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Preface to First edition

Electronic computers have come (o stay. Starting as scientific
wonders occupying enormous space and radiating heat in the late forties,
computers today are now found as Personal Computers(P.C.s), which can
be owned by many of us and, carried in brief cases. Such a transformation is
the result of concerted efforts of scientists, engineers and indeed, the
community at large.

Though India did not lag far behind an introducing computers by
following closely on the heels of the development elsewhere in the world,
progress of computensation 1n the country has not been satisfactory at all.
Efforts are now being made to introduce computers in different activities
what with the growth in the number of indigenous manufacturers of late.

Computers have to be understood by all sections of society so that
the full potentials of these machines can be exploited. When computer
professionals try to populanse computers, they find that no geed
introductory book for beginners on computers is available in the market.
This book is an attempt at explaining the various facets of electronic
computers i simple terms.

The author was invited to deliver computer cousses to semior
government officials during the past few years. In addition, the author has
taught school children in a few schools of Delhi at a time (1978-84) when
computers had not entered the country in a big way. The lecture material
used in these courses has been modified and updated, wherevernecessary, and |
is now in a reasonable shape for use even by a layman and indeed, a child
going to secondary school.

With the plans of the Government of India for introducing
computers in the schools, it is hoped that this book would become a
"Computer Primer" textbook. With that hope in view, a number of
questions have also been provided at the end of every chapter.

Yes, one may notice that this introductory book does not contain
information on micro-processor based systems. One could have introduced 2
chapter on this topic hut the author feels that the lagic used by 2 human

being whule utilising computers remains more or less the same whatever
Hardware one may use. Thus, problem solving has been given more
prominence in preference to description of hardware.

This book would not have become a reality but for the polite

of isers of courses and the active participation by
zhe distinguished officials and mdeed the enthusiastic and indomitable school

children who attended such courses which this author had the privilege to
address.

This introd y book is, therefore, dedicated to the intell




of all age groups whether they attended any of the author's courses or not.
The author would welcome comments and criticisms on the subject
content of the book from readers.

New Dethi-110029 R.Thiagarajan
Preface to Second edition

It is heartening to note that the book has been found useful by the
public in general and school teachers and school children in particular.
Though many suggestions have been received with regara to incorporation
of examples relating to programming languages, one does not find much
merit in such a move,

The book has been updated to some extent.

While looking at the historical growth of computing, one finds
that our forefathers in India had developed a number of tricks! Let us see
how they performed multiplication without the use of tables, An example
will illustrate this point. .

Whenever you wanted to multiply a single digited number greater
than § by another similar number, our forefathers said there was no need to
remember the multiplication tables! How then do you multiply 9 by 77
This is how you do it. Put 9 on one end of a diagonal of a cross and 7 at the
other diagonal as shown in Figure, Then take the difference between 10 and
9 and put that at the end of the diagonal having 7 at its end.

9 1

7 3 Do a similar operation to 7.
(You are expected to know tables upto 5X5).

You now multiply 3 by 1 to give 3. Then subtract either 3 from 9
or 1 from 7 to get 6. Insert 6 in front of 3 to give 63. This is called
the "sluggard mathod".

Another illustration will reinforce the versatility of the thinkers of
a yester esa in this land.

*It is said that in the holy city of Varanasi, Brahma called the
pandits to his abode at the time of creation of the human species. Brahma
then told them that he was giving three needles to them as shown in Figure,
On one of the needfes he placed 64 disks one an top of the other as shown.
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Introduction to Computers

1. Introduction

11 Since the dawn of civilisation, man has been manipulating data in
one form or the other. In fine, data would represent facts, figures and
recorded observations, Data was essentially used to extract meaningful
information in order that decisions could be taken for action. Thus,
information turned out to be data which was organised, sifted, collated and
offered in time. Dafferent people saw the same data in different ight. With
the advent of the industnal revolution (wherein man's muscular powers were
supplemented by machines), the appetite for accurate information in different
fields of human endeavour grew by leaps and bounds.

12 The birth of electronic computers to help decision-makers at all
levels has truly been acclaimed as the second industrial evolution. Electronic
computers heralded the advent of augmentation of man's mental abilities.
While one often hears of a computer replacing the human brain, it may
safely be assumed that the intricacies of the human brain are too complex to
be replaced by a machine at present.

13 Computers are being used today for a host of applications ranging
from such routine jobs as payroll preparation to sophisticated problems such

as control of & lunar capsule. Computer usage can be broadly classified into
three categories:

(a) scienufic computation
(b) process contro! and
{c) business data processing.

2. History of Computers
2.1 Mechanical calculators could be called iRerfore-runners-of fhodern

digital computers. The Abacus is perhaps the oldest and the most important
of these calculators. In the hands of a skilled operator, 1t can outshine some
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of the modern desk calculators. The abacus looks somewhat Jike the one
shown in Fig. 1. .

[
Pucs

joper Lowm ars
of pmaven o ewtn
valve valus

5 onch

Fig 1. Abacus

‘The beads or counters represent digits Each upper counter 15 worth five umits and each
lower counter is worth one unit. The value of the digit 1n each posion 15 determined by
adding the vajues of the beads pressed against the crosspiece

22 In the mid-seventeenth century, Blaise Pascal, a well known
ician and philosopher, used the position of a rotating wheel to
indicate the value of a digit in a mechanical calculator he developed. Near
the end of seventeenth century, Leibaitz, who was also a mathematician and
philosopher, extended Pascal's ideas to design 2 desk calculator that could
muitiply and divide also.
23 In 1812, Charles Babbage, Professor of M at Cambrid,
University, devised a machine that could automatically calculate trigono-
metnc and logarithmic tables. It was called a Difference Engine because it
used a difference method of computation. Babbage received a Jarge govern-
ment grant to develop hus difference engme, but the project turmed out to be
samething of a flop because 1t was beyond the technological capabilities of
the time.
24 Babbage also conceived of another calculator called the Analytical
Engine. This calculator was to have two disunct pasts — a store to hold
data until they were to act as operands and a mill to process the dn!:.x. .
Answers were to be returned to the store for furure reference. This in princi-
ple, is the way modem digital computers work. The analytical engine, Iike
the difference engine, was never completed.
25 In the late nineteenth century, Herman Hollenth, an employee of
the Census Bureau of U.S,, realised that punched cards could be used to
store digital information by the presence or absence of a serjes of holes on
the card, Once information is stored tn this form, machines coutd help in
the enormous task of enumeration inherent in the taking of a census.
Hollerith’s scheme was adopted by commercial interests in the decades that
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followed, and prior to the development of computers, it was widely applied
to the processing of large volumes of data in busmess and statistical applica-
trons. Though Hollerith did not foresee the electronic computer, his punched
card ull today has been one of the most important means for entering
digital information mto a computer. Of course, other medta such as floppies
and cassettes have taken 1ts place now.

2.6 In 1937, George Stibnitz of the Bell Telephone Laboratones built
an electromechanical calculator, which used open or closed relays to record
information rather than usmg the presence or absence of holes. The first
relay computer called the complex calculator, was set up in the Bell
Laboratories in 1940,

27 The ulumate in elctromechanical calculators was designed by
Howard Aiken at Harvard University m 1937, This machine was called
Automatic Sequence Controlled Calculator --- Mark I, which prepared mathe-
matical tables by automatically pesforming a set sequence of arithmetic
operattons. The Mark I, completed 1n 1944, 1s historically important
because 1t was the immediate predecessor of the electronic computer, and
contained many features, such as the pre-established programme of opera-
tions now associated with computers

The Electronic Digital Compater )

2.8 In 1946, a computer using electronic components instead of
mechanical relays was developed by J. Presper Eckert and John W Mauchly
of the Mocre School of Engineering of the University of Pennsylvania.
This was called the Electronic Numerica! Integrator and Calculator (ENIAC).
Though 1t was programmed by means of switches and plug-in connections,
because of its electronic components, it 1s often identified as the first
electronic computer, It was used mainly for preparing mathematical tables,
29 ENIAC was 1nstalled at the Aberdeen Proving Ground and helped to
produce many tables, especially ballistic tables, for the Ordnance
Department of the U.S. Army, The ENIAC used vacuum tubes to record
data in lieu of mechanical relays or holes in cards or positions of wheels. It
was programmed by means of boards and switches that established new
connections for a myriad of cables on the floor. It did not keep both the
instructions and the data in its storage, but only data. It was, however, much
faster than the Mark 1, and its success led to a computer boom in the period
1947 to0 1952,

210 After the ENIAC, many research laboratories, most of them °
connected with universities, began to construct computers, One of the most
active of these research groups was headed by Eckert and Mauchly at the
Moore School of Engineering. They designed the EDVAC (Electronic
Discrets Variable Automatic Computer) which differed fundamentally from
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the ENIAC in two ways - the use of bmary numbers and the internal
storage of instructions written in digital form,

211 In 1954, the first instatlation of an electronic digitat computer for
business applications was made at the General Electric Appliance Park in
Lowssville, Kertucky. This computer was called the Universal Automatic
Computer or UNIVAC. This computer is important because it was the first
o ly fabl p The initial opinion of many of the
scientists who developed computers was that a very small number of
computers would suffice for the entire U.S. However, business organisa-
uons spon recognised thetr potential data processing value. And thus, this
became an important factor in the growth of the computer industry.

Computer Generations

212 Computers built during the period of the UNIVAC 1 1o the late
19505 nsed vacuum twbes, and are ified as first g i P
IBM, which had not been parucularly active in the development of compu-
ters, entered the computer business with IBM 701 in the year 1953. Late in
1954, 1BM installed the first of the IBM 650 computers, This small-to-
medinm-scale computer was the most popular one during the next five
years, In this period, IBM attained a domunant position in the computer
field, with more than two-thirds of the market. The fisst generation compu-
ters, in the main, gave rise to problems of accommodation on the one hand
and difficulties in dissipating the heat generated by the vacuum tubes on the
ather.
213 The of i as viable i for vacuum
tubes in the early sixties brought about the second generation of computers.
As is common knowledge, a transistar can pertorm the same functions as 2
vacuum tube, 15 less expensive, smaller in size, and generates literally no
heat, Thus, the second generation computers were smaller in size, faster,
required Jess power and needed less awr-conditioning. Some of the second
generation computers are IBM-~1401, ICL-1901 etc.
214 While transistor circuits were faster than vacuum tubes, théis speed
was not adequate enough. Hence, research was directed towards faster circuit
companents. As art offshoot of the development of minfatusized circuits, the
prices of computer componeats also began to fall, Concurrent with the
development of components and circuits, facilities for usage of one
computer by more than one person simull 1y were also provided.
istication in data icati iques and d P of
operating systems to keep a record of, and control of, computer processing
also brought a step towards the third generation, IBM's system 360 etc.,
introduced in the late sixties, can be cansidered to be the third generation

machines,
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215 There have been imp in the third
but there 1s no dramatic breakthrough which could be called the “fourth
generation.” The seventies have brought a change towards the growth of
small computers called Minis. These comp are being f: d by
companies which are very small compared to computer giants Itke JBM.
These small companies have tntroduced innovative dasign techniques in the
machines and are promoting usage by even very small business enterprises,

216 The "Fifth Generation™ is said to be still in an experimental stage
havmg been initiated in 1979 Itis hopcd that the "Fifth Generation” would

I Natural L b g and jon of visual symbols.

The Indian Setting

217 In our own country, a public sector undertaking catled Electronics
Corporation of India Limuted (ECIL), located at Hyderabad started
manufacturing c.mputers in the late sixties. Today, ECIL is marketing 2
number of computers ranging from those for data processing to the ones
meant for process control. These machines are called TDC machines and 2
number of them are being used in our country for various applications
today. A short list of computer groups providing micro-p based
systems (and minis) is piven at the end of the book. )
Due to a number of steps taken by the Depnrzment of Electronics,
Government of India, in the early seventies, a number of system
engineering groups in India have been putting together mxcmprocessor -hased
systems.

3. Types of Computers
Definition of Computer

31 The term “Computer” can be logically applied to any Ca!cuh.dng
device. However, there are some distinguishing characteristics as given
below: , ,

(@)  Electronic: The P uses ic el —— transts-
tors, resistars diodes etc. It operates with two state Iogic
based on two measurable states in these electronic
components. .

(9] Internal storage; The computer has an internal storage
(memory) to stare both the propramme and the data being
processed by the programme.

()  Stored prog The of i i whigh
speifies the of ions to be followed js stored in
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. the internal memory. It is the stored programme which makes
the computer "automatic”because the entire set of steps to be
taken is determined 1n advance, and no human mvention is
required dunng execution.

(d)  Programme modifi + A distinguishii feature of the
computers is the ability to change the stored programme of
instructions during the execution of programme steps.The
modification is usually based on the form, quanity, or value
of the data being processed.

In summary, the p is an el computational device having an
mnternal storage, 2 stored programme of instructions, and the capability for
modification of the set of instructions during the execution of the pro-
gramme,

Classification of Computers

32  There are two types of P namely, the Analogue Comp
and the Digital Computer. The analogue computer measures a quantity (just
like a voltmeter). The computer acts-on some inputs, performing a number
of mathematical operations or solving an equation, and plots the output data
on a graph. An analogue computer, like a slide rule, is simpler and more
direct than a digital computer, but is not ordinarily a high precision device.
33 The thermometer, for instance, records various mercury levels based
on changes in the temperature. When the temperature rises, the mercury
level rises and when the temperature falls, so does the mercury level. That
is, changes in the temperature are shown by analogues of like-changes in the
level of mercury in the thermometer. The same principle of similarity is
used by analogue computers in performing arithmetic functions with
measurements. Numbers are represented by physical quantities. Measure-
ments are made with results displayed and later used in various arithmetic
Operations to generate similar new data.

34 The analogue computer performs at its best when a precision of three
or four digits is sufficient, programme flexibility is not important, and there
is only one independent variable. Data available in analogue form, such as a
varying voltage representing temperature or speed can be fed directly to an

analogue computer. However, its d n lack of precision and
limited flexibility-- are usually not sufficient to overcome the advantage, To
runa diff, Py 1

an computer usually must be reconnected _
. by means of interconnecting patch cords.

Digital Computers

35 A digital computer, on the other hand, counts, rather than measures,
%
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It 15 really an ultrahigh-speed electronic calculating machine. One way of
fooking at the difference between the two is to say that a digital computer
warks with digits while the analogue one does not. The earliest known digi-
tal computer consists of the ten fingers of man which even today are being
extensively used for counting. But the electronic devices give us extremely
tugh speeds in counting. They suffer from one drawback, however, and¢hat
15, their inability to occupy anything other than two known stable states-
on or off. Thus, digital computers, as we know them today, operate on
binary digtts as opposed to decimal digits with which we alf are familiar.
Because numbers are used, we can hape to get any degree of precision by
increasing  the number of diguts. Again, because of the binary number
systemn, ON can be made to represent a 1, while OFF could represent a 0.
3.6 Almost all computers encountered by us in routine applications are
digttal, and hence, we shall confine our attention to this type in these
discussions,

Categorization Accerding to Orientation

37  Digial computers could be classified further jnto the following
categories: ‘

)] Business data processing.

()] Scientific computation.

() Process contol

These destinctions do not always hold too clearly, because the trend

15 10 make a general-purpose computer which can be used for any of these
purposes A brief summary of these characteristics, however, is given
below,
38 Business data processing typically requires the processing of large
numbers of records but with relatively hitle computation for each rec
There 15 also a large volume of output in the form of reports. The compt{tef
that is oriented towards business data will, theref phasi
gh-speed 1nput and output and instructions 10 faciitate the conversion
{editing) of stored data wto report format.
3.9 Scientifi ion is ch i

4 by relauvely hie input OF
Scientif will

output  but intemal e p
emphasize high-speed internal processing but may have limited input and
output capabilives .

3.10  Process control requires the computer to aceept frequent inputs of
data from the process being controtled such as 2 chemical process, to (e'st
the data and to make computations to adjust the process. The computer will
usually be secvicing several contrals, so that the hardware is designed 10
accept and act on many concurrent ot simultancous inputs.
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4. Digital Computer Components

4.1  Most digital computers can be represented by the block diagram as |
given in Fig.2. The basic unus are:
(a)  Arithmetic and logic section, which performs the actual arith-
metic operations;
(b)  Memory or Storage, which retams the programme
(instructions), problem and solution;
©) Control unit, which directs the computer’s operation;
(d)  Input devices for translaung all input information into usable
form; an
@) Output devices, which translate the computer's output into a
form understandable by the human being.

Fig 2. Components of a Digital Computer

Arithmetic Unit

42 The Arithmetic unit, or Accumulator, gathers information, and under
the computer's control, acts on this data which at has either stored itself or
which it recalls from the memory unit. For example, a number from the
memory can be placed in the accumulator. Upon receipt of an order to add, a
number will be added to the one already in the accumulator which then
contains the sum Depending on the problem, this sum can be transferred to
the memory, or be retained by the accumulator for further operations, In the
case of a negative numbzr, the lator will recognise the negative sign,
For a "subtract” operation, thie accumulator finds the difference and attaches
the proper sign. To “multiply,” a series of additions are made in the accum-
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ulator, and to “divide", a series of subtractions. The series, or sequence, of
operatons 1§ a programme, and the individual steps are instructions.

The Memory

43  The memory or storage unit, has a large number of individual
locations or addresses, each capable of storng informatian till needed. Each
Iocation can be described and located, so that either its information or the
nesw location where the information is stored can be obtained. A specific
group of addresses is called a Reguster. Reading out a plece of information
from the memory does not destroy the data--the same information can be
referred to indefinitely. In a digital computer, ali the information needed for
solving 2 problem can be stored in the memory, including all the steps or
the programme required for the solution, Once proper inf ion has been
placed 1 the memory, the computer is independent of all outside devices
until a sofon 15 reached. At this tume, the final results are stored untit
needed, and then presented through the output device.

The Control Section

44 The control section directs the operation of the computer in order to
fulfil the conditions set forth by the programme, The contral unit draws the
instructions and plans their praper exectition by following the principle of

peration for a given hine. For iple, this selection may translate 2
“multiply" order into a series of additions (which it actually is to the
computer),

Input and Output

45 Input and output devices are simular in operation, but perform
opposite functions, An input unit reads information from punched eards,
magnetic tapes, floppies, magnetic disks or keyboards. It also codes the d“gm
50 that the computer can handle and use the information, The opposite
function i3 performed by the output unit, It converts the computer results
into a form usable by the operatot, such as typed sheets, or punched cards
for the control of production machines. Iacidentall gnetic devices are
both input and output ones,

Questions

L Define an electronic computer.
2 Compare the three types of computers, namely—digital, analogue and
hybrid.



Infroduction to Computers

v

11

Describe briefly, the functions of a digital computer, with a block
diagram.

‘Tabulate the characteristics of vanous generations of computers.
How would you classify digital computers ? What are their character-

istics ?
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Binary Arithmetic
1. Introduction

1.1 The computer's siorage has been shown to store data for processing, and
give output information when needed, Data is stored inside the computer
in the form of 1s and 0s since most of the electromc devices operate in two
stable states. This system of* as functions of Is or 0s
is called the binary system. But we are all familiar with decimal system
where the number of states possible is 10 (O through 9). We are also
familiar with the arithmetic operations of addition, subtraction,
multiplication and division in decimal system because our forefathers could
do anthmetic only with the ten fingers in their hands. As we shall see, we
could operate with binary, ternary, octal and other forms of bmary
representation. While an executive user of a computer may make use of the
computer even withont an in-depth knowledge of binary arithmetic, an over-
all knowledge of the binary system is considered appropriate for him.

2. Weights or Radix

2.1 In the case of the decimal system, the factor by which the value

" wexght ) increases as we move leftward in 2 number called "radix" of
, "base”, is 10, Considering an example, if we take 4 number 9847 in
decimal notation, it really represents,

9 x 1000+8 X 100+4x10+7 x 1

As we can see from abave, because of its position, 9 1s being mulnphed by
a factor 1000 while 7 is multiplied only by 1. The same could be rewritten

93¢ 108 48 x 10244 % 10147 x 100 (1 - 1g_= xoo)
1

Note : The value resulting from Risng  a number (0 3 power (1¢) the value mulu:::
hun upmemn‘l;non, it a product of successive m!nﬂ:au)mx by the num!

lol.xoxloxw-xooo



The figure 1 is obtamed by dividing any number by itself and not
necessanly only 10710 . Similarly, 23 in decimal nomtion would be 2 x
10143 x 100

Binary Representation

22 From the above discussion, we see that each digit written in the deci-
mal notation is interpreted as having a value equal to the absolute value of
the digit (0,1,2,3 etc.) umes the value of the position it occupses. The
same is true for a binary system as well.

Incidentally, binary digits are also called "bits". Let us take a number
14 1n decimal notation, In order to distinguish the ‘base’ or radix' of a num-
ber, let us write the radix as a subscript below the least significant digit —

Thus (14)1g = 8+44+2=(2 X 2 X 2)+(2 X 2)+{2 X 1)
=23422421 = 1x 2341 x 241 x 2140 % 20
= (1110)7

Thus 14 in decimal notation = 1110 in binary notation.

Readix Conversion

23 In the above paragraph we saw that we could represent (14)1g as
(1110}, The conversion of a number say (2875);¢ to 1ts equivalent binary
number would be cumbersome. There is an easier method, however, which
is described below. Whenever we wish to convert a decimal number into its
binary equivalent, the following procedure is suggested:

Let us take a number (53)10 as an example. First 53 is divided by 2
to give an integer quotient of 26 and a remainder of 1. The quotient is again
divided by 2 to give a new quotient and remainder. This process is conti-
nued until the integer quotient becomes 0. The coefficients of the desired
binary number are obtained from the remawnders as follows:

: Inteper Quotient Remainder Cosfficient
$= 26 1 Co=1
2

26 13 . .0 C=0
2

1= 6 1 Co=1
2 2 -
&= 3 e Cy=0
2

A= 1 1 Cy=1
2

1= 0 1 Cs=1
2 ’ . 5
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Thys, (530 = (CSC4C3C2C1 )2 = (1 10101)
© ithmetio Operation cancge 20 -
follows.

Performeq Mmore convenienlly as

The Conversion decimay integers any bagse » Systam jg identica
{0 the above €Xxampla €XCept thay the division is done byr insteaq of 2,

Example. Con

Onvery (569)10 10 octa], In ooy repre:enlation. the
coefﬁcienm €an haye valyes (0,1,2..‘6,7) only,

Integer Remainder , Dtvid:ng by 8, we get

569
71 1

8 7

1 0 Answer (107 g

Rechechng, We find thyy
a7y, gy 8i0x 82+7x81+1x 80

3. Fractions ’

one coylg Convenien, Tecourse ¢, decimaf
Of a deg;

31 There are many Situationg When one has 1o use fractions, Fractions
ike 172, or 2.563 e ity seer
int js Common jp, Nature, € Conversigy f imal fraction {0 binary

is SOMewhay Simular 0 the Method used for inregers. Hawever.
muhip!icau’un is useq Instead of duvisjo, an integerg e accumulareq
in| adofmnuindcxs. Let ys takeanexample.

to
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becomes zero or until the number of digits has sufficient accuracy. * The

coefficients of the binary fraction are obtained from the integers as folIows‘-

Integer " Fracton Coefficient /
08265% 2 = 1 06530 T TR,
06530% 2 = 1 03060 “A"rz-zzﬁl
03060 x 2 = 0 0.6120 f3=0
0.6120x 2 = 1 " 0.2240 fz=1
02240 x 2 0 0.4480 fs=0
04480 x 2 = 0 0.8960 fg=0
08960 % 2 = 1 0.7920 fr=1
0.7920 x 2 = 1 0.5840 fg=1
0.5840 x 2 1 0.1680 fg=1

(08265)19 T = 06y fof3 g »
= (0.110100111),
Rounding

32 In the above example, we could have continued with our arithmetic
operation fill we reached an absolute value. Unfortunately, there are
fractions, (like the one shown above), and in fact, sometimes worse, where
the fraction tums out to be & recurring one like 1/3 where the fraction is
0333 ... and so on. Unfortunately, each digit 1n a computer has to be
.accommodated and hence on¢ has to strike a balance as to when one should
stop. Such stopping poses a certain degree of degradation may be, but then
are we justified in being "Penny wise and Pound foolish™?
33  The decimal fraction 2/3 is 0.1010... ad infinitum in the case of
binary notation. The number of bits can be reduced to two by chopping off,
Or truncating, all bits after the second, so that 2/3 is approximately (0.10);.
However, it is better to choose the closest available value, in this case 3/4
or (0.11); since the eror is then -1/12 rather than 1/6, Incidentally, (0.10),
= (0.5 x 140)=0.5 and (0. 113,=0.5+0.25=0.75). Takmg the closest vnlue is
called ding. The emor d is called off error. By
rather than truncating, the roundoff emor can be kept to within limits, like
in roundirig, (0.5468)1q would be written as (0.547))¢ in case we rounded
to three decimal position, while it would be (0.546);q if we truncated the
same. - It is important to remember that integer arithmetic s exact as long
as the range is not exceeded, whereas fractional arithmetic is only exact in
those unusual cases where the numbers rep d are exact. G 1y,
fractioris will be in eror by a small amount. ~
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4 o verflow

4.1 Becayge representable Mumberg have oy 2 finjte Tange, arithmetie
OPerations will g in if the is not in Tange,
€ITor cap be of the foHowing Upes;
@ Ifehe answer i larger than the largegy represenmble Number,
i ine wj| © grossly jn emor

then Wer Supplieq by the Machine v,
we say that oy, OCcureq,
) The ay alg een two Tepres, Mable Numbers, g,
4t the hine ¢y h one or theathe, This js
€ Othe, dOfF error,

5.1 Presenay; ns mscussed thus far, the Compytar would
by NSitive ¢ Cation of © binary int. For €, Suppose
(1017 umb, the eCimay Point js after the £ ‘818, it woylg
tand for (19 10 the decimy Point yaq 1St digit, jr
would Dio, It js also ngy ways con Nt 10 rostrict the
reptesentable bers legers or 'fracuons Problems,
PUmbers whiep 128 from 1010 16 1510 ™3y have tg po used. For
this aty, Otation y, Ntrodye, OMputers, 1,
Scientifye s, 1t js I to Write d, a num, a digjt between

e + Precedeq decim Point ang ¢, Ji by some More
digys, » ultipy, this by ton ADPropriages +, flrst pary
IS called gp, 52 and latter g, 1

0.123 5 1

In th Case, 0,123 0.46; 3 alled
are calleq the €XPoneny (ie) the Power of 10. 1 a bmaxy Machine,
however, we Usually Mmake ygo of an €Xponeny base Which g a power of 2
Tather hap, 10 In, digital cop, Uter, part of the fielq Teserved for Storing
Rmbers jg used g Tepresen, Mantiss, while another Part coyjq be used 1o

denote the €Xponent, In ﬂaaung-point represenlau’on. Tound.ofy error in
-Pends on the ‘Ponen; |

52 ith etic Operatj, 1 ﬂoau‘ng-poim numbe;s €an cauge overflow
100 1,

nt 3 ent may, also pe Tess than
the Most regative represenzablc Nimber, 4, which Case the ABwer is very
S call
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6. Fixed Point

6.1 In the case of {floating point representation, we could have denoted
0.005673 as

0.0005673 x 101
or  0.005673 x 100
or 005673 x 10°1
or 05673x 102

Such a representation as shown in the fourth form, (0. 5673 x 102)
where the value of the exponent is min is called normalisation
6.2 But the same number 0.005673 could have been denoted as 005673
and the user permitted to fix the decimal point. Such a representation of
data internal to computers in which the decimal point is implicit is called
fixed- point representation.
6.3 Having seen the types of number ion in digial let
us discuss the way in which we can perform arithmetic operations of
addition, subtraction, multiplication and division using binary arithmetic.

7. Arithmetic Operations
Binary Addition

7.1 Arithmetic operations with decimal numbers depend on several rules
which are usually learned at such an early age that the process appears "very
natural” rather than being dependent on a set of rules and tables.

7.2 Almost all arithmetic operations in computers are performed through
addition. In decimal addition, one number is placed under another number
and the two are added. We carry a number from one column to the next
when the sum of the first column exceeds 9. In binary addition, we carry a
number from one column (o the next when the sum of the first column
exceeds 1. Let us now add two numbers in binary and see how it is done:

Decimal Binary
Addend 14 1110
Augend + 8 + 1000
| camy 10 w00 |
Sum TR 10110

= (16+0+4+240) 19 = (22)19



8 Computers Jor Beginners

Tyl =Oandcany1 fo add ¢ lhenexlcolumn
1+0a)

O+iag3

D+0.¢

Binary Suhtraclion
73 Iy the case of Subtration iy the binary System, one could follow (he
Same Procedure a5 applied for decimay Totation, famely

Decimar Binary

Minyenq 13 1101
Subrrahend - -1001
4 ©100) = 4,

The rules 1o, binary Subtraction would pe l-1=p; 3. 0=1; 0-1a1 yigy
borrow from ¢he Rext column of the Mingend, 0--0-0,

Complemen, Method 3, Binary Subtraction

Study the Complemene method and see jf jt

use in oyr subtraction Process, Iy would pe 3ppropriate to

see the decima) €omplemeny Method firsy ang ., . ' ’
System fater, The tene e e,

L. UuId be an appropriate
Power of 19, Fore: apit, e teng complemeny of 31 e (10--3=7).
kaewise, the complement of 25 js 75(100-25) and so pp, Suppose we
Wish to Subtrac 3 from 8, we Wwould proceeq as follows,

(@) Step 7 ; Complement the subtrahenq (viz.) 3, and it is 7
®) Step 2 ; Add the Minuend &, and the Complement 7,

Since the SUMm results in 5 €Ty in the high-order Position, replace
the Camy by a 4 sign, Hence g.3 S Thus
3

+7 ‘
15 the difference of 8 -3 then i
=+ equal 045,
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7.5  Incase there is no carry, then the remainder is in complement form,

, and the final answer will be negative,. When the remainder is in comple-
ment form, it is not the trye remainder. To get the true remainder, it must
be recomplemented. For example,

5
(in normal  --9

, arithmetic) «-—vemm
-4

In the complementary method, the following steps would follow:

(a) S!epl Complement the subtrahend, 9. The tens complement
Sis 1.

(b) Step 2: Add S to the complement 1.

Hence 5

(©) Step 3: Since there is no carry in the high-order posttion, the
remainder 6 15 in complement form, The tens complement of 6
is 4, and its sign is negative. Hence the answer is -4

The Decimal Nines Complement Method

76 In the nines pl method, the o! of the hend
is the amount that must be added to that number to make 2 total of 9. That
is, each decimal digit in the subtrahend is first subtracted from 9. For
example, the complment of 2 is 7, the complement of 4 is 5, the
complement of 35 is 64(99--35), and so on. Let us take an example.

Minuend 79
Subtrahend ~ 45

Difference + 34
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The € Vanoys Steps are.
@ Step 1. e th ety nine Complemen, of the Subtraheng-
(ie) plement of 45
- (99--45)

Mplemeny {0 the Minyenq
Minuend 79
inety nine + 54
mplemenl) ~—
133
The sup is 1
+ 34
) Step 3. Since Is g, STy in the € high.o, Order position Of the
Sum, 1p i adde, the y Unjis digie and the € (ota] v, e s given 5
Dlus Sign, Henge, the Mainder of 79.4 45y +34,
7 .8 Carry develops, however, the supm, is in mpIement form ang
negauve also, A recomplement is neCess:uy o gap t the © remainder,
Fa exampl
Mmuend 47
ublmhend - 79
D:fference - 32 N R
The Varigyg Steps aps

@ g 4: Take the Nipe, lement of the Subtrahend.
{4 ty-ni 'mp|
Nmety nine com, pI rnent ot‘ 79 18 20(i e, o

9-79+ '=20).
()] Step 2: Adg the ¢,

Minyeny 47
l'nety-m'ne + 20
omplement T~
sum - 67
© Step 3. SL'nce no €ty daye, velops, recomplement the sum and
add 3 m; (0 the ndey

inus € remain, T. The e Nineg comple.
ment of, 67 is 32 (99..67... =32), The tmeremal inder, xhen:fore
is.33
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Binary Subtraction by Complement Method

79  From the foregomg discussions, one might wonder as to whether all
the trouble of d ining of the W is y after all. Butin
case of binary system, one could go in for one's complement or a two's

P Let us ider some pl Ones p is ob-
tained by reversing each digit to its opposite state (say, 1 will become 0 and
0 will become 1), Thus, ones complement of 1011 would be. 0100,

For example
if we wish to subtract 2 from 8.then
Decimat Binary
Minuend 8 1000
Subtrahend in -2 -- 0010
Difference +6 ot 10)2

) Step 2: Since a carry has developed in the high-order
position, it is added to the units position and the result is given a plus sign:

Thus, the result is +6.
710 If no carry develops, however, the result is negative remainder in a

complement form, It has to be recomplemented and a negative sign added to
get the true answer. For example,

Minuend 8 1000
Subtrahend . - 12 - 1100
- 4 - 0100

‘The various steps are as follows:
(@  Step 1: Compl the subtrahend by ing its bits, and
then add:
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1000
+ 001t

1011

Stnce no carry develops, the result is recomplemented to give O‘XOO
and given a nepative sign. A point to note is that , in binacy subtraction,
both the minvend and the subtrahend must have equal length,

Binary Subtraction «~ Two's Complement Method

7.1t This method of binary subtraction is performed by taking the one's

complement of the subtrahend, then adding } to the low-order digit. Any
end-carry is replaced by a sign. If no carry occuss, the result is recomple-
mented and given a minus sign. This is best illustrated by means of an
example. Suppose, we wish to subtract 0011 (3) from 1000 (8). One
would proceed as follows:

@  Step I Dy ine the one's compl of the subtrahend
Add 1 0 the low-order digit
Subtrahend 0011
Ones complement of subtrahend 1100
1
Two's complement = 1101

(0) Step 2: Add Mi d and the two's k

The circled digit is an end carry and is changed to 2 plus sigh.
Therefore,'the true remainder becomes +0101 which is (+5)10-

712 If no camy the inder must be
recomplemented and given a n:p,:xuve sign. Let us try to subtract 7 from 2.

boand

fa)  Step I I ine the ones of the
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Subtrahend 0111 -~{7)q
One's complement 1000 <0 -
Add 1 a€,

[RE——-

Two's complement ( mdf\-\

X
\‘:{(‘: T{

() Step 2: Add the minuend to the two's complement-of e~

subtrahend.

‘Thus,
Minuend @0 0010
Two's complement 1001
of subtrahend e

1011

Since there is no carry, we have to recomplement the remainder
(reverse the digits and add 1 to the low-order digit) and add a negative sign.

Thus, the true remainder becomes,
~(0100+1) = -(0101) = ~(5)1p
Which Complement to Choose ?

733 There is no gainsaying the fact that the computer hardware designer
would attempt to simplify the computer circuitry. Subtraction is usually
performed by complementing the number to be subtracted and then adding
the complement. This simplifies circuitry because subtraction can make use
of the addition circuitry. Also complements are used to simplify subtraction
operation and for logical manipulation. The change to the complement
method of subtraction reduces all computer arithmetic to forms of addition.
But the problem before us now is as to which complement to choose (Two's
pl or one's pl
714 A comparison b 1's and 2's compl reveals the pros and
cons of each. The ones complement has the advantage of being easier to
implement by digital components since the only thing that must be done is
o change O's to 1's and 1's to 0. The implementation of the 2's
‘complement may be obtained in two ways :
(@ by adding 1 to the least significant digit of the 1's
complement, or
(b) by leaving all leading O's in the least sigmficant positions

)?
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and the first 1 unchanged, and only then changing all 1's into

Os and all O's into 15,
7.15 During subtraction of two numbers of complements, the 2's
complement is advantageous in (hat only one arithmetic operation is
required. The 1's complement, on the other hand, requires two arithmetic
additions when an end around carry oceurs, The 1's complement has the
additional disadvantage of having two arithmetic zeros; one with all 0's and
one with all 1's. To illustrate, let us consider the subtraction of two equal
binary numbers say 0100--0100-0000.

Using 1's complement,

0100
+ 1011 Complement again to

+ 1111 obtain --0000
Using 2's Complement,
0100
+ 1100

10000
=+ 0000

While the 2's.complement has only one arithmetic zero, the 1%
complement zero can be either positive or negative, which may complicate
matters.

716 The 1's complement is also useful in logical manipulations si{u:e
the change of 1's to 0's and Vvice versa is equivalent to a logical ir}verslqn
operation. The 2's complement is used only in conjunction with a.rxthme'!lc

lications. Conseq ly, 1t is cor to adopt the following
convention. When the word complement, without mention of the type, 15
used in conjunction with a non-arithmetic applicauon, the tyne is assumed
to be the 1's complement,

Binary Multiplication ‘
717 The binary multiplication table involves four basic steps &

0x 0=0
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1x 0=0
0x 1=0
1x 1=1 N N e
In the binary mode, multiplication is done by ronerlof the we
methods— - -
[6)] the decimal method or

®)  the shift method.

The Decimal Method

7.18  This method usually utilizes the technique we follow when we
multiply manually using pencil and paper (i.e.) we multiply by each bit of
the multiplier and then add. For example,

Decimal Binary
Multiplicand 4 100
x 011
Multiplier X3 e
— 100
Product + 12 100
1100= (12)19

The Shift Method

719 In this method, multiplication is performed by multiplying the
multiplicand by the first left hand bit of the multiplier and then shifting left
one position and adding 0, The same procedure follows on the second-
Pposition bit of the multiplier, and so on until the operation is completed,
For example,

Multiplicand 2 0010
X x

Multiplier 3 0011

Product + 6 . o110

The various steps are as follows :-

(@ Srep 1: Multiply the multiplicand by the first left-hand bit
of the multiplier.
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10
n
10

Product of the first multiplier
(b)  Srep 2 : Shift Jeft one by-adding O to the right” The product
(10) of step 1 becomes 100
(¢)  Step 3: Multiply the multiplicand by the next bit of the
multiplier,
10
1

10 Product of the next multiplier.

(d)  Srep4: Add the product obtained in step 3 to the shufted
product in step 2. (i.e.)
100
+10

110 The final product. «

Multiplication on a ‘is performed in a simlar way.

1% P p

720 There are situations (while multiplying) that give rise to problems
of adding more than two I's. For example,

1110 Addition handled as pairs
x1111 (Consider Col. 3) (Col. 4) (Col 5) (Col. 6
1

e 1 1 1
1110 1 ( G T
1110 1
11140 1 1 1 From
J( col. 4
1 4] 1 From
el 5
1110
11010010 10 100 11 100
ccccecc Add 1 (Add 1

000000 camyto caryto Add1l  Addl
cold col6 tocol6 dLocolB
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[3 3
Hence the resultis (1101 00 1 0p= (21010

721  Binary Multiplication does not need any pre-determined formulae
really. I you wish to multiply any number by (2)yg or (103, all you have
10 do is to shift the number by one position to the Jeft. For instance, if we
wish to multiply (0111); by (0010); all you have to do is, to shift (0111)
by one position to the left (i.e.) (0111 multiplied by (0010), becomes
(1110Y,. In other words, by multiplying (?)10 by ()10 we get (14)10- In 2
similar vein, if we wish to multiply a number by (4)5g or (0100)y, all we
need to do is to shift the binary representation of the number by mwo
positions to the left.

Multiplication of fractions is also easy. For example, (000L.1)y
when multiplied by (0010}, is equal to (0011.0); which is equal 10 (3)10-

Binary Division

722 In both the decimal and binary systems, division is performed by
successive subtraction, It is, in fact, the opposite of multiplication, which
is a series of additions. When we divide, the quotient is the number of times
the divisor is sut from the dividend. For I
1654
16--4=12 Result of 1 subtraction
. 1248 " " 2 "
d=d " "3
440 " "4 "
The quotient is, therefore, 4.
In binary, the same procedure is followed. For example,

0100 @

p

100 10000

723 Letus take another example, Let us divide 330 by 6. Example:-

S3_
6) 330
30

30
30
0
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In the case of binary division,

01011
110 1000010

110 ~ Divisor greater than 100, so put 0 in quotient

1000 -~ Add digut from dividend to group used above
110 -- Subtraction possible, hence put 1 in quotient
100 -- Remainder from subtraction plus digit from

) dividend

110 -- Divisor greater, so put 0 in quotient

1001 -- Add digit from dividend to group

110 -- Subtraction possible, so put 1 in quottent

110 -~ Add digit from dividend to remainder
110 -- Subtraction possible, so put 1 in quotient

0 -- No remainder, so stop

7.24  The above steps can be summarised as follows:~ \

(a) Start from the left on the dividend.

()  Perform a sefies of subtractions in which the divisor is
subtracted from the dividend.

©) 1f subtraction is possible, put a 1 in the quotient and subtract
the duvisor from the corresponding digits in the dividend.

(@) If subtraction 15 not possible, (divisor greater than remainder)
record a zero in the quotient.

@) Bring down the next digit to add ta the remainder d:xgm-
Proceed as before ir} a manner similar to long division.

725 Binary division, just as m the case of binary multiplication, is a
very simple operation indeed. For example, if we wish to divide )10 or
(1000),, by (0010}, all we have to do is to shift the numerator by one
position to the right thus piving rise to (0100}, as the answer. Ina Sl:n)l]ﬁf
vein, division by (0100); would entail shifting the numerator two positions
to the right.
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Even fractions can be obtained with ease. Suppose we wish to obtain
the result of

(0010)2 ‘The answer is (0000.10};
which is (0.5)19

This has been obtained without remembering any rules,
8.  Negative Numbers

8.1  In the above paragraphs, we have discussed the various methods of
representing positive integers. Let us now see as to how negative numbers
could be d. In conventional arithmetic, we prefix a minus sign to

b and ionally put a plus sign in front of posmve
numbers when there is likely to be some ambiguity. This is called a "sign
and magnitude” representation, First, one finds out whether a number is
positive or negative and then how large it is. This method has been used in
several computer designs, usually with one bit reserved for the sign
position, zero meaning plus and one meaning minus. A four is a four and
has the same bit pattern regardless of whether it is plus four or minus four.
Only the sign bit will be different.

Questions

—

Define a radix.
2. Convert the following into binary :
(a) 23 i
®) 63
(c) 4095
@ 1
3 Convert the following into binary ¢
(@) 0.125
(b) 0.563
{c) G097 N
4, Convert the following into decimal notation :
(@) (10111)y
(b) (0.01101),
(c) (1011001),
Dif iate between ding and tr
Distinguish between floating point and fixed pomL
Add the followmg using binary notation :
{@ 7and1

Mo
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Perform subtraction on the numbers given below using 2's
complement :
(a) 7 minus 4
() 4 minus ©
(c) 15 minus 6
Perform sub

(@) 9 minus §
®) 3 minus 11

(c) 17 minys 30

Using the shift method, multiply the following numbers
after converting them to binary ¢

@ S by 4

) 13by 9

) 2lby3l

Divide after ion to binary, the following b

(@) 11by2

®) 8 by3

©) 32by4d

I with an how all arithmetic op

can be reduced to one of addition.

ion using U's
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Internal Operation of a computer
1. Introduction

LI Normally, the digital computer stores data and instructions in a binary
form. Such a representation involves putting binary digits together. There
are other methods like Binary coded Decimal, Extended Binary-coded
Decimal etc, which are also used in storing alphanumeric data. Once the data
and instructions are stored, it is necessary to manipulate the data to derive
the desired results. It has been seen in Chapter I that the Central Processing
Unit is the main p of the The ipulation chores
outlined above are performed by the Cem:al Processing Umt (CPD). Right
from an abacus 1o the present day computers, some control on the activities
of various units of the computer system is required to be ised. Such
control would involve sequencing of instructions, moving them at the
appropriate time periods to various circuits, interpreting, and executing the
commands of instructions.

1.2 Though the subject ofmtemal « ions of the computer is a compl
one, a certain rudi le dge of the fi ing of various
components would be appmpnate at this juncture. It 15 also worth the while
to distiguish the types of ware associated with the computer systems

Types of Ware

1.3 The various types of ware one comes across in computer technology
are as follows:

(2) Hardware: The phystcal units associated with a computer system
are called Hardware. Hardware also involves equipment which can
perform the following functions:

(i) Data preparation. _
(i) Input to the computer, !
(iii) Processing. N
(iv) Secondary or auxiliary storage,
(v} Output from the computer.
(b) Sofiware: This denotes the various computer programmes (both
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user-ortented and system-based), Utility programmes which are
application-oriented and the vasiovs system programmes also fall
vnder tus category.

Firmware: In modem computers, a new term called "Firmware”
has been brought nto play. This is an intermediate step between
hardware and software. Rather than wising certain functions, a
manufacturer may use a special sforage to store routines (which
perform the functions) by calling upon sequences of elementary
hardware functions, The user normally is not aware of the existence
of firmware because the computer accepls nstructions and thea exe-
cutes them either through the logic already stored or directly thro-

ugh the hardware,
MICROPROGRAMMES
Fumware

HAROWARE

Phen Ui
Computer Syster earerwARE

LIVEWARE Computer
or
PEOPLEWARE Apsvits

Fig. 1 Inter-relationships Between Different Wares

(d) Liveware : The people associsted with compater systems asc

eyphemistically called "Liveware™. .

14 A pictorial representation of the various types of ware showing their
intes-relationships is given in Fig. 1. o .. '
15 While “Liveware” is an obvious concept, "Firmware® 1§ beyoad the

scope of this di

*, =~ will be ibed in the next chapter. In

this chapter, it is proposed to analyse the vnrious‘faccis cl!;;hc f{uer'm!

hé:dings:

in a digital computer using "Hard: under

(2} Imernal Number Representation,
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{b) Symbolic Logic.

(c) The Central Processor and Addressing Systems.
(d) Addressing and Instruction Format,

(e} Computer Operating Cycles.

2. Internal Number Representation
Binary-coded Decimal

2.1 The representation of data inside a computer could best be achieved ina
binary form. There is another approach to bit representation which is used in
many business-oriented computers called the Binary-coded Decimal system.
This system envisages use of individual bit sets for every decimal digit.
Straight binary representation normally provides faster operating speeds and
is, therefore, emphasized in scientific computers {where internal compu-
tation speeds are important). Commercial applications, on the other hand,
typically involve much input and cetput but very litle computation,
Therefore, the business computer is oriented towards fast conversion from,
and, to decimal form, and ease of programming and data handling. The use
of Binary-coded Decimal or the related binary-coded character codes can
simplify the inputoutput conversion and input/output programming, This,
however, occurs at the expense of intemal operating speeds.

22 The Binary-coded Decimal form uses a separate set of four binary
digits to represent each decimal digit. The four bit positions are interpreted
as in straight binary. This coding, often termed "Natural binary-coded
decimal," 15 the most common code, but variations of this have also been
used, Fig. 2 shows the various combinations used in the Binary coded
Decimal.

4bitset  Decimal value . 4bitset Decimal value  |*
0000 0 0110

0001 1 ont | 7

0010 2 : 1000 8

0011 3 1001 9

0100 4

0101 5

Fig, 2. Permitted Combinations of Binary-coded Decimal

23 Even though 16 decimal digus can be sepresented in a 4 bit
combination, we can use only 10 of these to represent decimal digits. Binary-
coded arithmetic is shightly different from binary arithmetic. The rules
pravide for a decimal-type carry when the results from. adding twa digits






Internal Operation of a Computer EA

computer design, it is possible that some errors might creep in or some bits
might be lost during transfer of data. Such problems are solved by the
introduction of an error-control meckanism called the parity bit or binary
check bit. The check bit is a binary digit which is added (o the bit configu-
ration representating data in a specific computer, A four-bit code becomes
five bits, a six-bit alphanumeric code becomes seven bits, and an eight-bit
alphanumenc code will have a total of nine bits. The error control
mechanism counts the 1 bits of the character-bit set and adds a check bit to
the sum to make the total number of 1 bits odd or even, depending on the
computer design In computers working with odd parity, a check bit (1 bit)
is added to the character-bit set when the total number of 1 bits is even.
Otherwise, O check bit is recorded. In computers specifying even parity, a
check bit is attached when the total number of 1 bit is odd. Otherwise, 0
check bit is recorded.

2.7 Having seen the different numbering schemes, let us turn our attention
to the Logic used in computers.

3. Symbolic Logic

3.1 Computers, despite their complexity, are composed of surprisingly few
types of circuits. Though circuit elements and circuit designs vary from
machine to machine, the computer proper consists basically of two types of
functignal elements: storage elements and logic circuits, While storage
elements retain information (number, instructions, signals, codes etc.) for
longer or shorter periods of time, logic circuits perform logic (or arithmetic)
operations, They are also referred to as decision circuits, switching circuits
or logical elements. The action of logic circuits can be described well by
symbolic logic. In turn, logic circuits may be considered to be electronic
implementations of Boolean algebra,

Boolean Algebra

3.2 Mathematical or Symbolic Logic is frequently referred to as Boolean
algebra in honour of George Boole, one of its early contributors. Though
the original work of amiving at a "general method in which all truths of
reason would be reduced to a’kind of calculation” was initiated by G. W.
Leibnitz, it was Boole who gave the world the form of logic now known as
Boolean Algebra. Before we embark upon the mechanics of the symbolic
logic, let us venture a few remarks on logic itself.

Introduction to Logic

3.3 Logic is the science of establishing the validity of thought of reason,
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statement A v B (Kapoor is happy or he 15 nch),:s false only tH)Oth "he is
happy" and “he is rich” are false, while the sta menL¥A A< Kapoar is.

happy and he is rich) is false if either of th2 elementsj ;ﬂ}se‘\~::2 ({;‘JC"

Al combinations of Truth Truth value for Statements
values for elements
A B AAB AvB
1 1 1 1
1 0 0 1
0 1 0 1
0 0 0 0

Fig. 4. Truth Table

3.7 The Boolean Analysis can be applied to a network of switches, If a
switch is open, it can be described as false, and true if it is closed. A
network is true if corrent fiows through it 1o the output hime. Therefore, two
switches A and B which operate in series such that there is current at the
output line C only if both switches are closed 1s described in Boolean terms
B AAB.

Logic Circuits

38 The circuitry of a is designed from combinations of rather
simple AND, OR, NOT AND, NOT, AND NOT OR logic modules. The
basic circuits are combined in complex groupings to perform the Switching
for computer operation Idgic. The simple logic circuits of AND, QR and
NOT are represented in Fig, 5. The AND gate (also called & pate, A gate and
AND block) can be thought of as an electronic element into which two (or
more) wires enter and one wire exits. The logic statement A A B (A and B)
is represented by the AND gate: e, for a pulse to come out on the exit
wire, pulses must be sent into the element on both inpuf wires. The truth
table for A A B presents the operating characteristics of the AND gate when
Vis used to represent a pulse, and 0 a non-pulse,

39 The OR gate (also called V pate, OR block and mixer) represents the
!ogxc statement A v B (A OR B). Like the AND gate it has two (or more)
Input wires and one output wire. However, the OR gate will allow an
output pulse if either or both of the mput lmes receive an electrical pulse.

The tnuth tahle A v R cracifise the nnar Ararterictics of the OO0 oata
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(b) hold (store) data and instructions,

(c) move the data and instructions internally,

(d) interpret and execute the commands of the instructions.
4.2 These internal operations are performed by the Central Processing Unit
(CPU) of the computer. The CPU consists of three sub-units-- the controf
unit, the Processing or Arithmetic unit and the storage unit. As explained
earlier, these three units plus the input and output devices form a simple
computer system.

Operation of a Central Processor

4.3 There is no mechanical movement i the CPU such as one finds in a
mechanical calculator or an adding machine. All operations are performed
electronically. The operations are directed by a programme of instructions
held in the storage or memory unit, in which the data to be operated upon is
also held. However, the storage unit is passive in that the data and instruc-
tions are merely held there. To be acted upon, the data and instructions must
be moved into the control and processing units. The information held in the
storage unit is represented by the polarity in one of two directions of sets of
cores or similar storage media. When data or mstructions are moved from
Storage to the processing or control unit, the information being moved is
Tepresented by the two electrical states: pulse and no pulse. While being
operated upon in the processing or control units, the data and instructions
are held in registers which are devices designed to accept electrical pulse
Tepresentations, temporarily hold the data, and then release it in the form of
electrical pulses when directed by control circuits. Computer operations such
as comparison, arithmetic etc., are performed by groups of Iogic (switching)
circuits. This suggests that much of the computer circuitry is for the
purpose of controlling and counting the movement of the electrical pulses.
The relationship between storage and CPU circuits is shown in Fig. 6. The
circuits of the control and arithmetic units perform two basic functions: (1)
control the flow of electrical pulses and (2) provide temporary bit storage.

trol Storage
Processing Control and . Unit
Logcal —
Circuits Electrical
Pulses
Registers

Fig. 6. Relationship B Storage and Regi
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"L me*'tﬁe foregowng, one 1s led to believe that for the successful
ll;'pf&zﬁuon of 2 CPU, one must have a facility to-
(a) control the mavement of pulses,
(b} store bit values for a short period of time, and '
{c) perform arithmetic

Control of Movement

45 1t tabes time for electrical pulses to reach the proper level for
representing a bit and ume for the pulse to travel through the computer.
Alse, operations m the computer must be performed tn an orderly, a0
tumed sequence. The control of timing is performed by the use of control
signals called clock pulses which are emitted from a central device catled the
Master clock. These tming signals are seat to all of the logical compongnts
10 keep them synchronized with each other, For example, let us assume 2
pulse A which must amrive at a point B at an exact time, By inserting ao
AND gate and a clock pulse, the pulse at A cannot pass until the clock
pulse 1s also received.

A » Synchronized
AND Output
Clock
Pulse o
Registers

4.6 One of the functional units used in a CPU is a register. These regisl:eﬁ
are used o receive, store and transfer information used by the processing
unit. A register 1< an assembly of listable circuits. It acts as a temporary
memory for the processing wait. There are several registers having dsfferent
fonctions These are--

(M A lator segister to results.

(b) Multiptier-divider register to hold the multipher for multipbcation

and divisor tor the quotient} for division
() Instruction register, to hold the instructon being executed.
(d) Address register, to hold the address of a storage Jocation or device
and

() Storage register to hold data taken from or being sent to storage.

Accumufator

4.7 While the majority of repisters mentioned above are complex 13 natre



Internal Operation of a Computer

the Accumulator is simply a device used for addition, The design of‘the‘
accumulator will depend on whether the computer uses a Binary or a Binary™
coded Decimal code or whether the arithmetic is to be serial (one digit at a
_ time) or paraliel ( all digits at once). The major difference between a serial

and parallel arithmetic is in the number of adder units required. Serial

addition uses only one 1-digit adder and adds all pairs simultaneously using a

different adder for each pair of digits. The serial accumulator is slower than

the parallel accumulator but requires Jess hardware.

Serial Parallel
10100 10100
10111
------ 10111
1 ———
10 00011  Sums
10
0 - Result of adding a 11 Carry
10 pair at a time [—
101011 101011 Final jum

Fig. 7. Serial and Parallel Addition

438 Having seen some of the components of a CPU, let us see as to how
the CPU (A and Regi in parti ) can assist in solving
simple problems.

5' Addressing and Instruction Format

What is an address ? .

5.1 The various storage devices (which we shall see in greater detail Jater)
are not'usable unless data stored can be retrieved when needed. In order to
accomplish this, each storage location (bit, byte or a combination of bytes
to form a word) is given an address which identifies it just as 2 house address
identifies a house. Each set of cores in a core storage unit has an address.
The address identifies the Jocation so that data may be stored there and data
50 stored may be retrieved, The address is, therefore, a code which identifies
the location for the computer circuitry. Each address refers to 2 set of storage
devices, but how large the set is and what can be stored there depends on the
word structure of the particular computer.

52 Letus consider a simple problem which the computer should be able to
do, and with its help study the various addressing schemes.
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Four-address Machines :

5.3 Any operation requires the following components:

(@) An instruction to indicate what to do.This could be in the
form of a numeric code (say 01 may mean ADD). This code
could also be symbolic in nature (1.e.) MPY for multiply.

(b) The operands (or their address) which are to be operated upon.

{c) Address of a location where the result is to be stored,

(d) Address of the instruction where the next instruction would be
found.

54 1Inuts simplest form, a four-address machine would be required. Here,
"ADD A, B, C, D" would mean "add the contents of A to the contents of B
and put the resulting sum in C. Find the next instruction in location D",
This type of instruction format was used in many of the early machines
where the programmer had to keep track of various addresses.

Three-address Machines

5.5 Inorder to overcome the necessity of stating the address where the nea.
mstruction would be found (viz., D in the above example) we could plage
instructions in successive cells excepting when a transfer (called Jump) is
required from the normal sequence. Thus, a 3-address machine would
perform the indicated binary or diadic operation (that is an operation on w0
operands) on the contents of locations X and Y and store the results in
location Z. The instruction would be somewhat like ADD X, Y, Z.

Two-address Machines

5.6 The three-address structure is not normally used for cost reasons. If we
were to programme an instruction of the type A = B+C+D+E, the three-
address code would be

ADDB,C A

ADDA,D, A

ADD AE, A

All but the first nstruction needed only two different addresses, but the
programmer had, to provide three. This is overcome in a nymadd.rf‘.ss
machine by providing two-address instructions. A two-address instruction
has the form . -

ADD A, B 3
Which means "ADD the contents of A to those of B and store the result in
A", The result could also be stored in B. It can be seen that the instruction
A = B+C+D+E could be easily written as

MOVE A, B .
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computer operation. While a computer which uses fixed time intervals to
determine when Yo nitiate the next operation 1s known as synchronaus , ar
asynchronous machine wmitiates the next operation when a signal from the
current operaton indicates a complesion, In both cases, exact timing is
necessary for proper operation. The basic timing interval 15 a pulse emitted
by electronic clock circuits. Pulse times range upto several million pulses
per second.

Cycles of Operation

62 A computer cycle can be divided into two parts--- the sastruction cycle
and the execution cycle.

@ The Instruction Cycle.

The sequence is as folfows:

@ An insteuction is obtained from a main storage
location and transfered to the central processor, The
instruction is composed of an operation code
specifying what is to be done and 2 code specifying
ine adress of the data or device to be operated vpon
(opesand).

(i)  The operatton code is transferred to an instruction
register and decoded. .

(i)  The address of the operand (if a storage address) is
transferred to an index register.

(v} The address of the next insmuction is determined,

®) Execution Cycle
] If the operand refers ta information stored in memory,
the information is obtained from storage and placed in
the storage register.
(i) The operation specified by the operation code is
performed, using appropeiate Tegisters,

7.  Summary

We have seen that characters are represented in binasy form intemally
in the computer and that we have the BCD code and the EBCDIC cof!c for
external usage. The Algebra as propounded by GEDRGI} BOOL’_E. inhis
paper "Laws of Thought" is very useful in computer logic and.andxfneuc

perations. The central p with its control unit, Arithmetic unit and
storage form the core of the computer,

-~
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Storage Devices and Software

1. Introduction

L1 One of the functional cc of a p system §s the
storage or memory, Memary is required so that instructions and data could
be preserved and recalled when destred. Memary is needed in many parts of
the computer system. The various types of memory are illustrated in Fig. 1.

Oft.line
Law speed
Starage

Input Processing { Contral {
Processing{ | Control
Storage Storage

Fig, 1 Types of Storage

12 The main memory, or primary storage, is the storage associzted with
the CPU. Magnetic core was used for memory in the earlier generations.
Most of the i y use semi-cond memory. dary or
auxiliary storage is Jess expensive for holding data and programmes. Data
and programmes to be used are read from secondary storage into primary

storage for processing. The processing and control ynits of the CPU have
ing storage. Angther

Secandary
Starage

Prmary

devices such as regi: for use as temporaty
type of storage in some computers is a control unit storage which contains
a for @ ing comp i ions, It is also

p P
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referred to as "Read-only storage”, "stored logic™ or "micro logic”. In this
discussion, let us confine our attention to the primary storage.

1.3 While we have primary storage to hold instructions and data, we must
be able to tell the computer as 1o what it should do As described earlier, a
computer is basically a moron which will do only what we tell it to do.

14 We found that the computer operates only with numbers and that too
binary ones. It is, therefore, necessary for us lo be able to communicate
with the computer in the L. it ds best, viz,, Binary. Such a
1 ge is called machune | The original programmers did exactly
that. Later, as technology advanced, it was found to be very time-consuming
and tiresome causing untold errors. Therefore, computer scientists developed
what are called symbolic languages. In such languages, a symbolic code,
MPY for multiplication, DVD for Divide etc., was used which could later
be converted to machine-language instructions and used. Today, we have
what are called high-level languages, as opposed to low-level ones of the
earlier era, which permit users to make use of ENGLISH-type commands
while instrucung l.he computer. These commands, however, would be
converted to before ion, These and other
programmes are described under the term software.,

1.5 Itis, therefore, proposed to describe the two facets of importance in the
computer operation under the following headings.

(a) Computer storage.
(b) Computer software,  *

2. Computer Storage

2.1 Primary storage, as mentioned earlier, consists of any device which
will retain business, scientific and related information placed in it either
temporarily or permanently until it is needed. It is also referred to as
"working memory” because putations and other p ing routines are
"worked" in it. Data stored outside the computer system are usually kept in
afile device. The external devices retaining such data are called file-storage
devices. Therefore, external storage is called File storage or File memory.

Characteristics of Primary Storage

2.2 While one may assume that any storage device capable of being stable
in two states should work as primary storage, there are certain characteristics
that distinguish the primary storage from secordary ones. Some of these
may be common with secondary storage but, by and large, they -
certain essential features. These are :

() Immediate access to data stored in memory: For the
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d
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and logic units to operate efficiently, the information stored in
working memory should be ditectly accessible high speed.
Reusability: 1t should be capable of erasing unwanted data and
storing new data m its place.

2

(¢) Permanent recording of data already in storage: The computer’s

primary storage unit should be designed {0 retain stored data intact
1n the event of electrical fatfure.
Automatic or self-checking abiliry: In order to verify the accuracy
of data represented in storage, a primary storage device should have
an avtomatic self-checking feature, called parity check, The com-
puter counts the number of bits of information in storage and
upon the destruction or loss of any single bit, signals an eror
indication on the console.
Durability:Unlike punched cands, which wear out 1n time, primary-
storage devices are built to Jast permanently in spite of the
constant storing and re-storing of data in them.

=

&

() Compact size: Because space is always at 3 premivm, 3 primary

storage device should be physically smalf, yet capable of storing a
large volume of data.

Types of Primary Storage

2.3 There are many two-state devices which can be used to represent binary
dugts for computer storage a5 indicated in Fig. 2. The popular ones among
them are:

{a) Magnetic core.
(b) Thin-film,

Devics To Represent 1 Yo Represent 0

1 Switch oy Refay

Closed
- Q Q '
Bistable Cireint

3
{Flrp-flag)
4 voltage pulss Puise .—.—-Nn Putss

5 Fomte Device
109) Core @'”""”" @ Poisraavon

Fig.2 ‘Types of Primary Starage
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() Plated-wire.
(@ Semiconductors.
(e) Holographic memories.

Magnetic Core Storage

24 Magnetic core devices are very popular and are used in most com-
mercial computers. They consist of a doughnut shaped ring of ferromagnetic
material measuring zbout 1716 inch on the outside diameter. Ferrd-denotes
the presence of iron, and magnetic indicates the ability of the material t© be
magnetized. A magnetic core can be magnetized quickly and is highly
retentive, Unless it is demagnetized, it is capable of retaining its magnetism
almost indefinitely.

2.5 Because of the importance of speed, cores are made very small, which
means faster ing and less magnetizing force required to change their
status. The izing force is g d by running a heavy current
through two wires, usually called X and Y, passing through the core as
shown m Fig. 3.

Y

Fig. 3 Magnetic Core wiu;
X and Y Wires

2.6 Some of the advantages of magnetic cores are:
(2) Dependability.
(%) Durability.
(©) High-speed access.
(d) Low-cost operation.
(€) Large capacity.
{f) Low heat dissipation.
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(g) Adaptation to word-oriented or character-oriented machines,

2.7 The magnetic core has only two definite states--the O state and the 1
state It can thus store 2 1 bit or a 0 bit of information, If values greater
than 1 are to be stored, then mose than one core is needed. Cares are armanged
in matrix strung on 2 screen of wires, forming a core plane, Each core has
an X and a ¥ wire running through it at right angles. It can be set o a 1
state by sending one-half the total required current through the X wire from
feft to right and the other half through the Y wire from top to botiom. The
core can be set to a O state by sending the flow of current through the X and
Y wares in the opposite directions. The polarity of the core in a specific
direction, then, is determuned by the direction and amount of current flowing
through the X and Y wires.

Reading a Magnetic Core

2.8 When a particular core is read, one-half of the total amount of necessary
amount is sent through each of the X and Y wires. In Fig. 4 one-half of the
current is sent through the X-wire and the other half through the Y-wire.
Only the core at the jntersection of the two wires receives the full current.
That particular core is said to be selected. All other cores strung on the. X-
wue are half-selected. They retain their status because each of them receives
only one-half of the current necessary ta magnetize them--that is, Y current

only.
Selectsd
i Care
# Current

1 § Cutrent

Fié. 4 Reading a Magnetic Core

Writing in a Magnetic Core

29 The process of writing data in a magnetic core is somewhat more
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complex. Writing in a core involves erther restoring the informatton
previously stored in it or replacing the data with new information. When
data is written in a core, one-half of the necessary current is sent through

each of the X and Y wires in exactly the opposite durection from that used in
a readout,

Thin-film Memory

210 Thin-film memory is produced by depositing very thin spots of
metallic alloy on a ceramic or metal plate. This spot performs in the same
manner as the core, except that only two wires are required. A typical thin-
film element consists of a rectangle about 0.025 by 0050 inches with a
thickness of about 1,000 angstroms (0.0000004 in.). This rectangle can be
thought of as a bar magnet Applying a current which causes the polarity to
Totate but not to flip induces a current which indicates whiether 2 1 or D was
stored (Fig. 5). After the sense field is remaved, the polanty is returned to
its prior state by a digit pulse which "steers" the polarity back to a 1 or 0
state,

211 An overlay of etched copper wires provides the circuilry necessary to
connect the individual elements with the circuits which read and write. The
magnetic properties of film elements allow much faster switching times
than can be achieved with cores,

Sense
Output
Pulse
. Write —» —> AAAA
Pulse - 7777
Rotation
mnduces
a Signal
Writing Reading

Fig. 5 Thin-film Memory

Tr_ﬁs provides faster memory cycle speeds, but the techuical difficulties of
thin films have, upto now, discouraged their use.

Plated-wire Memory

2.12 Plated-wire memory or woven-wire memory is a thin film which is
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t 15 d € sense Jine ina A
Insulated wires are Woven aCIoss the Plateq Wire jn 5 2 fashion Similar o
w.eaving cloth, The area Where the insulared Wires loop ar, around the Plated

ation (Fig 6).

Thin-fitm Coating

Useqd for 1 fe
Sense Line g,,%'aé’ ; for

Fig. ¢ Plaled-mre Memory
Semncunductor Memon
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which js reside in o, 1Y, the Programme s
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remainder is put 1nto secondary storage (such as magretic disc) One of the
trends in computer organization 1s to provide hardware and software which
agtomatically perform segmentation and the related task of bringing
programme and data segments from secondary storage into main memory
when needed. This allows the programmer to 1gnore main memory
finutations and act as if he had unlimited or virtual memory.

3. Computer Software
What is software ?

3.1 Software, in a general sense, means computer programmes, be they
operating systems, languages, utilities, or user applications. Looked at
another way, it is the tool with which applications are developed and
implemented. These tools may be provided by the vendor supplying the
equipment or by an independent vendar, or developed in-house.

3.2 For the purposes of our discussion, we will confine ourselves to a
general study of various programming 1 and theirch istics and
some operating systems.

Programming Languages

3.3 At the outset, let us try and define a programmung language. The ASA
(now USAST) standard "Vocabulary for Information Processing (AA 66 b)"
defines & Programmung language as"A Language used to prepare computer
programmes.” Another definition (by the Intemational Federation of
Information Processing) states that it is "A general term for a defined set of
symbols and rules or conventions goveming the manner and sequence in
w‘hich the symbols may be combinad into a ingful cc ication.”

Machine-language and Symbolic Language

3.4 We found in the chapter on "Internal Operation of a Computer” that a
computer basically operates on commands given in a sedes of 1s and 0s

called machine-1 The biggest disadvantage of the machi g
was that the insertion or deletion of a single mstruction (or piece of data
caused many--if not all-- of the adds in other i ions to be

incomrect. This situation could bs improved somewhat by a scheme of
Relative addressing or Regional addressing, in which the programme is
divided into sections, each of which starts in a fixed location. Addresses
. within each section are given relative to the starting location. The
desirability of using a symbolic code forced the development of symbohc
assembly languages. These languages were also called low-level languages.
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Some Drawbachs of Low-level Languages

3.5 The advent of symbolic languages was not enough to meet the demands
of progsammers, For one thing, programmers wanted to use other people's
code wherever 1t was appropriate. This could not always be done because of
differences in notation and Jack of an effective way to fink the pieces
together. One of the main motivations for using other people’s code was
that certan programmes were being written aver and over agamn, For
example, square roots and frigonometric routines were being written by the
dozens. In some cases, this protiferation was justifiable because one person
was interested in saving space and therefore wrote as short a sub-routine as
he could, while somebody else wanted to save as much time as possible.
He, therefore, removed loops even at the cost of wsing more storage
focations.

3.6 Programmers not only wanted the ability to use ather peaple's cade,
but wanted the ability of easily bringing together small sections of 2
programme also. There was also an increasing demand for being able to
wrste shorthands of various kinds,

Development of High-level Languages

3.7 All the above-mentioned drawbacks were tackled by various people in
different ways. The first sesious organssed effort, however, started with the
meeting sponsored by the office of US Naval Rescarch in May 1954. which
was called meeting on A ly, various
languages whose characteristics are descnbed below were developed

Characteristics of High-level Languages

3.8 In order that the high-level language may satisfy our requirements,
certain characteristics need to be fulfilled. These are--
(@) BMachine Code knowledgs not necessary ! A programming language
should not demand knowledge of machmc code. Also, the user

need not }enm about the reg] in the comp nor the
specific hard ions that are required to operate the
Lt AN and e B oo g Sax b 14 L <hln
un.
(b) Posensial for conversion (o other computers ;A high-level langu-~

age should possess some machine independence. In essence, these
must be a reasonable potential of running a source programme
wiittens in that language on two Or more computers.
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(¢} Instruction explosion : When a source Prgps FAmmEVmIen r?i?:_
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(d) Problem- oriented ion * A prc ing I must have
a notation which is somewhat closer to the specific problem being
solved than in normal machine code. It should permit a relatively
free format.To fall within the spint of the concept of problem-
oriented notation, a programming language must not require each
statement type or executable unit to be specifically identified or
flagged in a standard terminology or location,

Some Important High-level Languages

39, Higher level languages can be divided into two types--procedure-
oriented and problem-oriented, although the distinction is mot always
m:umamed and both types are often referred to as “problem-oriented
" or by the abbreviation POL. When used precisely, procedure-
oriented refers to a language with which the programmer describes the set of
procedures by which the problem 1s solved. With the problem-oriented
th uses the lang to describe the problem itself,
and the ccmpxler translates this description into suitable computation
procedures.
3.10 APOL I is designed for the Some of them are
suited for relatively untrained persons so that they could programme their
own problems: others are primarily for professional programmers. In both
cases, the p Writes pr with little or no awareness of the
specific equipment on which the problem will be run. The Ianguages, so far
as the programmer is concerned, should be machine-independent. This is not
completely true because what the programmer wishes to do may be
dependent on the availability of storage, /O units etc., but in general, the
concept is for machine-independent programming. The same POL pro-
gramme may, therefore, be compiled and run on different Computer systems

with little or no change in the progi A iler, written
especxally for each of the p is required. C pilers for the major

are usually furnished by the f as part of the software
support for the computer.

3.11 Some of the common high-leve! languages (though there are a number
of high-level languages in use today) are~
(a) FORTRAN
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(C) COBOL
(b) BASIC
d) PL/1

Fortran

3.12 FORTRAN (an acronym for FORmula TRANGslator), is the most
widely used procedure-oriented language. Almost every computer with
memory size sufficient to implement FORTRAN has done so. The orien-
tation of FORTRAN 1s towards problems which can be exp d in terms
of anthmetic procedures or mathematical formulae. It works well for
research and analytical problems in science, mathematics, and business. It is
snaple enough to be used by the non-professional programmer to pro-

his own probl 1 FORTRAN was developed by IBM in
1954 for use in IBM 704 machines.

Basic

3.13 BASIC (Beginner's All-purpose Symbolic Instruction Code) is a
language developed at Dartmouth College 1n 1965. This language was
designed with a view to providing a stepping-stone for students to learn one
of the more powerful languages such as FORTRAN. It 1s easy to learn and
18 especially useful in time-sharing. It 1s limited in capabilites and can be
used with ease by a non-professional, occasional programmer.

A sample BASIC program for computng the value of sumple
interest, given the Principal, Rate of interest and Tume Period

10 REM P=PRINCIPAL, R=RATE AND T=TIME PERIOD
20 INPUT P,R,T

30  LET I-P*R*T/100

40 PRINT "PRINCIPAL-"
50 PRINT "TIME PERIOD=
60 END

These are line bers. In some t these bers appear on the
screen of the Video Display Umt when the BASIC interpreter 15 called by
the Programmer. In some other machines, a command called AUTO fulfils

the same function.

RATE=";R;
\T; "INTEREST= "I

Cobol
3,14 COBOL (the Common 1 Qriented Lang is a lang
providing a dard method for expressi luti to business data

Note:- The reader may kindly refer to a book on BASIC. or the Manual on BASIC
supplied by computer vendors for further detarts.
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processing problems. A basic characteristic of these problems is the
existence of master files which are updated continuously or periodically.
Business-type problems also tend to involve large volumes of input and
output. COBOL was designed as an offshoot of a meetng convened in 1959
by the PENTAGON wherein manufacturers, users and universitics were
represented. The organisation of the COBOL programme is logical and,
therefore, the langi imposes some disciphine on the programmer,

P

PLN

315 PL/1 (Programming Language Version 1) is designed as a general-
putpose language, combining the major features of both COBOL and
FORTRAN and 1m.roducmg features not found in erther. The languagc has

facilives for the real-time prog| in addition to the tradi
commcmal and scxcnur ic pmgrammmg feateres. One of the difficulties
dina is the fact that many users do not

need the advanced fcalurcs and do not find it useful to be trained in their yse.
PL/1 handles this problem through a modular design and a default
interpretation of specifications. Modularity means that the language is
dividzd into modules or subsets for different applications and different levels
of complexity. A programmer using one subset need not even know about
the other modules,

APL

316 APL Jing for A P ing 1 was originally
developed by K.E.lverson in 1962 bul was found to be very complex in ns
original form. APL/360, a modified version of the original APL is
implemented pnmarily for time-sharing. Tts users are enthusiastic and this

y indicate a growing use, The language is oriented to formula t,pe
p and th petes with FORTRAN.

4.  How is a Programme Compiled ?

41  Though some elementary ideas on the development of various
languages have been stated, any problem to be solved in a computer would
normally undergo the following stages:

() System design:  Design the computer system spelling out
who would be the source and who the user based on the
famous "How come, where gone" principle of the acco-
untants. The format and frequency of both the input and out-
put would also be decided during this phase of activity,

()] Planning the programme : During the system design stage,
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the variou; j.obs would pe broken down intg programmes.
and, descnpuon Of the COmpygar TOCedures Tequired g, Pper-
form the s, i ep: d (A Pr -

p
l'ocesxmg Would pr
> InCide, Uy, is a s vence of tructiong telling
fer whay do), ram, S Usualfy
e mogy convemenl method of p. is d iptio,

() Coay, € progr, € prepary, ion ACliviy, Continyes With
the Coding of th gic dexcnbed the 1o, e -
dure~on Nted ments jp, language iNg used,
T Sually Written on 0ding Paper g, £ned for the
Particy; uch 5 Pprog, € is calleq -
Programm, e Source.p, € Statem, NS are

€Ypunch, Ched Cards S on ¢, SCreey
¢ line of cod, 0 3 carg on sc; Tesulting
ds the “Programm,, Of late,

of
Puncheq Cards seep, 0 be disappearing from ¢ Compyter
:(:ene.

[G)] Tran.rlan'on (as:embly or L‘umpl[a/ion} * The tranxlau'on
Phase begins With the loading of the franslago, Toutine of the
o A

i
Ompyler to puty 01y, The Toutine Teads the
Source p, Ogramm, s Mterprege their m ing, and
Produce, Objecy 8! on som, machme-readable

n e
Outpyy Mediym, Such a5 Puncheq cards, Magnetie tape or
Magneyie disc, 4 b‘sring of the Programma is Printed op the
Iine Printer o typewmer.

This Ilsu'ng ncludeg any error diagnosu'cs which the
Tanslator Toutine detects, € errors Which capn be detecteq
are Mainly textuay errors involving misyse of the Ianguage.
Iferrorg are foung, these must pe Correcteq and the transhation
Procesg Tepeateq,

(e) Debugging H Debugging is the Activity invoIving analysis of
the erors  jn Prog; % both of the SYnctacticay and the
logic Variety, The Programmer traces through the Jogic in
this Phase to See if the Programme does What it ¢ intendog o
do,

6] Dacum,gnhzlian ¢ This jg one aclyiy which s the mog; neg-
lected One, Docurnean'on Would jny, V€ writing down, i 4
logicay fashion, Ssentia] fa 'S s,
higher leveHanguages are found g be better than Iower-level
ones,
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Fig. 7 Stages in Programme Development

42 The entire activity outlined above is pictorially represented in Fig. 7.
While the user could write the programme and test it, we need an operator to
Operate the p and run the p This is one area where a
number of developments have taken place and let us see their impact on the

of installati
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ER Operating System

5.1  Since the advent of the computer era, users have had to share a
computer facility, with the result queues used to be formed for doing various
Jobs. When users were permitted access to the computer, only one user
could hope to tackle one problem at a time. It was also found that the user
would keep the facility engaged even when certain corrections were to be
made in his job processing. Wath the advent of multi-programming, where
many users could share the computer concurrently, 1t became imposstble for
the operator to keep track of the jobs, schedule them, account for them, ser-
vice them, etc.
52  Thus, operating systems came 1nto existence 10 overcome difficulties
of routine chores of the operators. Some of these are—-

@ Programme loading.

()] Interrupt handling.

©) Scheduling of input/output operations.

@ Operator communications.

(e) Job-to-job communications.

) Job accounting.

{&)  Job scheduling and management.

What is an Operating System ?

53  An operating system, also called a "supervisor”, "monitor” or
"executive”, is a set of routines wrtten to manage the running of the
computer. Operating systems range in complexity from simple systems
which manage only basic functions to very complex ones. In general, the
more sophisticated the computer system, the more complex the operating
system required to manage its use. The philosophy underlying the operating
system is that the computer should perform those operator tasks which it
can do faster and more accurately and that the computer should be kept
operating as continuously and effectively as possible.

Questions

‘What are the main types of storage ?

What are the characteristics of primary storage?

‘What are the types of primary storage ? Describe them.

Define a "Programming Language.”

What are low-level languages and what are their drawbacks ?

What are the characteristics of high-level languages?

Name some programming languages. 5

How is a programme compiled ? Explain with the help of a dizgram.
What is an operating system ? -

R N
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Planning Tools for Computer
Programnting

1. Introduction

1.1 Before we undertake Programme-writing for a computer, it is
necessary for us to define the problem. Computers, as described in Chapter
1, are nothing but systems which would do only those jobs which are
clearly spelt out. Accordingly, one finds that computers have heralded an era
of rational and precise thinking. No longer can the manager pride himself in
his ability to write copious notes out-classing his colleagues in production
of paper. The computer age demands brevity and clarity in problem
definition.
12 Since the computers have started assuming the yole of decision-
making tools, it is necessary for us to see as to how best we could exploit
them. Computer specialists have adopted the policy of first breaking down
any problem into a sequence of steps, and then coding such steps in a
Iznguage which the computer can understand.
1.3 While the specialists are comfortable with pretorial representation of
decision-making procedures, the Executive seems to be more comfortable
with a tabular form of representation.
14 In this section, it is proposed to discuss the various tools, available
10 a computer specialist and see if some of them could be used to assist the
Executive decision-maker meaningfully.
1.5 Itis proposed to analyse the tools under the following headings :

[¢)] Definition of a problém as a sequence of steps ~-use of

Algorithms.
()  Flowchartung techniques.
©" Dgcisian-’l‘ables. .

2. Definition of a Problem-Use of Algorithms

21  Before we embark upon a discussion of the various tools, it would
be appropriate to consider as to how best a problem could be defined. One of
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the toughest tasks confronting management in organizations since time
immemorial is how to 1denufy and define a problem. Once the problem is
identified in its proper persp , the various solutions to achieve the goal
(or aim) could be worked out. When various altematives present themselves
before an executive, he has to make a choice. And herein lies his ability to
isolate wheat from chaff. It is easier to define a mathematical problem than a
social science one. Having defined the problem, one tries to solve the same
using some procedure. Since the subject of decision-making using
quantitative techniques is beyond the scope of this discussion, let us see in
the first instance as to how we can evolve a few steps in solving a problem.
For ease of ion and comp ion, let us ider a simple

mathematcal problem.

Sieve of Eratosthenes

22 In ﬁns cnntext, u would be better to seek recourse to the solution

h d by E h a Greek matt ician 1 250
B.C. for extracﬂng prime numbers. A prime number, incidentally, is 2
positive integer, other than 1, that is exactly divisible only by itself and 1.
Suppose we are asked a problem “What are all the pnme numbers between 1
and some integer, say N*. We would go about answenng the problem by
following a set of procedures. Such an bii dure for
solving a pamculax problem in a finite number of steps xs called an
Algorithm. (This word owes its origin to an Afghan mathematician by
name Algoriwitz),

f

An Algorithm for the Sieve
23  The ithm for solving the problem stated above would proceed as

follows:
(a)  Write down all the integers in mumerical order from 2

1 AT o d aall it sl Danin Tier

®) ‘:: o

us call it M, then cross it off the basic list and every Mun

number thereafter.
©) IfMlslessthan VN, retum to (b); if M is 2 VN, add all the
d-out bers to the prime list and then

stop,
(d) 'The prime list so prepared is in fact the desired list of primes

less than N.
24 Letus see the valdity of the above algorithm by taking an example.

Suppose we wish to find out all the pnimes less than 30. We record numbers
as shown in Fig.1.
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2 3 4 5 6 7 8 9 10
1 12 13 14 15 1 17 18 19 20
2 2 23 24 25 26 27 28 29 30
Fig. 1. First Step in the Solution of the Problem
(Basic List

25  Next, we record 2 in the Prime List and cross out every even
number. Since 2 < V30, we record 3 and cross out 3, 6, 9, 12, etc. Since 3
< 30, we go back to the beginning of the basic list, place S on the prime
list, and cross out every fifth number. Since 5 < V30, we go back to the
beginning of the Bastc List and place 7 on the Prime List. Since 7 > V30,
we stop the procedure and write down all the uncrossed numbers also in the
Prime List. We thus find that 2, 3, 5, 7, 11, 13, 17, 19, 23 and 29 are the
prime numbers less than 30.

(Please refer to Fig. 2 for the solutton).

Basic List Prime List

2¥45475918 2,3,57, 11,13,
11 1713 141516 1718 19 20 17, 19, 23, 29
A 2n Mzszézzfzs 2 3

Fig. 2. Solution of the Problem Till M > ¥ 30.

26  From the above example, one finds that steps (b} and (c) were
repeated a number of times while solving the problem. Such problems,
where some steps are repetitive in nature are ideally suited for solution by
computer. A human being would get tired while doing repetitive tasks and
thus commut mistakes after a few repetitions, whereas the computer never
complains of mental fatigue.

3. Technique of Iteration

31 It is, therefore, appropnate to construct an algorithm, wherever
possible, by taking advantage of the repetitive steps if such steps could be
easily identified. In the example just discussed, one could repeat step 3 and
step 2 any number of times ull the solution was reached. In some other
applications, however, repetitive calculations are designed to obtain better
and better guided estimates of a desired result. Successive estimates of the
quantity are obtained bv substituting previous estimates in the same
procedure. Such a technique is called iteration. Very often, only the last
estimate of the quantity is used to obtain the next esttmate. The problem is
to find a valid procedure, choose an appropriate starting value and decide on
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to find a valid procedure, choose an appropriate starting value and decide on

when to stop the iteration, Though one may choose a procedure and a

starting value appropnate to the problem, stopping the iteration at a suitable

point of repetition poses a problem One of the methods used is to assume

that as the steration gets nearer and nearer to the true value, successive

estimates would differ by smaller and smaller amounts. One could prescribe

a small quantity and stop the iteration when successive estumates differ by

less than that quantity. We could also stop the procedure once we have done
a certain specified number of iterations.

Iteranon Procedure using Newton's Formula for Finding Square Root.

3.2  The above statements can best be illustrated by an example. Suppose
we wish to find the square root of 51, we must decide on a procedure first.
One of the methods for finding the square root is based on Newton's formula
wheremn the next estmate of the square root of a humber X (say Sp,q) iS
obtatned by using the formula

Snr1= ${Sy+X/Sp}
where Sz is the previous estimate

In the problem before us, we are aware that 7X7 is 49, and 8X8 is

64 Hence, a starting value of 7 for Sn seems appropriate. The error we wish
ta permit between two successive values is say 0 0001. Then

Sy= ¥ {Sq+S1/Sg} Where So=7

Step 1
Sy= H{7+51/7}

=} (747.2857)=14 285712-7.1429

Sy= § {S1451/S1} Where S1=7.1429
e} {7.1429451/7.1429}

1 (7.1429+7.1399)
1 X14.282847.1414

1 1 {7.141445177.1414)
= 1 (7.1414+7.0419)=7.1414
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In this example, we have been able to amive at two consecutive
estimates which are equal, the error bemng less than 0 0001. The reader
should not get away with an impression that all problems are as simple as
the one illustrated. In fact, the speed with which one arrives at a solution
depends to a large extent upon the value one 1s able to assign to the initial
estimate. Let us now see as to how the algorithm could be converted into a
diagrammatic form.

4.  Pictorial Representation~Flowcharts

4.1  When the algorithm has been chosen, 1t is conventent to represent
.the various steps 1 the form of a diagram, called Flowchart, before enco-
ding the steps in a language which the computer would understand.
Flowcharts are widely used because they combine the precision and conti-
nuity of an ordimnary algorithm with the visual aid mherent m a diagram.
What is more, they highlight the dead-ends, unforeseen alternatives, and
special subsections of the algorithms that are susceptible to errors.

42 A flowchart, in fine, is a graphic representation of the operations,
and decision logic, and the order in which they are to be handled. In effect, it
is a detailed outline giving the sequent:al steps which must be performed by
the computer for the accurate processing of busmess data. As a graphic

reg ion, the flowchart ent o on b one person
and another, aids the p pecialist in visuali the seq of the
necessary operations, and acts as a guide for coding lhe symbolic or
prbcedure-oriented 1 (whtch it contains) into hi The

flowchart also becomes a part of programme documentation when the pro-
gramme is "debugged”, thus serving as a primaty source for future reference.
A programme flowchart, thus, is 2 means of outlining a given problem.

Types of Flowcharts

43 Flowcharts can range from general ones to detailed ones showing the
logic of the individual programme steps In the analysis which precedes the
coding of programme steps, two types of flowcharts may be prepared (viz.)
the system flowchart and the programme flowchart. The system flowchart
shows the flow of data through all parts of a data processing system. The
exphasis is on how data processing is to be accomplished (i.e.) how source
media can be converted to output media. The programme flowchart, on the
other hand, shows the operations and decisions 10 be followed by the
computer in a particular programme. The emphasis is on the programme
logic and processing sequence. The same set of flowchart symbols can be
used for both types of flowcharts. Programme flowcharts can be further
subdivided into macroflowcharts and microflowcharts, - -
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Flowcharting Symbols

44 One could always make his own symbols for flowcharting, but this is
neither 'y nor desirable. The computer industry has agreed on a stan-
dard set of symbols, and these should be used. These symbals have been in

gereral use since 1967. A list of flowcharting symbols Is shown in Fig. 3.

-y I

TYerminal Input/Output Processing Flow
Directian
Annotation Punched Card Magnetic Punched Tape
Tape
Docurment Manual Oisplay Caennector

nput

Decision Commumication On-hine Oif-tine

Link Storage Storage

Fig. 3. Some Common Flowcharting Symbols

Let us ilfustrate the uise of various Symbols with the help of an
example.
45 Supposs we wish to read a set of employee records of 2n
organisati intained on ic disk, Each record consists of details
ke employee number, date of birth, date of entry in the Drganisation, $ex
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(lemale and 2-female), mantal status, number of children, basic pay etc.
Let ys suppose that the organisation wishes to give a nominal bonus of Rs,
10/~ per month, as part of a family-planning programme to the employees
who fulfil the following criteria:

(@ Must have served the organisation for more than § years.
() Must be older than 25 years

©)  Mustbe a mate. -
(d)  Must have less than 3 children.

(¢)  Basic pay must not be more than Rs. 600/

We are required to draw a detailed flowchart for a programme to
compute bonus for eligible employees and print the total bonus required to
be paid. The f) t for this prog! would run somewhat as shown
in Fig. 4,

46 Some of the symbols which we have used in Fig4 are :

(@) Terminal

() InpuyOutput symbol.
(€} Process symbol.

(d)  Annotation symbol.
(¢)  Decision symbol.

() Connector symbol.

47 Letus see the meanings of the various symbols mentioned above i
8reater detail-

(@)  Terminal: Nommally denotes the begmning and end of a
programme. Each flowchart s hould normally begin with the
terminal symbol at the upper left comer of the flowchart
sheet.

() InputtOutput symbol  Stands for an instruction to either an
input or an oytput device. The input device transfers data to
the computer for processing. The output device, on the other
hand, prepares the result of the processed information to the
user. In this example, reading a card is an input operation
while printing the totals is an output operation.

() Process symbol denotes an operation involved in the actual
processing of data It is used i manipulating data and in per-
forming arithmetic opertions within the computer. In this ex-
ample, addstion, sub etc.,areprocess operations, Since
these operations are carried out in the central processor, the
process symbol is also called the "stored programme symbol.
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represems the "thinking” part of a computer and relates to
algebraic notations used to test a given relationship.

[ Connector symbol 15 a non-processing symbol used to
connect one part of a flowchart to another without drawing
flowlines, It denotes an entry from, or exit to, another part
of the flowchart. When used, 1t conserves space by keeping
related blocks near one another, reduces the number of
flowlines in complex programmes, and eliminates cross-over
from taking place.

Cross-referencing

48  After a flowchart is drawn, 1t is customary to give each block a
number based ou its sequence in the flowchart, This optional step, called
cross-referencing, can be used later as a statement number in the coding
phase of the programme preparation, The increment between any two blocks
in the main programme should be constant and sufficient for labelling
secondary insuuctions. .

Hints to Flowcharting

49  Some useful hints found helpful in constructing 2 programme
flowchart are as follows :

[&)] The flowchart should flow from top to bottom and from left
to right.

{®) - The language used in describing each of the steps in the
flowchart should be normal English, and not machine-
language. Such an approach enables other people to
undexsmnd the steps better.

{©) In should be used to mini-
smise the crossing of flowlines.

()  Intersecting lines should be avoided as much as possible.

@) The flowchart should be legible, and must use a standard
template so that the diagram will look neater and more
presentable than a hand-drawn flowchart.

Some Drawbacks

410  Flowcharting is time- ing, and, in cases il

ing complex
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programmes, calls for 2 number of revisions. These factors, and the tight

hedule imposed on the p give rise to shoddy flowcharts. When
the flowchart 55 messy, or, when it is altopether done away with, one finds
it difficult to code or debug the programme, Another drawback is due to lack
of astandatd method of construction. During the preparation of a programme
flowchart, a programmer often finds himself under a strain, wath a fong st
of 1deas and data, most of which are directly inter-related. Al these factors
contribute towards the flawchart not fulfilling its role. Flowcharting tends
to become both problem and comp tented, particularly if, flowch
are written after the programme has been run, which unfortunately is often
the case. Documentation should, instead, reflect decision pattems—the why,
rather than the how.

5. Decision Tables

St Whie flowcharts are useful in helping the computer specialist {0

P the problem pictorially, decision tables are graphic displays that
filt the communication gap between the operating manager and the computer
specialist. They also document the information needs of operating manage-
ment'in a form directly ssable by the specialist. They may be used in place
of, or along with, flowcharts and block diagrams. A decision table
(sometumes referred to as decinion logic table) i also an effective tabular
approach used sn (a) planning programmes (b) showing cavse-effect
relationships, and (c) handling situations that involve complex decision
Togic. Tt presents the original conditions and the course of action to be taken
if the condiuons are met.

Structure of g Decision Table

$2 A decssion wble consists of four basic sections., A horizontal line
tivides the decision table into tmo major sections (viz.) conditions and
scuons The condidions may be thought of as o siatements, wt}ila the
acuons may be thought OF 3s then statements. A vertical line divides the
table into two other major sections and the left side is called the siub while
the right side is called the entry. The stwb portion describes and names the
condittons and actions 1 which we are interested and the entry portion
specifies the'logical relationships. ™
$3  Hotizoatal Jevels, called rows, run across the entire table. To 2id in
identifying them, they may be assigned letters oc aumbers. The entry por-
tion {s sub-divided by vertical lines to form columns, called {ylz). which
may 2130 be assipned identifying numbers. On top of the rondition stubisa
specis! row called the Tade Healer. The fast row, of the t:.b}c: s used for
any rerurks Fig. § denotes the four bxsic sections of 3 Dechtion Table.
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Table Header
Stub Entry
CONDITIONS
ACTIONS
Stub Entry
Remarks

Fig. 5 The Basic Sections of a Decision Table .

Rules

54 The condition stub lists all conditions whxch are penmem to a given
. problem and the ition entry allp of the

specified set of conditions which we must consider. The action-stub lists all
Ppossible actions which might be taken, while the action entry specifies
which action we must take. The particular action we take in response to a
particular combination of conditions forms a rule. The conditions and
actions are linked in the rules,

Types of Decision Tables

\
5.5  Decision tables are generally classified by the information recorded
in the entries. They are basically of three types ~ limited-entry or mixed-
entry,

Limited-entry Tables

I3 Thaca men cinm coddalis nad nnd sha's amncmaal cap fege 28 410

-



7 Computers for Beginners

blank. The condition stub must be written so that it is either tue or false
and the action stub must completely describe the action to be taken, Fig. 6
is a typical example of a limited-entry table.

57  The problem is to ascentan whether the request by a customer for’
loan could be granted or not. In this case, the statements in the condition
stub are written in 2 question form requiring either a yes or no response.
The response ta each statement is wrilten in the condition entry. Likewise,
the action is written in a narrative form in the action stub, with "X" in the
action entry responding (o each "Y” in the condition entry. Being limited to
a Yes or No altesnative as is the case in binary Jogic, limited-entry tables are
ideally swited for computer-oriented applications,

Bank Loan Table 1 2 3 4
Credit recard excelfent? Y N N N
IF Monthly salary over Rs.150(v-7 Y N N
Assets worth Rs.30000/-7 Y N
Approve Joan for 10000 X
Approve loan for 3000 X
THEN Approve loan for 5000 X,
Reject request X

Fig. 6. Limited-entry Decision Table
Extended-entry Tables

58 In this case, the statements written in the stub section are extended
into the entry section. The condmun stub identifies the elements to be
tested, while the condition entry describes those el or defines the
value in absolute or relative form. Similady, the action stub states the
action. Fig. 7 depicts an extended-entry table for the one provided in Fig, 6.
Bank Loan Table

Credit Record Excellent Good Fair Poor

Monthly income = Rs.1500/- < Rs.1500/-<Rs.1500/-
Assets = Rs. 30000/~ < Rs. 30000
DECISION

P. Approve loan for 10000 P Q R S
Q. Approve loan for 8000

R. Approve loan for 5000

S. Reject request

Fig. 7. Extended.entry Decision Table
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This type offers the advantage of reducing the number of items listed 1n the

~condition and action stubs, while essentially providing the same
information. Extended-entry tables resemble convennonal data tables and are
wdeally suited to problems that have few vaniables, with each variable having
many values,

Mixed-entry Tables

59  Asits name implies, a muxed-entry table is a combination of a few
rows with extended entries and a few other rows with limited entnes. While
the rows may be mixed, each row in itself must be either entirely extended
or entirely limited. In Fig. 8, while rows 2 and 3 have an extended-entry
format, the remaining rows have a himited-entry format. Conversion from
either extended — entry or mixed-entry 1s done by writing the value of each
element as an independent condition or action and assigning 'Y's, 'N's or
'X's wherever applicable,

Bank Loan Table 1 2 3 4
Credit Record Excellent ? Y N N N
Monthly income ? 21500 <1500 <1500
Assets 7 230000 <30000
Approve loan for 10000 X

Approve loan for 8000 X N

Approve loan for 5000 X ,
Reject request X

Fig. 8  Mixed-entry Tables

A Comparison .

510 Inthe Limited-entry table, the status of each condition is either true
or false, and each action is either applied or not applied, thus making it
more precise than either the extended-entry or the mixed-entry table. This
table .also facilitates logical analysis and development of clerical or
computer procedures. The extended-entry table is best suited for problem
391\'ing, and offers the possibility of having two or more responses to a
given condition.

Advantages of Decision Rules

511 Decision tables are of some use to everyone - Programmers,
Analysts, Supervisors and Managers. As a documentation tool, they provide
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a more concise and simpler form of data analysis than either the narrative or
the flowchart form They can be effective tools for extracting details perti-_
nent to 2 given problem and then for formulating questions. Unlike flow-
charts yvhich are developed around the programmer's logical thinking, and,
are arbitranty made simple or complex, decision tables bind the person prepa-
ring them 10 be concise and, to consider all sorts of conditions, When
completed, they serve as an easy-to-follow communication device between
technicat and non-wechnical personnel, They are verbally-oriented for

and logically prep for p and analysts. Further-
more, they are easy 10 Jearn and update They continue 10 function, once the
logic s developed \

_ Decision Tables-to-computers

512 Decision Tables may be convemently coded into computer
programmes Hence, many computer manufacturers provide some software
o convert standard decision tables to p Notable among these are
DETAB/65, DETRAN (DECISION TRANSLATOR) and so on, which help
the uses to state the problem in a pre-determined format. Further, after
incorporation in a high-level language and compilation, they provide a

ingful Thus, the dane clerical chores in programme

writing can be avoided.
Questions

L What is an algorithm ?

2. Describe an algorithm for the “Sieve of
‘Eratosthenes. "

What is iteration ?

Using Newton's formula, find the square root of~
(a) 49

® 63

© N

3. What are flowcharts ? What is the flowchart symbol for ~
@) Decision Stage,

{t)  Printing Stage.

()  Communication Link,

What are the flowcharting conventioas ?

What is a Decision Table 2 How does it

compare with & Flowchart ?

What is the structure of a Decision Table 7

What are the types of decision table 7 How do the different
types compare with each other 7

e

we Mo



GLOSSARY AND THE EMERGING SCENE

_ Since a few terms have been brought mnto common usage m the
fecent past, a limited glossary of a few of these terms is given below.
Incidentally, some terms have already been defined in the earlter chapters.

A small note on the emerging scene is also enclosed. -

"On-line"
When el i p were designed inttially, most of the data
receiyed from places outside the computer room had to be brought
physically, In other words, the develop of data ications had not

teached any meaningful stage during the era of the First and Second
gesteration computers. Thus, most of the devices (such as data preparation
davices) were "off-line".

With the advent of reliable data communications, data could be
transferred from one place to another by means of telephone and telegraph
channels, Thus, many of the devices (particularly terminals) could be located
far away from a computer and connected to it for interaction "On-line". Air-

e and railway reservations are "On-line".

"On-line" refers to physical connection only, One can say with a
Teasonable degres of confidence that the "On-line” connections blossomed
with the advent of 3rd generation of computers.

"Real-time"

While "On-line" refers to physical connection alone, "real-time”
refers to the facility provided which enables a user or 2 machine to access
the computer, verify whether the cperation is proceeding smoothly against
Pre-determined standards and then make corrections (if needed) in as short a
time as possible, For example, let us imagine the status of a space vehicle,
The path to be followed by the space vehicle is stored in it. The actual path
traced by the space vehicle would be transmitted to the computer of the
8round control station periodically. The computer at the ground control
Station will then compare the pre-determined path with the acteal path and
8lve comections to the space vehicle in a split second s it were. This
Pprocess Is called "real-time”.

.
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“On-line” is a term normally meant to distinguish "off-line” for
connection, update and query retrieval. "Real-time" on the other hand
signifies control. While "real-time™ comrections can be effected only if the
concerned device is "on-line”, "on-line” queries at the airlines reservation’
counter or the railways reservation counter need not be "real-time™.

"Maxi-Ci s","Midi-Computers” and "Mini-Computers"

When the electronic computers were originally designed in the
Forties, the then designers could not visualize the exciting growth potentials
of miniature devices. Either because of this fact or due to others, languages
used with computers also remained at the primitive level. One used machine
language, symbolic language etc. In addition, the number of bits (binary
dhguts) which were transferred from one device to another (or from one device
to the Central Processor or vice versa) happened 1o be in groups of 4, 8 etc.

The concept of "words” emerged with the machines made by the
Digital Equipment Corporation (DEC), USA; Intemnational Computers
Limited (ICL); UK; Honeywell Corporation, USA etc. While DEC
machines used a group of 36 bits, ICL used a group of 24 bits and
Honeywell used a group of 48 bits for transferring them from one device to
another,

With the advent of semi-conductor memories and better circuit
design, machines with 8-bit groups for transfer of data and instructions also
emerged. At about the same time (late Sixties and early Seventies) 16-bit
machines also came on the scene.

One did not know how to distinguish the various types. Herein came
the model of skirts worn by girls t  the rescue of computer designers and
manufacturers, Just as "maxi”, "midi” and "mini® skirts indicate the length
of skirts worn by girls, the same terms were used to indicate computers with
different word lengths, TDC-316 made by the Electronics Corporation of
India Limited (ECIL), Hyderabad could be considered to be a midt.

.

Unfortunately, the sanctity of these terms has been eroded due to the
advent of micro-processors, which now are able to clam a large word
length, In addition to the length of the word dictating the nomenclature ofa
computer, it (the length) also determunes the largest number (mainly of the
address of a location) that the word can accommodate. .

An 8-bit machine can store 2n address upto a number 255 (= 28 -1)
while a 16-bit machine can store a number upto 65375 (=216.1).
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"Maxi” computers can also accommodate larger number of peripheral
devices "on-line" at the same time as compared to "Mini" computers.

The cost of "Maxt" computers is higher than the "Mini" computers
for a number of reasons explained above.

"Super" Computers

"Super” is a utle given to very large compusers which have the
following charactenstics:-

@) A large internal memory-say-12 Mega Bytes (a byte 15 2
group of § bits) and above

) A very fast cycle time, switching time etc. In fact, the speed
is ndicated in the form of Million Instructions Per Second
(MIPS) — say m the range of 500 MIPS and above. The
other form of speed representatton is Millions of Floating
Point operauons Per Second say (FLOPS). 100 Mega

FLOPS and higher are some indications for qualfying as
“Super" computers.

(¢)  An ablity to handle a large number of peripheral devices and
terminals without any consequent reduction in speed of
access of the "Super”,

@ Front - End Processors (FEPs) to handle telecommunication
(Data communication) chores with distant/remote terminals,

&) Back-End Processors (BEPs) to handle access to, and retrieval
of, data stored in secondary storage devices as magnetic disks,
drums etc.

Micro-processors

Micro-processors are also computers but they mainly make use of
semi-conductor memories. The advantage of a semi-conductor is that the
speed of switching from one stable state (say 1) to another (say 0) is much
higher than that found with magnetic core memories.

Personal Computers (PCs)

Sometime in the late Seventies and early Eighties, small
manufacturers in U.S.A. introduced the concept of Personal Computers for
helping users to store datx relevant to them. Data such as train timings,
Income-tax del:uls. property dcmls, simple tabulations, standard letters,
smalt and dard formulae, ion dataits
such as cun'tncy. units of measure etc. were needed to be made available on
tap, as it were, to various people.
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tl‘hc emergence of cheap ICs (Intergrated Chips) and Large Seale
Integration (LSI) Chips proved to be a boon for the growth of P.Css.

In addition to the increasing economy and sophistication of
electronic circuitry, one also found that one could connect the computing
device to the standard home TV screen and use it as a video display unit. All
one needed was a standard cassette tape recorder and a pringer (if a print-out
wis needed).

Manufacturers like APPLE, COMMODORE, SINCLAIR etc.
enlgrcd the PC market and thus the PC became very easily and cheaply
available by the mid-eighties.

The International Business Machines (IBM) wrested the initiative of
small manafactures and introduced its IBM-PC, The IBM-PC and its other
improved versions such as IBM-PC/XT etc, have become the industry
standard today, what with a large number of software programmes made
available worldwide by various IBM user groups. These software
programmes and languages have forced most of the other manufacturers of
PCs to claim that their hine is IBM-PC compatible or IBM-PC/XT
compatible,

Where are we now ?

Today, ong is not able to very clearly demarcate the line between a
"maxt”, "midi" or "mini” with as much confidence as one would like to
possess. In fact, many micro-processors are 16-bit or 32-bit machines.

May be the only direction in which one is heading , is towards the

Fifth Generation which would, hopefully, emerge at least with the dawn of

the 1990s. These Fifth Generation types may not be computers in the

strictest sense of the term but may be "Intelligent machines” trying t0

1 from one lang to another, recognize human voice,
read handwritten statements etc.

One thing is certain, however, In this era, one should not ask if he
should buy a computer (they are available in plenty in various sizes and
shapes and to suit almost every pocker) but should ask himself as to what
he would do with the computer !



Addresses of some suppliers of
Microprocessors and PCs.

Blue Star Ltd.

Computer Systems Deptt.
Bhandhari House

91 Nehru Place

New Deltu-110 019

CMC L.

Jeevan Vihar

3 Sansad Marg
New Delhi-110 001

Chowgule Industries
Chowgule House
Mormagao Harbour
Goa-403 803

DCM Data Products
2nd Floor

8E Rani Jhansi Road
New Delhi-110 055

Electronic Corporation India Ltd.
Computer Division

2nd Floor, Gopala Tower

25 Rajindra Palace

New Delhi-110 008

Eiko Sales Pvt. Lid.

102/1 Residency Road
Bungatore-560 025

ESPL,

A152 Safdarjung Enclave,
New Dethi- 110029

Hinditron Computer Pvt, Ltd.
204-206 Hemkunt Tower
98 Nehru Place, New Delhi-110 019
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Hindusm.n Compurer Ld,
RM 513, AS7 Nehry Place
New Delhi-119 019

Inremauonal Data Mnnagement
4 Nehry Houge,
Bahadyr Shah Zaffar Marg,
New Dejy;_; 10 002

Imemalwnal Compyter Indian Manufactures Lid,
Jeevan Tara Buuding

S Sansad M

P.O Box 76

New Delhi-119 001

Indchem Electronscg Lid,
Data Deviceg Duvision
Sudarshan Gardeng

102 Velachery Road, Gumdy
Madras-GOO 032

Keltron

2nd Floor, Hemkyp Tower
98 Nehry Place

New Delh-119 019

Minicom Pyt Lg,
D.11 Everesl. Tardeg
Bombay—400 034

NELCO, 5, Floor

Deen Dayal Upadhyay Building
7E Ran Jhansi Roaq

New Delhi-110 055

Operations Researcp Group
asant Lok

Vasant Vihae
New Delhi-119 057

oMc Computer L, sth Floor,
Chenoy Trade Centre, 116 Park Lane
Sccunderabad. 500 003 Andhra Pradegp,
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PAC Systems

914 Chiranjiv Tower
43 Nehru Place

New Delhi-110 019

PSI Data Systems Ltd.
C-11 SDA Shopping Centre
Opp. IIT Main Gate

New Delhi-110 016

‘Tata Burroughs Lid,
Manish Commereial Centre
216A, Dr. A.B. Road
Worli, Bombay-400 025

Uptron India Ltd.
D-6 South Extension - IT
New Delhi-110 049

USHA Microprocessors
105 Chiranjiv Tower
43 Nehru Place

New Delhi-110 019

Wipro Information Technotogy Lid.
55 Basant Lok

Vasant Vihar

New Delhi-110 057

Zenith Computer Ltd,
Zenith House  »

35 PusaRoad

New Delhi-110 005
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