MEGHNAD SAHA MEMORIAL LECTURE, 1969

COMPUTERS: A GREAT REVOLUTION IN SCIENTIFIC
RESEARCH

by C. RappakrisaNA Rao, F.N.I, F.R.8. * Indian Statistical Institute,
Calcutta 35

(Delivered 3 January 1970)

1. INTRODUCTION

It is indeed & great honour to be called upon to deliver the Meghnad Saha
Memorial Lecture. Dr. Saha belonged to the pasv generation of great scientists
who laid the foundation of scientific research in India. They have demon-
strated to the world that the Indian mind can break away from its traditional
preoccupation with mathematics and metaphysics and orient itself to scientific
discipline. However, Indian contribution to science remained only as
sporadic flashes of brilliance by very few individuals rather than an organized
effort directed towards systematic creation and utilization of knowledge.
What is wrong with Indian Science? This question has been raised and
discussed from time to time, but there does not seem to be an easy remedy
in the absence of tradition of scientific research in India. As a nation we are
gradually falling further and further behind the quickening pace of world
science. What should we do to pull ourselves up and get closer to the ad-
vanced countries? This is a wider question which I shall not attempt to
answer. But on this occasion of perpetuating the memory of a great scientist
we should at least remind ourselves of our responsibility to promote scientific
research in India and to utilize the advances in science and technology for the
benefit of mankind.

I have chosen to talk about the computer and the great revolution it has
brought about in scientific research although I am aware that there is no
immediate prospect of reaping the benefits of this revolution in our country.
1t is, indeed, extremely unfortunate that for some reason or other no university
or a research institute (with perhaps one exception) in India has any big-
sized computer for research work., Future progress in science and technology
is to a large extent linked with computing power available in a country. The
lack of good computers in India might aggravate the already deteriorating
situation and throw us completely out of the scientific world.

* Present address: Planning Unit, 502 Yojana Bhavan, Parliament Street, New Delhi 1.
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It is now common knowledge that the computer played a key role in the
spectacular achievement of the century, landing man on the moon. Tt is the
computer that made the decisions and guided the spacecraft in its historical
flight, did the housekeeping inside the craft and enabled the astronauts to do
the tasks assigned to them, and brought them back safely to earth. The
guidance of a spacecraft needs split second decisions based on continuous
collection and analysis of data for which the human senses and brain are far
too slow. Space travel would not have been possible within the short time
in which it was achieved without the development of computers to perform
these critical functions with amazing speed and reliability.*

How can we utilize these special features of a computer—automatic data
acquisition, speed of computation, 1eal-time data analysis, decision making
and automatic transmission of instructions to a given system for appropriate
action—in scientific research? Some wider questions also arise. Does the
role of a computer end in helping scientists in routine operations or can it
think and produce creative ideas leading to significant advances in scientific
knowledge ! Equally relevant questions arise about the future of a scientist.
What effective role can he play in research with a computer as an assistant,
collaborator or, perhaps, a competitor ! Does dependence on computers for
relieving the brain from all routine work have any adverse effect on our own
intellect and thinking processes, or does it provide additional stimulus for
higher accomplishments ? We shall examine some of these questions.

2. WuaAT 18 A CoMPUTER ?
Parts of a computer and their functions

The main parts of a computer are CONTROL, MEMORY (Or STORAGE) and
ARITHMETIC and LoGic and the peripheral equipments are INPUT and oUTPUT
which constitute the normal channels of communication with the computer
(Rao 1969).

Data and instructions for their analysis are fed into the computer
through the ixpUT and stored in the mEmory. The CONTROL carries out the
instructions one after the other using the awrramMETIC and Locic unit for
computations and storing intermediate results in the memory. The end
results are received from the ovrpuT. The various devices for communication
with the computer are shown in Chart 1.

Information is usually transmitted to the computer in a properly coded
form. The codes can be punched on cards or recorded on magnetic tape or

* The London Economist (dated 18 October 1969) attributes the superiority of "Americans
in space to their success in building ‘giant information processing centres that handled all the
incoming data from spacecraft and used it both to control them during the flight and to guide
the engineers in future design’ and the powerful ‘microminiaturized computers and data pro-
cessors’ that could be carried in the limited ‘disposable pay load’ of the Apollo spacecraft.

1B
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disc from which the computer can read. They can also be directly transmitted
by a teletypewriter. The computer can accept electric signals, such as those
received from radar, satellites, etc., for processing. Output can be received
in similar forms; in addition we can have a printed copy in a decoded form
ready for use. One of the latest devices is a Sketch Pad on which diagrams
can be drawn by using an Electric Pen, which the computer interprets. Thus
diagrams and sketches can be put into the computer for processing without
the time-consuming process of reducing them manually to numerical co-
ordinates. Similarly we can have a visual display of output in the form of
charts and graphs on a cathode ray tube.
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CrarT 1. Input and output devices.

In future there is the possibility of communicating with the computer
through printed, typewritten or handwritten matter (character recognition),
or even through spoken word (speech recoguition).

Speeds of computers

How are fast speeds achieved in computations by the computer? A desk
calculator simply repeats the steps we do in arithmetical calculations
mechanically with the aid of handles, teeth and gears. The computer uses
electronic rather than-mechanical devices, and the time taken for completion
of an operation is the time of transmission of an electric impulse from one
part of the machine to another. ,
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Table 1 contains a summary of the highest and lowest speed ranges of
general purpose computer systems currently available for use. We observe
that the channels of communication are several times slower than the core
computer which carries out the arithmetical and logical operations.

TasLE 1
Ranges of speeds of commercial computers:* The following is a summary of the highest
speed range and the lowest speed range of general purpose computer systems (including
peripheral equipment) available commercially

High Low

Type of operation Speed unit speed range  speed range ©

CURRENT COMPUTER SPEEDS—INTERNAL

Addition number per second 2,000,000 15,000
Multiplication . 670,000 1,300
Average instruetion execution . 1,330,000 15,000

Access to fast memory v 8,000,000 80,000

CURRENT COMPUTER SPEEDS—EXTERNAL

Paper tape: (a) Read in characters per second 2,000 10
() Punch out » 240 10

Punch cards: (a) Read in cards per minute 2,000 10
(#) Punch out - 400 33

Line printer lines per minute 1,600 65
Magnetic tape: Read or write characters per second 144,000 10
Optical character reading s 1,600 10
Magnetic ink character reading » 3,000 600

* Source: Computers and Automation, June 1968.

To get an idea of the kinds of speed we are talking about we shall consider
some examples. A large computer could multiply every number in London
telephone directories by the one that follows and find their total, all within
two seconds. A medium computer can ‘read’ the whole of War and Peace in
30 seconds (assuming that it is stored on a magnetic tape), whereas with the

human speed of reading 3,000 characters per minute it would take about
150,000 seconds.

Software or compuler programming -

As mentioned earlier, the data and the complete sequence of operations
to be performed on them have to be transmitted to the computer using suit-
able codes (language) for the basic instructions. which the computer can carry
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out automatically by means of the built-in circuitary. The number and the
type- of basic instructions generally vary from computer to computer. A
decade ago, this process known as programming used to be difficult as the
user needed to have some knowledge of mathematics and required considerable
training in manipulating computer-specific languages. A scientist had to
queue up at a computing cenire looking for an obliging programmer and
waiting for his turn to have access to the machine unaware of what exactly it
could do for him. o

This situation is considerably changed now. Machine independent pro-
gramming languages like FORTRAN, COBOL and ALGOL are developed by which
a scientist can communicate with computer in nearly spoken language.
Programmes written for use in one installation can be used anywhere else
without modification. Very little training is necessary to learn and use these
programming languages,

The problem of access to the computer is solved by what is known as time
sharing system. A central computer is connected with a number of Terminals'
located in the offices and laboratories of the users. What is needed at each
location is a teletypewriter that enables the user to enter his message directly
into the computer’s input and to receive its replies. A large computer at
M.L.T. is reported to have at least 160 terminals of which 30 can be connected
at one time. If there are already 30 people using the computer at any time
and if a_request comes from another customer, the computer will ask him to
wait and contact it at a specified time when it expects to finish one of the
jobs being processed. Thus the computer facility is available to the user
sitting in his office which may be far away from the computer. The time
consuming formalities of putting a job on the computer with the help of
human programmers is eliminated.

3. New VENUES OF DATA ANALYSIS

The enormous speed of the computer and the complex numerical and
logical computations that can be programmed have opened up new venues of
data analysis and even affected the character of research in some areas.

First, with the help of computers we are able to undertake projects
involving & large volume of computational work, which are impossible
otherwise. Tt is reported that some calculations in nuclear physics now in
progress will take several months of computer time; if done manually such
calculations would need perhaps a thousand years to complete. The
preparation of concordance* of an author’s work, which is basic to research in
literature, involves an extremely laborious task extending over years and

* A concordance is a list of all words in & text in an alphabetical ‘order giving page and line
numbers where they ocgur and any desired context or grammatical information. . ..



128 C. RADHAKRISHNA RAO

decades depending on the size of the text. It took six years to publish a
concordance to the poems of Shelley. A modern computer might finish the
same job in a few days’ time.

The feasibility of getting a large volume of computational work done in
reagonable period of time has altered the nature of research in some areas
like taxonomy in biology. Some years ago, because of computational diffi-
culties in handling a large number of characters for classifying species, research
was directed to the choice of a few characters purely on biological considera-
tions and simple methods of hierarchical classification. This has, no doubt,
inhibited the development of research in methods of classification based on a
large number of characters and examining stability of classification with
increase in the number of characters. Research in this direction was started
early in India, with the introduction of Mahalanobis distance D2 in classifica-
tory analysis (Mahalanobis 1936) and its application by Mahalanobis et al.
(1949) in studying the affinities of castes and tribes in Uttar Pradesh. Lack
of computers has no doubt placed a limitation on further research in India in
this direction. Much progress has taken place elsewhere in countries where
scientists have adequate computer facilities (Sokal and Sneath 1936; Sokal
1966). Methods are being developed not only for handling a large number of
characters but also in obtaining a number of complicated measurements from
photographs of organisms by optical scanning methods for direct input into
the computer.

There has also been some rethinking on the purpose and concept of classi-
fication itself consequent on the possibility of using a large number of charac-
ters.

Second, we are able to undertake a more extensive analysis and extract
the maximum possible information from a given body of data. This is
achieved by adopting more efficient methods which may involve difficult
computations and by fitting a variety of mathematical models in search of
those that provide an adequate explanation of the data. An added advantage
is that we do not have to plan the entire analysis in advance. The computer
can be programmed to proceed sequentially, deciding on the nature of further
computations at any stage after examining the results of earlier analysis.

Third, the computers have made possible the use of simulation techniques
for solving problems too expensive for experimental solution and too com-
plicated for analytical treatment. Suppose that a biologist wants to study
the consequences of a complicated breeding programme or a particular evolu-
tionary process to explain an observed phenomenon. In such problems,
there are too many parameters to consider and the events that occur may be
governed by random causes. Even the formulation of the problem in ana-
lytical terms leading to some equation to be solved may be difficult, and if one
succeeds in obtaining an equation, it may not admit an easy analytic solution.
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We can simulate any process we desire to study in a computer allowing it to
generate random events according to a given chance mechanism and to con-
sider a number of variations of the parameters. The results so obtained have
immense practical importance since we can study realistic mechanisms, how-
ever complicated they are, instead of making undue assumptions to reduce
them to a form amenable to analytic treatment. Simulation studies are not
confined to biological problems only. They are being extensively used in
pure and applied research in all branches of social and natural sciences.
Fourth, in manual computations one needs to consult standard mathe-
matical tables of logarithms, squares, etc., and tables of special functions
using complicated interpolation formulae wherever necessary. These are
done automatically in a computer by using of what are called subroutines.

4, LABORATORY AUTOMATION IN SCIENTIFIC RESEARCH
The roles of the computer I have described are known as the ‘open loop
type’, since the computer is not a part of an ‘experiment’ but only used in
the analysis of data generated by the experiment and recorded by the experi-
menter. We can ‘close the loop’ by bringing in the computer on-line as an
integral part of the experiment itself. The sequence of operations is represented
in Chart 2.

DIGITAL-TO-
> ANALOG INPUT
CONVERTER
ON-LINE
| COMPUTER EXPERIMENT
ANALOG-TO—
DIGITAL QUTPUT
CONVERTER
T EXPERIMENT PLAN,
GUIDANCE
CONTROL
PROGRESS REPORTS LIVE DISPLAY
1 REQUESTS FOR GUlDI,\NCE TYPEWRITER D S A
EXPERIMENTER'S

CONSOLE

CHART 2. Automated experiment, The on-line computer executes the
experimental plan, the experimenter exercises only supervisory control.

~

The experimenter provides a plan of his experiment in a suitably coded
form to a computer which is directly connected to an experimental apparatus.
The computer varies the inputs of the experiment according to plan, receives
the output of the experiment in a form suitable for computations, analyses
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the data as they are generated and transmits the results continuously to the
experimenter in the form of tables, charts or graphs. The on-line data reduc-
tion in the closed-loop system enables the experimenter to provide a sequential
plan of an experiment in which the input parameters can be made to depend
on data acquired in intermediate stages, instead of deciding the whole plan in
advance. The entire system is automatic with provision for easy inter-
vention by the experimenter, whenever necessary, to stop the experiment if
the results already obtained had reached the desired precision or yielded the
desired information, or alter the plan of the experiment depending on the
processed results displayed to him during the course of the experiment.

Some of the fields which have profited considerably from the application
of on-line computers are crystallography (neutron-diffraction and X-ray-
diffraction experiments), nuclear physics (for determining basic properties of
nuclei such as spin and parity of energy levels, spark-chamber and counter-
experiments) and optics (lens testing). Applications in other fields are in-
creasing rapidly.*

The automated laboratory is a big boon to scientists, as experimental
research can proceed almost continuously ensuring production of high quality
data, with only a periodic intervention by the experimenter. New types of
experiments involving sophisticated measurements and fast rate data acquisi-
tion have now become feasible (such as measuring 200 data points in 10 to
50 m sec to study transmission factor of light by a specimen as a function of
time). With automation in the research laboratory, all that is left for the
scientist to contribute is a creative imagination. This does not mean that
scientists will be subject to technological unemployment. They have better
tools now for research and opportunities to utilize their time in exploring
wider and new vistas of knowledge. Further, automated experiment of the
type we are considering needs very careful planning by the experimenter, for
otherwise it would result in waste of computer time which, is expensive. The
validity of results depends on the quality and relevance of data in any investi-
gation. A meaningless computer output indicates only the failure of the
experimenter. Computer folk have an acronym for it: gico for- garbage-in,
garbage-out.

5. CoMPUTERS IN MATHEMATICAL RESEARCH

It is an irony of fate that the high priests among mathematicians number
theorists who believe that any motivation for reasearch is an obstacle to
creative work and who discover ‘functions and formulae’ while in a bath tub,
shaving, boarding an omnibus or in similar situations which seem te spur
their imagination have started looking up to the ‘black box’ to help in their

* Details of applications of on-line computers in some areas of research are conta.med in
IBM.Journal of Research and Development, Vol. 13, No. 1, January 1969. :
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intuition. It is characteristic of research in number theory as in many scienti-
fic investigations to conjecture results before proving them. The curious
interplay of intelleect and intuition which produces a conjecture cannot be
easily described. But what goes on looks like a ‘simple induction’ or & game
of observing a property satisfied by a few small numbers, verifying it for as
many further numbers as one can and hazarding a guess about the validity of
the property for the number system as a whole. Unfortunately such rules of
induction are not codifiable. Some (perhaps a very few gifted ones) happen
to be good at it.

- A remarkable example was Ramanujan, who, in the tradition of our great
Indian seers, ‘saw’ through the play of intensive intuition a variety of
properties possessed by the limitless collection of numbers. In the absence of
proofs they remained as conjeetures confirmed only by calculations on the
first few numbers. Many of Ramanujan’s conjectures were proved to be
correct, but a few were found to be wrong. For instance, he stated in the year
1919 his remarkable congruences for the partition function p(») defined com-
binatorially as the number of distinct ways of expressing an integer » as the
sum’ of integral parts, where the order of the parts is immaterial. His con-
jecture wasg

if 24n —1 = 0 (mod 5% 7% 11¢) then p(n) = 0 (mod 5% 7b 11¢)

The idea behind the formula is superb and the form of the result is a beautiful
discovery as nothing of that kind was available in the work on the general
theory of elliptic functions and modular functions over a century before.
Unfortunately the actual statement of the conjecture is not true as Chowla
(1934) showed that it does not hold for n = 243, However, it needed only a
very minor modification and this was done by Atkin (1967) about two years
ago, in 1967: ,

) if 24n —1 = 0 (mod 5% 7% 11¢) then p(n) = 0 (mod 52 78 11¢)

where 8 = [g-i-l].

It would have been only a.matter of minutes, if not seconds, to examine
whether Ramanujan’s conjecture was correct up to a sufficiently large value
of » on a modern computer. If computers existed 50 years ago it was con-
ceivable that somebody would have drawn Ramanujan’s attention to the
error and he would have immediately seen the minor modification needed;
instead we had to wait for half a century to get the correct form of the result.

It might be argued that for Ramanujan to have obtained the correct
form of the congruence would have been relatively unimportant; that the
idea of such a property is all that matters short of actual proof. But none
the less a correct conjecture might have provided important clues as to a
possible method of proof. - - o - - L.
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What would have been Ramanujan’s reactions to the computer if it had
existed during his lifetime ? We may not know the answer but let us speculate.

He might have scoffed at the computer as incapable of any insight into
the mysteries of numbers of which he is a master and ignored its existence.
Or the thought of a mechanical gadget trying to verify any conjecture he
makes and possibly declaring within a few seconds that his insight is not
infallible might have bothered him and interfered with the free play of his
intuition for numbers for which Ramanujan has earned a unique place in the
world of mathematicians. There is another possibility judging from accounts
of his personality as recorded by those who knew him well. Ramanujan was
reported to be in the habit of doing all his work by writing on a slate and
using his elbow every now and then to wipe the slate. He would show the rough
and black skin under his elbow as evidence of hard work he did in case some-
body called him a genius. If this were true Ramanujan might have preferred
the sketch pad and light pen to the slate and electronic erasing to the use of
his elbow to experiment more freely with numbers and made a more effective
use of his intuition to provide conjectures which would have kept the large
computers busy verifying them for centuries.

As I have mentioned earlier, computers can be used to verify a conjecture
for a sufficiently large number of cases and there is a possibility of finding out
if it is false. Recently, Lander and Parkin (1967) used a computer to deter-
mine four integers such that the sum of their fifth powers is equal to the fifth
power of an integer as given below:

‘ 2754855 1105+1335 = 1445
This disproves a conjecture made by the famous mathematician, Euler, 200
. years ago about the non-existence of four numbers with the above property.

There are some propositions in number theory which can be shown to be
true for all values of » if it holds for each number up to a given number n,.
It would be too laborious to verify by hand if ny is large. In situations like
this the computer can be used to complete the proof of the proposition. A
result of this kind involving the verification for numbers up to (625)> = 390625
has been recently considered by Lehner (1968).

Computers are being used in some enumeration problems in graph theory
and group theory. More effective uses of a computer in pure mathematical
research are likely to be discovered whether mathematicians like them or not.

6. MACBINE-AIDED TRANSLATION
We shall consider other uses of a computer which are valuable in scientific
research. These are to serve as a storehouse .of scientific knowledge easily
accessible to a scientist, to keep the scientist informed about the latest ad-
vances in any field of enquiry, and to translate research published in one
language to another for the convenience of scientists,
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It has long been the dream of scientists to have one world language for
scientific publications. Even in this limited endeavour there are insurmount-
able difficulties, as the choice of an existing language (which would be prob-
ably English) is not generally acceptable to all. There is, perhaps, a valid
reason for this; in today’s competitive scientific world, the use of an existing
language would give the countries whose mother tongue it is a tremendous
advantage. These scientists would save from 3 to 4 years—the time it takes
to learn a foreign language well—devoting this time for research and forge'
ahead of others. A case has, therefore, been made for the evolution of a new
language, ‘sciencesparanto’, with a logically constructed grammar and using
international terminology. But this appears to be only a distant possibility.
Till then every country interested in scientific research has to translate into
the language of the country, for the benefit of its scientists, all the important
research publications in foreign languages.

It is reported that the Soviet Institute for Scientific and Technical
Information receives technical material in 64 languages from 108 countries.
About 2,500 persons are employed to scan 15,000 foreign journals and to pass
on material to 22,000 outside translators for preparing abstracts in Russian
language. Nearly one million articles are processed every year this way.
In spite of this herculean effort there is a time lag of about 6 to 12 months
between publication of an article and publication of the abstract, ignoring the
losses in accuracy in abstracting due to paucity of language experts in diverse
fields of science. In the case of books translations can take as long as three
years. -
If we must have different languages the only answer is mechanization of
translation from source to target language. Research on use of computers for
this purpose started in the late forties and early fifties with promising results.
It was thought that a bilingual dictionary could be stored in a machine, and
a programme for word to word (or phrase to phrase in some cases) translation
of a text, subject to a few linguistic rules (of grammar and syntax), would serve
the purpose. But the complexities and individual peculiarities of languages
or our lack of understanding them stood in the way of achieving quality
translation. However, such translations with some human editing if necessary
were found useful. = There is an IBM system which translates approximately
10,000 words per hour from Russian into English and is at present being
used by the Foreign Technology Division of the U.S. Air Force on a very
large scale (about 100,000 words per day). A similar system is used at
EURATOM (European Atomic Energy Community, Brussels) to provide
automatic translations of content lists of Russian periodicals and attempts
are being made to translate the abstracts as well. The demand for such
translations, however imperfect they are, is rapidly increasing as a source
for latest scientific and technical information.
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Scientific work is more amenable to translation by computers than
literature because it is more straightforward. Many scientific terms are
common to several languages, and generally no idioms, metaphors and other
figures of speech are generally used to embellish scientific findings. Futher,
a specialist does not need a perfect translation to understand what the other
author is aiming at and what he has achieved.

" 7. INFORMATION DELUGE AND HOW TO SURVIVE

Long ago scientists used to keep up with one another’s work through
correspondence or word of mouth. As the scientific community grew and
need for wider dissemination of knowledge arose, scientists began to produce
research papers which appeared in scientific journals, the first -of these having
been established in 1665. Since that time the number of scientists has been
doubling every 12 years and scientific literature increasing by a factor of 10
every 50 years. We find an increase from one journal in the 1660s to 10 by
about 1750, to 100 by 1800, to 1,000 by 1850, to 10,000 by 1900; now we are
probably passing the 100,000 mark. By 1830 publication of abstracting
media started as the scientists could no longer keep abreast of the fast
increasing literature even in their individual narrow specialized fields. In
1950 there were about 300 journals publishing abstracts and by 1970 it would
increase to about 800. A stage will soon be reached where the scientist is
unable to keep up with developments in -his own field, even by regularly
geanning all relevant abstracts. For instance, the total number of chemical
abstracts increased from 178,898 in the ten-year period, 1907-1916, to 530,169
during 1927-1936, and to roughly 1,300,000 during 1957-1966. In 1966 alone
215,000 papers were abstracted from about 11,500 chemical journals originating
in 100 countries and in 54 languages.

Then there is the question of providing space in libraries. It is estimated
that if the present system of acquiring, cataloguing and storing of books
continue, then by A.p. 2000 a library of a large size university in the U.S.A.
‘will have 200 million volumes which will occupy 6,000 miles of shelves, a
card catalogue file of nearly three-quarters of a million catalogue drawers
which will themselves occupy 80 acres of floor space. New material will be
coming in at the rate of 12 million volumes a year, and cataloguing of this
new material will require a cataloguing staff of over 6,000 persons’.*

* Many libraries are now resorting to maintaining microfilm copies of books, journals and
other documents not frequently used. The technical limits to miniaturization have hardly been
approached. With microfilm a reduction of 500 to 1 is now possible and experiments are under
way to achieve a reduction of 1 million to 1, which would permit a library of 5 million volumes
to be stored in the space of five books. There is a speculation of recording information at the
molecular level (using concepts of genetic code) and achieving reduction ratios of 10 million to 1.
This would raise the possibility-of recording all the available man’s knowledge in a fow sheets of
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It is clear that the present concept of library and its use has to undergo a
radical change. The only hope seems to be a computer which can store
up-te-date source material in readable memory and also indexes and abstracts
for this material to provide for a variety of classifications and types of infor-
mation. It is also possible to have a terminal to such a computer located
in your study, which displays selected pages you ask for on the face of your
reading table and converts these pages to microfilm or hard copy at option.
If you are a regular customer of the computer, in due course of time it will
make a profile of your interests and suggest reading lists from time to time
drawn from its recent additions.

8. COMPUTER AND SCIENTIST SYMBIOSIS

How much of a scientist’s ‘thinking’ time is deveted to creative work ?
I shall quote Dr. J. R. C. Licklider of the U.S.A. who tried to keep records of
the time spent on a scientific project:

‘About 85%, of my “thinking time” was spent getting into a position to
think, to make a decision, to learn something I needed to know. Much more
time went into finding or obtaining information than into digesting it. Hours
went into plotting graphs, and other hours into instructing an assistant how
to plot. When the graphs were finished, the relations were obvious at once,
but the plotting had to be done in order to make them so. At one point, it
was necessary to compare six experimental determinations of the function
relating speech-intelligibility to speech-to-noise ratio. No two experimenters
had used the same definition or measure of speech-to-noise ratio. Several
hours of calculating were required to get the data into comparable form.
When they were in a comparable form, it took only a few seconds to determine
what I needed to know.’

‘Throughout the period I examined, in short, my thinking t1me was
devoted mainly to activities that were essentially clerical or mechanical,
searching, calculating, plotting, transforming, determining the logical or
dynamic consequences of a set of assumptions or hypotheses, preparing the
way for a decision or an insight. Moreover, my choices of what to attempt
were determined to an embarrassingly great .extent by consuderatlons of
clerical feasibility, not intellectual capability.’

This is a typical experience of a scientist anywhere in the world. Per-
haps, the situation is worse in India where the scientists work with far less
facilities for research than those available in the advanced countries.

What can the computer actually do for the scientist? To provide a
satisfactory answer to this question we must compare the capabilities of the
computer and the human brain and find out how they differ and in what
respects, if any, they can complement each other.



136 0. RADHAKRISHNA RAO

When the digital computers first appeared they were referred to as
‘electronic brains’ and ‘giant thinking machines’. The nomenclature was
justified on the grounds that the operations they perform are close to rmental
work and that they are much faster than us. For instance computers can
be programmed to play chess, a game of nim, and draughts; to prove new
mathematical theorems from a given set of axioms and rules of operating on
them; to simplify some of the existing proofs of mathematical propositions;
to make a rough translation from one language to another, to store all the
available scientific knowledge and to retrieve any information needed, ete.,
which are all functions of the intellect. In fact, in these activities a com-
puter may even fare better than a human brain; according to the British
philosopher, Turing, an interrogator, who can communicate with a human
being and a computer via a teletype, but does not know which is which, may
not be able to decide which is the machine.

' This, however, does not prove that the computer is modelled on the human
brain, for in creative activity there does not seem to be any analogy between
the two. The computer has not produced till now anything of value in the
three domains of creative activity in which our species occupy a unique posi-
tion: Humour, Scientific Discovery and Art (Koestler 1964). The first is
intended to make us laugh; the second to make us understand; the third to
make us marvel. The logical pattern of creative process is the same in all
three cases; it consists in the discovery of hidden similarities and is character-
ized by breaking away from conventional modes of thought.

Consider this example of humour quoted by Freud:

The Prince, travelling through his domains, noticed a man in the cheering
crowd who bore a striking resemblance to himself. He beckoned him over
and asked: ‘Was your mother ever employed in my palace ¢’

‘No, Sire,” the man replied. ‘But my father was.’

Look at the recent scientific discoveries of double helix, quantum
mechanics, complementarity principle in physics, ete., which in their mceptlon
had very little observational or experimental basis.

What about a work of art, like that of Picasso,* which results from an
inner struggle of the artist when he is trying to create a form which does not
exist in our visual experience ?

These are mysterious manifestations of the human brain. It is doubtful
whether such a high degree of sophistication can ever be reached by a
‘mechanical brain’. The early vogue of humanizing computers is gradually
passing away.

Perhaps a new idea is not just born out of nothing. A smtable climate
has to develop for the creative thought processes to come into full play, which

* * There is a famous pronouncement by Picasso epitomizing creatmty ‘I do not seek—I1
find’ (je ne cherche pas, je trouve).
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may involve a long period of drudgery by the scientist* in gathering
information and applying routine methods of analysis. A machine is perhaps
helpful at this stage. It can take over the ‘essentially clerical and mechanical
processes’ such as recording, calculating and drawing graphs (as required in
Dr. Licklider’s work).. It would provide the scientist with the latest in-
formation and quick access to results in any field of enquiry. Furthermore,
since machines can undertake complex computations and help in building
models, there is no limitation in quickly examining the feasibility of any idea
that strikes a scientist. Thus Man and Machine can work together, leaving
each other to undertake tasks to which they are best suited and allowing for
an optimum interplay of speed {machine) and complexity or sophistication
of information processing (man). The relative positions of man and machine
are shown in Fig. 1,

There is a saying in Scotland that a man is obviously superior to a woman
because he has his wife to help him. The Scots perhaps believe that a wife
is co-operative but. none will object if I substitute the faithful and reliable

SPEED

SOPHISTICATION

"F1¢. 1. Relative positions of man and machine with respect to specd and
sophistication of computations.
[Man, an embodiment of & scholar, slow but cool and calm.
Machine with an external glitter, fast, impatient and perhaps dull.
Together they can achieve wonders.]

* An equally wise Iz;ronouncement by Bernard Shaw, ‘Genius is ninety per cent perspiration
and ten per cent inspiration’ emphasizes prior disciplining of the mind that ‘finds’.
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computer for wife and say that man is superior to machine because he has his
computer to help him.

9, Cax THE HomMaN BrAIN BE IMPROVED ?

We have created an instrument for the full exploitation of which we may
not have been endowed with sufficient intelligence. With further improve-
ments in the computer, the gap between its potentialities and its actual use
by us for creative work might increase. This raises the question whether we
can use our intelligence to improve our intelligence. Such a question is
scientifically meaningful but may be philosophically repugnant.

Can the human brain be improved? Some recent experiments on rats
(Buresova et al. 1966) provide an answer. Scientists have developed methods
by which the activity of certain regions of the brain of small mammals can
be suppressed and subsequently restored. By using such a technique it has
been shown that the two hemispheres of the brain of a rat can be made to
acquire parallel and independent learning. If each hemisphere uses its own
motor output then it is possible to double the information handling capacity
of the brain thus enabling the animal to simultaneously solve two different
discrimination tasks.

One of the fundamental properties of the human brain is the remarkable
redundancy of its parts, connections and mechanisms which account for the
high reliability of function. A study of patients suffering from brain lesions
has shown that even complex behavioural functions can be maintained by
relatively small brain areas. Would it be possible to isolate the redundant
area of the brain and make it acquire experience independently of the rest
and allow it to work as a parallel brain? If so, we would be increasing the
brain capacity at the expense of perhaps exaggerated redundancy. The
experiments on rats open up such a possibility.

Independent learning by different parts of the brain raises extremely
interesting possibilities. What happens if conflicting experiences are recorded
in different brain areas, each of which can activate a general motor function.
In the case of conflicting commands there will be competition to control the
common motor output, and the different areas may have to enter into an
agreement for close co-operation and a common plan of action, or in the
alternative quarrel with each other and destroy themselves. A close parallel
is the great experiment we are witnessing today in some states in India of a
large number of political parties with different ideologies forming a United
Front and trying to evolve an agreed programme. The problem of achieving
coalition between different parts of the brain may be comparatively easier.
However, surviving to do something worth while and not merely the
eagerness to survive should be the guiding factor for an individual or for an
organization. [ »
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In conclusion I would like to recall the significant caution given by
Wiener (1964):

‘No, the future offers very little hope for those who expect our new
mechanical slaves will offer us a world in which we may rest from thinking.
Help us they may, but at the cost of supreme demands upon our honesty and
our intelligence. The world of the future will be an even more demanding
struggle against the limitations of our intelligence, not a comfortable ham-
mock in which we can lie down to be waited upon by our robot slaves.’
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