain instruction by way of a specia
code. These special codes used for representing instructions comprise ehtiffer
sections (called fields), which describe different aspects of the instruction:

The first part of an instruction code is called the operation codedde for short).

This indicates which operation is to be performed (e.g. addition, retrieval od a dat

item from memory etc.)

The second part is called the operand field. This part of the code fills in the details
which are needed before the operation specified in (1) can be performed. Fol
example, if the opcode field specifies addition, the operanddswill tell the
machine which memory addresses hold the pieces of data which are to be summed.
So what do these egpode and operand fields look like? Well, they are simply bit

patterns stringsof @ s @i d 1 R etheecanpeter only understandmary).

So a computer may well store an instruction as:

Operation Address Address Address
Code Field1  Field 2 Field 3
A Typical Machine Language Coding For An Instruction

The operations which we represent in thecoge fall into three categories.
Data transfer
Arithmetic/Logic
Control (sometimes divided into two separate categories of compare and branch)

The Data Transfer group concern operations, which cause some movement of da
from one location to another. This could be loading the costeihd memory cell in
RAM into a register on the CPU; or it could be storing the results of an operation from
a CPU reqister back into a RAM memory cell.

The Arithmetic/Logic operations involve the usual mathematical type of operation
such as addition, lh@also includes logical operations suchias s X g r eoa toerr
Ais A equahetooB@i ti on codes are speci
the results of these logical operationsandcanbe setito i f t he resul t



operatonistrue,on & I f the result is false.

The Control Operations are those, which somehow affect the execution of a program
Usually, this means that a logical operation is performed, and then, depending upon th
results of that operation, the prograneeution follows ondi p @t lor anot her
words, if X > Y then execute this set of instructions, otherwise execute this other group o
instructions (Théi ] uompairhda | t nstructi ons) .



Instruction Set

It is a set of commands that a certain CPU arathnds. These are very basic
instructions that are used into the logic of the CPU.

Assenbly Laggige Eximphe Aeanhng Machine Langwige
hstroction hstroction

LOAD [REC] [MEM LOvD B2 1 2 - (13
STOME [MEM ] [REC) STOME 3 &3 s8] = &3

ADD [REGH] [REG2] [RECY

PROCESSOR STRUCTURE

Before we look at basic processor structure, we need to briefly touch on two concepts
von Neumann machines and pipelined, clocked logitesys.

von Neumann Machines

In the early 1950s, John von Neumann proposed the concept of a stored progra
computer- an architecture which has become the foundation for most commercial
processors used today. In a von Neumann machine, the program amdatloeaipy

the same memory. The machine has a Program Counter (PC) which points to th
current instruction in memory. The PC is updated on every instruction. When there ar
no branches, program instructions are fetched from sequential memory locations. (/
branch simply updates the PC to some other location in the program memory.) Excey
for a handful of research machines and a very small collection of commercial devices
alloftodaygo s commer ci al processors work on

Basic Processor Sticture

Here we will consider the basic structure of a simple processor. We will examine the
flow of data through such a simple processor and identify bottlenecks in order to
understand what has guided the design of more complex processors.

Here we see a very simple processor structaueh as might be found in a small



8-bit microprocessor. The various components are:

Arithmetic Logic Unit (ALU)

Arithmetic Logic Unit- this circuit takes two operands on the inputs (labelled A and
B) and produces a result on the output (labelled Y). The operations will usually
include, at a minimum:

Add, subtract
And, or, not
Shift right, shift left

ALUs in more complex processors will execute many more instructions.

Register File

A set of storage locations (registers) for storing temporary results. Early machines ha
just one register usually termed an accumulator. Modern RISC processors will have
at least 32 registers.

Instruction Register
The instruction currently being execdtby the processor is stored here.

Control Unit

The control unit decodes the instruction in the instruction register and sets signal
which control the operation of most other units of the processor. For example, the
operation code (cpode) in the instrction will be used to determine the settings of
control signals for the ALU, which determine which operation-(#, v, ~, shift, etc)

it performs.

Clock

The vast majority of processors are synchronous, that is, they use a clock signal t
determine wkn to capture the next data word and perform an operation on it. In a
globally synchronous processor, a common clock needs to be routed (connected) |
every unit in the processor.

Program Counter

The program counter holds the memory address of the ngtxtiction to be executed. It

Is updated every instruction cycle so as to point to the next instruction in the program
(Control for the management of branch instructioméich change the program counter

by other than a simple incremerttas been omittefrom this diagram for clarity.



Branching instructions and their effect on program execution and efficiency will be
examined extensively later).

Memory Address Register

This register is loaded with the address of the next data word to be fetchedrfrom o
stored into main memory.

Address Bus

This bus is used to transfer addresses to memory and menapyed peripherals. It
is driven by the processor acting as a bus master.

Data Bus

This bus carries data to and from the processor, memory and pesplievall be
driven by the source of data, ie the processor, memory or peripheral device.

Multiplexed Bus

Of necessity, high performance processors provide separate address and data buses
limit device pin counts and bus complexity, some simple m®mes multiplex address
and data onto the same bus: naturally this has an adverse affect on performance.

EXECUTING INSTRUCTIONS

letbs examine the steps in the executior

101ae6: Iw $1,0($2) In this, and mostollowing, examples, we'll use the M
This instruction tells the processHFStrUCtlonse'['

to take the address stoi in TNIS IS chosen because
register 2, add O to it and load the it's simple,

word found at that address in main it exists in one widely available range of mach|
memory into register 1. produced by SGI and

there is a public domain simulator for MIPS mach
which we will use for some performance studies.

As the next instruction tc be For conveniece, most numbers especially memory addres
executed (our Iw instruction) at anc instruction contents- will be expressed in hexadecin

memory address 10ig the When orders of magnitude and performance are being dis
program ounter contains 101c¢ decimal numbers will be used: this will generally be obvious

. 12
the context and the use of exponent notatiegs x 10 .




Execution Steps

The control unit sets the multiplexor to drive the PC onto the address bus.

The memorynit responds by placing 8c410Q@0 the lw $1,0($2) instruction as
encoded for an MIPS processan the data bus from where it is latched into the
instruction register.

3. The control unit decodes the instruction, recognises it as a memory load

instruction, and directs the register file to drive the contents of register 2 onto the
A input of the ALU and the value 0 onto the B input. At the same time, it instructs
the ALU to add its inputs.

The output from the ALU is latched into the MAR. The corlé&oénsures that this
value is directed onto the address bus by setting the multiplexor.

When the memory responds with the value sought, it is captured on the internal
data bus and latched into register 1 of the register file.

The program counter is nowpdated to point to the next instruction and the cycle
can start again.

As another example, let's assume the next instruction is an add instruction:

1020, add $133 34 [ The instruction telE the processor to add the content of
regiters 3 and 4and phce the rezultin regiter 1.

The control unit sets the multiplexor to drive the PC onto the address bus.
2. The memory unit respuals by placing 00232020 the encoded add $1,$3,$4
16

instruction- on the data bus from where it is latched into the instruction register.

The control unit decodes the instruction, recognises it as an arithmetic instructior
and directs the register fite drive the contents of register 1 onto the A input of
the ALU and the contents of register 3 onto the B input. At the same time, it
instructs the ALU to add its inputs.

The output from the ALU is latched into the register file at register address 4.
The program counter is now updated to point to the next instruction.

MULTIPROGRAMMING

Multiprogramming is a rudimentary form of parallel processing in which several

programs are run at the same time on a single processor. Since there is only or
processorthere can be no true simultaneous execution of different programs. Instead
the operating system executes part of one program, then part of another, and so on. -



the user it appears that all programs are being executed at the same time.

If the machinehas the capability of causing an interrupt after a specified time
interval, then the operating system will execute each program for a given length o
time, regain control, and then execute another program for a given length of time, an
so on. In the abseer of this mechanism, the operating system has no choice but to
begin to execute a program with the expectation, but not the certainty, that the
program will eventually return control to the operating system.

If the machine has the capability of protegtimemory, then a bug in one program
is less likely to interfere with the execution of other programs. In a system without
memory protection, one program can change the contents of storage assigned to otf
programs or even the storage assigned to the tpgisystem. The resulting system
crashes are not only disruptive, they may be very difficult to debug since it may not be
obvious which of several programs is at fault.

Virtual Memory

Virtual memory is a common part of most operating systems on desétoputers. It
has become so common because it provides a big benefit to users at a very low cost.

Most computers today have something like 32 or 64 megabytes of RAM available
for the CPU to use. Unfortunately, that amount of RAM is not enough to ruhth# o
programs that most users expect to run at once.

For example, if you load the operating system, ana@ program, a Web browser
and a word processor into RAM simultaneously, 32 megabytes is not enough to hold i
all. If there were no such thing astual memory, then once you filled up the available
RAM your computer would havetosay,Sor ry, you can not | oec¢
Please close another application to load a newooneWi t h  vi rt ual me
computer can do is look at RAM fareas that have not been used recently and copy
them onto the hard disk. This frees up space in RAM to load the new application.

Because this copying happens automatically, yowdon even know it
and it makes your computezem like is has unlimited RAM space even though it only



has 32 megabytes installed. Because hard disk space is so much cheaper than R4
chips, it also has a nice economic benefit.

Speed Concerns

The read/write speed of a hard drive is much slower thah af RAM, and the
technology of a hard drive is not geared toward accessing small pieces of data at
time. If your system has to rely too heavily on virtual memory, you will notice a
significant performance drop. The key is to have enough RAM to havelgthing

you tend to work on simultaneously then, the onlytimeyotif e et he sl ow
virtual memory is whenthedes a sl i ght 6pausé@dawhbiengyt
thabs the case, virtual memory i s mgrfe
system has to constantly swap information back and forth between RAM and the har
disk. This is called thrashing, and it can make your computer feel incredibly slow.

The area of the hard disk that stores the RAM image is called a page file. It hold:
pages of RAM on the hard disk, and the operating system moves data back and fort
between the page file and RAM. On a Windows machine, page files have a .SWF
extension

Configuring Virtual Memory

Take Windows 98 as an example of a typical operating systamnhas virtual

memory. Windows 98 has an intelligent virtual memory manager that uses a defaul
setting to help Windows allocate hard drive space for virtual memory as needed. Fo
most circumstances, this should meet your needs. But you may want to imanual

configure virtual memory, especially if you have more than one physical hard drive or
speedcritical applications.

To do this,openth@ Contr ol wPadew -alickdon tthed S ly Iso¢ e m
icon. The system dialog window will open. Click on #hd®> ermdncé t ab and
clickonthen Vi rt uab Maembown.
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Intheit Mi ni dnubmo x , smalldsteamount bfdard drive space you wish to
use for virtual memory on the hard disk specified. The amounts are in megabytes. Fc
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anything you like, but one possible uppmnit is twice the physical RAM space.
Windows default is normally 12 megabytes above the amount of physical RAM in
your computer. To put the new settings into effect, close the dialog box and restar
your computer.

Memory Allocation



The amount of hardrive space you allocate for virtual memory is important. If you
allocate too little, you willgefi Out of o0 Memoao1rys . | f you f
keep increasing the size of the virtual memory, you probably are also finding that youl
system is sluggls and accesses the hard drive constantly. In that case, you shoulc
consider buying more RAM to keep the ratio between RAM and virtual memory about
2:1. Some applications enjoy having lots of virtual memory space but do not access |
very much. In that casérge paging files work well.

One trick that can improve the performance of virtual memory (especially when
large amounts of virtual memory are needed) is to make the minimum and maximun
sizes of the virtual memory file identical. This forces the ojpegatystem to allocate
the entire paging file when you start the machine. That keeps the paging file fron
having to grow while programs are running, which improves performance. Many
video applications recommend this technique to avoid pauses while readuniging
video information between hard disk and tape.

Another factor in the performance of virtual memory is the location of the page
file. If your system has multiple physical hard drives (not multiple drive letters, but
actual drives), you can spre#tte work among them by making smaller page files on
each drive. This simple modification will significantly speed up any system that makes
heavy use of virtual memory.

REVISION EXERCISES
Virtual memory provides:
Automatic storage allocation
Protection
Shareability
All the above
On a 32bit machine, what is the maximum size of the virtual address space?
4 Megabytes
2 Kilobytes
4 Gigabytes
All the above
3. What is the significance of interrupts?

4. Write a machine language program to add 3 nusbed output the required
answer.



5. What is the main task of a processor? How does it manage the mathematical
computations?

6. The Control Unit
Performs the arithmetic operations
Manages and cordinates the entire computer system
Executes the logioperations
Performs the actual processing on the data

7. What are the advantages and disadvantages of developing a software package
using a higHevel language, an assembly language and machine language?

Answers
1. d 2. C



Chapter 6: BINARY ARITHMETIC

INTRODUCTION

All the arithmetic operations (addition, subtraction, multiplication and division etc.) in
binary system are performed in the same way as in decimal number system. The fol
arithmetic operations are described as below.

BINARY ADDITION
Rules for carrying out binary additions are:
0+0=0
0+1=1
1+0=1
1+ 1 =0 with one 1 carry over.

Here are a few examples.
1. Add (101110) and (111101)
2 2

Einury Decimul
101110 16
111101 il

1101011 107

One can verify that (1101011 binary system is equivalent to 107 in the
2

decimal sygem.
2. Add 10000( and 101

2 2
Binary Necimal
100000 32
1011 11
101011 13

The binary equivalent of 43 in the decimal system is 101011.
3. Add 101110 and 111101



Banry D vl
101110 16
1111 11

BINARY SUBTRACTION
Rules for carrying out binary subtractions are:

0-0=0
0-1 =1 with one borrow
1-0=1
1-1=0
Here are a few examples.
1. Subtracting 101110 from 111101
2 2
Binary Decimal
111101 61
101110 46
001111 15

Thus 001111 in binary system is equivalent to 15 in the decimal system.

2. Subtracting 1011 from 100000
Biviary Deciria!
100070 32
1011 11
010101 21

The binary equivalent of 21 in the decimal system is 10101.

3. Subtracting 11 from 1001
Binary DNecimal
1001 9
11 3

SIGNED NUMBERS

To represent signed numbers as sequences of bits, thevplaeenotation used for



unsigned numbers must be extended to indicate whether a number is positive ¢
negative. There are two schemes for ddimsi signi magnitude representations and
20s compl ement notation.

Sign-magnitude Representation

In signmagnitude representations, the sign bit (also known as the high bit) of a binary
number indicates whether the number is positive or negativeaharrdmainder of the
number indicates the absolute value (or magnitude) of the number, using the sarr
format as unsigned binary representatig+hit sign-magnitude numbers can represent
guantities fromi (2('\I "Dy 1) to +(é'\I "Dy 1). There are two presentations of 0 in
signmagnitude notation: +0 arid. +0 has a value of O in the magnitude field and a
positive sign biti O has a value of 0 in the magnitude field and a negative sign bit.

Consider the following example.

The 16bit unsigned binaryapresentation of 168 is 0000 0000 1010 1000. In-a 16
bit signmagnitude system168 would be represented as 1000 0000 1010 1000. Here,
the left most bit of the number is the sign bit and the rest of the number gives the
magnitude.

Sign-magnitude represeéations have the advantage that the negative of a number can
very easily be taken by simply inverting the sign bit. Determining whether a number is
positive or negative is also easy, as it only requires examining the sign bit. Sign
magnitude representationakes it easy to perform multiplication and division on signed
numbers, but hard to perform addition and subtraction. For multiplication and division,
the hardware can simply perform unsigned operations on the magnitude portion of the
inputs and examindaé sign bits of the inputs to determine the sign bit of the result.

Consider the following example of multiplying the numbers +6ighdising 6bit
signmagnitude integers.

Binary representation of +6 = 000110
Binary representation 68 = 101000

To multiply these numbers, their magnitude portions are multiplied as unsigned
integers, giving 0110000(48). Then the sign bits of the numbers are examined
multiplied and thereby determined that one of them is negative. Therefore, the resul
of the multiplicaion must be negative, giving 11100048).

Addition and subtraction of sigmagnitude numbers require relatively complex
hardware, because adding (or subtracting) the binary representation of a positiv
number and the binary representation of a negativaber does not give the correct
result. The hardware must take the value of the sign bit into account when computing



each bit of the output, and different hardware is required to perform addition and
subtraction. This hardware complexity is the reasog wdry few current systems use
sign-magnitude notation for integers.

Consider the following example of addition of +7 and using 8bit sign
magnitude representation.

8-bit signmagnitude representations of +7 = 00000111
8-bit sign-rmagnitude represeritans of-2 = 10000010
Addition = 10001001

Adding these numbers, signagnitude systems interpret it 847 instead of 5
(which is the correct result).

2's Complement Notation

IN26s compl ement notation, a negadbitwoke n
the unsigned representation of the number and adding 1 to the result, discarding ar
overflow bits that do not fit in the width of the representation. The namé svo

complement comes from the fact that the unsigned sum oflah26 s c o mp | e

number and its negative i§.2

Hence, s compl ement can be for med aAyndl
first 1 unchanged and then replacingd o6y @&msd 6% i1n al | 0 t
significant bits. The@s compl ement of 1001100 is O

Example

What isthe &it260 s compl ement 17 &g whatdsethe turssigned n
result of adding the representations of +7 and

Solution
8-bit signmagnitude representation of +7 = 00000111
Hence,

8-bit negation of each bit of +7 =
1111100Qknownasbs compl ement)
Adding 1 + 1

11111001

Thus,the®ds compl ement representation of
Now adding +7 and7



00000111 + 11111001 = 100000000 = O with 1 overflow bit.

Example
Add +5 and 4 withthe helpofa2s compl ement .

Solution
4-bit binary notation of +5 = 0101
4-bit binary notation of4 = 1100
20s compl ement = 1011
20s compl emed#t = 010C

Addition 1111
1111isds compl emeinlt notation of

Example

Compute 574 in 4 bit D -somplement notation.

Solution
514 =-5 + (-4).
20s compl emeit = 0011
20s compl emed#t = 0100

Addition 0111
0111isds compl emei®t notation of

BINARY MULTIPLICATION

The rules for this multiplication are:
0x0=0
O0x1=0
1x1=1
Here are a few examples:
Multiply 111101 by 1110



Binary Diacimal

110 Bl
x 1110 x 14
200000 244
111101 % 6lx
111107 xx —
T T yyx 854
oo
Multiply 110 by 010
Binary
110
x 010
000
110x
000xx
01100

BINARY DIVISION

The rules for division are same in the binary system as those in the decimal number
system.

Example
Divide 100100 by110

Solution
o [meea] one

1.1

1)
110

This is the same as the division of the decimal number 36 by 6. Here, the quotient
is 0110 and the remainder is 000.

Example



Divide 110111 by 1011

Solution

1011 1'.1’[lll| 101

1011

1oLl
1oLl

’
X

The quotient is 101 and the remainder is 000.

REVISION EXE RCISES
Add the following binary numbers:
101 & 110
1001.1 &1100.1
110.1101 & 100.1010
1000111 & 0010110
Subtract (10001) 2from (100101)2

Subtract (10110) from (110011)
2 2

Add the following binary numbers:
10001 & 11101
101101 & 11001
1011M1 & 111010
1110 & 1111
Solve the following:
1011011- 10010
1010110 101010
1000101- 101100
1000101106 1111010

101001" 110
10111" 11



101010, 110
10000111, 101

Answers

1. (a) 1011 (b) 10110
(c) 1011.011! (d) 101110:

2. 10100

3. 11101

4, (@) 101110 (b) 100011(
(c) 10010011 (d) 11101

5. (@) 1001001 (b) 10110¢(
(c) 011001 (d) 1001110C
(e) 11110110 (f) 0100010:

(9) 111 (h) 11011



Chapter 7: THE BASIC COMPUTER
ARCHITECTURE

THE BASIC COMPUTER ARCHITECTURE
This chaptedeals with providing an overview the internal components of digital
computers.
COMPONENTS OF A DIGITAL COMPUTER
A digital computer can be broadly classified as a collection of four components. They
are :

Input unit

Output unit

Central Processing Unit

Memory (auxiliary)

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

CLMTRAL
SA0OCESINC

MELT 1T UNIT P SLTPUTLAT

CPLY)
A l
AVRITIAKY
WEMORY

Figure 7.1: Basic Components of a digital computer

The Input Unit

The Input Unit provides an interface between the users and the machine, fongpputti
data and instruction etc. One of the most common examples is the keyboard. Data c:
be input in many more fornmsaudio, visual, graphical etc.

Some common input devices are listed below:
Keyboard
Mouse
Voice data entry
Joy stick



Light pen
Scanne
Secondary storage devices such as floppy disks, magnetic tapes etc.

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

The Output Unit

Like the Input Whit, the Output Unit also provides an interface between the user and
the machine. A common example is the visual display unit (monitor) of a personal
computer. The output unit receives the data from the CPU in the form of binary bits.
This is then converte into a desired form (graphical, audio, visual etc.)
understandable by the user.

Some common output devices are:
Visual Display Unit (Monitor)

Printers
Speakers
Secondary Storage Devices

The input and output unit collectively are referred td gsgheral® .

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

The Central Processing Unit

The central processing unit is the brain of the computer system. The input and outpt
devices may vary for different applicationsitlthere is only one CPU for a particular
computer. The specifications of a computer are basically characterized by its Centre
Processing Unit.

The central processing unit can be further divided into:
The Arithmetic Logic Unit (ALU)
The Control Unit

Main Memory
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Figure 7.2: The Central Processing Unit

The arrows in the above Figures may represent data as well as control informatio
flow.

The CPU processes the data it receives as input (either through input devices ¢
through the menory). As mentioned earlier the CPU receives the data in the form of
binary bits, which it can understand.

The CPU performs many tasks, some of which are listed below:
The CPU can perform arithmetic calculations such as addition, subtraction etc.
The CRJ can perform logical decisions.
The CPU with the help of other devices can perform data transmission.
The CPU can perform manipulating tasks such as word processing.

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

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

As mentioned earlrethe central processing unit consists of:
The Arithmetic Logic Unit (ALU)

The Control Unit

The Main Memory unit



The Arithmetic Logic Unit (ALU)

As the name may indicate the arithmetic logic unit performs all arithmetic and logic
calculations on thdata it receives.

Arithmetic Calculations

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

Logical Calculation

Logical calculations are basically decision making statements for example, A>B,
decides whether is A is greater than B or not; If A is greater than B the statement is
true and logicabd@ woul d be generat@®dwoolktiebwi g
Some logical decisions decide the further routing of the program. This will be further
explained by the figure -

Figure 7.3: Part of a Flow Chart
In the above Figure the decision box has split the flow chart into two.

The functioning of the arithmetic logic unit would be better understood when we
discussthé accumul at or

The Control Unit

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

The control unit upon receiving an instruction decides what is to be done with it.
That is, whether it is to be sent to the ALU for further processing or to the output
devices or to the memory etc. In other words the control unit coordinatesatrols
all hardware operations.

The control unit has an electronic clock that transmits electronic pulses at equa
intervals of time. The control unit gives instructions to other devices based upon thes
pulses. Suppose there are three instructiorisetperformed. Let the first instruction
take three clock pulses to complete; when the fourth clock pulse is received the contrc



unit would start processing the second instruction and so on. Suppose an instructio
takes three and a half clock pulses ¢tonplete. In such a case the control unit could
wait for the fourth clock pulse to complete and take up the next instruction with the
fifth clock pulse.

The clock pulse basically provides synchronization between the different parts of
the computer. The canmol unit generates millions of clock pulses per second. The
speed at which an instruction is executed depends upon the clock speed which is |

MHZ (10°H2Z).
The Main Memory Unit

The main memory also known as the primary memory is a part of the central
processing unit and is a combination of both RAM (random access memory) anc
ROM (read only memory). We shall discuss the RAM and the ROM later but for now
we shall define them as follows:

RAM

The random access memory is a read write memory i.e. infamma#n be read as
well as written into this type of memory. It is volatile in nature, i.e., the information it
contains is lost as soon as the system is shut down unless 'saved' for further usage
users. It is basically used to store programs and datagdthe computé&rs o p er at

ROM

The read only memory as the name may suggest contains information that can only &
read, ie,youcant wr i te on t hi s -vojatleor perimanenimo r
nature. It is basically used to store permanemgm@ms such as program for the
functioning of the monitor.

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

The main memory is mucimore costly than the secondary storage devices.
Althoughthe ROMI©@s of various computers do no
RAM chips are available in wide ranges of storage capacities. In fact, the capacity o
the random access memory is an imt@ot specification of a computer.

A larger RAM means larger programs (in terms of memory) can be loaded and

executed. Suppose you want to run aKi@Bprogram on a machine with @dB. This
means that the whole program can not be loaded into the main matrm ge resulting



in either the norexecution of the program or a very slow execution.

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

Different memories can be claged on the basis of there concepts:
Access Mode: which means how easily they are accessible.

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

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

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

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

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

The cache memory lies in the path betweenpitoeessor and the main memory.
The cache memory therefore, has lesser access time than the main memory and
faster than the main memory. A cache memory may have an access time of 100n
while the main memory may have an access time of 700ns.

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

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

The cache memory stores the program (or its part) currently being executed o
which may be executed witha short period of time. The cache memory also stores
temporary data that the CPU may frequently require for manipulation.
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Figure 7.4: Cache Memory

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

We shall discussth@ me mo rlyat er when we di scuss

Functioning of the Arithmetic Logic Unit

Register
A register is a combination of memory storage locations calledldigs. Each flip
flop is capable of storing one bit of information. Arbit register containe @ f | i

flops and is capable of storiiglh  bof information.

1

( v o e e [

Figure 7.5: n-bit Register
Accumulator

The accumulator is a register that is present within the arithmetic-uogic The
accumulator stores data, which is either the result of an operation, or which is to b
processed throughitirmetic and logical operations.

ALl

ACCUMULATOR

Figure 7.6: The Detailed A.L.U.

Memory Data Register



The memory data register like the accumulator is used to store data. This register hol
all data and instructions temporarily as they pass in or oleafiain memory.

Memory Address Register

The memory address register contains the address of the memory location (in main
memory) whose data is to be transferred into the memory data register.
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Figure 7.7: Functioning of the MDR & MAR

In the Figure, the memory address register (MAR) contains the address of the thir
memory location, the data of which is transferred to the memory data register (MDR).
We shall try to explain the functioning of the ALU with the help of an example.

Suppose two numbers are to be subtracted. The following steps are involved:

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

The second instruction asks the control ungead the address of the second
number stored in the main memory to the MAR.

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

Once the numerical data has been passed on to the MDR, the ecomtreignals

the ALU to perform the SUBTRACT Operation which causes the number in the
MDR to be subtracted from the number in the accumulator.

Functioning of the Control Unit



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

Fetch cycle
Execution cycle

Fetch Cycle

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

The control unit then decodes this instruction in the current instruction register and send:
the appopriate signal to the concerned device for the execution of the instruction.

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

Figure 7.8: Functioning of Control Unit

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



Memory

Auxiliary Storage Memory

The auxiliary storage memory, also known as the secondary memory is an external (t
the CPU) memory. The auxiliary storage devices store system programs, large dal
files, assemblers, ocapilers and other programs. In other worlds the auxiliary storage

devices are used for bulk storage of data. The storage capacity of these devices
unlimited as an empty device can replace them once the existing device is completel
filled. Even the indridual storage devices, such as the magnetic tape have more
capacity than the main memory.

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

Secondary storage devices are cheaper as compared to the main memory. Ti
information stored in the secondary memory are first transferred to the main memory ant
then processed by the CPU. The final result may then be placed in the secondar
memory. It is because of this that the access time of the secondary memory i
comparatively high. Hence, the data stored in secondary storage devices take more tin
to procesghan the data already present in the main memory. In fact the access time fo
data stored in secondary memory is one thousand times the data stored in main memory

Secondary memories may also be considered as input and output devices as th
provide thanformation as input and store the final results in the output.

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

Memory Hierarchy

ALKIUNEY (IENVCRY

Y

Figure 7.9: Block Diagram lllustrating the Memory Hierarchy
The Figure above is Beexplanatory.
Types of Memory

Although various types of memory have been discussed in the previous sections th
block diagram given below acts as a good visual aid for memorizing.
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Figure 7.10: Types of Memory

As promised eardir we shall now discuss the random access memory (RAM) and
read only memory (ROM) in detail.

Random Access Memory (RAM)

The RAM as mentioned earlier is volatile in nature. It retains the stored information as
long as the power supply is on. Its contemtslost when the power supply is switched
off. The power requirement of the random access memory chips is comparable to th
of the microprocessor itself. It is also partially due to this reason, that the RAM is very
fast.

RAM is of two types:
Dynamic RFAM (DRAM)
Static RAM (SRAM)

We shall discuss each of these in detail:

Dynamic RAM (DRAM): The dynamic RAM chips contain a transistor that acts
as a gate to a capacitor, which is capable of storing electric charge. The charge on tl
capacitor indicates ad b i t and no athabige. | ke caht
capacitor leaks away after a few milliseconds. Therefore, a dynamic RAM has to be
refreshed periodically after every two milliseconds. ARBM uses its contents in a
very short time even thoughe power supply is ON. A{RAM consumes less power
and has higher packing density. It is cheaper than the static RAM.

Static RAM (SRAM): StaticRAM0s ar e al so volatile i



regenerator to retain the data. They retain the datangsds they receive the power.

The static random access memory consumes more power and is more expensive. T
static RAM chips are more complicated and hence require more space. Static RAM
are faster than the dynamic RAM St atbisc hRAM anre ofacc
approximately 85 to 90ns while the dynamicRAM may t ake 150 1t C
information. Static RAM s are recommended for me d
dynamicRAMbs are recommended for | arge si z

Read Only Memory (ROM)

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

With the advent of technology erasable R@MWave become available. We shall
discuss these and otherROM i n t he foll owing sectio

Types of ROM:

Programmable Read Only Memory (PROM): A PROM program is used to record
information in the PROM chip. Information once programmed into the PROM
chip ispermanent and can not be changed or erased. The process of entering tt
information into the PROM chip isknown édsb ur ni n g ot hPeR CAVR @M.
are seldom used in modern day computers, but they still find their use in device:
where a permanent ROM isgq@red.

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

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



available.

Electrically Erasable Programmable Beanly Memory (EEPROM): EEPROM is

an electrically erasable PROM. Using electrical signals can alter the information
and that is why the chip need not be removed from the board. One major
advantage that this chip has over the EPROM is that even single yneambe
altered, i.e., the entire memory need not be erased and reprogrammed unle:
required. The change in the contents of the EEPROM chip is made in
milliseconds, which is much less than the erasing time for EPROM.

Non-Volatile RAM: A nonvolatile RAM combines a static RAM and EEPROM.
Such a device operates as normal RAM but in case the power fails the entire
contents of the RAM are stored in EEPROM. When the power is restored, the dat:
from EEPROM is transferred back to the RAM.

Now that you have amlea of the computer's internal architecture we shall discuss
the RISC & the CISC.

REDUCED INSTRUCTION SET COMPUTER (RISC)

An important aspect of computer architecture is the design of the instruction set for the
processor. The instruction set choserdqarticular computer determines the way that
machine language programs are constructed. Early computers had small and simp
instruction sets, forced mainly by the need to minimize the hardware used to
implement them. As digital hardware became cheaptr thie advent of integrated
circuits, computer instructions tended to increase both in number and complexity
Many computers have instruction sets that include more than hundred and sometime
even more than 200 instructions. These computers also empéoiety\of data types

and a large number of addressing modes. The trend for computer hardware complexi
was influenced by various factors, such as upgrading existing models to provide mor
customer applications, adding instructions that facilitate theslaian from high

level language into machine language programs and striving to develop machines th:
move functions from software implementation into hardware implementation. A
computer with a large number of instructions is classified as a Complexchnstr&et
Computer, abbreviated CISC.

In the early 1980s, a number of computer designers recommended that compute
use fewer instructions with simple constructs so they can be executed much faste
within the CPU without having to use memory as oftensTilype of computer is
classified as a Reduced Instruction Set Computer or RISC.

CISC Characteristics
The design of an instruction set for a computer must take into consideration not only



machine language constraints, but also the requirements imposeg wse of highevel
programming languages. The translation from Heglel to machine language programs

Is done by means of a compiler program. One reason for the trend to provide a comple
instruction set is the desire to simplify the compilation androve the overall computer
performance. The task of a compiler is to generate a sequence of machine instructions f
each higHevel language statement. The task is simplified if there are machine
instructions that implement the statements directly. Theemtial goal of a CISC
architecture is to attempt to provide a single machine instruction for each statement that |
written in a highlevel language. Examples of CISC architectures are the Digital
Equipment Corporation VAX computer and the IBM 370 cormeput

The major characteristics of CISC architecture are:
A large number of instructiortypically from 100 to 250 instructions

Some instructions that perform specialized tasks and are used infrequently
A large variety of addressing modsgically from5 to 20 different modes
Variablelength instruction formats

Instructions that manipulate operands in memory

RISC Characteristics

The concept of RISC architecture involves an attempt to reduce execution time by
simplifying the instruction set of the cgmter. The major characteristics of a RISC
processor are:

Relatively few instructions

Relatively few addressing modes

Memory access limited to load and store instructions
All operations done within the registers of the CPU
Fixedlength, easily decodadstruction format
Singlecycle instruction execution

Hardwired rather than microprogrammed control

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



characteristics attributed to RISC architecture are:
A relatively large number of registers in the processor unit
Use of overlapped register winge to speedip procedure call and return
Efficient instruction pipeline

Compiler support for efficient translation of higgwvel language programs into
machine language programs

REVISION EXERCISES
The joy stick is a part of which unit
Memory
ControlUnit
Input Unit
Output Unit
Why are the input and output devices referredtoaser i @.her al s
What are the functions performed by the CPU?

In a database management system which memory would be best suited to store th
data:

) ROM

i) Non-volatile RAM

i) EEPROM

\) Auxiliary Storage Memory.
V) RAM

Write a short note on the functioning of the control unit? Explain how the clock
pulse provides synchronization among the different parts of the computer?
Define6accedé3 Whimeh a§has theshoftestladcassiwime.
Cache Memory
RAM
ROM Nonvolatile RAM
Main Memory

Which of the following memories is the costliest.



Main Memory
Ram Chip
Cache Memory
Secondary Memory
How does the cache memory decide what data it has to store.

Explain the functioning of the memory data register and the memory address
register?

What does the current instruction register store?

Distinguish between dynamic & static RAM?

Fill in the blank

The process of entering the information into the PRON chknown a® 6 6 6 0
PROM.



Chapter 8: SOFTWARE CONCEPTS

INTRODUCTION

Software is a general term, which is used to describe the instructions that are given tc
a computer. These instructions can be either a single program or a group of programs

TYPES OF SOFTWARE

Software is generally classified into three specific categories in the computer world:
System software
Application software
Utility software.

System software: This consists of all the programs, languages and documentatio
supplied by the marfacturer of the computer. This type of software is required to use
the computer efficiently and conveniently. These programs allow the application
developer to write and develop their own programs.

Application software: These programs are developed leyuder in order to
perform some specific function for the organization. For example a payroll system to
compute the salaries of the employees of an organization is termed as an applicatic
software.

Utility software: Utility software may be consideredas application software or
a system software which is very often used in the development of a program.

PROGRAMMING LANGUAGES

A programming language consists of words, symbols and usage rules pertaining to tr
grammar that permits people to communicatéhwhe computer. Understanding of
computer software is imperfect without a basic knowledge of programming languages
Programming languages allow the programmers andusets to develop the
programs that are executed by the computer. Many programmingagesgexist in

the world today. Each one of the languages has its own unique vocabulary, grammz
and usage. Some of these languages have been created to serve a special purpose
example controlling a robot), while others are more flexible and genenabge, and

are suitable for many types of applications. However, in general, programming
languages must cater to the following tasks:

- input/output
- text manipulations/calculations



- logic/comparison

- storage/retrieval
CLASSIFICATION OF PROGRAMMING LANGUAGES

Machine Languages

Machine language is the lowest form of computer language. Programs were only
written in binary based machine level language in the first generation computers. Thi
computer understands this language only at its lowest level.

An instruction prepared in machine language has two parts:

Op-code: This is the first part and is the command or operation which tells the
computer what function to perform.

Operand: The second part of the instruction is the operand and it tells theteomp
where to find or store the data or instructions that are to be manipulated. The
number of operands in an instruction varies from computer to computer. In a
single operand machine, the binary equivalenidADD 6 18dul d c a
value in a storagcation 0184 to be added to a value stored in the arithmetic &
logic unit. The single operand format is popular in the smallest microcomputers,
whereas the twoperand structure is found in most other machines.

The set of instructions in a machine lelagiguage can be divided into four
categories:
Arithmetic- add, subtract, multiply and divide

Controlled load, store, jump instructions
Input/output Read and write
Direct use Halt, start and end

No arithmetic or comparison operations are done inptiv@ary memory of the
computer. Instead, it is doneinthe A&l s peci al register ca
we need to add two numbers, we require one instruction which will order the control
unit to place a number in the accumulator, and anothewuaigin to identify the
operation of addition.

Let us assume that operation codes of 01 to 08 are given for doing 8 basic
operations of a computer. They are as follows:
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If we write 05 40 then the computer will place the number in the accumtihaitor
is found in address location 40. If now we wish to add a value 35, that has been store
in another location, then we have to write 01 35. It has to be noted, that the additiol
command is on the assumption that a number is already stored in the Etoumu

The above example illustrates that in machine language, the programmer has 1
remember the codes of the instruction and supply the numeric addresses. In addition
the above, he has to keep track of the storage locations of the data and imstriictio
machine language the initial coding often took months; it was expensive, prone tc
errors and error correction was a tedious process.

Symbolic/Assembly Languages

The aboveexplained process of writing programs was cumbersome. In order to reduce
the burden, symbolic language, commonly known as assembly language was
developedinthe19%0s f or second generation comp

This language permits the use of symbols or mnemonics, which are two or thre
letter abbreviations, for the function to be perfedby the instruction. These are then
translated by using a symbolic equivalence table. Assembly language has many of tt
same features to control registers etc. However, the disadvantage of using binary h
been removed. The table below shows some of nimemonic codes for IBM
mainframes.

reremn

As is evident, machine language is used by the computer. Therefore, the assemb
language software translates the specified operation code into its machine langua
equivalent before the program can Beauted.



Here is an example of a symbolic language program and its converted machine
code.

Semizzlclanquon: sachre sravaps

Functions of Assembler
The Assembler translates the function code into its machine code equivalent.
It assigns absolute addresses to any symbotlcead or label names.
It places each instruction in central memory.

It identifies indirect addresses from direct addresses, and sets the appropriate bit it
the address portion of the instruction.

It checks the syntax of each instruction and generatesraessages.

It provides, optionally, a cross reference table between all symbolic names and thel
absolute addresses.

It instructs the control unit to execute the program after all errors have been
corrected.

Advantages of Assembly Languages
They sae time and reduce detail as compared to machine language.
Lesser number of errors are made, and also errors are easier to detect.
Assembly programs are easier to modify than machine language programs.

Disadvantages of Assembly Languages
Writing a codds time-consuming.
Assembly languages are machuhependent.

High Level Languages

The disadvantages of using assembly language brought about the development of high
level languages. Unlike the assembly programs, high level language programs may b
useal with different makes of computers with little modification. High level languages are
easier to learn than symbolic languages; they require less time to write, are easier to



maintain, provide better documentation, and 4 or 5lewel instructions are deiced
to a single high level statement. Some of the popular high level languages are given |
the table below.
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Classification of High Level Languages

High level languages are sometimes classified as
Procedure oriented languages
Problem oriented languages, and

Interactive programming languages

Procedure Oriented Languages

Procedure oriented languages provides easy to use features which allow the programn
to write processing steps required for a particular application. Examppscedure
oriented languages are COBOL, FORTRAN, PL/1, etc.

Problem Oriented Languages

These languages attempt to solve processing requirements with minimal programmin
effort; thereby, allowing the user to concentrate on the desired results,thathem

the individual steps needed to get these results. A typical example of a problen
oriented language is RPG.

Interactive Programming Languages

These languages have features which allow the user to interact with the program in
conversational fasbn. A typical example is BASIC language.

Fourth Generation Languages

Computer people refer to the machine language era as the first generation, the symbol
codes one as the second generation, and the advent of the high level languages as
third geneation. Successive generations of languages brought about an increase in th
programmer8 producti vity. These generations
the emergence of software vendors, offering a variety of application development tools,



aimed affurther productivity improvements. These tools are collectively knowdas 4
Generation Languages (4GL5S).

Essentially, a 4GL tool interacts with a DBMS (Database Management System)
software to store, manipulate and retrieve the data required to sasfiequirement. In
contrast to a high level language, which is procedural, a 4GL is gnoaedural
language, in the sense that it allows the user to simply specify what the output should be
without describing all the details of how data is to be mdatpd to get the results.

A clearcut definition of a 4GL is not possible, because each tool or language is
vendor specific. In general, however, we have the following classification:

1) End user oriented 4GLs: These are designed for applications tlzatspriow data
volumes and run on mainframes, and may be used by users or programmers. The
have their own internal data base management software, which in turn interact:
with the organizatiod s D B M &SompNey professionals use these products to
guery databases and develop their own applications, and generate reports witl
minimum training.

i) These tools are offered by the same suppliers who also supply the complex DBMS
packages to the organization. These tools offer a larger set of commands than tt
end user 4GLs. They are also able to handle larger volumes of data and ar
generally used by programming specialists. These include query languages
application generators and report generators.

The following chart depicts some of the major differencesvéen higher level
languages and 4GLs:
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Object Oriented Languages

Object Oriented Programming (OOPS) has been around since thé $960 Ho we v
was only in the eighties that object oriented languages became a major consideratic
in software development. This was due to the increasing emphasis of users on bein
provided with an easier way of doing their computing, in which he wanted all his
needs to be fulfilled through windows, buttons and menus (all objects).



The basic philosophy of obgt oriented languages is to encapsulate the data and
procedures (methods) together into an object, so that the conventional method @
separating the data from the procedures is eliminated, and the programmer need not ke
track of what is happening to tldata each time a program is run. Once objects are
programmed, they are reusable. Languages like C, C++, JAVA are examples of objec
oriented languages and have becometoday pr ogr ammi ng | anguag

LANGUAGE TRANSLATOR PROGRAMS

These are prognas that translate programs written in other languages into a machine
language instructions code, which the computer can execute. There is also a progra
that can help a programmer to write his program by providing creation and editing
facilities.

Translaton programs are known by various names:

Assemblers: An assembler translates the symbolic instruction code of programs
written in assembly language into machine code .
Interpreter: An interpreter translates and executes each program statement, one a

time, instead of producing a complete machine language program, like assemblel
and compilers do.

With an interpreter, the source program is not assembled into an object
program. The results are computed immediately after an instruction has beer
translated This process allows very efficient use of computer and programmer
time during the debugging of the application.

The interpreter need not be a software program which is loaded from
external sources. It may be permanently residing in a ROM program. Mfcros
BASIC interpreter uses such a program. Some of the Interpretive languages ar
BASIC, LISP, FORTH, APL etc.

Compilers: A compiler is a program which produces a machine level program from
the specifications of a high level language, by generating omeoce than one
machine instruction for each high level instruction, i.e. it translates the higher level
program into machine code.

The compilation process has several phases:
Parsing: Parsing is the process of breaking down

1) a statement grammaticallin terms of its functions, syntactic relations, etc.,
and whereby

i) the statements of the source language are examined and analyzed,
whereafter



the data dictionary comprising of data descriptions is built, and subsequently,

a coded representatiaf the statements is created.
V) a copy of the source program is printed, and
if necessary, appropriate diagnostic messages are issued.

Mapping: in the second phase, a mapping process is performed. The dictionar
entries are examined, and the declaret are mapped into the data formats of the
object computer.

Generation of object code: in the final phase, the appropriate object code is
generated to handle the expressed operation.

GENERATORS

The generator is a routine that performs a creative ifumctor example, a report
generator, a program generator. A report generator creates a report requiring little
no calculations or complex logic. In this process the programmer writes specifications
for the reports rather than the program instructioesessary to generate the report.
The specifications may be the print positions in which the data fields have to be
printed, totals required, etc. The specifications are subsequently converted into a set
specifications and interfaced with the report gata processor. The report generator
then produces a report as per the format specified.



THE EDITOR

The editor is the most often used systems program. It is an interactive program that |
stored in the memory and allows the user to write, to progragerterate text, or to
make modifications to either of these. The editor is a systems program that is typically
stored on the hard disk and, whenever needed, is called into the RAM. All source
programs for assemblers and compilers are typically writtentivitleditor.

THE LOADER

The loader is a short simple program that is used to load a program into the
compute6 s memory. The | oader program i s a
program from the hard disk/floppy to the memory. The loader isicdilp,
permanently stored in the ROM of the computer.

PROGRAM LIBRARY

A library is a collection of programs which can be searched by a linking loader for
requested programs. The loader first loads all theduser s uppl i ed pr o
searches thaldrary to find program names that match unsatisfied external references.
Systems may allow any number of libraries to be specified. A linking loader will
search each one in turn.

THE MONITOR

Almost all microcomputers use some form of monitor. Typicadllg stored in ROM
and performs some of performing functions:

) enter or load instructions and data

1) change contents of memory locations and registers
1)) display contents of memory locations and registers
V) execute programs

SOFTWARE: NATURE AND QUALITIES

Any engineering activity ultimately results in some product. The product built by a civil
engineer could be a building, while an electronic engineer comes out with a chip, ar
electrical engineer builds a circuit and an aerospaggneer finally lands up with an
aeroplane or aircraft. Now what do you expect out of a software engineer? Well, the
product of a software engineeri$iss of t waoe Alshemgh it i s |
a product. This product is similar to thetre§the products in some ways and also very
different in many other ways. The important property which distinguishes software



from the rest of the products is in its beiigna | [0e ai b. lee. , t he mod
design of the product is comparativelaseer as compared to the other tangible
products.

This property is often misused by people. Actually, it is not as easy as it seems. |
Is possible to make modifications in the rest of the products also, for e.g., changing th
basement of the building. Bloy considering the enormity of the task, it is generally
not taken lightly and attempts are not made to first change its design and then th
product itself. The impact of changes are shown very extensively. Whereas, when th
changes are to be made ints@ire, these types of attempts are made very easily and
software engineers are simply asked to make the modifications. But in practice
making the necessary modification in software is not an easy task to do.

The code can be changed easily in the edior meeting the targets might not be
as easy. Here comes the need for treating software as any other engineering produ
The enormity of changes in software should also be studied as deeply as we do in re
of the products. Instead of taking this propemtgrely as change in text editor, it
should be considered as the change in design first. Then the impact of the chan
should be analyzed, and only then should the task of modification be started. Thi
whole story is narrated just to emphasize one pointiandi d i s oi.p ITihmnag n
the malleability property should be exploited, but in a disciplined manner.

One more characteristic that distinguishes software from the rest of the
engineering products is in its being human intensive. That means the ssishan
engineering, rather that on manufacturing, unlike other engineering products. In mos
of the engineering products special attention is given to manufacturing, as it is the
factor that determines the cost of the product. The process has to bgethamal
monitored carefully to lessen the defects. The same holds true for computer hardwal
products, but not for software. Manufacturing is merely a process of duplication for
software. The process of software production is concentrated on designing an
implementing. The goal of the whole process is to meet certain criteria, and thus th
productionofa hi gh o0qg wpa loidtuyc t .

Any engineered product is supposed to meet some needs and fulfill certair
requirements. These are generally clear in most ofnigeneering products. For e.g., a
building is supposed to perform the function of a residential place, and have the ability
to accommodate the number of people it is built for. It is expected that it will not
collapse with the weight, and that it shouldveastrong window panes that can
withstand the onslaught of that strong winds. Similarly, an airplane is expected to
complete the flight smoothly and not crash because of some faculty design or som
manufacturing problem. We do not have such distinct sktpecifications for a
software product. The qualities that are expected out of a software product are often «



combination of specifications and the qualities of the design.

This chapter will discuss the qualities that a software product and the pmducti
process should possess. These qualities ultimately become the benchmarks of softwe
engineering.



Software Qualities

When we talk about the qualities expected from a software the list becomes very long
These qualities can be expected by the usethéyproducer or by the leader of the
project. The qualities can also be expected from both the product and the productio
process.

The user would like the product to be reliable, easy to use, efficient and accurate
whereas the producer would want it te naintainable, portable, extensible and
verifiable. At the same time the manager of the software project would want the
software project process to be productive and easily controllable.

The qualities of software can broadly be dividend into:
External s Internal Qualities
Product vs Process Qualities

External: The qualities a software should possess can be divided into internal an
external qualities. Internal qualities deal with the qualities from the developers'
point of view, whereas the externalalities are the qualities expected by the user.
The internal qualities are the ones which are responsible for the structure of the
software and, in fact, these are the ones which help developers in achieving th
external qualities. Users are generally bothered about the internal qualities,
whereas the developers concentrate on internal qualities to achieve the target ¢
external qualities; e.g., the internal quality of verifiability is responsible for
achieving the external quality of reliability. Hower, sometimes it is difficult to
differentiate between internal and external qualities as the distinction is not very
clear.

Product: The product and process qualities are also very closely related as in son
cases of internal and external qualities. fEhare some properties that apply to
both product and process. For example, the careful planning of the test data in th
process of design and development of the product will increase the reliability of
the product, whereas a quality like efficiency is ested from both product and

process.
When we talk about ‘product' the definition that comes into our minds\ith a t i
delivered to the customer. This definition, when cons

when seen from the customer's and develop&rspectives individually. This is true
from the customer or user's point of view, but the developer includes the requiremen
specification, design, source code, test data, the object code and also the users manua
the product. That means all the pahtattare produced during the production process



are the constituents of the product. It is also possible to combine the different subse
of the same product to cater to various customers.

For example, the object code of hardware can be sold to a comyank is
installing the machine, whereas the source code and design could be sold to the softwa
vendor who can make modifications in the same to produce some other model of th
same hardware. At the same time the manual and the object code could teetkeld
software dealer. Thus, all the four people, i.e., the developer, the company installing th
hardware, the software vendor and the software dealer, see the same product from fo
different angles and use them for different purposes altogether.

Thistype of dealing comes under configuration management, which is again a par
of the software production process. Configuration management checks the
maintenance and control of the relationships among all the related pieces of th
various versions of a produ

Representative Qualities

We will now talk about the qualities of software products as well as the process. We
callthemi Repr esent at.i Wde Qwi dlli tbie®Rd&a ni anl ytzeirnngs
classifications discussed above:
Correctness, Reliality, and Robustness: Although all these three terms can be
used interchangeably to find out whether the software is performing its functions
as per requirements, they are sometimes used with different connotations b
different people. Let us discuss thammore detail.

A program is said to be correct if it functions as per the specifications or the
requirement. That means it is doing whatever was expected out of it.

Although there is no specified set of specifications available, whatever
specifications w talk about are written in natural language and are often full of
ambiguities. Regardless of the ambiguities present, the definitidncodb r r 6 c t r
holds true and is the most desirable property for software systems.

Correctness depends solely upon cangpni that is, the comparison
between the set of specifications and the product itself. Higher degree of
correctness can be easily achieved by being more systematic and precise |
specifying the requirements. There are various methods available fesiagstne
correctness, depending upon the needs and requirements of the
user/developer/customer /project leader. They include the experimental approac
and the analytical approach. The correctness can also be enhanced by using hi
level languages that spprt extensive static analysis or standard algorithms.

A software is said to be reliable if the user can depend upon it. A reliable



software is defined in terms of probability i.e., the software will function (as
expected) for a specified time interval.

Whereas softwarB c or r ect s easa absol ute qual.
relative term. This means that if the system deviates from its specifications even :
bit (be that for better or worse) the systemis labelddash c 0 r r b er eas
we tak of its reliability such type of deviations do not matter i.e., as far as it is
giving expected and correct results we call it reliable. Software products are
commonly released along with a listidtf/Kk n o wno .Bulgser s of t he
it for granted hati Re |l eas e o fibaugmryoldhucst iiss one
striking symptoms of the immaturity of the software engineering field as an
engineering discipline.

In other engineering disciplines, a product is not released if ifiNaang s
One cannot exp the release of a building with a warning not to put nails in the
ceilings. Design errors are extremely rare and are worthy of coming on the front
page of newspapers. If a building collapses, the engineers and designers have
good livelihood of being msecuted in court.

In contrast the mistakes made by software engineers are generally treated &
unavoidable. In spite of having apprehensions about these mistakes, we expe:
them. Where we get guarantee cards for most of the engineering products, witl
software we get a disclaimer saying that the software manufacturer is not
responsible for manufacturing defects. The day we achieve the same degree
reliability for software as for other engineering products, we will be in a position
to put software in theategory of engineering discipline.

The Figure below illustrates the relationship between reliability and
correctness. It says that the set of correct programs are the subsets of reliab
programs, but this doe8nt h ol d-vetsa. it doesimti c bBue indpradtice
either. Actually, the specification is a model of what the user wants, but the model
may or may not be giving an accurate statement of théduwserneeds an
requirements. What all a software can do is to meet the specified requirehents
the model but cannot guarantee the accuracy of the model.

That shows that the Figure below is of an idealized situation that might or
might not be achievable in practice. This is only to be expected as there are
uncountable obstacles in achieving ttaigget. It can be explained by realizing that
though sometimes the applications might be "correct" the designing could have
been based on "incorrect requirements." In such a case the software cannot [
guaranteed to satisfy the customer.
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Figure 8.1: Relationship between Correctness and Reliability

A programis saidto b&@r o b u s f | Mirbabanabéey
unanticipated circumstances. For example, when a program encounters incorrei
input or some other problem, and it generates atima error as soon as the
function is performed, then the program cannot be called robust.

Robustness is a difficult quality to define. As a set of actions cannot be
specified for various problems like incorrect data etc., it is clogedoo r r e c t r
andiir el idcabi |l ity

When the question of measuring robustness comes in, the code writter
depends upon the application area. An application developed for first time user:
should be prepared keeping in mind all types of input errors, whereas when talking
abouta system prepared for an aircraft, extra care and robustness is required.

We can say that correctness and robustness are closely related, without ar
single measure to distinguish them. We can say that if the source requirement |
put in the specificatio the final product becomes a matter of correctness, whereas
if the requirement is not specified explicitly the matter is of robustness. Now here
reliability comes in, as, even incorrect systems give perfect or at least good enoug
results.

Correctness, Bbustness and Reliability are also applied to the software
production process. A process can be said to be robust, if it takes care o
unexpected changes in the environment. A process is reliable if it constantly lead:
to the production of high quality pdoicts.

Performance: Any engineering product lays stress on the performance of a produc
But in software engineering, the performance is expected along with efficiency. A
software system can be called efficient only if it uses the resources econgpmicall

Performance greatly affects the usability of system. Say, for example, if the

software system is too slow, it reduces the productivity of users, making the task
cumbersome; if the software system is using too much of disk space, then its cost is



increased, thus reducing the viability; if it uses too much of memory, then it not
only affects other applications but also gives errors. It also becomes slow, as th
operating system will be busy in maintaining a balance between memory usage
and the applicatios.

Performance also decides the suitability of a software system. An algorithm
can be used very nicely for small inputs but does not work for larger inputs at all.

Performance of a software system can be evaluated in many ways. One wa
IS to measure itefficiency by analyzing the complexity of the algorithms.
Analysis of the complexity of the algorithms only provides an average or the worst
case of information and not the specific information about a particular system.

For specific information, techniggs of performance evaluation are used.
The three basic approaches for evaluating the performance of a software syste
aref me a s ud feane adt y &@insdd mud .at Whinfi enea s udad,g mtem
actual performance of the system is monitored by collgctata while the system
is working, and then finding out the bottlenecks of the systerfi.dnn a 10y zai n
model of the system is built and then analyzed; whereAssn mud ,ata omo
that simulates the product is built.

An analytical model is not as p&nsive as a simulation model could be. The
analytical models are easy to build and are generally based on querying the theon
but they are less accurate as compared to simulation models, which are difficult tc
build but are very accurate. For getting tbessults the two techniques can be
combined together i.e., in the beginning of the project an analytical model can be
applied that gives a general understanding of the project, and later on the simulatio
technique can be used on the critical areas dfysfoointing out the problem areas .

Performance is also applied in the process. But while applying in process we
call it productivity and is regarded as an independent quality.

Userfriendliness: A system is said to be ufwndly if the usersfindiieasy t
use . hekias e oofmavwuseary from user to US:s
verbal messages uskiendly, an expert programmer ignores them without even
reading them. Similarly, a new programmer or a-poogrammer may find the

use of commandwery difficult, whereas a programmer may find the use of
commands easier.

AThe user iIinterface" constitutes ar
userfriendliness. A novice may find the use of the mouse a better option when
working with a window inteflace, rather than typing down a command; whereas an
experienced user will find it more convenient to type down the command, rather thar
navigating through the window, to find out the command he wants to execute.



Userfriendliness is not restricted to useterface only. It also depends upon
the user operator interfaces. Not only that, it also depends upon properties like
correctness, performance, etc., as mentioned above. The system producin
incorrect output can never be u$eendly, no matter how nicés interface is.
Similarly, a beautiful interface with a perfect color combination, back ground,
graphics but with very slow processing can never be calledfuesedly.

When we talk about embedded systems, there is no such thing as
Ai nt er f & demctiom 1 between the hardware and the other software
systems. In these cases uBgmndliness is measured in terms of its adaptability to
the environment and the configuration of other software systems.
Verifiability: This property holds true if itproperties can be verified easily. As
correctness and performance are the properties which we would like to verify, the
properties can be verified by means of analysis or testing.

Modular designs, disciplined coding practices and the use of appropriate
programming languages help in making the system verifiable.

Although verifiability is an internal quality it is sometimes used as an
external quality too.

Maintainability: Byi s o f t war e omavientgemamaé | y mean
required after the rehse of the software in the market.

Earlier maintenance meant only removing the errors and the bugs. A
considerable amount is spent on thissimplewotda g But now mai n
onthishn bug d.i xlithngi ncl udes t he a dpduttswhioshs o
were introduced, there, when the project started or which were incorrectly stated.

The wordii mai ntoe ndamess not gids ovii @ Wwa B gh
maintenance we generally mean the maintenance of wear and tear of the produc
But in softwae there is nothing termed as wear and tear. However, since this is the
Aiont hing, now we are forced to use I

Maintenance cost sometimes exceeds 60% of the total cost of software. Tc
take preventive measures to reduce this high maintenance cost, wie divi
maintenance into three types: corrective, adaptive and perfective maintenance.

Corrective maintenance takes care of the removal of the errors present at th
time of delivery of software.

Adaptive maintenance looks after the adjustment of applicati@hanges
in the environment.

Perfective maintenance is bothered about the changes in the qualities of th



software.

Maintainability can be broadly classified into repairability and evolvability.

The former takes care of fixing up the defects, whereadatter makes sure that
changes can be incorporated as per new requirements.

Repairability is generally a product quality, and mainly affects the reliability
of the software, i.e., as the reliability increases, need for repairability decreases. Ii
as much as evolvability is a product and a process quality, it is directly related to
the cost of software production. That means that as the cost of software productio
increases and complexity grows, its evolvability gains more importance. The
process must beable to accommodate new management and organizational
techniques.

Reusability: Reusability is quite similar to evolvabilty. In evolvability
modifications are made in the product to take out a new version of the product.
whereas in reusability the sanproduct is reused with some modifications.
Although it seems easy, it is very difficult to build variable products. While
reusability is an important tool for reducing software production costs, examples
of reusable software are very rare.

Reusability isapplied to the process as well. The same process can be reuse
for building up different products.

Portability: Software is said to be portable if it can be run in different
environments. Byienvi roonwe nihean t he hardware
environment such as a particular operating system.

Portability refers to the ability to run a system on different hardware
platforms. As the money spent on software and hardware increases, portability
gains more importance.

For most applications, it is ingptant for the software to be portable across
operating systems, or we can say that the operating system should provide fc
portability across different hardware platforms.

Understandability: Some software systems are easy to understand whereas othe
arenot. For example, a program written to launch a missile would be difficult to
understand no matter how simply it is written.

This is an internal product quality and helps in achieving evolvabilty and
verifiability. Whereas, taking it as an external qtyalit is a component of user
friendliness.

Productivity: This is a quality of the software production process and is used to
measure the efficiency of the process. An efficient process results in a faster



delivery of the product.

Productivity of softwee is of great interest due to the increasing cost of
software, yet it is difficult to measure. As in other engineering disciplines, we will
see that efficiently of software is strongly affected by automation.

Timeliness: It is again a processated qubty which talks of timely delivery of
software. This timeliness is generally lacking in software production processes.

It is related to other qualities of software also. For example, a timely delivery
of software that lacks reliability, or is incorrerst,of no use.

Timeliness requires careful scheduling, work estimation and predefined
milestones.

One reason for late deliveries is the evleanging user requirement at
various stages of software production.

Visibility: A software development process isaid to be visible if the
documentation of all its steps is done properly and cleérly.r ans p aaped
ARopemnesasn -dhangedwithéetermmvi sobi lttys botl
and external quality. Visibility requires not only the documeatatof all the
processes, but also the current status of intermediate products. A product is visibl
if it is clearly structured, such as a collection of modules, with clearly
understandable functions and easily accessible documentation.

PROGRAMMING LANGUA GE EXAMPLES
A large number of high level languages have been developed for specific requirements.
Some of the commonly used languages for various applications are:
Scientific and Engineering:
BASIC
FORTRAN
Business and Commercial purpose
COBOL
BASIC
Text Processing
Lisp
SOSL
IV. General Purpose



PASCAL
ADA
C
Artificial Intelligence (Al)
PROLO

G LISP
COMPUTER FILES

When we examine the way we do our office work, we discover that data or
information is either written by us on paper or is recgio@ a paper by us. After
reading the contents and taking necessary action the paper is then filed in a file. Thi
file has a name or number which has been assigned by us. This name is given keepi
in mind that if we wish to refer to this paper, say afier months, we are able to
remember and correlate this name with the paper. Alternatively the files could be
according to the various departments/functions of our organization, and a list of name
could be maintained centrally for easy reference.

The conputer also has to store data and programs in its secondary memory, whicl
Is brought to its primary memory, where the program acts on the data in order to give
intermediate or final outputs for our consumption. The computer also requires a
methodology for ®ring and retrieving this data and programs. Like, in the physical
world, we store data into files and place them into a filing cabinet, similarly we store
data into computer Files and store them in the Hard Disk or any other secondar
storage. In the plgycal world, if we require to read the data, we open the filing
cabinet, locate the file name, pull out the file, and then read it. In the computer also
whenever data is required to be read or acted upon, it will be brought out of the har
disk by refernng to its name and then opening it in the RAM or primary memory.



Types of Computer Files

Depending on the computer application and its design, computer files are normally o

the following types:

1. Master Files: This term generally represents a filemncty upto-date information
about various data items are available along with other data items. In this sense,
becomes a master file for referring and for updating, whensoever the status of th
data changes. For example, the yeao i date earnings odn employee are
usually available in the master file of the Payroll application. Likewise, the present
balance of an item in the stores will be available in the master file of the Inventory
Management Application.

Transaction Files: Daily transactionscoc in an organization, which have to be
recorded, so that the master file information can be updated periodically, as per th
demand of the Application to which the transaction data is relevant. For example
in a store management system application, gase$eing received daily and are
being issued also as per the issue requests from the manufacturing department. £
Issues and receipts are entered into a file, pending master file updation, orto b
processed for other reports. These files which corttaimsaction data in its raw
form are called transaction files. Necessary programs will use these transactiol
data in order to calculate item balances in the master file or to produce a daily
iIssue/ receipt statement, etc.

Program Files: Data entered intb transaction file has to be processed .i.e.
manipulated and transformed in order to produce reports or give answetsdo ad
gueries. This processing is done through the use of programs written by
programmers. The programs are written in a computer Egegusing the editor
available with the operating system, or alternatively, an editor bundled with the
compiler/interpreter of the language being used to write the program. These
programs are then saved with a file name having an extension as per tfag&angu
norms. These Files are called Program Files.

Backup Files: All computer files in normal circumstances are stored on the hard disk
of your computer. These files are accessed whensoever needed for insertion, deletic
or updation, or for queries and repgeneration, and/or for printing. However, every
user of an application, with due passage of time becomes reliant on the computer t
fulfill his information needs. As such he has to protect his information resource from
any unforeseen happening. This tbuange from a Hard disk crashto a virus
attacki to wrong feeding of fresh data to file corruption and to the ultimate
destruction of the computer due to a natural or unnatural calamity.

As such, a prudent user will normally take a backup of his, @ pre



determined intervals of time, on to a removable media like a floppy disk or a CD
or a magnetic tape, and store it separately. The files thus stored on these media &
called backup files and are created using a special backup software, usuall
provided along with the operating system. In case of a mishap these backup file
can be restored back on to the hard disk using the restore facility of the software.

Specialized Files: In addition to the above main files, every computer center will

also have certain specialized files to help with the routine computer centre
operations, system maintenance and so on. These files are quite varied. Some
them are log files, index files, history files, data dictionaries, etc.

Types of Processing

As mentiored above transaction data being generated at every transaction is used 1
update the master data. This updation is achieved by using suitable commands «
programs. There are various options available to do this activity depending upon thi
computer environent available, the volume of transactions and the need of the
application for which the updated data is required. Some of the common processin
types are discussed below:

1. Batch Processing: Consider a typical Payroll system in a medium sized
organizatim. The payroll system requires to capture the attendance of every
employee during the month, the leaves availed by him with pay and without pay
and so on. At the end of the month, keeping this attendance record as the basis, t
salary of each employeedsalculated and a salary slip is generated. Since the data
(leave record) is required at the end of the month, it is advisable that all leave
forms/attendance records be clubbed into a batch or batches and a transaction fi
of the same, containing records stafffemployee number basis be created . At the
end of the month this file could be used to update a master file, containing the
salary structure of the employee and his salary computed for the present montt
after considering his leave record.

Some ofthe main reasons for choosing the Batch Processing mode are:

Processing time is reduced since data entry on terminal is slow, and if done
offline, the transaction file so obtained can be directly used when processing is
to be done. This will considerabiyprove processing speed.

In the batch processing scenario , master files need not be online all the
time. This solves many security and privacy issues.

Batches of data can be input by outsourcing. This can lead to significant
cost savings.



Another significant advantage of this mode of data processing is that it
allows the raw data to be validated by separate validation programs before
being used for actual processing.

Real Time Processing: In this environment the master file records are updated as soc

as a transaction is entered into the system. As is evident, no transaction file will be
created separately. The obvious advantage of this type of data processing is that
more current master is maintained than in the batch processing mode.

For instancen the stores management systems application, a storekeeper o
a materials manager will be able to see the availability status of any item as sool
as it is entered. Of course, a slight delay between receipt of the item in the stor
and the actual data inpalways exists in real time processing. Validation rules are
inbuilt in real time environment data entry programs. For example if an item
number is wrongly typed in, the system may respond with an error message
forcing the data entry operator to corrdat mistake.

The drawback of a real time environment is that it is an expensive way of
setting the infrastructure and maintaining it. For example backup procedures havi
to be more elaborate, unwarranted access by unauthorized personnel will have 1
be gwarded against and, finally, human errors are more difficult to detect in the
real time environment.
REVISION EXERCISES
Mark True or False.

A linker is a program which links all unsatisfied external references in the
program with program libraries.

A loader program typically resides in the hard disk of the computer.

A compiler examines and executes the program one instruction at a time.
COBOL is a high level language used for scientific applications.

Machine language is written in binary code.

C langiage uses mnemonics.

Application software is written using system software.

Operating system is a system software.

Report Generators are generally classifiedas®d6L s i nce t hey
programmer to specify all the instructions and specificatiortsdate a report.
4Gl6s are both user oriented as wel

Compare higher level languages of the third generation with 4th generation



languages.
What are the steps in the compilation process of a program.
Match the following:

~ 0 o0 T

©

BASIC a. Mathematical computatior
Assembler b. French Philosopher
Editor C. Write programs
PASCAL d. Teaching

Loader e. Translate to object code
Compiler f. Symbolic code
FORTRAN g. Booting



Chapter 9: OPERATING SYSTEMS

Computer hadware provides us with the means of processing and storing information.
However, the b &r enachi ne on 1 ts own is vVvirtu
computer perform useful work for us, itishastolbbd r o vy means- of
software which spefy the tasks to be done. The combination of hardware and
software provide a total usable system. Software can be classified into two distinc
groups: system software and application software.

Application software, as the name suggests, consists of tigeapns which carry
out the specific processing required for users applications, such as an accountin
system or an engineering compuaitied design package. System software is not
application specific; it is oriented to the needs of the hardware andidacthe
development and running of applications. The most significant part of system software
iIs the operating system, which is present in all computers except for a few very
specialized applications.

The role of the operating system is to complemeaththrdware by providing a
layer of services which manage the resources of the hardware and permit the users
drive the system. In general, the user will not be aware of the union in effort. Indeed
many system facilities could be implemented by eithedware or software, a
common example being floating point processing. (In many computers, there s no in
built hardware available to perform floatupgint computations, which therefore has
to be implemented using software routines). The situation iseludbmplicated by
the existence of firmware which is a program encoded in a hardware form, usually ir
Readonly Memory (ROM). Firmware is often used to provide very basic services at a
functional level just above the hardware (eg. The bios in PC). Adaenbdundary
between hardware and firmware is imprecise and in any case, is not important for mo:
users.

HISTORY AND EVOLUTION

The evolution of operating systems has been driven by technological advances and ¢
the demands and expectations of the us&rs.examination of this evolutionary
process helps us to understand the workings of modern systems and to bett
appreciate their essential principles.

The very earliest computers, provided little in the way of support for their users;
switches and lightsvere the first input and output devices. Programs were entered by
using a set of switches to define a memory address value, then using another (or possik
the same) set of switches to specify an instruction word which was then entered into th
memory locéion. This was repeated for each word of the program. The



program was started by setting the program counter to the first instruction word anc
pressing a start button. The first step towards improving and simplifying computer use
was to address the probieof loading the program. Reducing the human involvement

in this process implied preparing the program in some offline form, then transferring
this into the computer memory via an input device such as a card or paper tape reade

In order to read from aacd or paper tape reader, a loader program ( is a program
which read from the input device and set up a program in the memory) had to b
established in the computer memory. In the first place, which prompts the question
how do you load the loader! One stun, of course, is simply to enter the loader
manually, as before. However the idea was born of building into the computer a
facility whereby, on startup, the computer automatically read a primitive loader
program written on, for example, a single carflisTbasic loader then executed and
read in a larger, more extensive, loader program, which could then load any use
program. This arrangement was referred to as boot strapping, derived from the idea ¢
pulling oneself up by the bootstraps; the technigukthe term survive to the present
day, although boot strapping is generally reduced nowadays to booting.

In the 1950s , computer were very expensive, certainly in relation to their
throughput measure in today's terms. The earlyopoeipation, thereforayas to get
as much use out of them as possible. This drive toward 100% utilization of the
processor has not entirely disappeared today but is now much less important tha
usability and peak processing power.

As the hardware steadily improved, the exeautime of programs fell. This trend
had two very critical consequences, which were to span on rapid development of earl
operating systems:

The set up time i.e the time between jobs spent loading the next program and
databecome disproportionate to then time of the job.

The inputoutput devices were seen to be much slower than the processor speed.

The processor spent most of its time idle, waiting for a card to be reader punche
or a character to be printed.

Around 1960, a revolutionary new compiytealled ATLAS, was designed by a
team from Manchester University and the Ferrants company. This is reputedly the firs
computer to be designed with the requirements of an operating system in mind. Atla
introduced many more features including interrugitsl a virtual memory system.
While the idea of virtual memory took some time to make a broad impart, the interrupt
mechanism made an immediate impression in computer and operating system desig
since it made the job of managing several programs and pediplievices
simultaneously much easier. It made it possible for the operating system to oversee tt



progress of several programs and I/O activities simultaneously. In 1964, IBM produced
the system 360 series of computers, which consequently evolvedystiem 370 and
then the 303X machines in use today. This range of computers has probably been tt
most significant in computings history, not so much from a technological point of view,
but because it provided a wide range of computing facilities witlconapatible series of
machines, supported by the manufacturer through many revisions and enhancements.

Single Stream Batch Processing

In order to reduce the set up time between jobs, the simple program loader conce|
was elaborated to allow for a contirusoseries of jobs to be loaded automatically from
an input device (usually a card reader, but later magnetic tape). This early form o
operating system was often called a supervisor, executive or monitor before the terr
operating system itself came into nomon use. However, we can see that these
systems were indeed basic operating systems. The term batch processing was appl
to this mode of working because jobs were submitted in batches to the computer.

Multiprogramming

Continued improvement hardware am¢ that the computer could cope with more
work that a single batch stream could produce. The answemudigprogramming !

If the computer were asked to run several programs at the same time, the process
could be kept busy for most of the time by sWitg its attention from one program to
the next in rapid succession. Additionally, I/O transfers could overlap with processor
activity, i.e. while one program has to pause awaiting on I/O transfer, another progran
could use the processor.

In a batch mulprogramming system, a series of jobs was loaded into the memory
at the same time, if sufficient memory space were available. While one job was helc
up waiting for an 1/O transfer, another job was started. A job was selected (from thost
ready to run), on & basis of an operation assigned priority number. It was found
advantageous to mix jobs which differed in the balance of processor to 1/O activity.

Spooling

The acronym stands for simultaneous peripheral operatiotis@arEssentially, this
technique aborbs surplus process or time by performing I/O transfers for other jobs.
Input and output date were routed via disk files so that there jobs were only required ti
communicate with disk systems which are, of course, much faster.

Another benefit of spoolop was that access to the slow peripherals was restricted to
the one program, namely the spool print program. This facilitated the sharing of device:
such as printers between several running programs, avoiding the need for these prograr
to compete for posssion of the printer. It must be remembered that the



spooling operations run when no other jobs are available and hence use processor tir
which would otherwise be lost. While the real I/O incurred by the jobs use the much
faster disk system. Overall,ghihoroughput of the system was improved.

Real Time Systems

The range of applications into which computers were drawn has risen dramatically
since the very earliest days of computing. A specific case in point was a class o
applications referred to asaldime systems. A real time system was defined as one
which responds sufficiently fast that it can influence the environment in which it was
working. The term real time was usually applied to systems where the feedback i
more immediate or direct, such psocess control systems in factories or missile
tracking systems for defence. Another valid application would be an airline seat
reservation system where the availability of a seat was checked, reserved and book
where the operator is dealing with thestamer. The essence of these systems was the
immediacy of the interaction between the computer and the application environment
Hence, the operating systems for computes working in this fashion were to be
designed to cope with the necessary speed of regp&ecurity and safety were also

of paramount importance in many of these systems.

User Interface

The user interface is the users gateway into the computer, enabling the require
humanrcomputer interaction to take place. Considering its critical naiuns, a
surprise that the topic has been awarded relatively little attention in the past.

The range and diversity of computer users is such that a complete listing of
distinct types would be difficult, so we will introduce here a very broad categonzatio
which encompasses most users. They are programmers, operational and end use
Note that these categories define roles and not individuals; one person can at differe|
times perform tasks within each of these categories. Programmers produce softwar
for the use of themselves or others. The software can be broadly classed as system
application. The former case refers to software such as operating systems, compile
etc, while the letter refers to Spreadsheets, Databases, Management Informatic
Systemsetc. An operational user is concerned with the provision, operation and
management of computing facilities for others, possibly for other users. This would
include mainframe computer operators, installation management and system enginee
concerned with sstem efficiency, software installation etc. This would also include
any person who performs housekeeping operations on a computer, such as setting
directories, deleting old files, checking on free disk space and taking backups etc. At
enduser is someanwho applies the software to some problem area. We can identify
within this group varying levels of expertise or sophistication; at one extreme, we have



the cash machine user who is perhaps unaware of his or her interaction with
computer. At the otheextreme, a personal computer user could have a substantial
understanding of the computer. In between these extremes, might come clerical sta
using a data entry program.

There are 4 different types of user interface:

System calls

Command language
Job control language
Graphical user interface

System Calls

To a programmer, invoking a system call is very similar in nature to calling any other
procedure or function. The essential difference, however, is that in the case of :
conventioral subroutine, the object code is part of the calling program, while the
system call code is within the operating system. An operating system will only have &
limited number of available system calls and in general these will be supplemented b
standard shroutine libraries. Many of these standard subroutines, which provide
additional and/or higher level facilities for the programmer, will themselves use
system calls. These higher level subroutines are generally organized into applicatio
programming intedce or APIs.

Command Language

Command languages are designed to allow a user to interact directly with the
operating system from a terminal and the principal use of the command language is t
initiate the execution of the programs. Hence, it is a facibr online users rather
than batch processors although command languages often contain some provisions f
batch working.

Job Control Language

Job control languages or JCLS are used to define the requirements and parameters
work submitted to a baicsystem and would generally be used by computer operations
staff in a mainframe environment.

Graphical User Interface

A graphical user interface or GUI ( pronounced -g@y) provide means of interacting
with the system using a windows and mouse driverirenment. The concept arose
primarily from work done in the Palo Alto Research Centre (PARC) of the Xerox



Corporation, but was commercially exploited and popularized by Apple Corporation.
When the Apple Macintosh first appeared in 1984, its (then) urfeptare was that

its graphical interface was its only means of interaction with the operational or end
user. Since that time, many other GUIs have been developed, though usually they a
layered on top of an existing command based interface, as in tnefcasndows for
MS-DOS and X Windows for UNIX.

Scheduling

The processor at any instant can only be executing one instruction from one prograr
but several processes can be sustained over a period of time by assigning each proc
to the processor at imeals, while the remainder become temporality inactive. What
do we mean by the phrase assigning a process to the processor? Simply that tl
processor execution is directed in to the program code corresponding to the proces:
so that the path of executisow moves through this code. At this point, the process
thus started has complete control of the processor and will continue to have thi:
control until something happens. It is, of course, essential that the operating syster
regains control at some timep ghat the processor can be reassigned to another
process. These somethings can be either the process issues an I/O request by mean
a system call or an interrupt occurs. Both of these events cause the processor execut
to be diverted into the opemg system, enabling it to regain control and to decide on
its next cause of action. At any instant, only one process will be running while the
others will be ready, waiting for the processor or in some other wait condition. The
operating system has the kasf determining the optimum sequence and timing of
assigning processes to the processor. This activity is called scheduling.

Memory Handling by Operating System

Main memory is essential within a computer first and foremost to enable processes t
exist. It is within main memory that instructions reside which are interpreted by the
processor. However, in addition, to holding program code, the memory is also a work
space and transient storage repository for various kinds of data. Consequently, th
memory ofa typical computer is occupied by a wide range of different objects such as
operating system code, operating system data (process tables, file description tabl
etc), user program code and date etc.

Historically a number of memory management technidnae® been used, and, in
the process of evolution, have been superseded by superior methods. The operati
systems memory manager provides the memory space to enable several processes
be executed at the same time and protect each process from each other.

In order to execute a process, the program code has to be transferred fror
secondary storage to main memory; this activity is called process loading.



In some systems, the reverse operation is also used, i.e. the transfer of a proce
from memory to seawdary store. This is done in order to accommodate and
consequently execute another process, the overall effect therefore being a swap of tv
processes; hence this activity is called swapping.

File Management

The majority of computer applications use age facilities provided by magnetic disk
and other media such as optical memory. Such systems, termed secondary storage,
used to provide noemolatile and relatively cheap storage, at the expense of access time

as compared with sersonductor storage)ln its broadest usage, the term file is
applied to anything held on secondary storage. This would encompass programs (sourt
and executable), text files such as word processing documents, saved spreadsheets ¢
data files employed in an application sucghstock control. In a narrower usage of the
word, it would refer specifically to the last of these, i.e. to application data only. The
view of the file data as presented to the user by the operating system necessarily hid
some major complexities. Problerof physical addressing, blocking, error checking, data
input/output etc are effectively masked from the user.

When a new file is created on disk, the decision as to where to locate the file, ir
terms of a cylinder, track and block address, has to beenadearlier system, this
was the responsibility of the user. Very often , this allocation was made with a view to
optimizing performance of programs accessing the file, the file would use a
contiguous area of disk, or possibly aligned vertically (ietl@nsame cylinder) with
another file which had to be accessed at the same time, the intention being to minimiz
head movement. The user was required to estimate the maximum space necessary
the file; an underestimate could cause a program to fail withua of disk space error.
This technique has given way in more recent times to numerical allocation of disk
space. The operating system allocates disk space on demand by user progran
Generally space is allocated in units of a fixed size, called anatbocunit (or a
cluster) which is an implement multiple of the disk physical sector size, usually 512
bytes. Typical sizes are 512, 1024 and 2048 bytes. When a file is first created, i
consists solely of one cluster. Note that this is the minimum szsognad to a file,
been though it consists only of a few bytes. As the file is extended by the appending ¢
more data, eventually the cluster will be filled. More clusters are assigned to the file a:
the need arises. Clusters can be released as well igaeasso files. This would
happen if the file were deleted or simply contracted in size.

Security Techniques

The operating system can significantly contribute to the security of the resources of :
computer. Operating system can provide security in mays\Wwke passwords, access



control, encryption, etc.

A password mechanism is often the first and most significant line of defence in a
multi-user system. In order to gain access to the system, the user enters an persol
identification name together with password associated with that ID name. The
password can be assigned by an administrator or devised by the individual user. |
principle, the password technique ought to provide a satisfactory level of security
against unauthorized access to the system,in practice it has been found on
occasions to be suspect. The main problem associated with passwords is that use
tend to use easily remembered words which consequently are more readily guessed |
a potential hacker. File access control is anothegl lef’security in which operating
systems generally include facilities for the protection of files. Encryption is the
conversion of data in some intelligible format into an unintelligible format to prevent
the data from being understood if read by an umanged party. A reverse operation,
decryption, converts the encrypted data back to its original form.

A BRIEF HISTORY OF LINUX

Linux is not strictly speaking a UNIX system, since it ddesn cont ai n &
licensed code of real unix systems, but basn designed from scratch as a look alike
and placed in the public domain. It is strongly PO®k&ed, ensuring compatibility
with POSIX-compliant systems. It can run an a number of different platforms, but
possible its most important aspect is that it ba used on a PC.

Although many people might refer to Linux as the operating system and included
software, strictly speaking, Linux is the operating system kernel, which comes with a
distribution of software. Linux was first released in 1991 by its adthmux Tovvalds at
the University of Helsinki. Since then it has grown tremendously in popularity as
programmers around the world embraced his project of building a free operating systerr
adding features and fixing problems. Linux is popular with tédsgeneration of
computer users for the same reasons. Early versions of the unix operating system entici
fans more than 20 years ago. Linux is portable, whichmearislydu f i nd ver s
on namebrand or alone PCs, Apple Macintoshes, Sun workstatioBsgital Equipment
Corporation Alpha based computers. Linux also comes with source code, so you ca
change or customize the software to adapt to your needs. Finally, Linux is a grea
operating system, rich in features adopted from other versions of Unix.

A BRIEF HISTORY OF MS -DOS

In 1979, a small company called Seattle Computer Products, which manufacturet
memory boards, decide to write its own operating software to test some of its Intel
based products. This system, called(38s, was bought by IBM. IB then enlisted

the help of Microsoft to develop it into a commercial product. The IBM PC was



announced in August 1981, with version 1.0 of -MOS, referred to by IBM as
simply DOS and later as PROS. In 1983, version 2.0 of MBOS appeared, which
was amajor advance in design of the system version 2.0 was designed to meet th
needs of a newlyannounced IBM computer, the PC/XT, which had a bniltOmb

hard disk. To simplify management of this vast storage, version 2.0 introduced &
hierarchical file diectory structure based on the unix model.



A BRIEF HISTORY OF WINDOWS SYSTEM

There are essentially three main types of Microsoft Window Systems: Original MS
DOS based version, Windows 95, Windows NT.

The MSDOS based version was layered on top of-M3S, which primarily
provided support for the disk system development of this line terminated at version
3.11. Windows 95 was derived from the original windows but is base on 32 bit code
(mostly).

It is intended as the natural successor to Windows 3.11 fsppal and smell
system use. It provides pemptive scheduling, 32 bit addressing with memory
protection and has a graphical user interface distinct from version 3.11. While being
independent of M®OS, MSDOS applications are executed directly using rfiedi
MS-DOS code and hence can execute any programs written
for MS-DOS. The latest of them is Windows 98. Microsoft came out with an
Operating System for network called as Windows NT. Windows NT was designed as
a completely new product. Windows NT hasltin provision for net working.



REVISION EXERCISES

Write a short note on the history and evolution of operating system.

"User Interface with the computer is not complete without an operating system".
Do you agree with the statement. Give reasons.

Explain the concept of Single Stream Batch Processing.
What are the benefits obtained by the user from the spooling technique.

5. How does the user interface make the huiwamputer interface a smooth
interaction?

What are the different types of user indéeds? Highlight the differences between
them.

Explain briefly the term scheduling.
Write a short note on memory handing by the operating system?
How is a file structure managed by the computer's operating system?
Briefly explain the security techniquasan operating system.
Give a brief history on:

Linux

MS-DOS
(c) Windows System



Chapter 10:
DOS: DISK OPERATING SYSTEM

DOS was developed by Microsoft primarily as a single user operating system working
on Personal Computers. From 1981 till now saersions starting from Ver 1.0 till

6.2 have been released. Each successive version had its enhancements aimed
improving the management of the computer resources available to the users.

As has been explained earlier it is essential for the opersystgm programs to

be resident in the memory of the computer. The process of loading

these programs into the memory is termed as Booting the computer. In DOS thes
programs are MSDOS.SYS, 10.SYS and COMMAND.COM. However MSDOS.SYS
and 10.SYS are hidden prmagns and cannot be seen in the Directory listing.

Loading of these programs is done either by inserting the systems floppy (the
floppy containing the above three programs) in the floppy drive and switching on the
computer. The loader program residentia ROM reads these programs and loads all
the instructions in the memory. The screen of the monitor displays the A prompt
(A:\>), thereby signalling to the user that the computer is ready to be used.

Alternatively, if the system is not available, the caitgy can be booted from the
hard disk.

The only difference is that the screen will now show the C prompt)@istead
of the A prompt.

In order to load the DOS files from Floppy to Hard Disk the following command
IS used:

A:> SYS A: C:

If one needsa make a system Floppy from the Hard Disk the DOS command used
is:

C:>SYSC: A

DIRECTORIES

In the DOS environment, each disk is organised into directories. Each Directory holds
files. The default directory is the Root Directory and contains the mmiOS
Files. The Root Directory has no name in the DOS terminology.

The Root Directory cannot show more than 132 files in its directory listing.

Todays computing environment consists of using various computer languages an
packages in order to satisfyiocomputing needs. If all these packages, languages and



associated data, program files etc. are kept together in the same directory, fil
managing and handling becomes extremely inefficient. In order to tackle this
inefficiency, DOS allows users to creatubdirectories within the Root Directory and
within subdirectories as well.

Commands to Create a Directory

In order to create a directory named DEEP in the Root Directory, type in the following
command:

C:\> MD\DEEP
or type
C:\>MKDIR\DEEP

Changing Your Working Directory

In order to work with files in the directory DEEP type the following command:
C\>CD\DEEP



Removing a Directory

To remove a directory, please ensure that the directory is empty and enter the commanc
C\>RD\DEEP

The DIR Command

This command enables us to view the contents of a directory.
C\>DIR T This gives a complete listing of files and directories.
C:\>DIR/P - This command pauses the directory listing at every screen.
C:\>DIR/W - This command shows the listing widiviseon the screen.

FILES

The most common requirement of a computer user are commands to manage his
files.DOS has a naming convention for all files which states that:

Files can have names upto 8 characters. This can be followed by a (.)dot an
an extension foupto 3 characters. However, special characters like commas,
slashes, blanks etc. are not allowed in a file name. Hence

MYFILE is a valid file name.

MYFILE.BAK is a valid file name.

MY FILE is invalid because a blank space has been given.
MY ,FILE is invalid because of the comma.

Creating a File Using Editor

DOS has an inbuilt editor which allows you to create a file.In order to create a file
named ANYFILE enter the command
C:\DOS> EDIT ANYFILE

Figure 10.1



DOS will present a screers &hown above. You can then enter your program or
text in the box and exit out of the editor by using the ALT+F key and then press X.

Commands to Copy Files
C\>COPY ANYFILE A: (This command will copy the file named ANYFILE in the
Root Directory to a Flppy)

C\>COPY ANYFILE \DEEP (This command will copy the file ANYFILE from
the Root Directory to the DEEP directory.)

WILD CARDS

DOS supports two wild cards® &a@d whi ch all ow you to
fle names. Thé® st ands tharacteaimtlyeir spectiiegl position within the
fle nameandthéd st ands for any set of <charac
within the name and extension and continuingtill the end of the filename or extension

For example, DIR A:??001will list all files having any character values in the
first two position of the filename followed by 001 and any three characters in the
extension.

C\:> COPY ** A: COMMAND will copy all files in the Root Directory on to a
floppy.
THE ATTRIB COMMAND
C:\> ATTRIB TR ANYFILE : This command is used for making your file ANYFILE
as read and write, i.e. you can both read as well as write from and to the file.

The following notations can be used with the ATTRIB command:

+R : Makes the file read only

+H : Swpresses the file in the directory listing, i.e. makes it hid
-H : Unhides the previously hidden file

+A : Changes file settings to Archived

-A : Changes file settings to Not archived

+S ; Marks file as DOS system file

-S : Removes DOS system figetting

RENAMING A FILE
C\>RENAME ANYFILE MYFILE
This command allows us to rename the file named ANYFILE to MYFILE.



DELETING A FILE
C:\> DEL ANYFILE
The above command will delete the file named ANYFILE.
Erase can also be used to delete files.

THE DELTREE COMMAND

If you wish to remove unwanted directories and their contents (files and
subdirectories) use the DELTREE command.

C\>DELTREE C\deep

PRINTING ON SCREEN
C\>TYPE ANYFILE

This command will output the contents of the file ANYFILE ore thcreen.
However, it will pause at the end of the text. As a result, you will not be able to view
the total contents. In order to view screen by screen, use the Piping feature of DOS.



Piping

If you desire to reprocess the output obtained from a DOS eminy another DOS
command then one way to do this is to redirect the output to a disk file and then sen
the contents of the file as input to the next command.

However, DOS allows you a more convenient method in which you can combine
multiple commands oa single line. This technique is called piping and uses the pipe
character | to combine the DOS commands.

For instance, in the previous example if we wished to pause at every screen ti
view our output, we would enter the following command:

C:\> TYPE ANYFILE| MORE
MORE forces DOS to display output one screen at a time.

REDIRECTION OPTIONS IN DOS

Output can be redirected to various devices by using the > symbol for output and -
symbol for input.



Standard target device names are as undetr:

CON The seeen or console

PRN The default printing device

LPT1 Parallel printer port

COM1 Communication serial port 1

COM2 Communication serial port 2

AUX Auxiliary output device

NUL Null device (Suppresses output from device)

C\> TYPE MYHLE >PRN
The above command will redirect output of the screen to the printer.

SOME DISC COMMANDS

The Format Command

Formatting or initializing floppy or disk is the technique of creating tracks and sectors
on the floppy which are ultimately used foading and writing data from and to the
floppy. The command provided by DOS for this important task is as follows:

C:\> FORMAT A: Formats the floppy in drive A.

C:\> FORMAT A:/S Formats the floppy and also transfers the systems files to the
floppy.
The Scandisk Command

C:\>SCANDISK /ALL

This command available in DOS 6.2 version analyses and repairs logical anc
physical disk errors. If DOS version is lower than 6.2 use CHKDISK/F command
instead.

THE CONFIG.SYS FILE

This is a user defined file in DOS @ncontains additional information for the
operating system regarding the environment in which the user desires to work. Fo
instance a config.sys file may contain the following DOS commands:

DEVICEA\DOSHIMEM.SYS



FILES=100
BUFFERS=40
DOS=HIGH

The devee command tells DOS to look for extended memory. DOS would, by
default, assume that your computer has the primary conventional memory of 640 KE
only. However, HIMEM.SYS will check for extra memory.

The FILES command tells DOS that upto 100 files cangenat a given point of
time. Otherwise the default of 8 files is applied by DOS.

DOS=HIGH tells DOS to load the operating system files in upper memory area
leaving the conventional memory area free for applications which require more of
conventional memy.

When the computer is booted, the operating system first reads the CONFIG.SY §
file in order to configure the environment before bringing up the C prompt.

THE AUTOEXEC.BAT FILE

This is also a user defined file, which contains DOS commands to be eddafore

the user actually starts his session on the computer. For instance, if the user desir
that the computer should check for any viruses on his hard disk the following
command should be written in the AUTOEXEC.BAT file.

MSAV C:
We have so far dsissed some of the very common and necessary commands an
files of the disk operating system which must have given you an idea of the DOS

environment & which must have illustrated some important features of DOS. We shall
now discuss the commands.

COMMANDS IN DOS
DOS commands can be divided into two categories:

Internal commands: Internal commands are those commands that can be enter:
once the DOS prompt is available, i.e., they do not need any special files for theil
execution. For example

A:/> CD\DOS
is an internal command that changes the directory.

External commands: External commands are those commands that need separate fil
containing their source codes, to invoke them. The external commands basically ar
accessories to the operating systeat thcrease its extensibility.



A:/DOS > FORMAT C:
The above command would format the drive C:. The file FORMAT.EXE should

be present in the DOS directly of drive A: for the command to be executed as desired

Given below are some of the common commanits their function and syntax.

Break

Type: Internal command.

Function: When thed BREA Kcommand i s invoked, (
computer checks to see if Ctrl.C would stop the execution of the current DOS
command.

Syntax: BREAK ON or OFF.

Type:Internal command.

Function: The CD command is used to the change the directories which may be o
the same or other drives.

Syntax: CD drivapath.

CHKDSK

Type: External Command.

Function: The CHKDSK command analyses, diagnoses and optionally corrects
comman hard disk errors. CHKDSK can also be made to work on a specific file to
check whether it is contiguous (stored in adjacent areas of the disk) or
noncontiguous (scattered over separate areas of the disk).

Syntax: CHKDSK drivapathfile\switches.

CLS

Type: Internal command

Function: The CLS command clears the screen and only the operating syster
prompt on the top left corner is displayed.
Syntax: CLS

Copy

Type: Internal command
Function: As the name suggests the COPY command is used to legdydm one



destination to another.
Syntax: COPY source_drivpathfile(s) target_drivépathfile(s).

CTTY
Type: Internal command
Function: The CTTY command redirects a console input or output to a distant
input/output device (eg. printer).
Syntax CTTY devicename.
Suppose the device is the printer connected to LPT1. The appropriate comman

would be.
CTTY LPT1

Date
Type: Internal command.

Function: If the DATE command is used without any parameters, DOS displays
the current system date & prots the user to enter another. If after the DATE
command, the date is included, DOS changes the date.

Syntax: DATE date.



DBLSPACE

Type: External commands.

Function: The DBLSPACE command is used to compress the data files. It can
also be used to compseghe entire drive. The DBLSPACE has very vast
applications which are beyond the scope of this book.

Syntax: DBLSPACE/Switches drive:

DEFRAG
Type: External command.

Function: The DEFRAG command is used to arrange the files in contiguous
sectors. Filedbecome fragmented over a period of time. Hence, the DEFRAG
command should be perodically used to increase the performance of the system

Syntax: DEFRAG drive:/Swithces.

DEL (ERASE)
Type: Internal command.
Function: The DEL command is used to deletesfile
Syntax: DEL drivépathfile(s)/switches
ERASE drivelpathfile(s)/switches

DELTREE
Type: External command.

Function: the DELTREE command is used to remove an unwanted directory, plus
all files on it, and all subdirectories nested below it, in glsicommand.
Syntax: DELTREE/switch drivpath.

DIR
Type: Internal command.

Function: The DIR command displays a list of files in a directory. The DIR
command without parameters displays the list of files in the currently logged drive
and subdirectory

Syntax: DIR driveipathfile(s)/switches.
DISKCOMP



Type: External command
Function: The DISKCOMP command compares the contents of two floppy disks
on a track to track basis, reporting which track numbers are not identical.
Syntax: DISCOMP source;nget:/switches.

DIScopy
Type: External command

Function: The DISCOPY command copies the contents of one floppy disk to
another on a track to track basis.

Syntax: DISCOPY source: target:/switches.
DOSHELP
Type: External command
Function: The DOSHELRommand provides instant help to the user when invoked.
Sytax: DOSHELP Command
or
Command /?

When executed instant help is provided on the ‘Command Name' entered.



DOSkey

Type: External Command.

Function: Once invoked the DOSKEY command introducegeial buffer space
in which the DOS commands being entered are stored. Each time a command |

entered it is added to the DOSKEY's Command buffer. These commands can b
recalled.

Syntax: DOSKEY.
EDIT

Type: External Command.

Function: The EDIT commanprovides a text editor for the editing of text files or
batch files.

Syntax: EDIT drivépathfile/switches.
FC

Type: External command

Function: The FC command matches the contents of two files or sets of files anc
reports the differences between them.

Syntax: FC/switches drivigrathfile(s) drivelpathfile(s)

FDISK
Type: External Command.

Function: The FDISK command is used to partition the hard disk. This command
should be used on a formatted hard disk, otherwise it may erase or overwrite th
existing files.

Syntax: FDISK/switch.
Find
Type: External Command.

Function: The FIND command is used to find all occurrences of a specified
character string in a file. This command is easasitive, i.e., it distinguishes
between upper case and lowercéstters.

Syntax: FIND/switches "string" drivgathfile.



FORMAT

Type: External Command.

Function: The FORMAT command prepares a blank disk for storing, or creates a
new blank disk from a used one. In other words, the disk is formatted.

Syntax: FORMT targetdrive:/switches.
HELP
Type: External Command.

Function: The HELP command is synonmous to the DOSHELP command. It
displays the syntax summary of the command name entered.

Syntax: HELP Command.

KEYB
Type: External Command.

Function: This command when invoked loads a ngtandard keyboard
configuration into memory.

Syntax: KEYB keyboard codepage driyathlibrary file.
The Library file usually is KEYBOARD.SYS

LABEL
Type: Internal Command.

Function: Every disk has the option of havingadme label which can be used
for its identification. The LABEL command adds or modifies the volume label.

Syntax: LABEL target: Labelname.
MD
Type: Internal Command.
Function: The MD command is used for creating a new directory or subdirectory.
Synta: MD drive:\path directoryname.
MK DIR can also be used in place of MD.

MEM



Type: External Command.

Function: The MEM command displays the information on the allocation of the
random access memaory.

Syntax: MEM/switches.
MORE

Type: Internal Command.

Function: The MORE command when used displays the output one screen at
time instead of continuous scrolling. The MORE command is used to display the
contents of a data file or to display the coutput of a program.

Syntax: MORE < drivapathfile(s)
or

Command (parameters) | MORE
For egq.,

MORE < STUDENT.TEXT

or

TYPE STUDENT.TXT | MORE



Move

Type: Internal Command.

Function: The Move Command Moves files from one location to another. This
command is quite identical to the copy command the onlgreifice being that the
source files remain intact in the case of the copy command while they are delate
in the case of the Move command.

Syntax: Move Sourcipathfile(s) targett pathfile(s)
MSAV
Type: External Command.

Function: The MSAV (Microsofantivirus) command scans the memory for the
presence of computer viruses.

Syntax: MSAV drivetpathswitches
NLSFUNC
Type: External Command

Function: The NLSFUNC command when invoked loads national language

support functions which allows the user toitsW to international character set
tables in RAM.

Syntax: NLSFUNC drivépathcountry file
PATH
Type: Internal Command

Function: The path command searches in a list of subdirctories (specified in its
syntax) for executable program files.

Syntax: PATHdrive\path1; drivépath2

For Example,

PATH CADIR1 ; CADIR2

would look for all executable files on DIR1 & DIR2 subdirectories.

PROMPT
Type: Internal Command



Function: The PROMT Command is used to change the appearance of the Dos
prompt.
Syntax: ROMPT prompt starting

The prompt may one or a combination of the following.

$$ Dollar Sign ($)
Sb Piping Symbol (1)
$d Current date
$9 Greater than symbol (>)
$\ Less than symbol (<)
$q Equel sign (=)
$t Current time
$v DOS version number
$p Curmrently logged drive and directory
$n Current drive
$e Escape character
RD

Type: Internal Command

Function: The RD Command is used to remove directories. The directory to be
removed should be empty.

Syntax: N drivéjpaticountry file
RMDIR can also b used in place of RD.

Rename or REN
Type: Internal Command.
Function: The REN command is used to change the file names.

Syntax: REN drivapatholdfilename drive: patinewfilname
RENAME can be used in place of REN.

Replace
Type: External Command.



Function: The REPLACE command is used to replace and files with new files of
the same name. This command is used update data files.

Syntax: REPLACE sourcgathfile(s) target\pathswitches.

The above statement replaces the files in the target diyastth that of the
source directory.

Sort
Type: Internal Command.

Function: The SORT command sorts data in character based files or sorts the
output of DOS commands.

Syntax: SORT/Switches < driwpathfile.
or

Command : SORT/Switches.

for eg.

TYPE STUDENT.TEXT : SORT

TIME
Type: Internal Command.
Function: The TIME command us used to display or change the system time.
Syntax: TIME (displays the current system time)
TIME hh:mm:ss a/p
a & p stand for a.m. or p.m.

TREE
Type: Internal Command.
Function: The TREE command displays the subdirectory structure of a drive.
Syntax: TREE drivéapath/switches.

TYPE
Type: Internal Command.
Function: The TYPE command displays the contents of a file.
Syntax: TYPE drivapathfile



The following staterant.
TYPE STUDENT.TXT > PRN directs the output to the printer.

UNDELETE
Type: External Command.

Function: As the name suggests the UNDELETE command is used to UNDLETE
files that have previously is not always successful in recovering the deleted files
A file may be undeleted if the disk area it occupied has not been overwritten by
another file.

Syntax: UNDELETE drivapathfile(s) /Switches

UNFORMATED
Type: External Command.

Function;: The UNFORMAT command is used to recover files which were lost
when the disk was formatted.

Syntax: UNFORMAT drive:/swithces.
VER
Type: Internal Command.
Function: The VER command displays the version number of DOS.
Syntax: VER.

VOL
Type: Internal Command.
Function: The VOL command displays the volume label efdisk.
Syntax: VOL drive

Not all the commands have been covered, due to the scope of the book. We have
tried to cover the most commonly used commands.

REVIEW EXERCISES

Multiple Choice Questions

Which of the following commands is correct if we wishctipy a file named
ANYFILE in the root directory to a directory named MYDIRECT?

C:\> Copy anyfile mydirect



C:\>copy anyfile\mydirect
C:\>copy\mydirect anyfile
C:\>copy anyfile /mydirect
Formatting of a floppy disk is done by
physically cutting traks & sectors
logically dividing the surface into tracks and sectors through software
the manufacturer of the floppy
copying the system files



The CONFIG.SYS file is

a user made file

a system file

a file containing application program
none of these

Bootstrapping is

the process of loading the OS programs

the process of loading OS into the RAM programs into Hard Disk
the process of copying OS to floppy

none of these

Mark True or False

Renaming a file named ANYFILE to MYFILE can be done by the m@md
COPY ANYFILE MYFILE.

Deleting a file named ANYFILE can be done by the command DEL
ANYFILE.

The command G>Copy *.* A: may not be able to copy all the files in the
hard disk if the files in the hard disk occupy more than 1.44 MB.

DOS always asumes that your computer has 640 KB of memory unless
and until you tell DOS otherwise.

DOS is a multiuser operating system.
The SCANDISK command checks your computer for viruses.

Piping is the technique of using the output of a DOS command as the input
of another DOS command.

Output redirection to PRN is the only way to print a document in DOS.



Chapter 11: FEATURES OF THE UNIX OPERATING
SYSTEM

SALIENT FEATURES

The Unix operating system offers many features. Some of these important features a
discussed below:

Multi -tasking Capability

This capability allows the operating system to perform several tasks simultaneously
For instance, Unix can print one document, edit another and sort a list of files at the
same time. Multiple tasks can be carried byftplacing other tasks in the background
while you work on one task at a time. The current tasks are said to be in the
foreground. Normally the tasks that do not require active interaction from the user are
placed in the background. The more tasks ararrtine background, the lower will be

the system response.

Multi -user Capability

Multi-user operational system permits several users to use the same computer to cal
out their job. Several terminals are connected to a single powerful computer and eac
user of the terminal can be a programmer, program access files and prints document
the same time. Need for the mulser environment arises when several programmers
work on developing module of the same software. Mudgr environment ensures
completecoordination and compatibility and saves a considerable amount of time by
allowing several users on a set of information at a time. Buying single-usti
computer is far more economical and efficient than buying several single users
computers.

System Prtability

The Unix operating system can port itself to another installation without any major
changes. This ability to adapt itself to different computers has made Unix very
popular. Unix runs on more brands of computers than any other operating system.

Communications
Unix supports two major types of communication:

Communication between different terminals connected to the same computer.

Communication between users of one computer at a specific location to the users ¢
another type and size of a conb@ulocated elsewhere. The two computers may



be located in different offices or different countries or continents. These type of
communication is achieved by a mail system based on wide area and may b
connected through telephone lines or satellites.

Sydgem Security

The user data is highly secure in the Unix operation system. There are several levels
security in Unix. The first level is system security. The standard login procedure
before Unix starts running on the system ensures that not just anyandgtart
running Unix on your system.

The next level of security is incorporated when it comes to accessing files. Three
permission namely, read, write and execute can be assigned by the owners of file t
each of his files. All these permissions canifaividually cancelled or denied to all
other users of the system.

The third level of security allows users to encrypt data files on the disk so that even i
someone does manage to access them he cannot make much sense of it.

THE UNIX CONNECTIONS

Unix being a multuser operating system, has to support a large number of users
without any bias. This means that Unix has to make the right connections using th
right priorities and right links.

At the heart of the Unix installation is the host machinesThkithe powerful
computer that can support many terminals. The number of terminals being supporte
is limited by the hardware used and resources available in the host machine. Users &
connected to the host and are provided with terminals to work orseTieeminals
consist of a keyboard, display along with the associated hardware such as ports ar
cables. A terminal may be connected to the host either directly or through telephon
lines. There are different types of terminals and modes of connected hwsh also
differ. A few types of terminals that users of Unix often use are:

Dumb Terminals: These terminals consist of minimum components that every
terminal must posse$sa keyboard and a display.
Intelligent Terminals: These terminals have a mihtheir own. They have their own
memory and a few enhanced features. Yet all the processing and execution c
programs is carried out only in the host machine.
Terminal Emulation: Terminal emulation allows a PC to act as a terminal. In this case, in

spite of having a microprocessor the PC performs no processing at all. It transmits its
processing jobs to the host computer. This PC can be used as-alstaadomputer



once the Unix session has ended.
Dial-in Terminals: These terminals use telephone lineommunicate with the host.

The Console: The console is connected directly to the host. Every Unix installation
has only one console which is used by the System Administrator, in order to
administer the system.

LOGGING INTO THE SYSTEM

In the Unix opeating system, the booting or the startup procedure which is explained
in detail in this module can be done only at the console. No other terminal can be use
until the console is started.

After switching on your computer (the console), you encounter ginLprompt
on the screen which is followed by 'password' prompt.

Login

The purpose of this prompt is to identify the user and allow access to the system onl
after verifying the identity of the user. The login prompt requests the user for a name
oranfiddo which i1 s given to the user by ¢ttt
login name the system further requests for a password.

Password

The prompt requires the user to key in the password that he has been assigned or
has selected. The passwasdnot echoed on the screen to protect the privacy of the

user. If the user fails at this stage the Unix session never takes off. The login name ar
password should always be entered in lower case because Unix is case sensitive. /
the Unix commands are iower case.

COMPONENTS OF THE UNIX OPERATING SYSTEM
The Unix operating system is functionally classified into the following components:



USER

Figure 11.1: Components of a Unix Operating System

The Kernel

It is the core or skeleton ofaing system program. It performs all the Kavel jobs
necessary to control all the tasks and hardware devices, schedule all the processes ¢
carries out all the crucial functions of the operating system. All operating systems
have a kernel that contes many routines to carry many tasks that the operating
system has to handle.

Utility programs written as software tools perform all other typical operating system
functions. Use of software tools, instead of a single large operating system progran
distinguishes Unix from other operating systems. What makes the kernel utility structure
work is the interface to the kernel called the SYSTEM CALL INTERFACE.

A system call is call to an operating system service routine used in the kernel. Thi:
calcanbemadenn @ or Assembly Language progr
call, the portion of kernel with the relevant programming is run. The system calls are
the basic building blocks upon which Unix commands are based.

The Shell

It is the command interpreter did operating system. It accept commands from the
user at then 8 pr ompt and anal yses and I nt e
commands are executable C programs. The shell starts executing the appropria
executable file and then requests the kernel ty cart the data transfer which finally
leads to the output that is displayed on the terminal. Hence the shell acts as th
middleman between the kernel and the user of the operating system.

UNIX TOOLS AND APPLICATIONS



The outermost layer of the Unix operaf system is its Tools and Applications. Tools
vary from one implementation of Unix to another. Some versions of Unix are decked
with more than 400 tools.

These tools can be involved from the command line itself and help to perform
day-to-day as well asomplex tasks of the system. Unlike shell and kernel these tools
are not mandatory. Tools on the other hand, are programs which are not necessary f
the computers basic operation, but provide significant additional value to Unix when
available. These toslinclude many application programs, which may be purchased
separately, such as electronic spreadsheet and sophisticated word processing packa



PROCESS

In Unix, each particular task or program that the kernel is currently undertaking is called
a proces. A process in short is a running program. For example if you are running the
date command, it is one process. If it is run again, it is a ng@Rocess.

THE UNIX SCHEDULER

The scheduler is a program in the kernel that allows more than one persortte use
computer at the same time. It shares the computer resources among various use
allowing each a small slice of the compidter pr ocessor . Thi s
Time-Sharing.

Let us consider the example of a hotel bearer to understand the cohtapé-o
Sharing. Every Hotel Bearer is assigned the job of serving a section, which comprise
of a certain number of tables. The bearer cannot practically handle all the tables at tf
same time. He instead concentrates on only one party at a time. Hedaskfoom a
party seated at a table, then moves to another and so on. He thus allots a time slice
each table in his section. When it comes to serving, first on the priority list is the party,
which had placed its order first. Thus time slots are tallbfor serving different
tables. Every party is thus given an impression of being the only party being servec
because the bearer is available when the need arises.

Similarly, if three people want to run different programs a, b and c, the scheduler
copies these three programs from the disk and stores them in the computer memory
These programs are now referred to as processes. In this way, program is defined as
file, which resides on the hard disk, where as a process resides in memory doing things.

Thescheduler allows processa t o run for a fraction
work that it was designed to. After this time slice is over, profieas i s t e mp
stopped or suspended, and proces8 i s al |l owed to run.
processidb I s exhauist gt spridadcsesdhance to rur

When each process has had a chance to run for a while, the scheduler comes be
toprocessia andhiasatwherse it | eft off when i
time slice. The Unix schedulerrc&eep track of several hundred processes.

The overall effect of timesharing is to give users the impression that they all are
being served at the same time.
Round Robin Scheduling

Every scheduling uses a different Scheduling Algorithm. One of thetpldé®st and
most widely used algorithms is Round Robin. In this algorithm, each process is assigned



a time interval, called its quantum, which is allowed to run. If the process is still
running at the end of the quantum, the CPU is preempted andtgiaenther process.

If the process has blocked or finished before the quantum has elapsed, the CP
switching is done. All the scheduler needs to do is to maintain a list of runnable
processes. When the quantum runs out on a process, it is put on theadisd of

Swapping

The simple model of scheduling works fine for a few process but sooner or later, al
the computel memory gets filled with runnir
wants to run a process, there must be a way out. It is herb¢hadricept of swapping
comes into picture. In swapping, when memory is full and a new program needs to b
run, the scheduler copies a process from memory to disk and thus creates space in t
memory for a new process. It then places a new program in memdrgllows it to

run. Later, the process is copied back to the disk and the process on the disk is copi
back into memory.

For instance, say there are three processes A, B and C in the memory. Now
request is made by a user to run program D. Since thero space in the memory for
process D, process A is copied to the disk. After A is copied to the disk, a copy of D is
then put is memory where A resided. After a few time slices, the scheduler will again
exchange procegswith the process that has Ineé@ memory the longest.

DIFFERENT SHELLS USED IN UNIX

There are four shells in Unix out of which three are commonly used:

The Bourne Shell

It is most widely used shell in the Unix world. It was developed by Steve Bourne of AT

T Bell Laboratories inthelate 1976 s . |t 1 s a pri mary Uni
comes with every Unix system. The8 pr ompt on the Uni
trademark of the Bourne Shell.

The C Shell

Bill Joy created this shell at the University of California at Berkeldne C shell is the
default shell in the Berkeley version of Unix.

The Korn Shell

This shell was developed by David Korn of AT & T and was designed to be much
bigger than the Bourne Shell. It includes all the enhancements available in the C she
and offes a few more features which make it more versatile and efficient. It can
completely replace the Bourne Shell in a system.



The Restricted Shell

This shell is almost the same as the regular shell but it is designed to restrict the user
capabilities by allowing certain actions that the standard shell allows.

ENTERING A COMMAND

The appearance ofi@a pr ompt i n B@ @r nper oSrpel |i na ncd
indication to the user that he can now type in his commands. A command typed at th
shell promp asks the Unix system to do something.det st art wi th
commands:

date

This command tells the Unix system to print the system date and time. Every Unix
command must be ended with a RETURN. RETURN informs the system that the use
has finishedyping in.

who

This command can be used to get information about all users who are currently logge
onto the system.

echo

This is a very simple and straightforward command. It displays on the screen whateve
Is typed after the command echo on the camdhline.

PS

The ps command makes a process status report. Try typing ps at the $ prompt. Yc
will get an output that looks something like this :

A2 v TeAE TOMAND

o g
12 v rs

The first column is the process identification number, PID. Each time a process is
initiated the kernleassigns it a unique PID. This is how the kernel keeps track of different
processes. In our example the only two processe$ #re shell itself (sh) and the ps
command. The sh process in this example is called the parent, and the ps proce
spawned byftte shell is the child. In the Unix world, a process is said td bear nvh e n
it starts executing anfl d edadwhen it terminat es. A ne\
another process starts it. The new processiscalied @i ladnd t he pr oce
iscalledthei padbent¥ou can start up a new shell
prompt. The TTY column identifies the terminal or other input device that you are using.
The TIME column tells how much computer time the process has used so far. The



command column gives the name of the command corresponding to the process.



clear

This command will clear the screen and leave no trace of the command you just typec

THE UNIX FILE SYSTEM

A file system in its simplest form is a collection of files stbas a storage device like

a disk. Whenever data is to be stored onto the disk it is recorded on a particular sectic
of the disk, in a predefined format. It is the operating system which takes care o
recording files. Generally operating systems have v ways of organizing data

for storage. Before a file system can be formed on a disk, the disk storage is logicall
divided into smaller units like sectors or blocks. The first few blocks within a file
system are used as system blocks or the arealedd ad system area. This area is
mainly used by the host operating system to record the information about the file
system, which is updated from time to time whenever any manipulations are done witt
the files of the file system. The rest of the block glers used as data area, where the
files are stored.



Multiple File Systems

A single disk system may have the disk partitioned into subsections, each
subsection (or partition) housing a file system.

The entire Unix set of system files which include, tdperating system, system
utilities and system accounting programs etc. use these file system unit called root fils
system. Apart from root file systems, some user file systems can be created on th
disk. One such file system is created during UNIX instiallg which is called user.
This file system is used to house user files, utilities and libraries etc.

Additional user file systems can also be created, as perthéuserse qu i r e m
that case for every file system a new portion will have to be as$ign the disk at the
time of installation. A user can even create file systems on portable disks like floppies

Before a file system can be used for any operations, it should be Mounted.
Mounting involves reading of the system area of that particularsfilstem into the
memory. After successful mounting, a file system is treated as a directory. The roo
file system is mounted at the time of system start up. All the other file systems are
treated as sulirectories under the root directory after being med.

Visiting a Typical File System
The Unix file system has the following structure:
The System Area:
Boot block
Super block
Inode block
The Data Area:

Data blocks

The Boot block: This block occupies the beginning of a file systgpically the
first block and contains the boot strap program that is read into the memory during
booting. The main job of bootstrap program is to load operating system prograrr
(Unix) from the disk. Every file system has a boot block, but it is only us#te
root file system. In other file systems this block remains empty, reason being tha
the ROMi BIOS system start up routine looks for the boot strap program only in
the boot block of root file system.

The Super block: The super block follows the blolock. This block contains



information about that particular file system. This information comprises of:

The size of the File System.

The size of the-list section of the file system which follows the super block.

The number of unallocatdalocks in the data portion of the file system
which follows the ilist.

The block number of the unallocated blocks.

The last time the super block was written to the disk.
The file system type that tells the size of the logical block in thesfistem.

The Inode blocks: The super block is followed by the inode block. Each inode
block is an array of inode numbers, where each inode defines the properties of
file. The system administrator specifies the size of inode list when configuring a
file system. The information in the inode is stored in given format.

The Data block: They start at the end of the inode list and contain file data anc
administrative data. An allocated data block can belong to one and only one file in
the file system. Thelbck which are not yet allocated to files also are present here.

The Unix file system is a device independent structure that resembles an upsid
down rooted tree, made from the following types of files:

Ordinary Files

These files contain information sem in some format.

Directory Files

Directory files are modes that tie the file system together. Every file in the Unix file
system is assigned to a directory.

Fifo Files

These are files that allow unrelated processes to communicate with each dther. Fi
files are typically used in applications where the communication path is only in one
direction and where several processes need to communicate with a single proces
Each process writes a message to the fifo file and the Unix system guarantees th
eachindividual message will not be overwritten by messages from other processes.

Special Files

Special files represent physical devices. Every device connected to the computer, fc
example, a printer or a terminal is treated as a file. When the process taria
special file, the data written is sent to the associated physical device. Likewise, when



process reads from a special file, the data is read from the associated device ar
returned to the process.

THE HIERARCHICAL FILE SYSTEM OF UNIX

The Unix file system begins with a directory callédr o ot The r oot C
denoted by a slash (/). From the root originate several directories narbalyined ,c
Ausfide filofbt mp and an or difMJad wwhiidh insa me
program itselfThis is the file which is loaded into memory during system startup.

These directories are called subdirectories of the root and conversely the roc
directoryiscalledthé paodoeditrectory of these direc
can contain otér directories and files, which give rise to the branching, upside down
tree structure.

/root :

/bin  /etc /dev Jfusr /lib  [temp
Each subdirectory of the root in the Unix file system is assigned a particular task:

/ : The root directory where all otheiréctories originate.

/dev : All the device files are kept in this directory.

/bin ; TheAibd ndi rectory contains t}

letc ; It contains a mixture of files and subdirectories. The list of |
and groups plus a desdign of each terminal is in this directory.

/lib : TheA loi bdi rectory consists of
programmers.

Jusr : TheAhus rdi rectory contains su
area is provided.

ltmp : TheAi t mp d i r thettempoyary directory in which mos

the temporary files are kept. Files stored in this directory are automatica
deleted when the system is shutdown and restarted.

BASIC DIRECTORY COMMANDS

PWD

The command pwd (print working directory) tellou what directory you are in
E.g. $pwd
Output is : /usr/userl



This command returns the pathname of current directory. The/denotes the roc
directory of the Unix file system. Within the root directory is a subdirectory called usr,
within which theres$ another directory called userl that is where we are now.

After logging in , user is taken into his own directory called HOME directory.
HOME directory is assigned to each user of the system. It is thé gsera ut h o |
workplace.

mkdir
To create a dactory, Unix provides a mkdir command, which is a mnemonic for
Amake doi.r eActt otrhye s hel | prompt, type t he

$ mkdir dirname

rmdir
A directory can be removed using the rmdir command, which is a mnemonic for
Ar emove 0di rAd c tt dmpty typdteelcommand o

$rmdir dirname

cd

When a user creates a directory, he would obviously like to change to the directory
The user can change to the given directory by typing in the following command at the
shell prompt

$ cd dirname



BASIC FILE COMM ANDS

Is

The command Is lists the file in the directory. The command Is with no argument, lists
the contents of your current directory as shown below:

$Is

Output is: abc
reportl
report2

We can get a detailed information by adding arguments to ttwerimmand. For
example, the option |, when added, gives the following results:

$ls-l

Output is : total 6

drwxv-xd x 3 userl group 8 Sept 20 18:11 abc
-rw-rd rd 1 userl group 110 Sept 1 2: reportl

-rw-rd ro 1 userl group 3 Augl 9:45 report2

The fird line of the display is a count of the total number of blocks of storage that
the listed files use. The first character on each line indicates the type of file.

. directory
-: ordinary
b,c,p : special

The next nine characters on the line are how eusgy on the system can access
the file. These access modes apply to the file owner (the first three characters), oth
users in the same group (the next three characters) and finally to all other users of tt
system (the last three characters).

There arghree different access modes:

ng for read

Aw for write

fn@m for execute

The next entry gives the number of links to the existing file. The twaccessive



entries on the right are the names of the user and group respectively. These a
followed by the size of the file in bytes. The date and time when the file was last
changed comes next and the entry on the extreme right is the name of the file.

cat

letbs create a file anhotheadsygsoem. t Bal gi
shown:

$cat > first

| am enjoying doing Unix.
Unix is a wonderful OS.
Ctrl-d (ctrl and d keys pressed simultaneously).

$

This sequence creates a file calldBdf o r s<ctont ai ni ng t he t
examine the contents of the file by using the cat commahe.afgument to the cat
command is the name of the file whose contents have to be examined.

$ cat first

Output is : | am enjoying doing Unix.
Unix is a wonderful OS.

$



m

No system that allows us to create files would be complete without a command tha
also allows removing a file. Under the Unix system this command is daltesn T h €
name of the file(s) to be removed :

$ rm first

cp
In order to make a copy of afiletiiecop command i s used. The
command is the name of the ftle be copied (known as the same file), and the second

argument is the name of the file to place the copy into. We can make a copy of the fil
Aforeandisa®oradt f ol |l ows:

$cp first second

mv
We sometimes need to change the name of a filis.i$ accomplished easily with the

mv command. The argumentto themyv command f ol |l ows t he
Acop command. The first argument I S t he

second argument is the new name. So, to change the nameitg thé fo r & tb hoi, r d
the following command is executed:

$mv first third

chmod

This command alters the modes of the indicated files and directories. A file mode, a
discussed earlier, specifies who has to read, write and execute permi§smohsmo d
sets permissions separately for each class of users, i.e. the user, group and others.

$chmod 777 first

The file permissions are described by a three digit octal number such as
777,711,536, etc.

where, 1 is for execute
2 is for write
4 is for read

777 means it is read, write and execute for owner, group and world. Here 7 mean:
4+2+1 i.e. read, write and execute.



THE UNIX EDITOR

In an operating system, an editor assumes a good amount of importance; it is th
ultimate authority which helps create anddifp user files and data. Hence, when you
begin a new operating system, it is a good rule to get familiarized with the editor, sc
that creating and modifying files becomes an effortless process.

An ASCII text file, such as a document or a program mayréated or modified
using a text editor. There are two text editors available under the Unix operating
system: vi and ed.

Ed is merely a line editor like edlin in DOS. Being a line editor, ed however, limits
the user options because he can work only onlioreat a time. We therefore, take a
plunge into the vi editor straightaway.

As a matter of saying, vistands forvi s uaCr eating a fil e
with the vi editor. Vi was the first full screen editor that allowed the user to view the
entre document at the same time instead of navigating line by line.

Vi was created and written at the University of California at Berkeley by a man
known asthédij oy ®f Bnmnil*x Joy who is also on
Microsystems.

The vi edito can be invoked in different ways. A few of these are as shown below:

Vi : edits an empty editing buffer.

Vi name: edits a file with a specified name.

Vi+3 name: opens a file with a specified nhame and goes to the third line in the file.
Vi +/bye name searches for the first occurrencagiob § ei n t he fi |l e.

Modes of Operation of the VI Editor
Vi works in three basic modes of operation:

Command Mode

In the command mode, all the keys pressed by the user are interpreted to be edit
commands. No texs displayed on the screen in this mode, even if the key is pressed
on the keyboard.

Insert Mode

A user can enter the insert mode by typing any of the VI insert, append, open, substitute
change or replace commands. Once the vi editor is in the insdd, hedters typed in at



the keyboard are echoed in the editing buffer.

The Escape Colon Mode

It is also known as the ex escape mode. Ex has single line commands that ai
terminated with théi Re ou krey . Vi however, has com
with the press of a single key.

The bottom line of the vi screen is called the command line. Vi uses the commanc
line to display messages and commands. When the user enters the escape colon ma
the command typed in is echoed at the command line at thenboftthe vi screen.
There are no error messages in vi. Whenever the user makes a mistake, vi emits
meek beep in protest.

Important keys in the VI Editor
AEGc This key returns vi to the c¢ommz:
ARetburnt executes cdmikzap8l smedéeand &n
line in the insert mode. In the command mode, it simply takes the cursor to the next line.
nd : | t i's used to specify the string
appears on the status line following th@ aralster which echoed at the beginning of
the command line.
A® : When this kfedy, itsheusedrichstfoadt o
backward direction.

Ah or Boa:c klsepfatcecur sor movement .

Al or &:paRiedhatr cur sor movement.

Aj orRetuttd: Down cursor movement.

Ak -co.r Up cursor movement .

N #ow: Move forward a word.

N#He Takes you to the | ast character
n#b:. Move back a word.

Ao @r Move to the beginning of a | ine
A#0$. Take to the end of a | ine.

ACtid:l To move a screen forward. The

displayed to maintain continuity.
nCtadal Do move a screen backward. The



displayed to maintain continuity.

ACt r | RO :0 r Trevttimedorigihal screen and clear any error messages that
vi has displayed or even the system messages that appear on the screen.
ACt ol Bi splays the status on the sta

Is being edited, the current line mber, the number of lines in the file and the
percentage of the file (in lines) that precedes the cursor.

Aa : | makes the insertion mode. Text
RNO: O makes the insertion mocdrentlmg. op
Ad: To join two |ines of text in a fi

press J. This command causes the line below the current line to join with the curren
line.

A #OX: Del etes the character at the cur
A # d Deletes the current line where the cursor is positioned.

n#dw Del etes the word from the curso
A:og:! Quit from vi editor and abandon
A: wg Quit and write changes to file.

COMMUNICATING WITH OTHER USERS

Unix has statef-the-art communication utilities that added some life to this otherwise
block and desolate Operating System. It is like a joyride that will make life in Unix for
more pleasant and enjoyable.

Thei Me&@ gCommand

The information displayed otme terminal comes fromfatot yf i | e i s t hel
If a message is to be sent to anotherdsers er mi nal , it i mpl i e:
written to his terminal file. This requires that a write permission be assigned to the
terminal file forwhich, you have to be a superuser first.

All these problems can be avoided by using theneés gc o mmand t o
terminal to receive messages from other users. For example, if you are expecting frol
some other user, use:

$ mesgy
This command will altethe mode of your terminal file, so that messages from other,

users can be written onto your file. Setting a write permission to your terminal can alsc
be very annoying at times. For example, when you are editing an important file in VI,



and some else vies on your screen, it is quite disgusting. This permission can be set
off by using the command.

$ mesgn

Now all the other users except for the superuser will be denied permission to write
to your terminal.

Thedi Wr 0t €Eo mma n d

This is an easy way toommunicate with other users who are logged in at the
same time as you provided the terminal files are grafitedroi tpper mi s s i
syntax of the write command is as follows:

$ write user [tty]
User is the logname of the user you want to communiceke Whed t6t yn u mb e

Is optional, so long as the user with that logname is logged onto only one terminal. T¢
communicate with a user with lognameo b 8 t he command i s:

$ write bb8
| will meet you tomorrow at 10 : 30.
d 0 user
1 (Ctrli d)
$
The user b8 will hear a beep on his/her, terminal followed by the display of the
message.
Thei n ebwsc o mma n d

It permits users to read messages published by the System Administrator. Th
important news is saved as a file in the /usr/news directory so that itereabable
to all users. To see any messages that the System Administrator has typed, use:

$ news
The news appears here.

Malil : The heart of Unix Communication

Mail in the computer world, refers to textual information that can be electronically

conveyed from one user of the system to another. A portion of mail that was sent ol
received at one stretch is referred to as a message which may be a single line of text
a program containing several hundred lines of code. The conventional mail system c
Unix accepts only textual ASCII files that are acceptable to standard editors. Binary



files, executable files and other special files cannot be sent.

There are two forms of the mail command. The first form sends mail to users with
the indicated login name$he second form reads mail sent to you. Just as a postman
drops all the mail in your mail box, all incoming mail in Unix is stored in a file in the
/usr/mail directory, with one file for each user.

To send mail to other users, the format of the command is
$ mail name (s)

where names are the login names of the users. Now, type your messag
terminating it by typing (Ctrl d). Instead of typing your message, you can also use
redirection to send input from a file, as in

mail user 1 < new infor

Redirection

Redirection changes the assignments for standard input and standard output. That
whenever data is to be read in from a file other than the standard input or sent to a fil
other than standard output, Redirection is used. It is always specified conth&and
line and is handled by the shell. Redirection is further classified into input and output
redirection.

Under the Unix system, the output from a command intended for standard outpu
or monitor (stdout) can be diverted to a file. This capabilitknewn as output
redirection. The operator used for output redirection is shown below:

:This operator makes the filename following it, become the new standard output.

Eg. Cat filel file2 >file3

The operator > declares file3 to be the standard outpwits The output produced
by cat is sent to file3 and not to the screen. If a file with the marheiol eald r e a
exists, it is over written with the new data, otherwise, it is created.

Now,lebs take a | ook at I nput r eméndrise c t
redirected to a file, the input for a command can be redirected from a file. The
operator used for input redirection is described below:

<: This operator makes the files following it, the new standard input.

Only the commands, that normally takteeir input from the standard input, can
have their input redirected from a file in this manner.

Eg. $ cat < example



C++ is more powerful than C language

$
Thefileh e x aimplbecame t he standard i nput a
screen by da
Pipes

The Pipe is one of the most important tools available in the Unix Operating System. A
Pipe is a mechanism by which, the standard output of one program or command ca
be channeled into the standard input of another program or command.

A pipe canbe made between any two commands or programs under the Unix
system, provided the first writes its output to the standard output and the second reac
its input from standard input.

FILTERS

Many Unix commands are designed as filters. A filter is a prodhehcan take a
flow of data from standard input, process or filter it, and send the result to the standar
outputin a particular format. The use of filters makes connecting the commands a ver
natural process.

WX
Counts lines, words and characters
This command is used to count the lines, words or characters in the file.
The syntax is:
Wx - [option (s)] [filename(s)]

Option Action

| count lines

-W count words
-C count character

Pg
The paginator

This filter is a paginator that allows you ¥tew one screenful at a time. The pg
command displays a prompt that pauses for the user to strik ¢hedt ekrey 1
continue scrolling. At the End of the File, it displdyf E©@F )axnd wai t s f
to terminate the process by striking fhe not gkre



grep
Global regular expression printer.

This command is used to search and print specified patterns from a file or the standar
input. The wordi gl obalpecifies that the entire
search for the pattern. The tefiregular expressian s p e c i f i-cgharacterb@@h n
also be used to facilitate pattern searching. And finally, the Wwqudroi mstugge st s
lines that contain the pattern will be displayed on the standard output. The syntax is

grep pattern

filename E.g. $cat

data canada

china

argentina

india

japan

Lets say the patterimion i s t o be searched in the
will be follows:

$grep in data

china

argentina

india
tr
Character transliteration

tr replaces characters in ond ligth the corresponding characters in the second
list.

E.g. $ cat data

canada

china

argentina

india

japan

Now letus replace charactiéra B¢ and dbabgcter

$trin % # data



ca#ada
ch%#a
arge#t%#a

%#d%a
japa#

Sort
The sort ommand sorts and merges files.
E.g. $ sort filel file2 >file3
The contents of filel and file2 are merged, sorted and redirected to file3.

cut

This command is used to cut out selected fields from a file and display them. It is usefu
with documents likéinancial reports and statements that contain data in a tabular format.
Two formats can be used with the cut command. Fields can be cut by specifying the
number of columns or by specifying the number of fields using a delimiter.

The syntax is:
cut optia file-name

OptionAction
-clist passes the columns indicated by list. For exampl€}15 means
Apass col ummos h O spbaraoes5ar e al
option.
flist passes the fields indicated by lisfl, 3meansipass f i el ¢
30 .
Paste

The paste command merges the contents of multiple files and displays them side b
side on the screen. This filter is useful to generate output in a columnar format. The
syntax is:

$ paste option filename
WORKING WITH THE BOURNE SHELL

Shell Environment
Each process in the Unix system has available to it, an array of strings called the



Environment. The Shell Environment is defined as a set of parameters which affects th
functioning of a shell. Whenever you log onto your system, you aengigur own copy
of the shell. You are set up in your own little world known as your environment.

Most computer languages have variable and so does the shell. Shell variable
come in two variables namely:

Common Environment Parameters or System Shelb\kas:

The shell maintainsgts own set of shell wvariabl e
subtract from this list. Here the some standard shell variables found on many system:

Home:

Home is an environmental variable, that is already defined to caht&apath for
your HOME directory. When you simply type the command

$cd

the value of HOME is appended to this command and you are automatically taker
back to your HOME directory.

pwd
/usr/ashish
Try printing the value of this variable at your termiaad see what
happens: $ echo $SHOME
/usr/ashish

$
PATH:

This variable names the directories that the shell has to search to find the
commands that you execute. When you log in, your PATH variable is set to some
default value. See what it is set to now:

echo $PATH
:/bin: /usr/bin

$

It contains a list of all directories that will be searched whenever you type in the
name of the program to be executed. It also specifies the order in which the search wi
be performed. The directories listed in the PATati&ble will be searched by the shell
from left to right. A colon (;) separates one path from the next is the list. A colon at the
start of the list means that the current directory is to be searched first.



The value of the PATH variable above indicatbattthree directories are to be
searched whenever a command or program is to be executed: first the current director
then the directory /bin and finally the directory /usr/bin. As soon as the shell finds the
program in one of these directories, it exesut. For example, if you give the command
0coa,t t he shell first searches youocozturlrfe
does not find one there, then it searches in /bin. If it stil&asn f ound <cat ,
/usr/bin. If cat is st not found, the shell reports back that it cannot find the command.
This particular sequence means that, if you have an executable file in your curren
working directory, that cat is executed rather than the standard system cat.

MAIL:

This variable dines the path and the name of the file in which the user's malil
should be stored. In other words, the value of this variable is the name of the director
in which the electronic mail addressed to you is placed. The shell checks this director
very often ad when something new is found, you are notified that new mail has
arrived for you.

LOGNAME:

This variable containstheusérs | ogi n name whi ch was
his account was created on the system.

Useri defined Parameters or Shell Vdias

A shell variable can be created by typing the following form of command at the
shell prompt:

$x=10

Local and Global Shell Variables

Ordinarily, any shell variable is known only to the shell to which it is a created. It is

hence a local variabldhis implies that whenever you start a new shell, the new shell

is ignorant of the old shell's variables. It is often required that the new shell knows
about the variables of the old shell. This can be accomplished by using the expot
command. Any shelNariable used as an argument for this command, will have copies
of the variable and its value presented to all shells descending from it. This kind of
variable is called as a global variable. Subsequently, the value of the copy can b
changed, but when treubshell dies, so does the variable. To find what variables are

already exported, typexportwithout any argument.

Modes of Command Interpretation
The modes of command interpretation in Unix can be classified as follows



The Interactive Mode

An Interactive program user for input by asking a question and then reads the
usebs answer . The shell IS an interact.
commands you type at the command line. The command line approach or the
interactive mode is powerful dnflexible but not exactly usdriendly. In this
approach, the script accepts arguments from the command line. These arguments col
directly after a command name. Most Unix commands works this way. In cat names
names is a command line argument whiclstedit which file to process.

The Batch Mode

In this mode of command Interpretation is through shell scripts. In this approach,
the user writes an interactive script that requests the information it needs from the
user. The interactive shell scripts amsbed on the UNIX shell commands read and
echo and shell variables.

SHELL PROGRAMMING

The kernel is the heart of Unix operating system. It is the master program which control:
the computer resources allotting them to different users and to different itesiever,
kernel does not directly deal with the user. Instead, it starts up a separate interactiv
program, called shell, for each user when he logs in. The shell then acts as an interfac
between the user and the system. In its role as command ingeyphet shell takes in a
command and sets it up for execution. But it is the kernel which decides exactly wher
each requested program is to be run by looking in to the demands of the different she
users. The shell and the kernel work together to proMidie services. In fact only one
process goes on as the processor is so fast that it can switch from one process to anot|
dedicating itself to one process at a time. This gives an illusion of simultaneous action.



Characteristic of the Shell

Acts as inteace to the Unix operating system.

Acts as a command interpreter.

Provides a programming language with concise but powerful syntax.
Standard I/o can be redirected to files.

Process can communicate through pipes.

What Makes Shell Powerful as a Programming Language

Shell scripts can take arguments like most commands. These arguments can |
symbolically represented with the script. Thus, we can provide values, filenames ant
the like to be used as arguments for commands inside the script.

The shell allevs us to create shell variables and allows us to assign values to them
They can be used by shell scripts for many purposes. Most important of all, it provide:
control structures such as if ..else constructs and for loops which are very mucl
similar to anyother programming language.

A shell script built upon standard Unix commands is highly portable from one
Unix system to another. Scripts take up very little space.
SHELL META -CHARACTERS

File name expansion is the ability to expand shorthand notatiggrdaps of filenames to
a complete set of explicit flenames. The shell uses a set of special characters calle
metacharacters to produce patterns to match various classes of filenames.

6 &: This metacharacter stands for any combination of one or mamtiers
E.g. $Is s*n

Outputis : sun

Sin

Son

Seen

S*n stands for all filenames beginningwilis and enddngl wi t hi
files whose names are sun, sin, son, seen, etc. then, on giving the above command, y
will see the names displag@as above.

0p]: This metacharacter | ets you cho



enclosed within the square brackets.

E.g. $ Is d[io]g

Outputis : dog

Dig

D[io]g refers to the names of all files which start with d, end with g and have
either i or o at the second position in the name.

SHELL VARIABLES

A variable is a name associated with a value. It offers a symbolic way to represent an
manipulate data. Two of shell variables are:

User Created Shell Variables
E.g. $bookname=oracle
$weight = 72

So, above are created two variables, bookname and weight with fiatuesa c | e
andi 702 st ored i n them.



System Shell Variables

The system maintains its own set of shell variables. Some standard shell variables ar:
HOME : to set pathname gbur home directory.
LOGNAME : the user login name.

MAIL : this variable value is the name of the directory in which the electronic
mail addressed to you is placed.

PATH : this is the name of the directories, which the shell will search to find the
conmands that you use.

Shell Scripts

It can be created by placing Unix commands into a text file. This can be executed b
typing sh followed by the filename.
E.g. Let us consider a file named ex1 which contains the following three commands:
Exel: examplef shell script
Ls
Cat filel
Cp filel file2

The commandi $ s h o e we L | run the shell scriop
commands in the file exel we get a list of files in the current directory (because of Is)
This is followed by contents of élfilel (cat filel) followed by contents of file filel
being copied to file2.

Interactive Shell Scripts

Interactive shell commands are based on the Unix shell commands read, echo and «
using shell variables.
E.g. Consider the file named exe2 contairtimg following lines.

#exe2: interactive script

echo enter your name

Read name

Echo glad to meet you, $name

The commandi $ s hoewe R | respond: enter your



Peter(usé&rs response)
Glad to meet you peter.

In the script, thédd | s  emsoeedhe specialkmeaning of ?, the read statement
assigns your typed input to the variable name. The echo $name command, causes tl
value to be printed out.

Shell Scripts Arguments: Positional Parameters
Consider the example
$ cp filel file2

Here filel and file2 are first and second arguments to the comthadgd Si mi |
in a script, arguments may be used. They are referred as $1, $2, $3 and so on for t
first, second arguments respectively. The special argument $0 means the command
the script iself.

S* Stands for all arguments from $1 up
S# Stands for the total no of arguments. $1, $2 etc. are called positional
parameters
Set
This command is used to assign values to positional parameters.
E.g. $ set one two three
$echo R $1

Output is : two one

In the above example, by giving the first command we are assigning the value:
Oomeet wopt WOr teo t he first, second and t hi
command echoes the values stored in the second and firsbpabkpgarameters.

Command Substitution
echo
date date
$setbdat e
Sat Oct 23 10:47.31 IST 1999

Set is often used in conjunction with metacharaéter ( Back quot e
command is enclosed in back quotes the command is substituted by the output of i
This is called command substitution.



Special Command Line Characters

Word Separator

These are characters used to separate one word from the other. Normally these are
space, tab and new line character. IFS is the internal field separator.
If you givethe command

IFS = Q <CR>

then a command
$cp defoe friend

<CR> would look like

cp Qdefoe Qfriend <CR>
The space between the words is substituted with the IFS.

Sequential Commands:

Semicolon (;) is used to separate commands in a line.
Eg. $ cat file;cp filel file2; mv file2 file3
The three commands in the line are separated from one anotheo hy

Background Process

When a job is run in the background the process is launched and control returns to tf
shell immediately.

spell story story.spelR
Output is : 4562

This tells the job has been launched is the background and it has been given
process ldentify No 4562. The result of execution will be redirected to the file
story.spell. This leaves your terminal free for any foreground processatwd not
used the redirection symbol to route the results of the background processing to th
file names story.spell then they would have flooded your screen since your screen i
the standard output for background processes also (may be you were iddheaoha
heavy editing task and you would not want to be disturbed).

Command Grouping

Parenthesis are used to group more than one commands together.



Eg. $ (date; cat results) >data <CR>

And

$ date; Cat results >data <CR>

The above two commands ar®tnthe same. The second command may be

interpreted as a series of two commands like:
$ data <CR>

$ Cat results < data <CR>

In the first case, the result of execution of thegd &t e o mmand daxxat w
result® wi | | be redir aaa Whkre dsan the lsezond domneandn a
only the result ofexecutingc at oO6r ensdllt e redi reatat ed t «

Redirection : Standard Error, 2>, >&
The standard error is the terminal. It can be redirected to a file by preceding the nam
of thedestination file with 2.

0, 1, 2 are file descriptors assigned by the system to standard input, standar
output and standard error.
Eg. $ cp filel file2 <CR>

Outputis : cp : Cannot open filel.
Here we got the error message on our terminal.

If we give the command as follows order to redirect the error message to a file
named err:
$ cp file 1 file2 2>err <CR>
Then, seeing the contents of file nans¥d will show the same error message that
we had seen on our standard terminal.
$ cat err <CR>
Outputis : Cannot open file filel
Standard error redirection are applied mostly in background jobs. We can give foi
example
$ sort data file >sorted 2 >sorterr & <CR>
Here we have given the command to sort a huge data file and to store the sorte

output on dile named sorted and any error messages or errors in another file name
sorterr. We are fixing the job in the background since it is a huge file and it may take



long time.
To redirect the standard output as well as the standard error to the somedda w
use.
2>1lorl>2

Conditional Execution : && and ||
These symbols are used to execute a command based on the condition that some ot
command has failed or succeeded.

&& : To execute the second part of a sequence of commands only if tiparfirst
succeeds.

| : To execute the second part of a sequence of commands only if the
first part fails.
Every Unix command provides on exit status which is:

0 : If the command runs successfully without any error.
Non zero value : If the command goes wrong.

Eg. $ grep rose flowers && echo beautiful flowers !!

<CR> $ grep rose flowers || echo no rose !! <CR>

The first example tells thatif grep finds astring 6 sen t he fil e
echo command following it is executed ayau seed b eaut i foul Thleo s e
example tells that the grep command tries to find the string rose in the file flowers. If
it does not find (i.e. its exit status is non zero) then the following command is executec
andyouseé no O6r. os e

Command Teminators
The following are used as command terminators:

A newline <CR>

A :

A &

eg. $ cd work; Isi | <CR>

$ spell book >sp & ed opera <CR>

In the first command line, the first command is terminatedd§y and t he
command is terminated by a néme character which is <CR>.



In the second command line, the first command is terminated by firing the job in
the background (the command precedingdh®) and t he fil e nar
for editing. (The first command is terminated with@®& ndathe second command is
terminated with a new line character).

Special Shell Variables

$# : the no of positioned parameter
$? : the exit status of last command execu
$$ : the process no. of the current shell
$! ; the process no. of the last baakgnd job
$0 : the name of the command being execu
$* ; list of positioned parameters
$- ; shell options
eg. $date >> datelog <CR>
$ echo $? <CR>
Outputis: O

The above command appends the result of execution 6fthé@ét e o mma n d
file named datelog. The second of the above command echoes back the exit status
the first command, which is '0' i.e. it was successful.

EgQ. $ date >> datelog & <CR>
Output is: 4321
echo $! <CR>

Outputis : 4321

Here the date command is executed in thekground. The second command
gives back the PID no of the last job executed in the background which is 4321.

Looping

The significant aspect of shell as a programming language is its ability to control flow
of a program.

For loop

A loop in programminglevice that lets cycle through the same steps several times.
General format:



For variable in valuel value2Vs.
Do

Commands

Done

E.g. Consider the script exe3 containing the following lines:
Forlinl23

Do

Echo $I

Done

$sh exe3

outputis: 1

2

3

While Loop

Unlike the for loop which executes for a list of values until it is exhausted, the-while
until loops execute until the control command fails. During each loop the control
command is first executed. If it succeeds (returns O exit stahes),the commands
between do and done are executed. This goes on until the command retursrieBONON
exit status.

Syntax of while loop:
While condition

Do

Commands

Done

Until Loop

This is similar to while loop. But the sequence of commands betweemnd done
here are executed as long as the control command is not true (haszero@xit
status). When it attains a zero exit status, the loop terminates.

Syntax of until loop is:
Until condition

Do

Commands

Done



Case Statement

The case statemelets a shell script choose from a list of alternatives. General format
IS:

Case value in
Choice 1 command;;
Choice 2 command;;
Choice 3 command;;
Esac;

If the variable has the same value as choice 1 then the commands following choice
are executedf it is the same as choice 2 then those following it are executed and so on.



Conditional Statement

The if Statement
The if statement is concerned with the status of commands like while and until.

The syntax is:

If control command

Then

Commands

Fi

First the control command is executed. If it has a zero exit status i.e. it is

successful then the commands between then and fi are executed. The words if, the
and fi must come at the beginning of a command line or just after a semicolon.

IF..THEN..EL SE

The syntax is :

if control command
then
commands

else

commands

fi

If the control command has a zero exit status then commands followinp e m r e

executed, else if it has a non zero exit status then commands folléwenh s e r e
executed.

The Test Command

Supposing we want to know whether an argument is a file or a directory, or whether :
script has got the right no. of arguments or whether the correct code word has bee
entered or not. For this we use the Test Command.

Eg. Suppose we want gee if a shell variable called name has value robin, we test
for equality by using text command.

$ name = robin <CR>
$ test $ name = robin <CR>



Here the test command although did not produce any output it has produced an ex

status. The test commandoduces a '0' exit status if it is successful and '1' if it is
unsuccessful. If we give the command to know the exit status of the previous command.

file.

$$? <CR>
Outputis: 0
Eg. Consider the script test sc containing the following lines:
# testsc : tedtatement
echo what is the best operating sysi@m
read OS
if test $OS = unix
echo it is correct
else
echo who said tha?
fi
Eg. Consider the script inpass6 containing the following lines.
Inpass6 : Checks password file for login and failingatrchecks the group

= /dev/null

for name in

$@ do
iftestbgrep $name /et d/ group >$BB2 >3%$BB
then
echo $nameisingroup file eliftestgr ep $name [ et c/ 6pass
then
echo $name is in password file
else
echo $name is not in eih
echo password or group file
fi



exit 0

$ chmod u + x inpass6 <CR>
inpass6 userl user2 user3

<CR> Userl is in the group file

User2 is in the password file

User3 is in the password file

Here6t@® steturns true i f gr eeurngfase.ufrgnep t r

returns true for sawita, then test returns true. Hence the command following it will get
executed.

Whether a file has read, write or execute permission, whether it is a directory, if it

exists, all these can be checked by the @stnecand with appropriate options.

-r file . If the file exists and readable.

-w file . If the file exists and writable.

- file . If the file exists and executable.

-d file . If the file exists and is a directory

-s file . If the file exists and hasz@ greater than O.

Eg. Suppose we want to find out whether we have permission to change file or not.
testi w wfile <CR>
echo $? <CR>

Outputis: 0

String Checking

Suppose we want to compare two strings, then it can be done in this way :

Stringl=stmg?2 true if stringl is equal to string2.
Stringl!=string?2 true if stringl is not equal to string2.

Numerical Comparisons

N1-eq n2 ( nl equal to n2)
N1-ne n2 ( n1 not equal to n2)
N1-gt n2 ( n1 greater than n2)



N1-It n2 (n1 less than n2)
N1-ge n2 (i greater than or equal to n2)
N1-le n2 ( nl less than or equal to n2)

Logical Operator
negates the following
expressiona binary and operator
-0 binary or operator

Using Arithmetic Computations: Expr
To find the sum of two numbers
E.g. $expr5+6
11
$expr 12/6
2
$expr 41
3

UNIX SYSTEM ADMINISTRATION

Under normal conditions Unix system does not require much attention, but for security
reasons certain jobs like maintaining user accounts, installing software, system startu
and shutdown, cammh be automated. Also, under certain abnormal conditions, system
may crash due to faulty hardware, runaway user programs, faulty disk etc. In such case
some administrative commands are available to aid the system administrator.

Some of the responsibils of a system administrator are:

System startup and shutdown

Maintaining file systems

Taking regular backups

Disk usage maintenance

Adding and removing users

System security.

For accomplishing all the above functions many system administratiomaods



are available with the Unix system. Most of these commands are run by a special us
knows asd sup é&r uddre | ogname of super wuser
that the otherusersdot have | i ke modi fyi nggardldsse | e
of permissions associated with them.

Howto becomea Supeid?Us er
There are two ways to becoméa u p edr: user
Login as root : At login prompt type,
Login : root <CR>
Password// type the root password.

Atthed & pr o mp u c toynwiawed by enter key:
$ su
Password/[ Type the root password.
Knowing about Devices attached to your system:

In Unix system every device is treated as a file. These files are knowsgse c i
fileso .

Each device connected to the Unix system isesgmted by a fle inthé / é e v
directory. These files are usually referred tadaB e v i cbe (ddbrp)ecida.l TFoi

look at some of the devices connected to your system, change your direciorydoe v
directoryand giv® 11§ c o mmand.

How does tle kernel distinguishes between regular files and device

files? Suppose you give the following two commands $ cast temp and $

cat /dev/tty/15

Before interpreting the above two commands first let us loot at what exactly the
physical directory contains.

Ead physical directory (Internal representation) entry contains two columns
namely.

Files name and pointer to Each inode contains the
The Inode list following information
Filename Inode Inode mode, start file, date

no. entry, file size of crean
Templ 120 € éé



The Inode list entry consists of Inode number, mode entry, start file, file size, file
created, etc. For 'special files' instead of the file size it contains the major and mino
numbers.

When you issue the command likec at 0 teekémel looks for the Inode
number in the current directory and looks for the mode entry (for special files it is
either6@ ®@er) and béampss tahnator di nary fil e
corresponding blocks in the inode entry and griheir contents.

When you issue the commandc at / dde vt h/et tkyerIn®e |l as us
number in the current directory and looks for the mode entry and learns it is a devict
file. It then checks for major and minor numbers and identifiesitieaa terminal. It
then makes an appropriate 1/0O connections with the Terminal and the kernel I/c
subroutines transmit keyboard generated bytes (the characters you type)o#ot
program. Finally when you type cirtl at the beginning of a line the prag finishes
up its work and terminates. Cinll identifies the end of the input.

Thed g ebt tPyr oc e s s

Each terminal has oneg &bt tpr ocess running even i f ¢
O0gedttpr ocess does not hi ng yaortWhenyau switeh mi
on the terminal thé® g edt tpyr o c eGslsodgsipndmpt t o t he t e
for your response. When you type in your logid, theé g edt tpyr ocess st a
process knownag | odgipnr ocess and mii¢dywshavetypedandt e
goes away. Thé | adg ipmmr oc e s O ptalsenw psrednndpst and get
you. If either of these are not correct then it goes into the cycle. After successfu
verification of your loginiid and password it then starts opr familiar process
known as shell and goes away. The shell then sits between you and the kernel ar
executes your commands. When you p@8d r &6rdld ( or e&® tpr camp
the shell then dies ardlg et tpr ocess r esumes.

STARTING THE UNIX SY STEM

Starting the Unix system requires more than just turning on the power. You must perforn
a series of steps to initialize the system for operation. This involves something callec
Booting the system, clearing the file system (if the system was impyogleutdown),
entering into System Operation Mode to check the system operation and making sure th
every thing is OK before allowing the other users to login to the system, etc.

Booting the system is nothing but reading the kernel from the disk inteythend s
Main Memory. Some systems prompt you for some input to boot the system and som
systems boot automatically when you power on. You should check the Manual that cam
with your system for a sectiondnSt art i n@ ®@hBeoiSys g &imhe Sys



For example the SCO Unix displays the following message when you power on
Boot

Hit <CR> key to load the kernel.

After loading the kernel into the Systems Main Memory, the kernel checks the root
file system to see that it is in order and not corrupifetthe root file system is corrupted
(this usually happens when you STOP the system improperly or occasionally due tc
hardware failure or system crash), you have to clean the System to enable the Operatir
System work properly. If you get message of sdmnmet like the following:

Proceed with clearing (y or n)?

Then the system was not properly stopped. Youg@ige t o cl ean t he
you dord t get the above message then your
When your file system is cleaand ready for use, you get a message typei @ttb
continue with normal startup (or) give the root password for System Maintenance.

You can choose either Multi user mode (by pressingi@irlor single user mode
(by giving the root password).



Multi User Mode

In this mode (or) level, the Unix system allows more than one user to login to the
system by running g &bt tpyr oces s es .

Single User Mode

In this mode the Unix system allows only the super user to use the systéng bt t y
processes running, nah@r users and the only processesbareddistwa@ paemrrd t F
run by the System Administrator from the console.

Thedi M i Rr ocess

Oihiits the process that <control t he | e
Oi nbi tan¥t b e o mmik systamigees ibko levéldr, wohiie rreange s
to6andtheletted 66 i s f or si n@d e su steser modgeudveen a n

the System changes initialization staie,d inteads t he ffiolre i/nestt
that apply to n& mode (or) level.

Theo6/ et cd ins t mabde up of entries that
separated by colon (©).
Id : level : action : process

Id : To uniquely identify each line

Level ; One (or) more numbers (o through 6) or the |ait@hat

determine whatlevel®yacd iiosn t o take pl ace.

Action : One of the following represent action that takes plac

O0i nitc : Whenédidhigt art soli v evilT hlke
fled forthisbacti on has no meaning

O0systd ; runs process befoei mMisends al
system console.

O0r esq : if processdoesht exi sts, star
and then starts another. Eg. Géttpgini shelli log off i respawr
getty.

owai t : When it ctangeso | év,elit starts prc
finished.

0 oof f : whenitchangeé | évelt kil |l s proc

The6com®Process



Cron is a process that runs when the Unix system is in-omgti mode.

It runs commands at specified dates &nes. Once in every minute it checks the
flebcr dbnttaobh see 1 f something i s supposed
the corresponding command, other wise it sleeps for another minute. &Sima@ o n
never exits, it should be executed only anthis is done througld / e® cf r t e
system boot time.

Thed Cr otn tfaibl e

AoOcr dbdntfabl e consists of | i nes of si X
spaces (or) tabs. The first five fields are:

Minute (07 59)

Hour (07 23)

Day of the mort (171 31)

Month of the year (a7 12)

Day of the week (07 6 with 07 Sunday)

Each of the fields may be either an asterGk() ( means al | | e g:
element separated by comma$,) . An el ement I s either

sgarated by minuss¢) sign (i ndicates the range)

Minute  Hour Day Month Dav of waek Command
10-59 @-23» a-3u a-121 @ - & Sunday -0

i 7 : ' L35 0 e
15 7 ’ > i s

The sixthfieldindb cr cdntfald e i s the command that
at the specified times. A percent sign character in the filed (unless escapéd)by i s
translated to a new lencharacter. Only the firstline (upt@a® ( or ) end of
command field is executed by the shell. The other lines are made available to th
command as standard input.

Thedécr ddntiasb generally used t o r unghouthe
the day. As a super user you can edit this file with any text editor and keep the
commands which you want to run on a regular basis. Let us look at a typical ddn t a
file (on some systems this file is storeddidf u s r / sbp ada Ir/ecrt omr y ) .

$ cat/ usr/ spool /cron / crontabs
08 13** 17 5/ etc/wall </bin /wallmsg

10 13 ** 17 5 /bin /bkup > /dev/null
The6bet c 6/ mot @



This file contains the messages of the day that are to be displayed whenever a us
logs into the system. The genemaéssages include mes sages such a.
clean up unwanted files/directores a noti ce of the next

Thedé/ et c0 /fmdted i s an ordinary text fil
text editor.

$ cat /etc /motd

Output is : Hello welcome to Unix Multiuser System Wish you a
happy day.
The6o/ et c 6/ profil e

This is a shell program (like your own profile) that is executed by the shell whenever ¢
user logs in (before executing profile). This file is maintained glgkby the system
administrator. Some commands which you can mention in this are setting the termine
type, printing the messages of thd et &/ ho 1 @& , printing t he
name, terminal number, number of users and other informatiomeyest to various
users logging in.

As a super user you can edit this file and put messages in it to show to that yol
want all users.

STOPPING THE UNIX SYSTEM

When you want to turn off the Unix system, you shodldn si mpl y t u
computer. You mst prepare the system by using thes h utd dooovmman d .
shutdown command must be run from the systems console and you must be logged
asor 6otlf any users aresho®wdewdni nwaamntse tt
the system is about to Iséopped, gives them the opportunity to finish their work, and
then goes about killing processes, and finally it unmounts all file systems.

File System Maintenance

Each Unix System has atleast one file system on the primary hard disk. This file
systemiscalledér oot f& .l eOnms yssmaelm hard disks,
user directories as well. The primary hard disk can also be divided into more than on
file system, one of the most common file systems isdhéu f i | e syst
containsuser accounts. The Unix System may also contain other file systems tha
contain special directories and application programs.

Advantages of having different file systems are:
Protect the data

Easier maintenance



New file systems can be specdily created by the System Administrator, then
attached (mounted) and detached (Unmounted), to the system when needed.

The following commands must be run only by the System Administrator
Creating File Systems
The command used to create a file system is
/etc /mkfs
O midf sst acnrdask & ofridbl. e system

/etc /Imkfs <special file> <size> <no of inodes>

where
Special file ; Name of the special device on which to create
Size : Size of the file system in terms of blocks (blockesis :
512 or 1024).
No of inodes : Maximum number of inodes.

Ifyoudorbt specify the maxi mum number of
calculates it to be

Maximum number of blocks /4.
Mounting a File System
Mounting a file system is nothing but attachingithe overall tree structure.

/etc /mount command

The6/ et c6/ mommand i s used to attach a
directory structure. e.g.

/etc /mount <option><special><directory name>

Options:

-r ; The file system is to be mated read only

-V : displays mount information verbosely

-f fstyp : fstyp is the file system type to be mounted.

Ospéci al indicates the block special device that is to be mounted

onddi réctory
60di r éct or yindicates directory munt point for special. Th@ d i r é c t «
must already exist and must be empty.



Unmounting a File System

To unmount (detach) a file system, you can use the comdané t ¢ O unmb u
command is simply the reverse of the/ et ¢ 6 / momman d, tha file r e
structure from the directory structure.

Note the following things before unmounting any file system

A firstuse0 sYynecommand to perform any pendi.l

A thebr 6otile system can not be unmount e

A Unmounting file systems is ually done only in single user mode.

A 60/ etc 6 wmduntnot work if any file is
unmount.

# /etc /unmount <special>
where
Ospéci al: indicates the previously mounted special device
that is to be made awailable.
The6syn€ommand

The6syncommand is used to perform any p
system.

sync

Displaying Free Space
Theo @f (di sk free) command displays the
the specific file sgtem. A block is generally 512 (or) 1024 bytes of data.

You can find the percentage of free space to total space on your system with the
command:

$dfiv
Mount dis Filesystem blocks used free % used
/ /dev /disk/35root 70000 4688 65312 6.6%
lug /dev/dsh /353 100000 93158 6832 93%

Displaying Disk Usage
You can display the number of blocks used within a directory by using the command



0 ddu Thi s command S used for findin
subdirectories. Thé ddu p railishdf sach directory in a file system along with the
number of blocks used by the files in that directory and its subdirectories) tihe
command withad opti on prints out the sizes
for each directory.

$duia

38 /ul.txt 1./t1.4
22 /ufchap?2

47 /ufchap3

Thedwal Command

To broadcast a message to all usersonthe syGtemad | I wr i t e t o a
can be used.
# wall

Body of the text
<Ctrl + d>
This command copies the messages you enter attgouninal to the terminals of
all users currently logged in.
Locating Files
You can locate all files with a specified name, date, owner, and/or last access date [

usingthed f  ndo mman d .
$ find USER1 namé memo2i print

This finds the file6 me ndm 2he directory USER1 and all its subdirectories. If
the fleo meno2ad s f ound, its path from direc
be printed on the screen.

Saving and Restoring File System

Unix System provides several mechanisms for backing ilgp sfystems and a
corresponding method for restoring file system. Simple backups can be done by usin
O0tbarcommand. 6 ©©h cwogrmmatntde i s not sufficie
Scheduled backups, it is better suited to archive groups of fileské¥ to efficient
backup is to save only what has changed from day to day (incremented backups).

The6 TarCommand



Otbarst ands for oOttGéapreoco mmamd vies . uFbeul fo
of entire directories. It takes as its argumentsommand and a directory to be
archived onto a tape or another disk.

E.g. $ tar cv2*
It copies all files in the current directory into a high capacity/DSHD floppy diskette.

Accounts Management

Add /delete Users

Use can add users by directly modifyirdgtc/password f i |16 et TH @ akisw
is an ordinary text file that contains information about all users on the system. Eact
line in the file corresponds to one user on the system. This line contains informatior
about that particular user.

The geneal format of each line in the file is:
Login id : password : uid : gid : userinfo : HOME : shell

Where

login id : users login name

password : encrypted password

uid : numerical userid that be associated with login id.

gid ; group id that is usedotdistinguish members of various grot

userinfo : other details about the user.

HOME : User& Home directory. |t
cannot already exist on the system. Typically thebuser H
directory matches the login namEor example, the logim u sée r rhi
have HOME directory of /usr/userl.

shell : Specifiesd s belflor t he user (Bo

Let us now see how to add a new user, userl5s.

Firstopen6 / et ¢ MOpas $ Worachy text editote an
end of the file.

Userl5:: 120 :: 17 : D.K Dhingra :/trng/userl5: /bin/sh here,
login id : Userl5

uid ; 120

gid : 17



userinfo : D.K. Dhingra
Home : /trng /userl5
shell : /bin/sh (Bourne Shell)

mkdir /usr /userl5 || create directory
chown ugrl5 /usr /userl5 || assign owner

chgrp 17 /usr /userl5 || assign group

# password userl5

New password : <New password>
Reenter new password : <new password> || for confirmation.
#

NowOous ér abcount has beenusethesgstesnd and

Addinguserswitb adddé usemmand
Syntax :

Adduser <login id> <name> <useir id>, <home' directory>

So in the above case it will be:

adduser userl5 D.K. Dhingra /70 /usr/userl5

The above commandaddsu s ér 1 6 t he system.
Renoving Users
Removing users is simply the opposite of adding them.

Removing users by directly modifying /etc/passivél i | e :

First,opend / et cOpasbswdwi th any text editor
the user. Next, remove the users HOME clioey and all of the files by the command:
# rmir/usr/userl5

Removing users witbh d e [bu € s®mma n d :

Deluser <logiri id> <yes/no> <home

directory> Yes /no is for confirmation



Eg. # deluser userl5 y/usr/userl5

System Security

System security is onaf the primary important features for muliser systems. Two
major areas where security should be ensured are:

Password Security: to keep unauthorized people from gaining access to
computer system.

File Security: To keep unauthorized people from tammgewith the useéy s f i |
and to allow some users certain privileges that étlser @tr eanl | owe d .
UNIX UTILITIES

UNIX includes and supports several utilities, which allow communication from one
system to another. When an entire network of interconnébitedsystem is available;

the users can use it for mail service between different machines apart from othe
services. The services may be:

Remote login(TELNET)
Electronic mail(SMTP)
File transfer (FTP)
Trivial File Transfer (TFTP)
R-Series Applicatios
Printing On A Remote Printer, Etc.
REVISION EXERCISES
Define an operating system?
What are the components of an operating system?
Differentiate between the three types of translators.
Enter your login name at the login: prompt and log onto thiesys
Display the system date.
Display the terminal address of all the persons working on the Unix system.
Using the echo command, dial AM LEARNJI.NG UNI X
Give a brief idea about the Unix scheduler.
Which are the commonly used shells used in Unix?

Display your current working directory.



Create a file with a name of your choice and write the names of your friends in it
(use cat command).

Display the above file (use cat command).

Create a subdirectory of your name and create 3 files of your clfaitany
dummy data into it. Now list all the files present in that directory.

Rename a file from the subdirectory to a name of your choice.

Delete the subdirectory you just created using the rm option.

Give a brief idea about the hierarchical file gystof Unix.

Explain the different editors used in Unix. Which is widely used and why?

Create a file containing your bidata using vi editor and try out all the options
given to you in this session.

How to find out the number of users logged into thetey.
Define the different operational modes of the vi editor.
Explain the concept of filters in the Unix operating system.

Create a file of your own name. Enter a short story into it. Now usmwge a n d |
options count the characters, words and lindke given file.

Using grep see if a particular word is there in the above file you made.
In the above file also find all the lines which

begin with a vowel.

do not begin with a vowel.

lines that end with a pattern of your choice.
Why is shell anmportant part of Unix operating system?
Create an interactive shell script, which will ask the name and age of the user and
print it on the screen. (the user should enter his age and name)
Describe the various loops, case statement and conditionahstdteused in Unix.

Create a directory and make some files into it. Using the tar command create a
backup of that directory.

What is the difference between Round Robin scheduling and Swapping? Explain ir
detail.

Explain the structure of a typical Unidd system.



ACommunication in Unix Operatd.ngHosw sct
one user communicate with the other users on the Unix perform.

Explain the concept of Redirection and Pipes with the help of appropriate
examples.

Why is the shelenvironment important to Unix Operating system.
Highlight the difference between:
Common environment variables and system shell variables
Local and Global shell variables
Interactive and Batch modes of command interpretation.
With an example, explaibriefly how can words be separated from each other.
How can a person become a super user on the Unix platform?

What is the difference between the regular file and the device file? How does the
kernel distinguishes between them?

Explain the differencedtween the mukuser mode and single user mode.

What use can the crontab file be to a Unix user?

Explain the stops in creating, mounting and unmounting a file system?

What is the importance of sync command in the unmounting of the file system?

Addawerius eor t20 t he system. Assign it a
involved in the above process.

Remove the user created in Q. 42.

Explain the concept of default attributes.



Chapter 12: WINDOWS 95/98

Windows 95 Operating System was developed by dicft, by integrating the DOS
and Windows features in order to give a dis@ndly environment. All applications
running under this environment essentially use similar operations thereby ensuring
that the user is comfortable in the basic handling ofdlieations. The productivity,
thus, goes up appreciably and the ease to master and use features of the Operat
System leads to lesser reliance on technicians.

STARTING WINDOWS 95/98

Windows 95 or 98 is first loaded on to the hard disk of your comjpsiag either
floppiesorC®s. The | oading is achieved by
user can easily perform the consequent actions by following the instructions tha
appear on the screen.

Windows 95 requires atleast 8 MB of RAM while Windows 98uiess 16 MB
RAM.

For starting operations, switch on your computer and Windows will be loaded and
you will see a taskbar as shown below. By default this taskbar appears at th
bottom of the screen. Above that the icons (graphical representations ohiaisks t
can be executed by point and click of the mouse) appear.

B STBAY  FHawd T B cwe

Note the Start button on the left corner. In order to start our Windows session, click or

this button. A menu as shown in the screen on next page will appear. The groups &

indicated in the mau will do the following tasks:
Programs: Displays a list of programs you can start.

Documents: Displays a list of documents you have opened previously.

Settings: Displays a list of system components for which you can change the
settings.

Find: Enableyou to find a folder, file, shared computer or mail message.
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Help: Starts Help. You can then use the help contents, index or other tabs to find
out how to do a task in windows.

Shut down: Shuts down or restarts your computer or logs you off

Each part of the start menu is discussed briefly in the chapter. Depending on your
computer and options you have chosen, you may see additional items on your menu

The part of the taskbar where you see a clock and some other symbols is known
the noffication area. If you want to change the time or date of the computer take the
cursor over the clock and double click. You will get a menu from which you can
perform these tasks.

MOVING IN MENUS

When you move your cursor to the programs icon from tag stenu you, will see
another popup menu opening up. This menu is known as the sub menu of the star
menu. You can have any number of sub menus in this menu or any menu. You wil
notice a black arrow directed towards the right of any folder that consmother
menu of folders or programs.

Any icon on these menus without a right arrow indicates that the program is
executable i.e., it can run by itself or under an application installed in the computer o
that is a part of the program.

Whenever you open a program it starts under a window. On the top right corner of
this window you will see & 6sign, a6 &sign and another sign showing one or two



windows.

The d 6sign minimizes the window to a button on the taskbar. This does not mean
that the program is closed, it is just not being seen on the main screen. The progra
can be restored back by clicking on the button on the taskbar. The second button c
this menu maximizes the window running the program. If the program window is
already maimized it shifts the window to custom size (which can be adjusted).

The &sign when pressed exits the program and returns to the previous screen.

o8 S IJ E AN R e wurdl) I.-gu,guu - Molspud B s

One of the main features of windows is that you can start any number of program:
at onetime which depends on the RAM (Random Access Memory) of the computer.
You can switch between the programs by just pressing on the buttons the program c
the taskbar. The clicked program window appears over the previous window. You car
work on only one prgram at a time. The active window is represented by a colored
top bar and the nonactive programs by discolored top bar. If the nonactive program i
visible on the screen as shown in figure it can be made active by simply clicking on
any part of it; its winlow comes over the previously active window.
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Working with documents or files.
1. To make a new file go on the file menu and press new.
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To open afile in a program go to the file menu and click on the open butt@n. Thi
opens a menu.

Look in shows the folder whose files are being shown currently. You can change
the folder by clicking on the menu of look in.

To the right of look in is an icon showing a folder and a bent arrow facing upwards.
This button moves the foldevhere the files are to be looked up by one level i.e.,
to its main folder.

Files of type menu on the bottom indicate what all the files with respective
extensions which can be opened by that particular application.
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To save a file goo the file menu and press save as. The computer will indicate you

to give a name to the file and then save it. If some changes are made to a saved f
you can save them again by just clicking on save from the file menu.

To print a file go to the file ®nu and click on print. Only if the printer is properly
configured with the computer software will it start printing the document
otherwise it will show an error.

[ 1L



In the edit menu cut, copy and paste options allow you to cut and paste or copy an
paste ap part of the document selected with the mouse. To select a portion undel
a document, at move the cursor to the start of the portion and by clicking the left
button drag the mouse over the portion to be selected which will then be
highlighted. Then you caperform various tasks such as cut, copy, delete, change
fonts etc., with it.

To close a file press close from the file menu.
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UNDERSTANDING THE START MENUS

Program Menu

Program menu contains a list of folders and applications,hwdwie installed on your
computer. As previously discussed, a program menu has a lot of folders which ope
further sub menus. The executable programs are usually represented by a symb
alongwith their names and can be started by clicking on it once.

To rename or delete an icon on the menu take your cursor to the icon and righ
click the mouse you will see a menu from which you can do so.
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Documents Menu

It contains a list of documents that run under window application packages. It shows
maximum of fiteen previously opened documents. The documents in the list can be
started by clicking on them once. Thus the document menu can saves a lot of time b
making it easy for you to open some of the unfinished documents you want to work or
again or make changesthem later.
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To remove the complete list from the documents menu go on the taskbar and sta
menu icon from the settings icon. When the window is opened go on the start meni
tab. In the start menu tab in documents menu press taebeldon. This removes the
list of documents in the documents menu.
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Setting Menu

The setting menu displays a list of system properties whose settings you can chang
The settings menu consists mainly of Control Panel, Printerskbaasnd Start menu
programs.

Control Panel



To start control panel just click on it from the settings menu.
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Using control panel you can change the way windows looks and works. It contains
a list of icons through which you can changmur screen colors, install or change

settings of hardware and software setup or change settings for networks, printers, ma
fax and modems etc.

The icons that appear in control panel varies depending on the hardware an
software installed on your comjau.

Some of the important icons of the control panel are discussed below.

Add new hardware: Helps you in installing any new hardware you wish to include
in addition to existing hardware in the computer. Just follow the instructions the
appear on the seen to install the hardware properly.
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If the hardware is not detected by windows automatically you can also select
it manually from a list of hardware devices, which appear on the screen. You car

also do the installation by using tbesc provided by the manufacturer by pressing
have disk column on the screen.
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Add/Remove programs: Sets up programs, i.e., it helps in adding or removing an)

program in Windows. In the add/remove properties there is a list of all the
apgications and programs installed in Windows on the machine. You can install
more programs from here or remove the programs already installed on the computer

It is very important to uninstall programs installed in Windows. Simply by
deleting the files othe folder in which the program is installed does not remove
all components of the program. Thus proper uninstallation should be performed tc
completely remove the application.

MMAMlaanva Lvanine s | reamaine K .-.lﬂ.ﬂ
Il racded | ondens Seae | taog Lnd. | =
— s - < Ir rr -
#& .?«’.‘..’i: w:-.-: wv iy ol =nea dd 04 | S0 Brgmons) Lona
s =
ele | it2 R =
I-és] A%
T B 1= oman= o= Ay e e v ewee g ey euad b Pewiy LA '“"
‘Gf Syt S WA vmuv-vw.ill. 2o
SR T CRCENRCTE I SR [ (ST PR N
B Fuioa % a
TS =l
Irm
| & 0
= .
H..an Hun
s o 5
ik
=W
bl 4 ) QYRR S
..... X
3l = =l
7 o ILS.,.! ST

Dlsplay Through this you can adjust the display settofggour computer. It also
helps in changing the way window looks on the screen. You can add background
to your desktop, put screensavers which start if the computer is left idle for a giver
time and change the appearance of windows using various oplioasettings

tab in the display menu helps you in adjusting the color scheme, the screen siz
monitor properties, display card and other advanced settings.

System: It provides system information and changes advanced settings.
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Sounds: @Ganges system and program sounds.
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Date/Time settings: Changes date, time and time zone settings.
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Internet settings: Changes settings of Internet to work with the Internet Explorer
browser.
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Usas (not in win95): Helps you manage multiple users.
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9. Mail and Fax: Set up or make changes to your computer mail and fax accounts.
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Modems: Allows you to setup a new modem or change various simple and
advanced mperties of an already installed modem.
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Power management: Helps in managing implementing various power schemes on
your computer.

rwal N et

Fonts: Shows the user varidast schemes available under windows.
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Printers

To install a printer click on printers from the setting menu. The screen shows list of
printers already attached to the computer. To install a new printer double click or
column add printeand follow the instructions on the screen.
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Find Menu

It helps in finding any files or folders located in the computer or a network. Other
options also allow you to find any users on a network or search the Internet for
information.
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Run

Its main purpose is to open an executable program located in the computer or
network by giving its exact location on the open line. Old programs running en MS
DOS can be started properly using the Run command.
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Help

Starts help manual for windows. It helps the user by explaining in detail how a task is
to be performed under windows. To look for a specific topic the user can use utilities
like contents index and find under the help program.
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Shut Down

It shuts down the computer i.e. it closes all programs running currently, does a systel
check and then displays a message to the user to shut down the computer.

It is very important to perform a proper shut down before turning off your
computertherwise files or system resources could be affected.

The shut down menu also allows you to restart the computer or log off your

computer from a network if present.
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Explorer

To manage all the files and folders in your computer wivslbas a program called
windows explorer. It can be started from the program menu or by right clicking on the
start menu and then clicking on explore on the menu that appears.
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Folder

A folder also known as a directory contains files atiger sub folders in an order. It
helps in keeping things organized on your computer.

On the left screen is a list of folders you can explore.dlde si gn bef
folder indicates that the folder is expandablei.e. it has more sub folders undeeit. W
you click on a specific folder its contents i.e. files and sub folders under it are
displayed on the right of the screen.

You can change the way icons look by going to the view menu and clicking on the
various options available.
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To open a specific menu for a file or folder right click on the item. A menu
appears which helps you in performing various tasks on the file or folder. We will
look in detail on how to go about various tasks in explorer.

Cutting files or folders removesédm from their original location and moves all of
its contents to the new location specified.

Copying files or folders keeps them in their original location and makes a copy of
its contents on the new location specified.

Deleting files or folders removethem from windows explorer. Note that in
windows the deleted files go into the recycle bin. This means that the files are no
really removed from the hard disk but just are not being seen. The main purpose c
this is that the user can restore the filesicttally deleted by him from the
recycle bin. To completely remove the files you have to empty the recycle bin
whose icon is visible on the desktop. Another easy method to delete the files o
folders directly is to press shift + delete. Now the files dbgo to the recycle bin

but are erased completely from the computer.

Select the file or folder by simply clicking on it. To select multiple files press shift
and move the cursor over the name of the files. To select all files under a foldel
press ctrl 4A.
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When the file(s) is selected right click on the mouse button to see a menu fron
which you can select if you want to cut, copy or delete the file(s) or folder. You
can also perform the task by going to the edit menu and selecting &g/ task
you want to perform on the f|Ie(s) or folder.
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To paste the file(s) or folder select the location where they are to be placed and the
press paste from the edit menu.

The menu that appears on right clicking the selecte(kYiler folders also allows

the user to send the selected file(s) or folders to various places on the compute
like floppy (A:), desktop (creates a shortcut to the program on the desktop) or in
the mail program directly.

To create a new folder first seleébe drive or folder in which you want to place the

folder. Then go to the file menu, point to new and then click folder. Type the name
of the folder and press enter key.
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To move files or folder directly from one place to another singftyclick on it and
keeping the mouse button clicked move it to the new location visible on the screer
and then leave the mouse button. This is known as drag and drop method. In th
all files or folders are moved to a new location on the same driveramba not
available in its previous place. The limitations of this is that both the locations, i.e.,
old and new must be visible on the screen or could be reached without leaving th

mouse button. Note that dragging a file between two drives copieshié toew
drive instead of moving it.
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To rename a file or folder first select it. Then go to the file menu and click on rename.
Enter the new name and press enter. The user can also select the rename option un
the Right click menu athe selected file or folder and change the name.
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CREATE PICTURES USING PAINT

You can create your own free hand drawing and fill colors in it using Microsoft
Windows paint program. It can be started from the accessories menu in thenprogr
menu. You can cut & paste these pictures under documents or on the background
your computer.
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WRITING DOCUMENTS USING WORDPAD

You can write all you letters, documents, etc., using the wordpad program. It can b
started from theaccessories menu in the program menu. It includes features such a
cut, copy, paste, find and fonts to make your work easier and more presentable.
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Old die hard DOS fans would not be disappointed in gisinndows. Windows
provides a fully compatible DOS interface. You can run all your DOS programs from
here as well and execute most of the DOS commands for performing various tasks. T
get out from the DOS environment and return to windows just type eritvirherever

you are.
REVISION EXERCISES

Describe the functions performed by an Operating System?

What is the function of a Task Bar?
What are:

Screen Savers

Recycle Bin?
What is meant by accessories?



Explain the functions of Windows Explorer in dét

Describe the functions of the Control Panel.



Chapter 13: MICROSOFT OFFICE

MS WORD

MS Word isMicrosodf s sol uti on to meet the word
any other word processor, this package also contains necessary typing, editing ar
aesthetic features. In addition to these features, MS Word also provides great tools ft
specialized word processing applications.

We will now cover the important features of MS Word in the following
sections/paragraphs:

Creating Word Documents

Primaily a document is created by using either the File>New command or by
choosing New Document in the Programs menu. This will present us with a screer
stating that Documentl has been opened and is ready to be written into. The File mer
alongwith the Word widow will look as under:

IJ Document | - Microzoft Woid

J} Filb EdC Y¥ew Insert Format Tools Table Window Help

[Dtea. ok Emwe g0 R
= (2 cpen... rHO :
[ Ceego IO
gdﬁ X g 1 i
I save Chl+s
Sove &s..
lﬁ Save as Web Page...
web Page Praview
Page Setp...
[& print Praview
& print., Chi+P
Send Ta »
1 A&:\PhdaptiForm
Z A:\PhdInfa
ExE
¥

You can start entering text in the blank window presented, keeping in mind not to
press the Enter key before the paragraph ends. Once the typing is over, the next st
obviously is to ascertain if any typg mistakes have crept in. If there are, editing
(correction of the text in this case) involves the placement of the cursor at the affecte
letter/word through either clicking the mouse at that location or using the arrow keys
to bring the cursor at theqeired place.

After having positioned the cursor, pressing the del key and retyping (if required)
will make the correction.



Keep in mind that the Office Assistant feature in Word 2000 keeps track of what
you are doing and keeps on offering suggestiohs.Auto Correct
feature automatically corrects certain misspelled words and the spelling and grammar
feature reviews your text to determine spelling and/or grammatical mistakes.

Also note that by pressing Ctrl+Backspace and Ctrl+del complete words wauld b
deleted.

Editing Text (Advanced Features)

The screen below shows the Edit menu which can be invoked and has several featur
which demand that the text you wish to edit should be selected

first. Selection normally is indicated by the text being hiditkgl by a black

background.

Text can be highlighted (or selected) through various methods available:
Bring your cursor to the beginning of the text you wish to select. Right click and
drag your mouse till the end of the text you have selected.

Through arow keys bring your cursor to the beginning of the text. Hold the Shift
key pressed down and at the same time, select the text through the use of the arrc
keys.

A word can be selected by double clicking on it.

A sentence can be selected by holdingdinikey and clicking anywhere in the
sentence.

A paragraph can be selected by triple clicking anywhere in the paragraph.

An entire document can be selected by Edit> Select All from the menu bar or by
holding the Ctrl key and clicking in the left margin.
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Copying, Cutting and Pasting Text

Many a times, in the course of document production, it becomes necessary to mov
portions of text from one location in the document to another. In order to achieve this
the text to be moved is seted (highlighted) and then copied to the windows
clipboard by using the Edit > Cut command.

In order to bring this cut portion to the location where it has to be moved, the
cursor is first brought to that location and then the Edit > Paste commandastdl p
the cut text from the clipboard.

The Edit > Copy command differs from the Edit > Cut command in the sense that
whereas in the Cut operation the text is removed, in the copy
operation the text is copied to the clipboard but also remains where itnwae i
document.

Formatting and Aligning Text

It is important for a document to be presented to the reader in such a manner that he
attracted into read the contents. One major beautification component lies in formatting
text: the selected portion ofdhext can be made to have a different font (remember
Font consists of typeface, size, style, etc., amongst other qualities). The format menu
reproduced below shows various formatting options:
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Pressing the Font command for the highted text gives rise to a dialog box
asking for more information as shown under (note colour, underline, superscript
subscript, etc., are all decided and applied to the highlighted text here):
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The next important feature required fdret document to look good is the
alignment of the left and right margins. This is achieved by selecting the paragrapl
and then applying, left aligned, right aligned, centered or justified feature through the
Format>Paragraph command as shown in an ear@aunilhis can also be applied by
the shortcut icons as shown under:

Help

Indenting your paragraph and adding special properties to it is achieved by pressing
Format> Paragraph and then setting the properties in the dialog box presented as showr

1
1
I
i
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Special effects like bulleting your text, adding borders, giving a background shade
to your documents is easily achievable by the Format> Bullets and Numbering ot
Format> Borders & Shadings features. Further features of sasd/uppercase or
drop a capital are also present in the Format menu.



The Mail Merge Feature

One of the very powerful feature of MS Word is its ability to send original letters to
different people through the production of a single common document &nd th
merging of this document with a data file containing data relevant to each recipient o
the letter. For example if an interview letter has to be sent to various candidates askin
them to appear on different dates and times for different positions,la dogument

will be typed in which the name of the candidate, address, time, date and position fo
which being interviewed will be left blank.

As a second step, another document known as data document would be creat
using the Tools > Mail Merge commarnehich will present us with the following
dialog box:
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Pressing the Get Data button will present us with another dialog box where we
will be at liberty to choose amongst predefined fields, delete those fields and add ou
fields. Sin@ we require first name, last name , position ,time and date of interview we
will only create /select those fields in order to create our data entry form. The dialog
box is as presented below:
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Pressing Edit Data Sourcell/\/p)resent us with a data entry screen in which the

details of all candidates can be entered.

The final step will be to insert relevant fields in the main document by choosing
Insert Field from the main document window and inserting at appropriate flgces
clicking the mouse at that location where you want the data to be inserted from th
data document. The main window screen and inserted fields will look as under:
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At this stage, go to Tools>Mail Merge and press the merge buttbe ididlog box.



Individual copies of the letter for each candidate will be created/printed.

Tables

Another innovative feature of MS Word is its ability to create tables with user specified
rows and columns. This is achieved through the Table menu whsttown as under:
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Click insert table on the standard toolbar and specify the number of rows and

columns.
You can use the AutoFormat feature to give your table a variety of borders and

fonts.

Columns to the Left and Columns tioet Right will insert columns to the left and
right in the table. Similarly Rows Above and Rows Below will insert rows above
and below the Specified row. Using Cells feature you can add an entire row,
column and shift a cell to the right and down.
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Another facility under the Table menu is that you can delete the entire table or ¢
particular cell, row, column or multiple rows and columns.

MS EXCEL

Creating Worksheets and Entering Data

Excel is a spreadsheet program that you can use tqQ sraeipulate and work on data
toyourhead s content. Excel i's mainly wused
is a program designed to work with numbers .You enter your data in cells arrayed intc
horizontal rows and vertical columns on a workesh

Excel organizes worksheet by workbook on the basis that you may need more tha
one worksheet for any given project. Each new workbook you open contains thre
worksheets by default but you can add worksheets upto a maximum of 255. Eac
worksheet contas 65536 rows and 256 columns. Rows are numbered from 1 to
65536 and columns are numbered from A to IV (the first 26 columns are numbered £
to Z, the next 26 AA to AZ, the next 26 BA to BZ etc.). The worksheets are numbered
from 1 to 256 but they can bésa given names to suit the requirement.

When you launch Excel, the Excel application window opens with a new Excel
workbook. The title bar and command bar are at the top of the window. Below the
command bars is a strip that contains the name box and®imar. The status bar
displays current selections, commands or operations.
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A cell is the interaction of a row and a column. Each cell has a unique address
composed ofthecélls col umn and row. The c &dhdetis n
cell A1. The active cell is identified by a dark outline called the cell pointer and the
headings in the active cell are edgntedoi -uppt When you enter
placed in the active cell. Application window of Excel consisttheffollowing.

Create/Open Workbook

Select the New. Command from the File menu. The workbook is opened by the
default name of Book1.

To open an existing workbook, select Open option from the File menu.
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Save Workbook
To give aname and save the workbook:

Choose Filg Save A%, command



To simply save the workbook

Choose Fil& Savéy command

Types of Data in Excel
Excel recognizes five types of data: Numbers, Date, Time, Text and Formulas.

Numbers

Numbers are values that can ladcalated. They can consist of the numerals 0 through
9, with a decimal point as a separator for decimal places and with commas a
separators for thousands. Numbers can start with a dollar sign ($), or with & + or
sign. They can end with a % sign; the&nalso be enclosed in parenthesis.

Dates

Excel handles dates as serial numbers and represents them in the following fol
formats:

Date Format Examples

MM/DD/YY 07/10/01

MMM -YY Jul0l

DD-MMM -YY 10-Jul01

DD-MMM 107 Jul
Times

Excel uses serial nurebs for times as well, representing the 24 hours of the day as
values between 0 and 1. It represents time in the following four formats:

Time Format Examples

HH:MM 10:15

HH:MM:SS 22:15:17

HH: MMAM/PM 10:15 PM

HH:MM:SS AM/PM 10:15:17 PM

You cancombine the date and time values to refer to a given time on a given day.
Date and Time Format Example

MM/DD/YY HH:MM 10/07/01 10:15(AM/PM optional)

HH:MM MM/DD/YY 22:15 1007-01



Formulas

Formulas are mathematical formulas telling Excel éofgorm calculations on data in
cells. For example, to add the data in the cells A1, B1 and C3 and display the result i
the cell D4, you would enter the formula +A1+B2+C3 in cell D4.

Text

Excel considers any data that it does not recognize as a nurateertime or formula

to the text. It means that data containing letters will be treated as text. Text to long fo
the cell will be displayed in the cell to the right if empty; otherwise, only the part that
fits in the cell will be displayed, though all thfe text is stored.

Entering Data

To enter data in the active cell, first activate the cell and then begin typing the data. A
soon as you begin entering characters from the keyboard,

three things happen; an insertion part appears in the cell, theaexdrg entering
appears in the cell and the formula bar and formula bar button are activated.

Auto Fill

Auto fill feature lets you quickly enter predefined series of data such as data, text o
number. After you have made one or two entries in the teblExcel know what you
are trying to enter in cells, drag the auto fill handle unto the point the data is to be
entered.

For example for a series of numbers that increase by a given amount, enter th
first two numbers in the first two cells like 1 in cAll and 2 in cell A2.

For a known text series such as month of the year enter the first text label. For

example enter January in cell Al.

Select the cell or cells containing the information.

Click the auto fill handle in the lower right corner of tightmost or lower cell and
drop the resulting border across or down through the cells.
The auto fill handle is in the small black square in the lower right corner of the
cell.

EDITING AND FORMATTING A WORKBOOK

Editing Data

For editing data in a workslet, first make the cell you want to edit active by clicking
on it. Then press F2 or double click in the cell to enter edit mode which Excel will



indicate by displaying Edit at the left end of the status bar. Excel will display the data
from the cell in he reference area and will display a blinking insertion point in the cell
at the point where the edit will take effect.

Copying and Moving Data
You can copy and move data in Excel by using Cut, Copy, and Paste (as in MS Worc

or drag and drop. There &0 points to be noted.

When pasting a range of data, you need
to only select the upper left anchor cell of the destination.
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= To use drag and drop, select the cell or range to move or copy and

then move the mouse pointer to one of its borders whe@atihéer changes from
fat cross to an arrow. You can then drag and drop as usual. Watch the informatio
box identifying the range in which the selection will land.



Delete

Select the cell or range and press Delete.

Working with Ranges

A range is one cebbr many cells. It can be a rectangular block of cells or an irregular
block of cells. Ranges can be named and they give you a way to work with a numbe
of cells at once. The name box on the left end of the formula bar displays the name c
the currently skected range.

Selecting a Range
To select a range of cells

Click in the upper left cell of the range, hold down the shift and then click in the
lower right cell of the range.
Or

Click in the upper left cell of the range and drag to the lower righotéle range.



Naming a Range

To name a range
Select the cell or range.
Click in the name, drop down list box at the end of the formula bar.

Enter the name of the rangjet can be upto 255 characters with no spaces and
should start with agltter, a backslash or an underscore.

Press enter.

Changing and Deleting Range Names
Select the range or cell.

Choose Inser>Name-> Define to display the name dialog box (see fig.). You will
find the names of ranges in the list box.

Add, change orelete the range name.
Type a new value for the range and click Add.
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Reuse an existing range name by choosing it in the list box and click Add
Select the range name from the names in the workbook list and click delete.
Add, chamge or delete further range of names if necessary and click the OK button.
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Inserting or Deleting Rows and Columns
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Many times you may require adding a row of data or a column of data, which you
forgot to enter earlier. ¥cel provides the facility to insert rows or columns into the
existing worksheet.

Select the cell(s) where you wish to insert the cell(s), row or column.
From the Insert menu.
Choose Entire Column to insert the column.

Choose Entire Row to insert theaw.

Formatting

Excel lets you present numbers in a variety of formats. You can format selected cells
using the formatting toolbar from the Format Cells dialog box.

Number Formatting

Excel provides many different number formats like currency, perceht@mma style
for use with different kinds of data.



Alignment

Excel identifies any data item as a number, date, time, formula and text. By default
Excel applies the appropriate horizontal alignment to each of these. Numbers are rigl
aligned and text ikeft aligned.

Horizontal Alignment

For horizontal alignment, use formatting toolbar.

Merge and Center centers the contents of a cell across a number of columns. Ent
the text in one of the cells; then select the horizontal range of cells acrossywhich
want to center the text and click the Merge and Center button.

Setting Horizontal and Vertical Alignments

Choose Format> Cells to display the Format Cells dialog box.

Click the Alignment tab to bring it to the front of the dialog box. (See fig)

In the Horizontal group box, choose the horizontal alignment option you want.
Excebs default option is |l eft aligned
numbers. Justify aligns selected text to both the left or right margins.

Center across the selection tms the text across the selected columns.

In the vertical group box, specify the vertical alignment for the selected cells by
choosing Top, Center, or Justify.

Font Formatting
Excel supports a wide range of font formatting that can be used in thehsetks

Choose Format> Cells to display the Format Cells dialog box, click on the Font
tab and make your choice on it and then click OK button.



Format Cdlls

Auto Formatting Worksheets
Choose format Auto format to display the Auto Format digl box (see Figure).
Choose a format from the Table Format list box and click OK.

If you want to apply only some of the formatting characteristics, click the option
button to display the six options in the formats to apply group box at the bottom of
the AutoFormat dialog box. Clear the check box for the options you do not want to

apply.

autckorat. ..

Formatting Rows and Columns

Row Height

To change the row height for one row quickly, click on the bottom border of a row
heading and drag it up or downtil the row is of the height you want.
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To change row height for several rows at once
Select the rows by dragging the row headings or through cells in the rows.
2. Choose Format-> Row-> Height to display the Row Height dialog box.
Enter thenew height in points for the rows in the row height text box.
Click the OK button to close the Row Height dialog box.

Changing the Column Width

To change column width for one column quickly click on the right hand border of the
column height and dragleft or right until the column is of the width that you want.

To change column width for several columns at once:

Select the columns by dragging through the column headings or through the cells i
the columns.
Choose Format Columns> Width to displg the Columns Width dialog box.

Enter the new column width in the Column Width text box.
Click the OK button to choose the Column Width dialog box.

You can also set a default column width by choosing Formatti@plumn-> -
Standard Width and set wieaer column width you want.
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Auto Fit (column width/row height)

Auto fit feature automatically adjusts column width/row height to fit the widest in any
selected column/row. To use Auto fit, select the column/row you want to adjust and



choo®

Format-> Column-> Auto fit.
Format-> Row-> Auto fit.

Hide/Unhide of Row or Column
To hide/unhide a column or row: first select the row or column:

Choose Form#& Row/Column A Hide/Unhide

Protection

Excebs protecti on i slfoanatting. You cas forimat seledtenl r m
cells as either locked or hidden.

Choose format cells to display the Format Cells dialog box.
Click the Protection tab.
Select the Locked or Hidden check box or both.
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To Protect Worlsheet

Choose Toolg Protectio® Protect Sheet and choose following options
CONTENTSA Protects the user from changing locked cells or charts.
OBJECT®\ Protects the user from changing graphic objects.
SCENARIOS\ Protects the user from changing scenarios.
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To Protect Workbook

Choose Tools Protection, Protect Workbook and choose following options

Structure, Prevents the user from moving, deleting, hiding, inserting or renaming

worksheets in the workbook.

Windowsy Prevents the user from movingesizing, hiding, or closing the

windows in the workbook.

Protect Workbook E1 K3

Protect workbook for
v structure

........................

Password {optional):

sl

Cancel |

Sorting Data

Excel offers simple sorting for swiftly arranging the contents of a column and complex
sorting for arranging the contents of a table using several Sort keys.

Simple Sorting

To sort data in a column or in selected cells quickly, click the Sort Ascending or Sor
Descending button on the Standard toolbar. Sort Ascending sorts the cells in th
column alphabetically or from lowest to highest value; Sort Descendingisertells

into reverse alphabetical order or from highest to lowest value. Their first column sorts



selected cells.

Complex Sorting

To perform a complex sort on the selected cells:
Choose Data Sort to display the sort dialog box

Snant E
Sort b
[T © oo
¢ Zescending
Thenky
I = ' ozzending
= erending
I henky
| =] ' aszending
" “esrending
Why lisk has

" Heceor rom & No mzads: roew

Opkions. .. QK . Conce l

In the Sort dialog box choose up to three sort keys for your data.

First, if your data has a header row, make sure the header row option button i
selected in My List Has group box. This will prevent Excel from sorting the
headers.

Choose the first Sokey in the Sort by group box and then specify ascending or
descending order.

Choose the second sort key in the first Then by group box. Again specify ascendin
or descending order.

Choose the third sort key in the second Then by group box. Agairfyspeci
ascending or descending order.

If necessary choose sort options by clicking the options button to display the Sor
Options dialog box in which you can choose a special First Key sort order, which

will tell you whether to use case sensitive sorting antkther to sort top to
bottom or left to right.

Click the OK button to close the Sort dialog box.



Adding Comments

Excebs comments | et you add text not es

worksheet; they are indicated by a small red triangléhe upper right corner of the
cell to which they are attached.

To add a note to the active cell:
Choose Insest Comment to display a comment box attached to the cell.
Type your note into the comment box.
Click in another cell to continue working.
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To edit a comment, rigktlick in the cell that contains it, and choose Edit
Comment to display the comment box with the text ready for editing.
To resize a comment, move the insertion point over one of its sizing handles and
drag inwards poutwards.

To move a comment so you can see both it and the cells it was covering, move th
insertion point into one of its border so that it turns into a-feaded arrow, then
click and drag the comment to where you want it to appear.

To delete a coment, right click in the cell that contains it, and choose Delete
Comment from the context menu.
Adding Headers and Footers

To identify the work you print out, you will probably want to add a header or footer.

Choose View Header and Footer to displayethleader/Footer tab of the Pages
Letup dialog box.

To use one of the automatically generated headers or footers, choose it from th

Header drogdown list or Footer drojlown list. Choose (None) at the top of the
list to remove the current header or footer



To create a custom header or footer, click the Custom Header or Custom Foote
button to display the Header dialog box or Footer dialog box, each of which offers
Left Section, Centre Section and Right Section boxes.

To change a section, click in it aedit the contents using regular editing
techniques.

To insert the page number, number of pages, current date or time, workbook nam
or worksheet name, position the insertion point in one of the section boxes anc
click the appropriate button to enter thaele for the information.

Getting Worksheet Printed

To print your worksheet
Select the range of the worksheet to be printed.
You can see the preview of the hard copy you will get.
Choose File o Print command.
Select the appropriate options in the dgbox.
Click OK.

CHARTS

Introduction

Charts are the graphic components of Excel. The data which is entered as tables can
viewed in the graphical form as charts which makes the figures of the data effective
interesting, easy to understand and g¢asanalyze and compare. Charts can be of two
types:
Embedded charts: These charts are included in the worksheet and can be move
copied and resized as any other graphical object. Their advantage is that they ce
be viewed alongwith the data and many thaan be inserted.

Chart sheet: Separate chart sheets are inserted when a chart is created. It contains o
one chart. To create Chart Sheets, choose inggrChart A As New Sheet.

Two dimensional or three dimensional charts can be created with theohel
Excel. After creating a chart, the information can be enhanced by adding chart item:
such as data labels, text and title. You can do formatting using patterns font, colours
alignment and other formatting attributes. Any change in data will updathémges
in the chart which was made using that data.

Chart Components



Two-dimensional charts have anaxis and Yaxis. Threedimensional charts also
have a zaxis. A typical chart such as one shown below has the following components.
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ChartTitle i A title given to the whole chart.

X-axis titlei A title given to the Xaxis range.

Y-axis titlei A title given to the Yaxis range.

Legendi It specifies the colour, symbol or pattern used to mark the data series.
Data Serie$ A data seris is one of the sets of data from which the chart is drawn.

Categories The items by which the data series is separated. For example ,if a
chart shows the years 199999, each year will be a category.

Chart Types

MS Excel offers 15 different chart tgp. You can choose the chart type to present
your data most effectively and clearly. The various chart types are as discussed belo\

Area Chart: This shows the magnitude of change over time. It is a stacked line
chart, with the area between lines filleittwcolour and shading. The data series

are plotted one on top of the other. They are good for showing how much the dat
series contribute to a whole.
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Bar Chart: It consists of a series of horizontal bars that allow comparison of the
relativesize of two or more items. A horizontal bar that extends to the left or right
of the baseline marks each data point.
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Column Chart: This consists of a series of vertical columns that allow comparisor

of the relative size of two or more itemshéy are typical for showing sales,
rainfall etc.
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Line Chart: Each of the data series are plotted as lines of different colour and

shading. The chart shows changes in data series over time like changes in prices.
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Pie Chart: A sinlg data series is divided up into fskces showing the relative

contribution of the various data points. Market surveys are reflected well in pie
charts.
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Doughnut Chart: It is similar to pie chart but it represents more than one data
sefres.
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Radar Chart: This shows the data values in relation to the center point and to each

other. Data of the same data series are connected by lines.
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XY (Scatter) Chart: An xy scatter chart either shows the relationships among the
nunmeric values in several data series or plots two groups 6f%0. as o n e

Xy coordinates. This chart shows uneven interests or clusters of data and i
commonly used for scientific data.

When you arrange your data, place x values in one row or cotund then enter
the corresponding y values in adjacent rows and columns.
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Creating a Chart
The easiest way to create a chart is to use Chart Wizard.

The chart Wizard is a series of dialog boxes that guide the user through the stey
required to create a new embedded chart or modify settings for an existing embedde
chart. It displays either five steps or two steps, depending on what is selected .
worksheet data is selected, all five steps are displayed becauseyou cr eva t i |
chart. If you have selected an existing chart to modify it, only two steps are displayed
To finish the Chart Wizard choose the finish button in any of the steps.



Following are the steps to create the chart through Chart wizard:

To create a new eint, enter the data.

Click on Chart Wizard tool button from standard toolbar or choose K Gadrt to
start the chart wizard.

Choose the chart type in the chart type list box. Excel will display a variety of
available subtypes. Cho®s sub type by clicking on it.

Excel will show a sample chart from the data you selected if you click an Ehe e s S
and Hold to View Sampe b utt on.

Click the Next button to display the second chart wizatite Chart Source Data.

harl Wizard Step 2 of 4 Chart Saurce Dala

On the Data Range tab, check / enter the data range.

On the Series tab, adjust the data series as necessary.



Click the Next button to display the third chart wizarthe Chart Options and
select the options as pigpe of chart.

On the Titles tab enter chart;akis, Y-axis title.
On the Axes tab, suppress the display of data on any axes if necessary.

On the Gridlines tab, choose which gridlines to display.
On the Legend tab, choose a legend @lade it as per your choice.
On the Data Labels tab, choose whether to show the data or not.
On the Data Tables tab, you can choose to show the data table alongwith the char

or not.
Click the Next button to display the forth chart wizarthe Chart Location.

Choose whether to display the chart (1) as new sheet or (2) as an embedded sheet
Click the finish button to have the Chart Wizard create the chart for you.

Editing Charts

Once you have created a chart, you may want to updayeaitidhng or deleting more
data series or data points from the worksheet, change the chart type, format a chart
draw inside a chart.

Adding or Deleting Data

Adding or deleting data automatically updates any existing legend. Using the char
Wizard, youcan change the range that a chart is based on. If your chart was create
from multi-level categories and series, you must use the Chart Wizard to reselect you
data and recreate the chart.

To add data to an embedded chart on a worksheet, you can dregpprathta from

that worksheet. Using copy and paste is the easiest way to add data to a che
sheet. Or you can use the New Data command for either embedded charts or che
sheets.

You can also delete data series from a chart by double clicking on thptessing
the Delete key.

Change the Chart Type

Excel lets you easily change a chart from one type to another till you really find a
chart which suits your data. This can be done if you follow the given steps:

Select the chart by double clicking dnlt puts a border around the chart.



Choose Format a Chart Type and selechénechart.
Or
Click on Chart Wizard tool button (this will show only 2 steps out of 5)

You can also change a chart quickly from one type to another by selecting the
chartclicking the chart type drop down button on the chart toolbar and selecting the
type of chart you want from the drop down list.



Deleting a Chart

To delete an embedded chart, either click on it and press Delete or right click in an
open space insideaind choose cut from the context menu.

To delete a chart sheet, right click the sheet tab and choose delete from the conte
menul.

Editing an Element in a Chart

To edit an element in a chart, click the element so that it displays handles and its nan
appears at the left end of the formula bar or on the Chart Objects box on Chart toolbat
Right click the element you want to edit and edit using normal editing techniques.

Removing an Element from a Chart

To remove an element from a chart, right click thement you want to delete and
choose clear from the context menu.

Formatting a Chart

Once you create a chart and add chart items such as data labels or titles, you can th
format many of the items in the chart.

Chart area should be selected.
Press right mouse button to get the skmrt menu and choose Format Chart Area.

Dialog box opens up where you can globally apply colours, patterns, borders, and
text fonts.

Onechart item at a time can be selected and formatted.

There is an easy altative to selecting and formatting individual chart items, i.e.
you can use a built in chart auto format. Or you can create your own auto format:
which you can apply to charts. Auto formats work much like templates or styles. Eact
auto format is based oncaart type. When you apply an auto format to an active chart,
it changes the entire look of the chart but does not affect your data.

How to Use a Built in Format
Select the chart.

Choose Format Auto format.
Select Builti in, choose any ahe charts from the galleries.



How to Create a Custom Format
Create a chart having Chart type, font, pattern and other formats.
Activate the chart.
Choose Format> Auto format.
Select the user defined option and click on Conited button.
Click on the Add button.
Enter the name for the format.
Click on OK.

How to Draw in the Chart

Select the chart.
Activate the drawing tool bar.
Click on the appropriate tool button of the toolbar.

Draw on the chart.

How to Print Charts

Embedded charts can be printed either with the data by selecting the range of
worksheet including the data and the chart or without data also by:

i Select the chart
i Choose File> Print.
To print the chart sheet
T Choose file> page setup.
T After selecting the appropriate options for the chart size, page size,
margins, header, and footer, click on print.
FORMULAS AND FUNCTIONS

Formulas and Functions are extremely easy to use. Formula is a recipe for performin
calculations omumerical data. It can be anything from simple addition to complex
additions. Function is a predefined formula built into Excel. Excel ships with enough
functions to satisfy most computing neddsm Sum to DSTDEVP for calculating
standard deviation based all the entries in a database. You can also create your own
powerful formulas as per your requirement.



Parts of a Formula

To create a formula in Excel, you need to indicate the data to be used in the computatic
and the operation or operations to lefprmed. Data can consist of constants (numbers)
and references to cells. Operations use four categories of operators: arithmetic, logica
text and reference. A formula always starts with an (=) sign.

Constants

A constant is a number entered directlythe formula. It uses a constant value in
every calculation, e.g. you could enter the following formula in a cell to add 5 in 13
=13+5.
When you press enter the cell will display 18. The infiad si gn t el | s

you are entering a formula indtcell, 13 and 5 are constants anddh@® s i gn i
operator for addition.

References

Reference indicates to Excel the location of the information you want to use in the
formula. By using references instead of constants you could build formulasothat y
dond t need to change when the data i n
calculation 13+5 you could enter 13 in cell A1 and 5 in cell A2 and then enter this
formulain A3

= A1+A2.
This tells excel to add the contents of cell A1 and A2 anavghe result in cell
A3.
One of the easiest ways to enter references to the formula is to use range names.

Operators

The Operator is the way in which you tell Excel which operation to perform with the
data you have supplied by using constants andemtes. Excel uses four types of
operators: arithmetic, logical, text, and references.

Arithmetic Operators
Excebs six arithmetic operators are:

OPERATOR ACTION EXAM PLE
+ Addition =A1+A2
/ Division =20/D7



A Exponential =275

* M ultiplication =D5*2
% Percent =90%
Subtraction =B4-B5

Logical Operators
Logical operators are also known as comparison operators

OPERATOR M EANING EXAM PLE
z Equal to =Al=5
> Greater than =D7>9
< Less than =6 <5
>= Greater than equal to =A3>=250
<= Less than equal to =A5<=1000
<> Not equal to =A5<>100

True is represented as mathematical 1 and false as mathematical 0. Thi
means that while the cell will display true or false and you are using the result in &
formula, it will be treated as 1 or O respeely.



Text Operator

Excel uses one text operator the ampersand (&) for joining two levels together
for e.g. if cell Al contains the label 2000 and cell B2 contains the label profit you
could use the formula = Al & B2 to produce the result 2000 profiother cell.

Reference Operators
Excel uses three reference operators for defining references.

hverator Meaning Fxanple
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The range operator and the union operator are straight forward whereas th
intersection operator needs a word or two of explanation .The eotemns operator
refers to the cells shared by two referericés this example cells A4 and B4 because
both are in the range A3: B10 and the range A4:D4.

How Excel uses Operator
Excel evaluates the operators in order of precedence as shown below.

OPERATORS ACTION
Negation (negative numbers)
Percent
Exponentiation
* And / M ultiplication and division
+ And - Addition and subtraction
=, >, <, >, <>, <= Comparison
When two operators have the same precedence, Excel evaluates them from left tc
right.
Use parenthesis to change the order in which excel evaluates the operators in a
formula. Excel evaluates the contents of the parenthesis first.

For example if you wish to calculate 50*1-@0 the result will be 4960 whereas if
you wish to calculate 50*(1B4) then the result will be 3000.

You can create a formully typing it straight into the cell or reference area of the



formula bar and then click the enter button.

Copying and Moving Formulas

Formulas can be copied about a workbook by using regular aopy, paste
commands. But with formulas that contain cell reference, you need to consider the
effect that copying or moving the formula will have on the references.

Absolute, Relative and Mixed References

By default, Excel uses relative referencest thvork relative to the cell containing the
formula. For example, suppose you have two column of numbers, A and B, and yol
want to subtract the value in each B cell from the value in the corresponding A cell.
You could enter in cell C1 the formula =A1, copy it and paste it in the remaining
cells in column C. With relative references, Excel will adjust the formula it enters in
each cell so that each performs the same relative operation. Relative references &
useful in creating worksheets quickly.

An absolute reference refers to the same cell in a worksheet no matter where yol
copy or paste it to. For example suppose you want to add sales tax to the previol
example and the cell D10 held the current tax rate. If you use the relative reference fc
D10 in the first formula (=(A1B1)*D10) and paste it to other cells in column D,
Excel would change D10 to D11, D12 and so on and calculate the result accordingly
But when you use an absolute reference, Excel will not change the reference and wi
only use D10 sithe reference.

Excel uses the dollar sign ($) to denote absolute references so the absolul
reference for the cell D10 would be $D$10.

Mixed references are references in which either the column fixed and the row
relative ($D10), or with the column réilge and the row fixed (D$10).

Functions

A function is one of Excél s J{nuarmulas. For example, the SUM formula adds
the contents of the specified range. You can enter functions in your worksheets b
simply typing them in. The functions perform tberation on the given

values and return the result that is displayed in the same cell where function wa
entered.

Some important functions are discussed below.
SQRT()

The SQRT function calculates the squareroot of any number. Let us take an examp!
in which we want to find out the square root of the number 9. This can be done in the



following way:
Choose Function from the Insert menu.

Choose Maths and Trigonometric from the Function category and SQRT from the
function name.

Either type the cell attess or point to the cell which contains the number for which
square root has to be calculated.

The result would be displayed in the cell where you had initially placed the cursor.
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AVERAGE()

The AVERAGE() function caldates the average of the series of specified number. In

our present example, we have two numbers 9 and 81 for which we want to calculat
the average .

Place the cursor where you want the function result to appear and choose the
function from the insert nmau.

Choose Statistical from the function category and Average from the function name.

Either type the range or point to the cells which contain the numbers for which
average has to be calculated.



The result would be displayed in the cell where you hadlly placed the cursor.
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SUM()
The SUM() function calculates the sum of entries in a specified range . Let us see hov
this can be done:

Place the cursor where you want the function result to appear and chooserf
from the insert menu.



Paste Function

Choose Maths and Trig from the function category and SUM from the function
name.

Either type the range or point to the cells which contains the numbers which yot

want to add up, you may even specify to distinuous ranges using the second
field.

The result would be displayed in the cell where you had initially placed the cursor.

ABS()

The ABS() function is used to get the absolute value of the number. The absolut
value of a number meanthe number without plus and minus sign. In our present
example we have a numbiet5 in the cell A11 for which we want to get the absolute
value. Let us see how this can be done.

Place the cursor where you want the function result to appear and chocsafu
from the Insert menu.

Choose Maths & Trig from the Function category and ABS from the Function
name.



Click once on the OK button.

Fasle Funzton

CELL ()

The CELL() function returns information about the formatting , locatiorootents
of the upper left cell in a reference .This is a fairly useful command and it gives you
all kinds of information about a cell or about the current file .

Place the cursor where you want the function result to appear and choose Functiol
from the hsert menu.
Choose Information from the Function category and CELL from the Function name.

TypeoFi | énamethe info_type field.
The result would be displayed in the cell where you had initially placed the cursor.
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TODAY()

The TODAY/() fundion is one of the few functions that do not require any user argument.
It simply returns the current date. Let us see how this works.

Place the cursor where you want the function result to appear and choose Functiol
from the Insert menu.

Choose Date &ime from the Function category and Today from the Function
name.

The result would be displayed in the cell where you had initially placed the cursor.

Paste Function
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Automating Worksheet

MS Excel provides tools to automate our reguésks. These tools are Macros and

Templates. Excel supports VBA (Visual Basic Application) which is a language based
on Visual Basic Programming language.

Programmers can create custom applications using VBA opnmgrammers can
automate their routineork by creating macros.



Templates are reusable models that standardize the look of the worksheet. They
can be used to create periodic reports.



What are Macros?

Macros are actions created through the macro recorder by observing actions
converting thos actions into visual basic code and sorting the code in a visual basic
module. These recorded actions can be performed again more easily and quickly b
simply clicking a button or a key combination.

How to Record a Macro
Choose Tols> Record Macre> Record New Macro command.
Type the name in the Macro name box.
Type the description of the macro in the Description box.
Choose the Options button to set options for the macro.
Choose the OK button.
Type the name of the monthsaall range A1:A12 and make the entries bold.
Click the Stop Macro button.

Or
Choose Tools> Record Macre> Stop Recording command.
Record Macro BI!!
SZHD F3Me!
st
Shorkcuk key Stats mssro [
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How to Run the Macro

Running the Macro means to repeat the action recorded as a macro. Tovanthse
Name Macro follow the given steps.

Choose Tools>sMacro command
In the Macro name/Reference box, type or select the macro name.
Click on the Run button.



Or
Choose Tools> Months
Or
Press Ctrl+Shift+M key combination.

Merasin: l*’*l Qpen ‘Workboaks =l opHors. .,
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How to Delete a Macro

As the macro has been recorded in a separate sheet, deleting that sheet will delete 1
macro. Macro can also be deleted from the Tool menu. The necessary steps to car
out the above mentioned ways for deleting the macro are given.below

Select the macro sheet or sheets, which you want to delete.
Choose Edit Delete Sheet command.

Or
T Choose Tools> Macro command
T Select/type the Macro name
T Click on the Delete button
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How to Assign the Macro to Toolbar, Menu or Shatrit Key

Once you record a macro, you can attach it to a menu item, button, or a shortcut ke
making it as accessible and convenient as the-touritenu

commands and buttons in MS Excel. A macro assigned to Tools menu or shortcu
keys is always availabknd a macro assigned to a toolbar button is available when the
toolbar is displayed. If you assign your macro to a bunldutton that MS Excel
already uses, you overridethebutioe nor mal functi on with

To assign the @cro to the tool button, follow the given steps:
Choose View> Toolbars command.
Click on the Customize button.
Select Custom from the list of categories.

Drag the last tool button of the 3rd row and place it on the toolbar. This will open
up the Asggn Macro dialog box.

In the Macro name/Reference box, select/type the name of the macro and click on
OK button.

Choose the Close button to close the Customize dialog box.
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How to Restore the Tool Button

Choose View>Todbars command.

Click on Customize button.



Select Custom from the list of categories.

Drag the tool button from the toolbar back to its place in the Customize dialog box.
Click on Close button.

What is a Template?

A template is a special workbook whican be used as a pattern to create other
workbooks of the same type. In addition to creating new workbooks based on
templates, you can insert sheets from templates into your workbooks.

Templates can contain text and graphics, formatting and page |&yout)as and
macros.

You can create special templates, called autotemplates, in your Startup or Alternate

Startup directory. Auto templates can also be used as the basis for all new workbook:
and all new sheets you insert in your workbooks. Auto template just templates

saved with a specific name on a specific

location.

How to Create a Template
To create a template, follow the given steps:
Create a workbook with all the styles, formatting, text and formulas you want.
Choose He-> Save As command.
In the File Name box, type the name of the template.
Select the directory and drive where you want to save the template.

In the Save File As Type box, select Template.
Click on OK button.

sweke  C17nnes =8 E 2 -




How to Open a Template

To open a temple to create the worksheet based on it, follow the given steps:
Choose File> New command.
Select the template on which you want to base a new workbook.

How to Modify Original Template

To edit the original templates, follow the given steps:
Click onthe Open button on the standard toolbar or press Enter.
Select the template you want to open.

Hold down SHIFT key and click on OK button. MS Excel opens the original
template for editing.
Make the needed modifications in it and click on Save button.
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POWERPOINT

Introduction

PowerPoint is a presentation tool that helps you create effective, -asdalt
graphical presentations. Generally the presentations consist of a number of slides th
are arranged in a sequential manner. One can put the animeéiBots to give the
presentation a different and impressive look. Not only that, PowerPoint can also b
used to prepare handouts and speaker notes automatically once the presentation
finally prepared. The slides prepared can be used either by takitigegorintouts on

the transparency slides or the computer can directly be attached to the LCD displa
panel that can enlarge the picture and present the output on the screen.

PowerPoint has provided the user with lots of predesigned slide formatsitclip a
graphic libraries, autocontent wizards and design templates. The user can use any
the available options and design the presentation depending upon the time and ti
requirement. By using the predefined slide formats, one can prepare the presentatic
on standard formats and designs whereas by creatig®neown sl i de f o
can give new creative looks as per the requirements.

Other office components, like Word file, Excel spreadsheet or graph etc. can alsc
be inserted in the presentationnb@ke it more complete and attractive.

We shall first have a look at all the menu items and then start working on a
presentation as an example.
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Menus

File Menu
New: Creates a blank new file based on all default values.

Open: Opens aexisting file.



Close: Closes the existing file (without exiting from the application).
Save: Saves the active file with the current file name, location and file format.

Save As: Saves the active file in a different file name, location and the filatform

Save as Web Page: Saves the file in the format required for the Interne
applications.

Pack and Go: Starts the Pack and Go wizard. This helps you pack up &
presentation so that it can be run on another computer. This wizard can be rul
again ifsome updation is required in the presentation.

Web Page Review: This allows you to preview the current file as a web page in
your browser so that you can see how it actually looks like.

Page Setup: Sets the margins, paper source, paper size, pagéamianth other
layout options for active files.

Print: Prints the active file or the selected part to the selected printer.
Send To: Sends the document to the briefcase or the mail recipient-azagn e
Properties: Displays the property sheet forabeve file.

Exit: Closes the application program after prompting you to save all the unsaved
files.
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2.

Undo Last command(s) reverses the last command i.e. undoes the effect of the las
command you executed.

Repeat Las€Command(s) reverses the undo command i.e. restores the last



command.

3. Cut: Removes the selection from the active document and places it on the
clipboardi a special place in compuées memory from wher e
again.

Copy: Copies the satgon to the clipboard.

Paste: inserts the content of the clipboard at the insertion point and replaces any
current selection block.

Paste Special: Pastes, links, or embeds the clipboard content in the current file in
the format you specify.

Paste as Hyerlink: Inserts the content of the clipboard as a hyperlink at the
insertion point, replacing any selection.

Clear: Deletes the selected object or text without putting it on the clipboard.

Select All: Selects all text and graphics in the active windwwsglects all the text
in the selected object.

Duplicate: Makes a quick copy of a selected object. To make additional copies of
the same object, click duplicate again.

Delete Slide: Deletes the current slide in slide or notes view. Deletes the selected
slides in slide sorter or normal view.

Find: Searches for specified text, formatting, symbols, comments, footnotes or
endnotes in the active document.

Replace: Searches for and replaces specified text, formatting, footnotes, endnotes
or comment mark inhte active document.

Go to Property: Moves the insertion pointer to the item where you want to go.

Links: Displays or changes information for each link in the current file, including

the name and location of the source file, the item, the type and whle¢hienk
updates automatically or manually.

Text Object: Activates the application in which the selected object was created so
you can edit the object in place.

View Menu
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Format Menu
Font: Modifies the font type, colour, format, character spacing etc. of the selected

text
Bullets and Numbering: Adds/removes the bullets/numbers from the selected text.

Alignment: Aligns the selected text to the left, right, center or justifies.

Line Spacing: Setthe space between the lines.
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Change Case: Changes the text to lower case, uppercase,
sentence case, toggle case or title case.
Replace Fonts: Replaces the existing font type thighanother.

Slide Layout: Changes the layout of the slides.

Slide Colour Scheme: Modifies the existing colour scheme.
Background: Modifies the background of the slide.

Apply Design: Applies the design template to the presentation.

Colours and LinesApplies the different styles and colours to the lines and
outlines.

Autoshapes: Helps you change the colour, shape, fill, size and position of the
objects.

Ecgls_ Slide Show  Window Help
1Y speling... F7
I Style Checker...
Language...
l AutoCorrect...
Look Up Reference. ..

AutoClipart. ..

PowerPoint Central
Presentation Conference...
Meeting Minder. ..
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Macro »
Add-Ins...
Customize,..

Options. .. Tools Menu

Spelling: Checks the active document for possible spellirgngrar and writing



style errors.

Language: Designates the language of the selected text in a file.
AutoCorrect: Sets the options to correct the text automatically as you type.
Look Up Reference: Inserts the cross references.

Meeting Minder: Here meetghminutes can be made and actions can be recorded at
that time of presentation.

Macro: Here you can add, run, edit or delete a macro.

Add-Ins: Attaches a different template to the present slide.

Customize: Helps in customizing the toolbar buttons, ntemumands etc.
Options: Modifies the settings for the MS Office programs.

Slide Show
View Show: Runs the slide show of the presentation.

Rehearse Timings: Runs the slide show in the rehearsal mode. Here the timings ce
be set or modified.
Record Narrabn: Voice can be added here.

Set Up Show: Options are set here, in terms of type of presentation, transition and
animation settings, sound effects and slide proceeding.

Action Buttons: Buttons are added for the action settings.
Action Settings: Assigactions to the action buttons.

| Slige show Window Hep
i EJ view Show
(U Rehearse Tmings
Record Marration. ..
l Set Up Show...
View On Two Screens...

7| Adtion Buttans >
a,l_n eee [y paln 1 a7

Preset Animation »
g& Castony Armation.,

Arimation Preview

Slide Transition. ..

Hide Slide
Custom Shows...

Preset Animation: Different animation actions can be applied in

the slides.



Custom Animation: Animation effects like sound, text, movements etc can be
applied or modified by this option.

Animation Preview: Rns all the animation effects in the current slide.
Slide Transition: Adds or modifies the transition settings between the slides.
Hide Slide: Hides the current or selected slide(s).

Custom Shows: Sets the shows within the show.

Window Menu

—_—

_i Window Help
MNew Window
Arrange all
Fit to Page

| Cascade

i 1 Presentation

New Window: Opens a new window with the same contents

as the actlve window which helps in viewing different parts of the same file at the
same time.

Arrange All: Fits all the open files at the same time that makes formatting
options easier among various geatations.

Fit to Page: Puts active presentation on the top of all the open presentation
(opened) in different windows.

Cascade: Arranges all the open presentations overlapping each other.
Next Pane: Moves clockwise to the next pandnenfresentation.
Presentation: Lists the current open presentation .

' Help
| @ Microsoft PowerPoint Help  F1

@ Contents and Index
| K2 \what's This? Shift+F1
Microsoft on the ‘Web >

About Microsoft PowerPoint

Help Menu

Microsoft PowerPoint Help: Launches the MS Office Assistant that provides the
help and tips to work with MS PowerPoint.

Show the Office Assistant: Displays/removes @f&ce Assistant from the view.




What s Thi s? Displays the particul ar tc

Office on the Web: Connects you to the MS Office web site from where the
updated information can be downloaded.
Detect and Repair: Finds and fixes #reors automatically.

About Microsoft PowerPoint: Displays the PowerPoist v er si on det @
message and system information.



Auto Content Wizard

Generally preparing presentations is difficult because a lot of designing, inserting tex
boxes, &ip arts, graphs etc are required. But just imagine that everything is preparec
and now you just have to change the contents of the presentation. PowerPoint mak
your job easy as it has all the things prepared and it keeps asking you questions abc
the dides you want to prepare and prepares the slides automatically. How does the
sound? Easy? So let us try to prepare the presentation this way!

Let us proceed step by step:
Click on start button.
Click on Microsoft PowerPoint frorthe programs menu.
Click on AutoContent wizard button.
Click on OK to continue.

Click on next tab to select the type of presentation.
Seleci Recommendi g f @ g &0e aocepetgiyon as t he p

Choosdi o-streen presentation tomito get the type of output you would like to
use.

Type presentation title here.
Click on finish button to see the output.

Here, in this example, there are a total of seven slides, each slide containing somn
sub information or headings. Nowoy can make changes or overwrite on either one of
the parts. This means if you make changes that in the left frame or in the right frame
the other part will automatically be changed.

Although these slides are predefined, you can add, delete or modifyfahg
parts present in the given content as per your requirement. The number of slides ce
also be increased or decreased as desired. You can change the text, the colour sche
the clipart images etc on any of the slides.

The AutoContent Wizard can lpeljou focus on the key issues about any of the
topics (that are already given) without thinking much about them and also saves a Ic
of your time in designing etc.
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Templates

Similar to AutoContent wizard there is another option availablBowerPoint users
which can help you make your presentation in very little time but giving it a
professional touch. This sounds surprising but this option is also available in which
you can choose your own layouts, backgrounds, images, colour scherfiesdtte
given library. This option is called Templates.

Let us now see how it works
Click on start button.
Click on Microsoft PowerPoint from the programs menu.
Click on Design Template button.
Click on OK to continue.

Check the vaous template designs given one by dn@u can see the preview of
the selected template in the right part of the window.

Seleci Lock @&andekepyate and press OK to
The following window would be displayed.
You can choose anyf the page layouts and press OK to continue.

Now all the steps are same as in AutoContent Wizard for preparing a normal
presentation. Here also you can make changes in the colour schemes, the clip ¢
images or backgrounds and layouts etc.
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Applying Transitions, and Animation Effects

An electronic presentation, or the slide show, is used to give the presentation on th
computer screen or on the LCD projector. Now since these slides are changed by usil
the computeonly and not manually, special effects can be added to the slide show tc
make it more effective. A transition is a special effect added to the slide show ta
changeibs i niti al appearance on screen |
fades in grdually, or the background changes.

Not only this, animation effects can also be added to the slide show for e.g.
different points in bulleted form appearing one by one from each of the four
directions, or the objects having the animation effects etc.

Adding Transitions

Most of the templates include transition effects in them to make the presentation more
effective and lively, but never mind, you can also put these effects in your slides to make
them at par with the prdesigned templates. Add the tramsitin your slide click on the

slide show menu and then select slide transition form the menu. You can chose the type



of slide transition from the dregown list.

Most of the listed transitions differ only in directions. Once you apply any of the
given ransitions, a transition icon appears at the bottom of the slide. On clicking this
icon, the transition reappears in the slide miniature. You can see the various types ¢
available transitions and then select the best suited.

Speed and Sound

You can alsaive special effects like speed and sound to the slide show. Here each type
of transition has a default speed but you can change it as you want it to. For that also yc
have to go to the slide show menu, select the transition type and the same window wil
appear. You can choose the effect from the dlopn list, select the type of transition
and then specify its speed. Now in the advanced section you can enter the timings fc
automatic slide advances. There is another section in the window that coméasiosinds
drop-down menu and you can select the type of sound from that menu.

Not only this you can assign the sound loop that will continue till new sound is
assigned to it.



Animation

Transition is used between slides whereas animation effects aravitisedthe slide.

Various titles, bullets, the objects, graphs or tables can be added in the slide separate
using animation effects.

REVISION EXERCISES

Prepare a business letter to your customer promising to attend to his complaint
immediately. Use pge setup, formatting features, etc.

Prepare a table in which the budget comparison of three years is made.

Write a thank you note to be sent to all your friends who had greeted you on new
year.



Chapter 14: DATA BASE MANAGEMENT SYSTEMS

In early day compting, data was kept in data files and programs were written to
interact with these data files in order to produce reports. This type of environment leac
to a situation in which every new application required the services of an experience
programmer, whaisually took a fairly longtime

to study, design, develop and test his application. Very often the number of programmer
in an organization were limited and computing requests of various departments were
many. This resulted in a long queue of undeveloggdi@ations and a general feeling of
dissatisfaction about the wisdom of the investment in computers.

World over the computer professionals were aware of this problem and were bus)
researching to find ways and means of improving productivity. One obyioun,
which came to the forefront was that a major portion of their programming effort
involved file handling, in which lines of code for opening, closing, writing, deleting
etc had to be written for every program.

Apart from this, if computers were teeliver their full potential, it was essential
that the actual user of application should become eager to accept the computer as
friend.

All these factors along with several other considerations led to the development of
file management systems, in whigtost of the common file management programs were
incorporated, thereby eliminating the need of writing separate programs for them.

This, translated into action, meant that with the help of easy and simple commands
the user is presented with a screertiteate, edit, save a file or enter data into the file.
This data in then retrieved for any condition specified through simple commands.

File managers are useful when dealing with single files. However, as it will be
discussed later, complex applicatiomuée the data to be organized in more than one
file. As such, in order to cope with this reality, fle manéger capabi | i ty
leading to the creation of database management systems.

A database management system can be thought of as a mahtdmedatabase
consisting of different types of data organized into several files.

The data model used by most available DBMS is one in which information is
grouped into files. Each file contains records. Each record contains information abou
a particula instance of an event or an object, and all the records represent similal
events or objects. The terminology used is as follows:

Entity: It is a real world object or event which is of interest to us. For example, if
we are interested in computing the Ralyof the company, one of the real word object



of interest to us is the employee.

Attributes: These are the characteristics or properties of the entity. For example
the characteristics of employee for the payroll application will be staff number, name,
designation, basic pay, allowances, number of leaves, advances/loans and so on.

Practically speaking, in the RDBMS approach, each entity represents a table an
each attribute comprises a field of the table. All fields combined for one particular
instanceof the entity is called a record or tuple. All records taken together constitutes
the table.



MORE ON FIELDS

Field Names: every field must have a name so that data in the field can be accesst
using that name. Usually field names are chosen represelusaty as possible that
real word items they represent. Each DBMS has its rules for naming conventions to b
used.

Field Types: Data types: since the user may want to treat data in different ways
DBMS allows the user to define the data types as nunwharacter, date, logical,
memo, etc. A user has to be very careful in selecting the data type. For example a ste
number of 001234 , at first instance tempts the user to jump to the conclusion that th
data type should be numeric. However when you phit out, the staff number is
printed as 1234. As a general rule always define character data type for any number c
which no calculation has to be done now or in the future.

DATABASE FEATURES

Covered below are some of the features which differentiai@bdae management
from ordinary data processing.



Operation Modes

The interaction of the user with the database can occur through command drive
mode, mentdriven mode and program driven mode. Some database systems have a
the three capabilities whileelothers are built around only one.

The Command Mode

Here the user gives commands to the DBMS interactively. Due to this feature som
technical experience is necessary and is therefore not popular with people who wish 1
use the database once in a while.

Menu Driven Mode

This mode of operation is generally used by user with small and clearly defined
applications. The advantage of this method of operation is that it gives all necessar
choices on the screen and as such the user need not have muclatecipeidise.

Program Mode

In case the users needs are very complex, then manipulation of the database has to
done through one or many application programs. In such a situation where a larg
amount of data processing is involved program mode is bests

Data Access

Database systems demands that data should be accessed easily. This incluc
modifying data, adding data, searching the database and generating reports. Usual
these operations are easily accomplished in database systems.

Help Facility

This feature allows the user to obtain online help while interacting with the DBMS.

ADVANTAGES OF THE DBMS APPROACH

Data Redundancy is reduced considerably thereby solving problems of excessive
memory requirements and data inconsistencies.

2. Progranming effort is also reduced considerably because of theibuilt
capabilities of the DBMS.

Response time is much faster since theese&r can directly interact with the
DBMS.

Data independence is achieved as the responsibility of knowing the physical



details of data storage lies with the DBMS. The users concentrate on the logical
contents of the data.

Most databases give the users the freedom to make database design changes v
easily. In contrast, in a non DBMS environment, these changes woulderequir
considerable programming effort.

Due to the features discussed above, significant cost savings are achieved througt
the use of a DBMS.

DBMS6s offer a wide variety of securit
for the success of the system.

FILE STRUCTURES
Some of the commonly used files structures are discussed below:

1. Sequential Files: The sequential file is distinguished by the following
characteristics:

In this type of file the records should be accessed in this same order in
which theywere written. In other words, there is no method by which a
particular record can be accessed by skipping other records.

If the file has to be updated and a record has to be modified, then the file
has to be rewritten to another file.

Sequential files & suited for applications which require all file records to be
processed at the same time. The most common application is the Payroll system ¢
any organization ,where salaries have to be computed once a month for all th
employees. However, for other amaltions these characteristics of the sequential
file may not be acceptable.

Random Access Files: Many applications require the records in a file to be
accessed in a random manner rather than sequentially. The rail reservation syste
requires that the bding position should be available in a few seconds. Random
access files have this characteristic. Two of the most commonly used randon
access files are indexed file and inel@quential files. In order to understand these
files it is important to understdrthe concept of record keys.

Consider the example of an employee file in which records of each employee
comprising of staff number, name, designation, basic pay are stored. If we wish to finc
the record of particular employee, then an identifier for teabrd must exist. This
identifier is called the record key. For instance in our example the staff number can b
used as an identifier to locate the record of a particular employee. Usually a file mus
have at least one unique key whose value is takédmeasame of the record. This is



called the primary key of the file.

It is also possible that one key may not uniquely identify the record. For example,
two persons can have the same name as well as the same fathers name. In suc
situation, the name, tlaers name and the address may be jointly taken as the identifier
key. A key thus formed by joining two or more fields is known as a concatenated key.
Since this combination uniquely identifies the record it may be used as a primary key.

All other fieldswhich do not uniquely identify the record are termed as secondary
keys.



Indexed Files

While using databases one of the method to obtain random access is to create one
more indexes on that file. Since the records of the file are scattered on thandisk,
index should be created which will contain a table of values in which the first column
contains record key values and the second column contains disk addresses. The ke
are arranged sequentially in their column.

Suppose we have an indexed file calEdlPLOYEE which is indexed on field
called staffno. Since the file is indexed on the primary key ,the index will be called
primary key index.

Adding Records to the File Employee

When the file is first opened , the operating system will allocate a bladisloEpace

to it. As records are added to the file , they are written to this block and on filling up of
this block a new block is allocated. Whenever a record is written an entry is made ir
the staffno index which comprises of the key value and the laokber into which

the record is written (known as the relative address of the record).

A file directory which gives the physical address corresponding to the relative
address is also created. Whenever a search is made for the record which contains
spedfic value for staffno, the index table is read first and the physical address is ther
cross referenced.

Indexed Sequential Files

In this type of file records are physically stored on the disk in groups. Records are
stored sequentially within each grolw¥hen each group corresponds to a physical
subdivision of the disk such as a track, the file type is known as ISAM. (Indexed
Sequential Access Method). In addition to this, with each track, a separate primary ke
index also maintained. In this arrangemedht ISAM file can be accessed in two
ways. i.e. entire file can be read sequentially or alternatively records may be accesse
via the index: the index is entered by key value, the address is located within the inde
and the record is retrieved.

These fies are used typically when:
Random access is needed to the records using the primary key.
Frequent access to the file in primary key sequence is also needed.

LOGICAL DATABASE DESIGN



Up to now we have been addressing data without considering the nsldpe
between various data items. In designing for a database it is important to develop
conceptual model of the involved data which states the relationship between the dat
items. The purpose of this exercise is to group the data into a number sfitabtder

to reduce data redundancy and avoid addition, deletion and modification anomalies.

ER Analysis

A method called entityelationship analysis has been used for obtaining the
conceptual model of the data, which will finally help us in obtaining relational
database. In order to carry out ER analysis it is necessary to understand and use t
following features:

Entities: these are the real word objects in an application.

2. Attributes: these are the properties of importance of the entities tlaad
relationships.

3. Relationships: these connect different entities and represent dependencies betwe
them.

In order to understand these terms let us take an example. If a supplier supplies &
item to a company, then the supplier is an entity. Téra gupplied is also an entity.
The item and supplier are related with each other are in the sense that the suppli
supplies an item. Supplying is thus the verb which specifies the relationship betweel
item and supplier. A collection of similar entitieskisown as an entity set. Therefore
each member of the entity set is described by its attributes.

A supplier could be described by the following attributes:

SUPPLIER [supplier code, supplier name, address] an item would have the
following attributes

ITEM [item Code, item name, rate] The Entity Relationship diagram shown in the
Figure 14.1 represents entities by rectangles and relationships by a diamond.



Suppliar Cirdare

[tz Zupphar

Figure 14.1: The Entity Relationship

Now the problem, that we come across is of tdgimg entities, which can be in a
set. An entity set can have only those items which have same property. To understat
in better way, teachers form one entity set and lectures another. The relationship
Nt ake Teachers take | dmcdassrreoms thuk eondtitutinge s
another entity set and the relationship is helid n

It is easier to find out the relationships once the entities are identified. That could be
made easier by saying that entities are genefaliyo@ nand t h gs aredlHeat i
Avex.bsOne has to use one's commonsense t

A single entity can be related to more than one entity. Let us have better
understanding by taking one more exarmple

Figure 14.2 The Entity Relationship i An Example

Once the entities and relationships are identified, the next step is to specify the
attributes of entities and relationship. For example, the attributes of supplier, are



supplier address. Similarly the attributesemtity orders would be order no., order
date, whereas the attributes (identification) of both the entities (it connects both) i.e
the item code and the supplier code. Not only that but also the attributes like Orde
no., Qty. supplied, Date of Supplyate of item.

The attributes of the entities and the relationships are shown in the Figure 14.3 also:

- Y J |:f,.|- he '.'.‘.'rj
Supplizr 1.

Supplize

La-e ot cupply
Ratz of tor

rem cods
ftem name

The unique attribute from the set of each entity is underlined. One thing to be notec
is the same supplier can supply a number of itants same item can be supplied by a
number of suppliers. Thus we require both the identifications i.e. supplier code and iten
code to uniquely specify the quantities of item and the date of supply. Now the suppliet
may make mistakes in the supply of ordesthe order number is also required.

Let us see all the distributes of all the entities to understand the relationships in

better way:
Irdecs O oder “lo, Order dale
Ordnren Fer Crder | Suppher sana, bom rodn
2y, Suls ol suup'yl

Sapgher SoppharCadz Irom coze, Treer Mo,
I Slpnay,

Relationships Cardinality and Participation

A relationship cardinality is the number of relationships Irich an entity can appear.
This cardinality is usually shown onfdiagram. An entity can have
One Relationship

Fixed number of relationships
Variable number of relationships.

As we discussed a supplier may supply number of items and the sameayene m

supplied by number of vendors. This is depict in the Figure 14.4. There are

supplierssayéand S . There are 1iter suppliesitemsl,|
1 2 1 2 3 6 1 1 2

| and supplier : suppliesitems|1,1,1, andl.
4 2 2 3 4 5 6
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Let us associate variables N and M with the entities supplier and items respectively.

N variesfromS toS andM=1 to .
1 2 1 6

¢ ;
Sugplicr

Su r :
Supplic l-emsq

n Supplica m

lterms

The relationship isillustrated asN:M relationship when oneupplier S1 5
supplying 3 items then the relationship N:M becomes 1:3 and if an item is supplied by
2 vendors then it becomes 2:1 relationship.

Till now we have seen that each member in an entity set is participating. Butttbes. is
There are conditions like:

It is necessary for each vendor to supply all the items, then it's participation is

compulsory or mandatory.

It is also possible that each vendor is not required to supply all the items then it's

participation is optioal

If a condition is put like the supplier has to supply a particular item if the second

vendor is not able to supply the quantity in time then this type of participation is



conditional.

RELATIONAL DATABASE SYSTEMS

Usually, a conceptual design cannetdirectly implemented on a particular database
system. Rather, the design must first be translated into a physical database design
physical model, that conforms to the features of the particular DBMS being used. The
reason for this is that each DBMSshds own particular set of data structures for
storing and maintaining information and there is often no direct relationship betweer
these structures and those of a particular conceptual model. Thus, a conceptual desi
which is built up from entitstypes, relationships, constraints and so on, must be recast
into forms that can be directly implemented on the DBMS. In other words, they must
be recast into a suitable physical database design.



The Relational Database Model

Basic Characteristics: Relatiorddtabases have certain characteristics that distinguish
them from other types of databases. These are:
A relational database consists of one or more-dwmeensional tables of data
values, with very simple rules defining the construction of a tablestafvddues,
with very simple rules defining the construction of a table.
Relationships between two or more tables is based on a common field, taken as a
primary key in one table and foreign key in the other tables.
Definitions: The basic structure of alagonal design is the table, known as a
relation. Each row of a table, is known as a tuple. Each column of a table contain:

some data corresponding to a particular row. The terms attributes and columns al
used interchangeably.

Rules for Table Construction

Each row must be unique. This means that no two row should have the same data
for every column.

Each entry in a table in any particular column corresponding to any row should be ¢
single entry.

The order in which the rows are projected is @benial.
Each column should have a name which should closely reflects the entry made in
it.
Attributes and Domains

An attribute of a table represents a particular characteristic of the set of facts
represented by the table. A related concept thaerg useful is the domain of an
attribute, which is defined as all of the possible values that may be assumed by th
attribute.

Keys: The keys play a very important role in the construction of a complete
database application. It is useful to have a prinkasyin each table which recognizes
unigue data in each column. There may be a case in which more than one column |
the table is unique. In this case all these columns are known as candidate key. Out
this only one is taken as the table key and restalled as alternate keys.

Often there is a case when no single column in a table is unique. Then there is
possibility that there may be a combination of keys that are unique. So in that case a ke)



has to be concatenated with other keys. In this desedlumns are used in combination
to represent the table key. This kind of table key is known as the concatenated key.
Functional Dependency: An attribute B is functionally dependent on attribute A if
every value of A uniquely determines the value ofrBthis case, attribute A is called
the determinant of B.
As an example let us consider the following table for which the data is given

below:
EMPLOYEE (STAFFNO, NAME, SALARY)

STAFFNG | NAsE SALARY

ATFI= IROO0 OX

The table represents the data for each employee and the likely ¢bioihe key is
STAFFNO. If we look at the table it will be seen that if STAFFNO is known the
NAME will be automatically determined. For instance if the STAFFNO is 1276
corresponds to the NAME ASHISH. In such a situation NAME is said to be
functionally dgpendent on STAFFNO. Similarly it can be observed that SALARY is
also functionally dependent on STAFFNO. This can be represented as

— STAFFNO NAME
SALARY

Functional dependencies are not necessarily symmetric, in a way that B may b
functionally dependerdn A but this does not necessarily imply A is also functionally
dependent on B.

This means that in the EMPLOYEE table STAFFNO uniquely identifies the
SALARY of an individual. However many individuals may have the same salary.

A functional dependency canvolve more than one attribute in which case a
concatenation key is used to depict the functional dependency. For example if a tabl
as shown below exists

ORDER[ORDERNO,ITEMCODE,QTY]
The functional dependency will be
ORDERNO+ITEMCODE QTY.

This is ® since QTY is not dependent on ORDERNO or ITEMNO alone but on
the combination of both the attributes.

Table Normalization



The tables should be properly designed. If the tables are not pre planned in design, tr
organization may face a lot of problemsterms of money and time. After the poorly
database design, if the tables are implemented, it will be a costly affair to eliminate the
problems since this will involve people time and large data storage. To help eliminate
these problems, a systematic teicque has been developed for translating a conceptual
design into a set of wetlesigned tables. This technique is known as normalization.

Normal Forms

There are some characteristics of the tables, which can be identified. The differen
combinations of thse characteristics are called as the Normal Forms. There are
several Normal forms and each normal form has been designed to eliminate som
problem associated with the relational tables. Each table undergoes a set c
transformations and each transformatitvanges one normal form to the other.

First Normal Form
The starting point in the normalization process is to have the First Normal Form.

A Lable is i Fuest Normal Soraz af;
e No lwo rows are identcal, and

e [ach table entry is single-valuec

E.g. DEALERS [Name, Dealerid, Location, Orderno, Orderunits, Dateoforder]

The above table can be brokéawn to three tables in order to have no identical
rows and each entry to be singlalued. The column name in bold & underline
represent the primary key forthattablé. 8 equi val ent f orei gn
the other table.

DEALER_NAME [Name,ID, Location]

ORDER [ID,Ordernd

ORDER_DATE Prdernqg Orderunits, Dateofordgr
The above transformation was achieved by

Identifying a unique key for each entity type, which is the first requirement of the
First Normal Form.

Since the second requirememas that each attribute of the entity type should be
single valued, the entity types which contained repeating groups have beer
removed into different tables.

Second Normal Form



Tables in First Normal Form have characteristics that render them Hithcuse. These
characteristics are recognized and they are eliminated leading to Second Normal Form.

A table s in Second Norma! Form

if:

® [t s in First Normal Form, and

efach non-key attribute is
functicnally dependent on the
entire key.




A partial functional dependency is said to exist between two tables attributes A and
B if:

B is functionally dependent on A, and

Ais only part of the table key.
E.g. STUDENT [rollno, name, classno, GPA, Grade]

In the above table suppose each row represents a student enrolled in a class. Gl
represents his Grade point average obtained till now. Grade is filled up if the studen
has completé the class, otherwise it is left blank. Sample data contained in this table
is shown below:

Fallne Namas Clarna CiFA Ceerwla

=zhizh R

Frogne S5aD 3.3

Le Dave 2.0

s L.

By studying the above table it is seen that there are various problems associate
For instance, Roll no.,, Name and GPA forPr ag yaar e e nret s da t
created a situation of Data Redundancy, which as a rule has to be minimized to th
largest extent possible as

This will increase data storage which is costly.
Data entry will also increase by duplicating data.

Data inconsistenciesan arise if any of the three entries of :pragyaar € i nc o
typed.

Modification Anomalies

Redundant data in a table will always pose various difficulties, that become apparen
whenever the data is manipulated, i.e., during addition, deletiondatiop. Let us
study these with respect to our example.

Deletion Anomaly

Consider a student ,who was enrolled in the college drops out for some reasons from h
classes but does not drop out of the college. In this instance we will have to find all rows
pertaining to him and will have to delete these rows. However when we do this all basic
information of this student will also be deleted from the table. This necessarily



implies that as far as our table is concerned the student no longer exists inethe. col
However this is not so since the student has not dropped out of the college. This i
known as deletion anomaly.

Insertion Anomaly

Consider that a new student enrolls in the college but does not join any classe
immediately. Since the table has tontain a classno, it will not be possible to enter
his name in the table. We could use some special notation in the classno. However th
row will have to be removed when the student actually joins, thereby complicating the
management of the database. Tth®e of anomaly is known as insertion anomaly.

Updation Anomaly

While updating a particular field, which has changed in the table for a particular
student, a search and change method comprising of several records of the student w
have to be done. Thiexercise will be time consuming and prone to human errors,
thereby leading to data inconsistencies. This anomaly is known as updation anomaly
In the above example rank is functionally dependent on the entire key. Name an

marks are dependent on onlyripaf the key, as shown below.
rollne = clasano_’, rank

rollno 3 name

marks
So the partial dependencies are removed by splitting off these dependencies int
separate new tables, thus finally the tables created are:
STUDENT_NAME Jrollno, name, marks]

STUDENT_RANK [rollno,classngrank]

Third Normal Form

Some of the tables in the second normal form exhibit problems of redundancy ant
anomalies. These problems can be removed by transforming the taldesin itT h i |
Normal Form.

A table is in Third Normeal Form if:
8 [t = in second norma. form, and

® [t 7as no ransitive dependencies

A transitive functional dependency is set to exist betweentable attributes A and B
if:
One of the attributes is functionally dependent on the other, and



Neither of the attributes is part of the table key.
E.g. STUDENT _INSTRUCTORYrflIno, classnorank, instr, office]

In the above example rank is functaly dependent on the combination rolino +
classno. However, instr is functionally dependent on classno, because each cla:
uniquely determines the instructor, regardless of the students enrolled in the clas:
Similarly, office is functionally dependent lynon classno, because a particular class
uniguely determines an office, namely that of the instructor teaching the class. Office
is completely functionally dependent on instructor:

rollno + classno —Pp- rank
classng ——— P instr

office

inst p office

The transitive dependency and its associated problems of datadesthy may be
eliminated by the same technique used to remove partial dependebgieplitting
off the dependency into a separate table, as follows:

STUDENT _INSTR follno, classngrank]

CLASS INSTR Elassnginstr]
INSTRUCTOR |[nstr, office]

The Bst Normal Form

The normal forms discussed so far are ideal for the designer to bear in mind. Howeve
it is not necessary that a table in any of the above formats is useful. The best norm:
form can be any of the above given forms, depending on the siuati

It is possible for the designer to make a decision not to convert into third normal
form in case the actual situation so demands .i.e. storage considerations etc. Consic
the table given below:

FRIEND [NAME, CITY, STATE, PINCODE].

It will be notedthat the above table is not in third normal form as transitive
dependencies exist. This table could be transformed as follows

PINCODE [CODE, CITY, STATE]

However if this transformation is done , it would involve making a table which
contains lakhs of enies. The designer may consider this unnecessary considering the

‘number of friends' that have to be dealt with in the application. This sort of trade off is
sometimes termed as Best Normal Form.

BoyceCodd Normal form



For most situation, tables in thimormal form are usually free from the problems of
data redundancy and anomalies. Occasionally, odd situations arise in which tables |
third normal forms may nevertheless be problematical. Because of this, several stil
higher forms for tables have bedefined in order to pin point the sources of the
difficulties and to clarify the method of their elimination.



Fourth Normal Form

A table is in fourth normal form if

® [l » in Boyce-Codd Norma:
Form and

e |t does not contain mullip @
valued depe “dencies.

A multi-valued dependencies is said to exist between two attributes A and B if for
each value of attribute A thel®one or more associated values attribute B.

INTRODUCING ORACLE 8 AND ITS FUNDAMENTALS

Most typically, computers store and organize large amount of information within a
database. A databgsehether or not a computer manages it, is nothing more than an
orderly collection of related information. A database safely stores information and
organizes it for fast retrieval. Databases come in many varieties. Inverted list,
hierarchic and network database models are older type of database systems that,
genery are inflexible and difficult to work with. Relational databases are easy to

understand, design, and build. Relational databases store and present all information
tables an easily understood concept. Furthermore relational databases hide th
complexties of data access from the user, making application development relatively
simple when compared to other type of database systems. Oracle 8 server adds ma
new features to extend the power of Oracle Server and make it suitable for even th
most demandig and complex application environment.

Every database application is built upon a set of related database objects that sto
the applicatiod s data and all ow the applicati
Oracle 8 database objects such as tableviawd.

Features of Oracle 8
Database Management Systems.
New features of Oracle 8.
Oracl&d s Net work Computing Architecture |
Oracle 8 Database Management and security.
Schemas.
Tables.
Datatypes.



Data Integyrity and integrity constraints.

Views.
Indexes.
Data clusters.

Database Management System

A Database Management System (DBMS ) is a computer software that manages access
databases. A typical multiser DBMS performs the following tasks and more:

A DBMS safely manages shared access to a single database among multipl
concurrent users. For example, a DBMS locks data as users add and upda
information so that users do not destructively interfere with one ar@otherwo r k .

A DBMS leverages computeresources wisely so that a large number of
application users can perform work with fast response times and give maximun
productivity.

A DBMS protects database information in such a way that it can reconstruct work lost
due to everything from a simple powartage to catastrophic site disasters.

Oracle 8 is an objegtlational database management system (ORDBM&it is,
Oracle 8 is a database server that offers the capabilities of both relational and objec
oriented database systems. The goal of thisseomaterial is to teach you all about
Oracle 8 and how it works.

New Features of Oracle 8

Partitioning Tables and Indexes

Oracle ® s data partitioning feature help
associated with very large tables and indexesa Pattition allows Oracle server to
store a large table (and its indexes) in smaller, more manageable partitions (piece
rather than as one large chunk of data.

Management of Large User Populations

Oracle provides its multithreaded ser¢BITS) processarchitecture that dramatically
reduces the overhead associated with maintaining many concurrent database sessio
Introduced as part of Oracle 7, an MTS server configuration uses a small number c
serverside processes to efficiently manage the requésisradreds or even thousands

of connected clients.

Advanced Queueing



Oracle ® s new advanced g u e u edentrig altérreative tor e
applications that would like to defer the execution of database transactions. Fo
example, demanding ché&'server systems might want to queue and defer the
execution of lowpriority transactions to less taxing gféak hours.

Parallel Processing Enhancements

Parallel query processing allows Oracle 8 to take full advantage of all available serve
processorsand provide excellent response times for even the most CPU and I/O
intensive application queries. Oracle divides a SQL request into subtasks, then alloy
multiple processors to process subtasks in parallel. Oracle merges results from eax
subtasks and retas them quickly to the user.

Oraclebs Net wor k Computing Architecture

To solve the dilemmas (how do you integrate, manage, and support the various syste
components originating from different vendors) associated with deploying network
based application ,&ironments, Oracle has introduced its Network Computing
Architecture(NCA). NCA incorporates the needs of both netwodntric computing

and object oriented development methods.

Oracle 8 Database Management and Security

Oracle 8 introduces several negafures that make database administration easier and
more manageable.

Backup and Recovery: Oracle 8 and its companion management tool, Oracle
Enterprise Managerinclude several new features to make database backup and
recovery more automated, easier $& and faster.

ServerManaged Backup and Recovery: An Oracle 8 Server can now maintain
detailed information about recent database backups. When a database recovery
necessary, Oracle 8 automatically analyses the state of the database, determines
acions necessary to repair the system and then automatically recovers the damag:
database.

Incremental Backups: An incremental database backup can minimize backup time
and size because Oracle backs up only the data blocks that have changed since
most ecent backup.

PointIin-Time Recovery of Individual Tablespaces: With Oracle 8 administrators
can now recover complete databases as well as individual tablespaces to specific poi
in time.

Password Management: Oracle 8 introduces several new featuraawayou to



automatically enforce a database security pélisy gui del i nes f o
management. For example, an administrator can configure an Oracle database

automatically verify thatausers new password has soud f i

recycled password.

Schemas Organizing Database Objects

Database organize related objects within a databdsemaFor example, @i s t y p i

to organize all of the tables, views, and other database objects necessary to support
application withn a single database schema. Thiswaysit cl ear t hat t
certain table, view, or other database object is to support the corresponding applicatio
system.

Schemas, An Entirely Logical Concepbls i mportant to und
do notphysically organize the storage of database objects. Rather, schemas logicall
organize related database objects. In other words, the logical organization of databa:
objects within schemas has absolutely nothing to do with the physical storage o
databasebjects.

The logical organization that schemas offer can have practical benefits. Fol
example, consider an Oracle database with two schemas, S1 and S2. Each schema
have a table called T1. Even though the two tables share the same name, they &
uniguely identifiable because they are within different database schemas. Using
standard dot notation, the complete names for the different tables would be S1.T1 ar
S2.T2.

The Data Dictionary: Every Oracle database uses a number of system table:
views, and ther database objects to keep track of metadiai@a about the data itself
in a database. This collection of system objects is called the Oracled adtsa bdaast
dictionary or system cataloQracle organizes adatabase dat a di cti or
SYS shema.

Database Tables

Tables are the basic data structure in any relational database. A table is nothing mo
than an organized collection of records or rows that all have the same attributes c
columns Figure below illustrates a typical STUDENT talolea relational database.

Each student record in the example STUDENT table has the same attributes
including an ID, a first name, a last name, age, gender and so on.
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Tables: A table is a set of records with the same attributes.

When you create tablethe two primary things that you must consider are the

following.
Thetabl® s col umn s, wh idsh sdtersuccerti bree .t he t a
Thetablé s i ntegrity constraints, which d
the table.

Columns and Datatypes

When youcreate a table for oracle database, you establish the structure of the table b
identifying the columns that describe thetédbke at t ri butes. Fur't
in a table has a datatype. A columns datatype describes the basic type of data that
acceptable in the column. For example, the STUD_ID column in the STUDENT table
uses the basic Oracle datatype NUMBER because the column stores ID numbers.

Oracle supports many fundamental datatypes that you can use when creating
relational database tabland its columns. The table below describe the most
commonly used Oracle datatypes.

Tretatpna Caesophien

CHAR (e Stzres fxna-wngth character st mqs usts 2,000 yom.

(! wanakla davses deerssaar slange ases 4 10 e
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CHAR and VARCHAR2-Oracl&é s Char acter Datatype

Oracl&s CHAR and varchar2 are the two
table uses for columns that store clotea strings. The Oracle datatype CHAR is
appropriate for columns that store fixehgth character strings such as tletier
USA state codes. Alternatively, the Oracle datatype VARCHAR?2 is useful for
columns that store variable length character stringh sis names and addresses.

When a string in a CHAR column is less than the coloimen s i z e, Or

(appends) the end of the string with blank spaces to create a string that matches tl

columms si ze.

When a string in a VARCHAR2 column is less thaea tiolum® s ma x i mu m
Oracle stores only the string and does not pad the string with the blanks.

NumberOracld s Numer i c datatype.

Oracl®ds NUMBER datatype supports the st
including integers, floating point numbers, reambers etc.



Date Oracle TimeRelated datatype.

When you declare a table column with the DATE datatype, the column can store
all type of timerelated information, including dates and associated times.
CLOBs, BLOBs,and MoreOracleds Mul t i mesdi a dat aty

To support content rich applications, Oracle 8 supports several large object (LOB
datatypes that can store unstructured information such as text documents, stat
images, video, audio and more.

A CLOB object stores character objects such as doctsmen

A BLOB column stores large binary objects such as graphics, video clips, or sounc
files.

Default column values

When you declare a column for a table, you can also declare a correspondin
default column value. Oracle uses the default value of a ecoluhen an application
inserts a new row in the encompassing table, but omits a value for the column. Fo
example you might indicate that the default value for the ADMISSION DATE
column of the ADMISSION table be the current time when an application creates
entry for a new student.

Unless, you indicate otherwise, the initial default value for a column is a null (an
absence of value).

Data Integrity and Integrity Constraints

Data Integrity is a fundamental principle of the relational database mode. When &
database has integrity, it is another way of saying that the database contains on
accurate and acceptable information.

For example a DATE column can contain valid dates and times, but not numbers
or character strings. While simple column datatype aefull for enforcing a basic
level of data integrity, there are typically more complex integrity rules that are
necessary to enforce in a relational database.

Domain integrity, Nulls and Complex Domains.
Domain Integrity defines the domain of acceptab#&ues for a column. For
example in the age column which is defined as an integer, we cannot insert a charact

value. Besides using column datatype Oracle supports two types of Integrity
constraints that allow you to further limit the domain of a column.

A column can have a NOT NULL constraint to eliminate the possibility of nulls (
absent values) in the column.



You can use a CHECK constraint to declare a complex domain integrity rule as
part of a table.

Entity Integrity, Primary keys and Alternate Keys

Entity Integrity ensures that every row in a table is unique. As a result, entity
integrity eliminates the possibility of duplicate records in the table and makes every
row in the table uniquely identifiable.

Primary Key The primary key of the table em®s its entity integrity. A primary
key is a column that uniquely identifies the rows in a table. Typically, tables in a
relational database might include an ID column to uniquely identify the student
records in a STUDENT table.

Atabled s pr i masonyetimksempmposiie keythat is, it is composed of
more than one column.

Optionally, a table might require secondary levels of entity integrity. Alternate
keys are columns or sets of columns that do not contain duplicate values within then
For examp¢, the EMAIL column in an EMPLOYEE table might be an alternate key to
guarantee that all employees have unignead addresses.

Referential Integrity and Foreign Keys

Referential Integrity sometimes called relation integrity, establishes the
relationships among different columns and tables in a database. Referential integrity
ensures that each column value in a foreign key of a child table matches a value in tf
primary key or an alternate key of a related parent table.
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Views A Different Way of Looking at Table Data

AView is a database object that presents table data. The following examples
demonstrate the use of views in a database.
You can use a simple view to expose all rows @rldmns in a table. For example,
you might create a view called STUD that presents all student records in the
STUDENT table.

You can use view to protect the security of specific table data by exposing only a
subset of the rows and/or columns in a tabte.déxample you might create a view
called STUD_ PH that presents only the first name, last name and the phone
number columns and not the age column.

You can use a view to present derived data that is not actually stored in a table. Fc
example, you might reate a view of the ITEMS table with a column called
TOTAL that calculates the line total for each record.

A view is a representation of table data.
STUD_PH View.
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In fact, you can create a view of any data that you can repregbrd SQL query.
Thats because a view iIs really | wust dat
dictionary as a database objects. When an application uses a view to do somethin
Oracle derives the data of the view based on thevisew d e f iyni ng quer



Indexesimproving the Performance of Table Access

With database applications, performance depends greatly on how fast an applicatio
can access table data. Typically, disk 1/O is the primary performance determining
factor for table accesshe less dk I/Othabs necessary to acce
the dependent application will perform.

The judicious use of table indexes is the principal method to reduce disk 1/0O anc
improve the performance of Table Access. Just likemdexin a book, an idex of a
Table column (or set of columns) allows Oracle to quickly find specific table records.
When an application queries a table and uses an indexed column in its selectio
criteria, oracle automatically uses the index to quickly find the target rows wi
minimal disk 1/0. Without an index, Oracle has to read the entire table from disk to
locate rows that match the selection criteria.

The presence of an Index for a table is entirely optional and transparent to users ar
developers of database applicasoFor example:
Applications can access table data with or without associated indexes.

When an index is present and will help the performance of an application request,
Oracle automatically uses the index; otherwise , Oracle ignores the index.

Oracle atomatically updates an index to keep it in synch with its table.

Indexes are meaningful only for the key columns that application requests
specifically use to find rows of interest. Furthermore, index maintenance generate
overhead unnecessary indexeart actually slow down down your system rather that
improve its performance.

Data Clusters’ A Unique Way of Storing Table Data

Oracle 8 also offers data clusters as an alternative to indexing, which can also decrea
disk I/O for table access. A data star is a unique way of storing table data. In a data
cluster, Oracle clusters the related rows of one or more tables together in the same d:
block.

Each data block in a data cluster holds the related rows for one or more cluste
keys.
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The motivation of using data cluster is to store on disk the rows that an applicatior
commonly uses together. When an application requests the set of rows, Oracle c:
retrieve the requested rows with perhaps one or a few diskd O

For exanple, you might use a data clusteriiop r @] otihbne S TUDEN
COURSE table. When a application request historical information about a specific
student and its courses, Oracle can read the data for a specific student with only or
disc I/O. In contrast, ven related rows are stored unclustered in random data block
across a disk, several disk I/O are necessary to complete the applicatiom e q u e s

SUMMARY

Oracle 8 is certainly a powerful product that you can use to manage information. The
very weaknessfoearlier database systems are exactly why relational database system
now dominate newer information management systems. Oracle 8 builds on the strengtf
of its predecessor, Oracle 7 server and adds new features to extend its power. Oracle
also introdues several new features that make database administration easier and mol
manageable. It is easier to solve most problems in life when you are organized and have
well defined plan to achieve your goal. Database organize related objects within &
databasechema. Tables are the basic data structure in any relational database. A table
nothing more than an organized collection of records, or rows, that all have the sam
attributes, or columns. Every column in a table has a datatype. A columns datatype



de<ribes the basic type of data that is acceptable in the column. Data Integrity is
fundamental principle of the relational database mode. When a database has integrit
it is another way of saying that the database contains only accurate and acceptak
information. A view is a database object that presents table data. This chapte
demonstrated the use of views in a database.

The performance of an application is always critical. That is because the
productivity of an application user directly relates te #mount of time that the users
must sit idle, while the application tries to complete the work. The use of table indexes
is the principal method to reduce the disk I/O and improve the performance of table
access.

Oracle 8 also offers data clusters asadternative to indexing, which can also
decrease disk I/O for table access.

PROGRAMMING THE SERVER

SQL is nothing more than a data access language that allows applications to put da
into and get data out of an oracle database. In other words, SQdelfysitnot a ful
featured programming language that you can use to develop powerful databas
applications. To build a database application, you must use a procedural language th
encompasses SQL to interact with an Oracle database.

PL/SQL is Oraclé swn procedural language that can be used to program a Oracle
server. By no means is this chapter a complete guide to PL/SQL. However, this
chapter does provide an intermedibeeel overview of PL/ISQh s capabi | it
you can get started programming @racle server.

Features
PL/SQL Language Basics.

PL/SQL blocks.
Program Declarations.



PL/SQL Language Basics

PL/SQL is a procedural programming language that is built into most Oracle products
With PL/SQL, you can build programs that doime PL/SQL procedural statements to
control the program flow with SQL statements that access an Oracle database t
process information.

For Example, the following is a very simple PL/SQL program that update a
bookbs unit pri ée fg§Dvemnmblke book

PROCEDURE update_book_unitprice (book_id IN INTEGER, new_price
IN NUMBER)

IS
Invalid_book EXCEPTION
BEGIN
0 AN UPDATE STATEMENT TO UPDATE A DATABASE
RECORD. UPDATE sales.books
SET unit_price = new_price
WHERE id = book _id;
0 AN ERRORCHECKING STATEMENT
IF SQL%NOTFOUND THEN
RAISE invalid_part
END IF;
EXCEPTION
0 AN ERROR HANDLING ROUTINE WHEN
invalid_book THEN raise_application_error(
2000061 nval i6g ;P&MNID | D
update_book_unitprice.

The example above is a procedure. Using PL/SQL youadd many types of
database access program units, including procedures, functions, and packages.

The Basic Programming Constructs that PL/SQL Language Offers
PL/SQL has statements that allow you to declare variables and constants, contre



progam flow, assign and manipulate data, and more. A PL/SQL program is structurec
using distinct blocks that group related declarations and statements. Each block in
PL/SQL program has a specific task that solves a particular problem. Consequentl
you can oganize a PL/SQL program so that it is easy to understand.

Blocks

A PL/SQL block can include three sections : declarations, the main program body an
exception handlers.

The declaration section of a PL/SQL block is where the block declares all
variables constants, exceptions, etc., that are then accessible to all other parts ¢
the block.

The main program body contains the executable statements for the block, in other
words, the body is where the PL/SQL block defines its functionality.

The exception hadling section contains the exception handlers (error handling
routines) for the block. When a statementinthebdosk body r ai ses
(detects an error), it transfers program control to a corresponding exception
handler in the exception sectitor further processing.



Program Declaration

A block in a PL/SQL program can declare many types of constructs.
Variables and Constants.
User defined Subtypes.

User defined composite types, including records, nested tables, and varying arrays
Cursors and cursor variables.

Variables and Constants

The following program segment declares a variable and constant using the ANS
datatype INTEGER.
DECLARE

student_id INTEGER
standard_fees CONSTANT INTEGER := 7600

: e .
Userdefined Subtypes

PL/SQL supports many common subtypes of its base types. A block in a PL/SQL
program can also declanserdefined subtype® customize the acceptable domain of
values for a variable or constant.

For example, the following program segment declares adefgredsubtype and
corresponding variable for book description.

DECLARE

Varchar2_50 VARCHARZ2(50);

SUBTYPE description IS Varchar2_50;
Current_description Description DEFAULI U n k Mg wn

This example demonstrates that a program cannot define constrainegesubty
directly. Instead, a program must first declare a constrained variable and then
subseguent subtype declaration in order to create the constrained subtype.

Userdefined Composite Types

Records
PL/SQL allows a program to create usiefined composé types and then declare



variables and constants using the new types. A variable declared with a composit
type has distinct components that a program can manipulate individually.

For Example a program can update a particular field in a record varightzutv
updating other fields .

Nested Tables

A program can declare a nested table type to create variables that have one or mc
columns and an unlimited number of rows, just like tables in database.

FOXPRO
A Brief Overview of FOXPRO

FOXPRO is a reladnal database in which data is organized into tables. The data can be
added, edited and manipulated through a set of simple commands provided with th
package. ANSI SQL commands also work on the tables. In the succeeding pages a bri
description of the sage of these commands and the rules governing them are described.

As we know that if we have to get results/ answers to our queries, data has to exi:

and stored in tables. In order to create a table the following command is entered in th
command window

CREATE [ Table name]
This means if we have to create a table named Results our command will be
CREATE RESULTS

FOXPRO will present us a screen to enter Field names, Data type and Field size
Field names should not be more than 8 characters long auddsiollow the DOS
conventions of not containing any blank spaces ,special characters like comma ,slash
etc. However underscore is allowed. The figure below depicts the screen of FOXPRC
that will be presented:



" Microsoft Visual FoxPro
File Edt Wew Fomat Toole Program Window Help

WE=21 =Ml '/ Table Designer - student.dbf

Fields I Indexes I Table |

Name Type W
_J name: LCharacter 24

rolino Character 4
& arade LCharacter 3
S marks Numeric 6
2] [do =] s

Main data types are disssed in brief as given below:

Character: If the data contained in this field will not undergo any computation then
define this field as character.

Numeric: The data contained in this field has to be numeric and can undergo an
mathematical operation

Date: All dates in the MM/DD/YY format are contained
Logical: Boolean true or False flags are in this type of a field
Memo: If data to entered is more than 254 characters make the field as memo typ

Field size implies the maximum width you want to resdoreany data entered in
the field. Note upto 254 characters are allowed.

Once the above have been entered ,then in FOXPRO terminology ,the structure c
the table has been created. Pressing CTRL & W together will automatically save th
structure. FOXPRO W promptient er data y/ n. Pressin

screen for data entry of all your records. Pressing n will bring you back to the
command window.

Modifying the Structure of a Database File

When you create a database file, you may not censill aspects of the data to be
stored. That is, you may forget to include some field or may consolidate information
for two fields into one field. We can use modify structure command to amend the
structure of the file, at a later stage also.

The modifystructure command is used to modify the structure of a database file, it
must be open (in use). First of all we open the database file. Then we shall try modif
structure.

Use <file name>



Modi struc

Adding More Records with Append

You can add more reods at the end of any database file. The command to add
records to a database file is append. Before you can add records to a database file w
append, the database file must be in use (or open).

Use <file name>

Use student
Append

Foxpro will presena blank form for you to enter a record as under:

% Microsoft Yisual FoxPro

File Edit %iew Tools Program Table “Window Help

D=|E] S&lF] #l=E] Sle] s
Name [N
Rollno
Grade
Marks
Doy ¢/

SEARCHING FOR SPECIFIC RECORDS WITH LIST
LIST

Continuously displays all/specified fields (and expression) of records of the
current database file.
Use <file name>

Use Student
List
This will give a list of all the records of file 'Student' in the table. Note all fields

will be displayed. If selective fields have to be displayed the following command
should be used:

Use Student
List rolino,name
This will give a list of roll number &ame of all the records in this file.



EDITING MULTIPLE RECORDS WITH BROWSE

Browse is a different form of Edit (or Change). It displays several records in the form
of a horizontal table. Each record occupies one row of the table. You can move th
cursorto any field of any record & carry out editing.

Syntax:

Use <file name>

Browse

The browse window will appear as under:

For browsing specific commands use the following command:
BROWSE FIELDS Rollno, Name

REPLACING FIELD CONTENTS W ITH REPLACE

The process of making changes with the above commands is very slow as you need
physically select each record, before you can make changes. With the Replac
command these changes on all or selected records can be carried out easily.

Syntax:

Use <file name>

Replace rate with rate .

This command will replace the rate field of the current record with a value df rate

If we wish to replace the rate field of all the records with iigte then the
following command should be used:

Rephce all rate with raté



