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N.T. Nair   ntnair@gmail.com Trivandrum   1 September ’09

For a publishing initiative like EKL, with no big–ticket promoters 
behind, reaching the 50th issue is a landmark. Acceptance of a new 

model which we created with ‘Brevity in Focus’ was the big question. 
Every  well meaning intention which we nursed during the past 
four formative years - Authenticity, Brevity, and Clarity in Knowledge 
Dissemination - finally proved right, in terms of the feedbacks. We
admit, the word 'Executive' in our masthead has deterred lay readers, 
thinking that it is meant for the suit–clad executive. For us, the term 
‘Executive’ has a wider meaning - for example, a housewife is an 
executive who is managing finance, interpersonal relationships, 
imbibing values... In this aspect too we were rated relevant. Today,
EKL readership also has a sizeable percentage of housewives. We
value their patronage.

When we look back, we have every reason to feel proud, for carrying over 
a thousand knowledge capsules in the past four years. It is in line with our 
policy of showing glimpses of knowledge modules and sensitising readers
to read more; yes, kindling the reading habits that have gone dormant in 
many. We believe, in reading, the medium is immaterial - whether it is 
Internet or a piece of paper wrapping any grocery.

About the variety of topics we handled: it ranged from discussions 
about world class books like ‘Black Swan’, journals like Harvard Business 
Review, the latest in technologies, emerging practices in management 
domains, writings by medical experts about day-to-day health aspects, 
the most simplistic writings on Kautilya`s Arthasastra, showcasing the 
wonders of nature's gifts like fruits, vegetables, thought-provoking poems 
and finally, the quotations and inspiring stories with noble messages. We 
value the unstinted support extended by the contributors of these articles 
who are experts in their chosen fields. 

Today, at this juncture of entering the fifth year, we remember with 
reverence those who extended helping hands such as TCS, Terumo 
Penpol, Kerala State Electricity Board, HLL Health Care, Kerala Forest 

Dept., In-App, Accel-Transmatic Ltd., ... and the individual 
subscribers. These institutions are oases, in a barren land. 

But there is a contrast when people who can really 
help turn away from EKL saying, we have no time to 

read or our ad is handled by agencies or simply ignore us...
Nevertheless, we are happy that this world has enough 

well-intentioned people to sustain such initiatives.
We remember our well-wishers with gratitude of the 

highest order.
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Pomelo (Citrus maxima or Citrus grandis), is the biggest of all the 
citrus fruits and is native to Southeast Asian countries. The fruit 

is known by names like pummelo, pommelo, shaddock, or jabong. Its 
shape ranges from nearly round to oblate or pear-like, reaching the 
size of a basket ball and weighing about 1-2 kg.

The pomelo has a light green rind that becomes mostly yellow 
when fully ripe. The pulp color varies from pale yellow to pink and 
red,  divided into 11 to 18 segments, and  very juicy to fairly dry. The 
rind is very thick but soft and easy to peel away. The fruit  is often not 
as acid as other citrus fruits and can be quite sweet. 

Pomelo tree belongs to subtropical evergreen fruit tree, growing 
to16 to 50 ft (5-15 m) tall. It is fond of warm humid weather, fear 
cold and  prosper best in tropical or near tropical climates. Thus, 
temperature is the determinant factor for the distribution and growth 
of pomelo trees. Most suitable temperature for growth is 23-300C. 
Temperature exceeding 370C inhibits the growth. Among all the 

Pomelo
Giant among Citrus Fruits

General



September 2009 Executive Knowledge Lines 5

citrus fruit trees, pomelo is relatively shade resistant. But to have 
high output with high quality, it still needs good sunshine condi-
tion. With adequate sunshine, the leaves are dense and green. Due 
to more accumulation of photosynthesis, there are more sugar and 
less acid in the fruit which improve the fruit quality and its storability 
and reduce the plant diseases. If under shade or in reduce sunshine, 
the fruit quality would apparently be inferior. But pomelo should 
avoid strong direct  sunshine.  Its tree having wide adaptability on 
soil categories and soil PH value,  can be planted in all places like 
mountains, sloppy fields,  river banks, paddy fields etc.

Pomelos ripen in winter, as do many other citrus fruits. They can 
often be found in local grocery stores 
throughout the world around the 
end of December, although they may 
be found in some locations from 
late fall to spring. It is commercially 
grown in southern China, Thailand, 
Chinese, Taipei, the southern is-
lands of Japan, the Pacific Islands, 
Mexico and Israel. In optimal condi-
tions the pomelo bears flowers four 
times a year and the fruit can be 
picked after 8 - 12 months in four 
harvests. Pomelo is very storable due 
to its thick skin, thus is also famous 
as “natural canned food”. To obtain 
the maximum in sweetness, a pome-
lo should ripen at room temperature 
for ten to fifteen days until it has a 
heavy aroma and a deep yellow colour.  In fact, wrapped in paper 
and kept in well-aerated boxes, some types taste better after three 
months of storage. 

Graft is preferred for pomelo planting. Honey Pomelo, Shatian 
Pomelo, Pingshan Pomelo and Shaddock are the four most famous 
breeds of pomelo. Some varieties of pomelo include Chandler, Hira-
do Buntan, Liang Ping Yau, Pandan Wangi, Pink Pomelo, Red Shad-
dock, Siamese Sweet, and Wainwright.
Uses

Pomelo fruit is eaten fresh or is used to make juice. The extracted 
juice is an excellent beverage. The pulp can be used to make salads 

Pomelo
Major Nutrients per 100 g

Vitamin C: 44.8 mg
Vitamin B1: 0.03 mg
Vitamin B2: 0.03 mg
Beta Carotene:200 ug
Calcium: 14.0 mg
Iron: 0.06 mg
Protein: 0.07 g
Fat: 0.03 g
Carbohydrate: 10.4 g
Energy: 44.0 Kcal
Water: 88.0 g
Crude Fibre: 0.8g
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and the peel is used to make mar-
malade and candies. The waste 
from pomelo packing plants can 
be converted into molasses for 
cattle. In Chinese cooking, peel 
is often used for flavoring, espe-
cially in sweet soup desserts. The 
peel may be used to add flavor 
to main courses. The flowers of 
Pomelo are highly aromatic and 
gathered in North Vietnam for 
making perfume. The wood is 
heavy, hard, tough, fine-grained 
and suitable for making tool han-
dles. The Chinese boil the skins 
and the leaves of the pomelo to 

prepare a ceremonial bath to "ritually cleanse a person and repel 
evil". Pomelo,    considered as “fruit of reunion” by Chinese people, 
is especially liked by Chinese residing abroad.
Nutritional Benefits

Pomelo is a gold mine of vitamins. The fruit is rich in vitamin C, 
beta-carotene and the B vitamins. It is also a source of folic acid that 
is essential for young women to ensure the health of future baby. 
It has sodium, fat and is cholesterol free. It also contains a lot of 
potassium that is good for our heart. In addition, several kinds of 
vitamins, sugar and more than ten other mineral components such 
as magnesium, calcium, copper, aluminum, titanium etc. are also 
contained in it.  New studies show that limonoids found in pomelo 
and other citrus fruits prevent cancer cells from growing, compared 
to chemical medicines.  Pomelo is a dietary fruit; its caloric value is 
30-35 kcal per 100g.
Medicinal Benefits

In the Philippines and Southeast Asia, decoctions of the leaves, 
flowers, and rind are given for their sedative effect in cases of epilepsy 
and convulsive coughing. The hot leaf decoction is applied on swell-
ings and ulcers. The fruit juice is taken as a febrifuge. The seeds are 
employed against coughs, dyspepsia and lumbago. Brazilians use the 
bark and sap of the pomelo to make a thick cough syrup. Scientists 
found that pomelo is invigorating and lift up our spirit, performance 
and stamina. The rind of pomelo contains a high amount of bio-
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flavonoid. The bioflavonoid in pomelo was discovered to even stop 
cancer cells from spreading in breast cancer patients by ridding the 
body of excess estrogen. Even if the juice of pomelo has an acid taste, 
its juice actually has an alkaline reaction after digestion. It is therefore 
beneficial in the digestive system. Pomelo can aid in the weight loss 
process, because the fat burning enzyme in pomelo can help to absorb 
and reduce the starch and sugar in the body and speeds up the break 
down of proteins and fats. Pomelo has pectin which is effective in 
reducing the accumulation of arterial deposits. The high content of 
vitamin C helps to strengthen and maintain the elasticity of arteries. 
Pomelo can even help in cases of fatigue, diabetes, fever, insomnia, 
sore throat, stomach and pancreatic cancer. It can also help those 
who take in too much alcohol. An essence prepared from the flowers 
is taken to overcome insomnia, also as a stomachic and cardiac tonic. 
The pulp is considered an effective aid in the treatment of urinary 
disorders. Leaf extractions have shown antibiotic activity. It is also 
good for moistening the lungs, enriching the blood, moisturizing dry-
heat by clearing the bowels, accelerating wound healing and assists to 
treat septicemia.

[Dr K. Prathapan and Rakhi Alex
State Horticulture  Mission – Kerala]
email: mdshmkerala@yahoo.co.in

A new electric car from Chrysler 
called the Peapod may be surprisingly 
innovative. According to Chrysler, 
the car's included iPhone docking 
station turns your iPhone into a key, 
too. The software designed exclusively 
for Peapod turns your iPod into a 
key. The Rinspeed concept car was first to suggest the iPhone-as-
key trick at the 2009 Geneva auto show. The Peapod will be the 
first production car with the iPhone/key technology. Docked in 
the Peapod, your iPhone will also work as a green meter showing 
your energy savings while driving an all-electric car, as an interface 
to the vehicles sound system and as a navigational system.

iPhone as Car Key
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What on earth necessitated this Outer Space Treaty? The first 
artificial satellite, Sputnik-1, had been launched ten years 

earlier by USSR in 1957, which ushered in the Space Age. During 
those ten years, many man-made objects had been sent both by USSR
and USA to earth orbits, and even to the moon and the planets. By 
that time, the imminent presence of human 
beings in space had also come into acceptance. 
Besides, the moon was thought to be a rich 
source of useful materials including potential 
fuel for nuclear power generation. “Who
owns the moon?” was, and still is, an 
interesting question that captured the attention 
of policy planners and scientists. This resulted 
in the formulation of the Outer Space Treaty. Incidentally, the 
discipline of “Space Law” is now a thriving occupation!

In the beginning, space ventures were undertaken solely by USA
and USSR, the major powers at that time, for gaining military advan-
tage and boosting national prestige. Cold war then fuelled the space 
race. In due course, however, the interest in space enlarged beyond all 
initial expectations. Among the various fields of human endeavour, 
space technology stands out way ahead of others and permeates all 
aspects of our life. Expansion of the frontiers of knowledge from our 
immediate environs to the edge of the universe, and, equally, the use 
of space technology to enhance the quality of life on earth constitute 
the mission of space era.

There are three most important dates in the history of space. They 
are :  October 4, 1957 when Sputnik –1  was launched ; April 12, 
1961 when a Russian, Yuri Gagarin made the historic flight in space ; 
and finally, July 20, 1969 when two Americans set foot on the moon, 
our nearest celestial neighbor. In a total of six missions, 12 Ameri-

“The exploration and use of outer space, including the moon and celestial 
bodies, shall be carried out for the benefit and in the interests of all countries, 
irrespective of their degree of economic or scientific development, and shall be 
the province of all mankind.”

– Outer Space Treaty, October 10, 1967

Space at Fifty
An Ongoing Quest

Past 50 Years - Space Science
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cans walked on the moon during 
1969 - 72. They had installed a 
few instruments on the moon 
for observation. Besides, they 
brought to the earth about 400 
kg of moon rock and dust for 
study. The moon has been eager-
ly waiting for human footsteps 
ever since. From the current out-
look, she will have to wait at least 
until 2020. Prolonged human 
presence, however, in earth orbit 
has now become commonplace. 
Contrasted with the 108 min-
ute-long space flight of Gagarin, 

there are a few who have stayed in space at a stretch for over 2 years. 
There have been space stations like Skylab, MIR and the currently 
operational International Space Station (ISS). Of late, space tourism 
has also been catching up as a lucrative business. It is prohibitively 
expensive now for most aspirants but will surely become more afford-
able some day.

By the 70’s, many highly sophisticated spacecraft were being sent 
towards planets, comet tails and asteroids. Most remarkably, the 
probes, Voyager I & II, flew by the planets and returned pictures 
with unprecedented clarity. They have now crossed the borders of our 
solar system and are drifting away. Other intelligent beings, should 
they ever intercept these probes, will be able to infer from the plaques 
carried onboard that the probes were sent by creatures inhabiting 
the third planet around a star called sun. While these spectacular 
feats were taking place, nearer home however, a wealth of scientific 
information was being derived from experiments conducted with the 
help of earth satellites. A notable example of an early discovery, in 
1958, is the Van Allen Radiation Belt enveloping the earth, theoreti-
cally predicted long before. This consists of highly energetic atomic 
particles such as protons and electrons which keep going in a spiral 
path between the poles of the earth at a certain height range from the 
earth. Unprotected, our spacecraft and space travelers will face seri-
ous danger from the energetic particles in this Belt.

Our view of the skies from the earth is clouded by our life-sup-
porting atmosphere. But space telescopes overcome this limitation by 
operating from several hundred kilometers above the earth. There 
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are several space telescopes, each 
viewing the universe through 
different spectral regions such as 
visible, ultraviolet and infrared. 
These telescopes have jointly 
given us a composite atlas of 
the universe with ever-increas-
ing definition.  Of all the sev-
eral space telescopes, the pride 
of place goes to Hubble Space 
Telescope which has been serv-
ing astronomers since 1990 and 
has been given a second lease of 
life recently by certain repair by 
Space Shuttle astronauts. Some 
space probes such as COBE and 
WMAP have furnished clinch-
ing evidence in support of Big 
Bang theory concerning the evo-
lution of the universe.

The romantic charm of space 
as a new frontier beckoning exploration and discovery gave way, even 
in the early years of the Space Age, to the recognition that space held 
the promise of vast potential benefits to mankind.    Space came 
to be regarded as man’s fourth environment, the other three being 
land, water and air (geosphere, hydrosphere, atmosphere) which had 
already been pressed into service.  Space, in this sense, is a natural 
resource available for judicious harnessing. A few major benefits of 
space technology are Communication, Meteorology, Earth Viewing, 
and Global Positioning. Thanks to Satellite Communication, the 
earth has shrunk to a global village. Geostationary orbit at 36,000 km 
above the equator is home to most, not all, communication satellites. 
Lower orbits are also used in certain cases.  Hundreds of communi-
cation satellites serve us on a 24 x 7 basis. Satellite-based weather 
forecasting has been in practice from the early 1960’s making weather 
forecast more accurate than ever before. Earth Viewing by means of 
Remote Sensing has an unlimited range of applications such as agri-
culture and forestry, hydrology and water resources, oceanography 
and marine resources, geology and mineral resources, geography, car-
tography, land use studies and population migration, not to mention 
spying on another country! Just as human beings are identified by 
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their voiceprints and fingerprints, the different features of the earth 
can be discerned by their signatures in the electromagnetic spectrum.
Once we used to depend on stars for navigation on land and sea. 
But today, Global Positioning System (GPS) system is helping us de-
termine our position with unprecedented accuracy. Quite expensive 
some time earlier, GPS receivers have become easily affordable and 
are now incorporated even in some mobile phones. The most wide-
ly used positioning system makes use of 24 satellites owned by the 
Department of Defence, USA. Space technology, particularly con-
cerned with human space flight, has gifted humanity with innumer-
able spin-offs offering a wide range of applications in everyday life. 
Some examples, to name only a few, are a broad range of alloys and 
materials with exotic properties and also new manufacturing tech-
niques.  A principal beneficiary, however, is medical science covering 
human physiology and surgery, diagnosis and novel drugs, medical 
instrumentation and miniature implants, robotized “walking” chairs 
for the invalid.

Since the end of cold war around 1990, there has been a visible 
decline of tempo in space ventures. The former space powers are suf-
fering from the pinch of money, and also perhaps, to some lack of 
competition. The future  space projects will lay emphasis on broad 
areas such as monitoring earth’s climate,  defence against asteroid im-
pact, seeking out life elsewhere, origin of planets, revisit to the moon, 
journey to Mars and beyond and exploring remote universe.  The Uni-
verse awaits us!

There has recently been an interesting speculation on mankind’s 
future advanced by a Princeton University Astrophysicist, Prof. Rich-
ard Gott III.  He points out certain reasons why we must leave earth, 
not so much for chasing a dream as for survival. He warns us that 
mankind is vulnerable to the same types of catastrophic events, like 
impact of asteroids or comets, runaway climate changes, viral diseases 
etc, which wiped out other species on the earth in our geological past. 
Now, additionally, there are other possibilities created by ourselves 
like nuclear holocaust and bioterrorism. We pose a threat not only to 
other species but to ourselves, too! Prof. Gott points out that a mam-
malian species lasts, on the average, for 2 million years. We may have 
conquered the planet but it is just a tiny island in the universe, and 
species confined to a single island are often found on the endangered 
list.

Invoking the Copernican view, Prof. Gott reminds us that our 
location in the universe is not special. If our species, Homo sapiens,
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is considered to be about 200,000 years old, then one could be 95 
% confident that human race would last between 5100 years and 
7.8 million years.  Notice those 7.8 million years is only a minuscule 
fraction of the estimated time remaining, about 5 billion years, be-
fore the earth will be roasted by the sun when it ultimately becomes 
a Red Giant in its old age. He further proposes that a certain ‘critical
population’ is essential for humanity to engage in expensive and com-
plex space projects. Any catastrophic fall in population due to a vari-
ety of reasons could upset the current situation favourable for space 
ventures. Based on similar statistical reasoning, he fears that human 
space program could end any time between 46 and 1794 years from 
now, merely a moment in the historical time scale!

 Prof. Gott apparently is not very generous with the time available 
at our disposal.  He urges that we must locate another habitable place 
before human space program comes to an end, if only for our very 
survival. Or else, human species, stranded on this planet, would be 
awaiting the inevitable fate of extinction! This prediction may be un-
justifiably. It may seem portentous, if not farfetched. But it may not 
be outside the realm of possibility. Take it or leave it!

Leaving aside Prof. Gott for the time being, let us accept the fact 
that technology, inevitably, is double-edged.  What a pity, no inven-
tion can be disinvented! There are currently sure signs of space be-
ing converted to an arena for warfare and terrorism. Humanity must
worry now about nothing but protecting itself and its only home at 
any cost.

From up in space, our earth presents a magnificent view – a lone-
ly, shimmering sphere abundant in resources, solid yet so fragile, a 
planet whose life processes are inextricably interdependent, where 
life depends on the delicate balance between  man and nature, and, 
not to mention, between man and man. What we don’t see from up 
there is equally revealing. We cannot discern the different countries 
or separate peoples, we cannot see different skin colours or hear dif-
ferent tongues or prayers.  What a unifying view! Small wonder, a 
photograph of the earth taken from Apollo 8 spacecraft, in 1968, 
evoked the following response from the American poet, Archibald
MacLeish:
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“To see the Earth as it truly is, To see the riders on the Earth to-
gether, Brothers on that bright loveliness in the eternal cold.”

Space has given us a new perspective on the universe, our solar 
system and our own planet. Can it also give us a new perspective on 
ourselves?

[P. Radhakrishnan]
[The author, who retired as Dy. Director, ISRO, was selected and 

trained as an astronaut to fly in the US Space Shuttle scheduled for 
Sept. 1986. But, the program was cancelled following the ‘Challenger 
Disaster’ in Jan. 1986.]
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In recent times much has been said and written about lifestyle related 
afflictions that torment the young and the middle–aged executive 

class. This impressive list includes among others ischemic–heart 
disease, diabetes, hyperlipidemia and obesity syndromes. Amidst
this cluster,  traditionally chronic inflammatory prostatic disease 
(Chronic Prostatitis) finds no mention. However, 
there is gathering evidence that life style 
practices of an individual also significantly affect 
the prostatic health.

Chronic Prostatitis is generally character-
ised as Chronic Bacterial Prostatitis and Chronic 
Nonbacterial Prosta- titis. The clutch of 
prominent symptoms that clinically advertise 
chronic Prostatitis include pain commonly localised to the perineum, 
suprapubic arena, penis, the testes, groin or low back. Pain during or 
after ejaculation is one of the most prominent, important, and both-
ersome features in many patients.

It is believed that prolonged or chronic tension, distension, or 
distortion in the muscle bands (e.g., in the perineum) leads to a pain-
ful trigger point that is responsible for the pain. Predisposing factors 
leading to the formation of myofascial trigger points in the perine-
um or pelvis may include mechanical abnormalities in the hip and 
lower extremities, chronic urinary holding patterns (dysfunctional 
toilet training), protracted sexual abstinence, constipation, recurrent 
infections and perhaps stress and anxiety. Detailed evaluation and 
therapeutic strategies of chronic prostatitis are beyond the province 
of this brief write up.

Few general and easily translated measures, however, will be use-
ful in ensuring prostatic health. These recommendations include en-
hanced physical activity, eschewing smoking and excessive alcoholic 
indulgence, and timely bladder emptying.

It is prudent to seek out and obtain an aisle seat during a pro-

Chronic Prostatitis
A Lifestyle Disease?

HealthScape
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EKL Sudoku 34
[Very Hard]

Improve your concentration.
Use reasoning and fill each 
row, column and 
3 x 3 grid in bold borders
with each of the digits 
from 1 to 9.
Solution on page 36
[BNN]

tracted flight(Refer EKL Feb.'09); periodic detethering from one's seat 
for short and brisk jaunts through the aisle will help to decongest the 
prostate as well as redeem circulatory deficits stemming from seden-
tary posture. 

Likewise, interspersing lengthy surface extensions with short inter-
missions would also yield similar salutary health dividends. Marital ac-
cord and regular quality sex with spouse is crucial for prostatic health
and even ought to be construed as therapeutic in light of the current 
evidence–based data.

[Dr K. Sasidharan]

In countries where public media have traditionally been state-
run, access to information is tightly controlled. But the internet 
age has made it almost impossible for governments to ensure 
that citizens are not exposed to controversial or contradictory 
information, or news from other countries that may inflame the 
anger or sensibilities of the people. Web users in countries where 
internet access is restricted or filtered could now use Feed over 
email technology to bypass government blocks.

Feed over email
To Bypass Blocking
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Nascent Areas –Bioinformatics

Bioinformatics? Biology and Computers?  What do they have in 
common  with each other? It seems imminent, if not already 

true, that Biology and Computers are becoming close cousins which 
are mutually respecting, helping and  influencing each other  and 
synergistically merging, more than ever.  The 
flood of data from Biology, mainly in the 
form of DNA, RNA and Protein sequences, 
is putting heavy demand on computers 
and computational scientists.   At the same 
time, it is demanding a transformation of 
basic ethos of biological sciences.  Fine analytical 
and engineering skills are in great demand in 
the Biology today, as seen by vigorous attempts to use mathematical 
modelling at sub-cellular levels.

It may be noted that biological motivation has a long history in 
the computer field, in the form of artificial neural networks, genetic 
algorithms, to the recent ant-colony optimization techniques.  Appli-
cations of computers in biology were mostly in the bio-medical field, 
in early days. One new facet that has emerged with Bioinformatics, 
is the focus on sub-cellular and molecular levels of Biology. Systems 
biology promises great growth in modeling cellular life, using conven-
tional engineering  approach, as already pointed to by projects such 
as e–Cell.

Many universities world over have started teaching and research 
in the area. Journals are plenty and so are conferences and profes-
sional meetings. As the disciplines of bioinformatics and computa-
tional biology are gaining prominence day by day, an industry is also 
emerging fast on their shoulders, estimated at $1.82 billion in 2007.  
Bioinformatics has taken on a new glitter by entering the field of drug 
discovery in a big way. This is one area that seems to be becoming the 
single largest bioinformatics application, from an industry view point. 
In India, it has a special relevance in the context of the recent patent 
amendment that has brought in product patents.

The IT-BT Marriage
Honeymoon and Beyond
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GTCCTGATAAGTCAGTGTCTCC
TGAGTCTAGCTTCTGTCCATGCT
GATCATGTCCATGTTCTAGTCAT

GATAGTTGATTCTAGTGTCCTG

(a) DNA Data (4 letter strings)

ACAGAGGAGAGCUAGCUUCAGA
GCUAGCACGCCUAGUAAGCGCUA
GCAGUAAGUAGUUAGCCUGCUGC
AGUCAGGCUGAGUUCAAGCUAGG

(b) RNA Data (4 letter  strings)

(c)  Protein Data (20 letter strings)

TPPUQWRDCCLKSWCUWMFC
ESPWYZWEGHILDDFPTCTWRD
CCDTWCUWGHISTDTKKSUNE

RGHPPHHLDTWQESRNDCQEG
Fig. 1: Three kinds of data required to be analyzed 

in Bioinformatics/Computational Biology

What is Bioinformatics/
Computational Biology ?

Computational Biology/Bio– informatics is the application  of com-
puter sciences and allied technologies to answer the questions of Biol-
ogists, about the mysteries of life. A mere application of computers to 
solve any problem of a biologist would not merit a separate discipline. 
It looks as if Computational Biology and Bioinformatics are mainly 
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concerned with problems involving data emerging from within cells 
of living beings. It might be appropriate to say that Computational 
Biology and Bioinformatics deal with application of computers in 
solving problems of molecular biology, in this context. What are 
these data emerging from a cell? There are 3 important data: DNA,
RNA and  Protein sequences. Surprisingly, all of them are mere text 
data (strings, more formally) that can be opened with a text editor.

What is difference between Bioinformatics and Computational Biology ?
Both are “Computers + Biology”. Difference is subtle but important. 
Bioinformatics = Biology + Computers whereas Computational Biol-
ogy = Comp– uters + Biology. In other words, biologists who special-
ize in use of computational tools and systems to answer problems of 
biology are bioinformaticians. Computer scientists, Mathematicians, 
Statisticians, and Engineers who specialize in developing theories, 
algorithms and techniques for such tools and systems are compu-
tational biologists. Following could be some of the major branches 
of Bioinformatics: Genomics, Proteomics, (in strict sense, should be 
used with the prefix Computational ), Computer-Aided Drug Design, 
Bio Databases & Data Mining, Molecular Phylogenetics, Microarray 
Informatics and  Systems Biology. 

Bio databases are huge data bases of mostly sequence data pour-
ing in from many genome sequencing projects going on all over the 
world. The primary data bases include European Molecular Biology 
Laboratory DNA database (EMBL), GenBank at National Center for 
Biotechnology information, Bethesda and  DNA Data Bank Japan 
(DDBJ), and Protein databases at SWISS-PROT (Protein sequence 
database  at Swiss Institute of Bioinformatics, Geneva) and PDB – the 
Protein 3D structure databases. As the databases continue to grow, 
mining them offers newer challenges.

Bioinformatics has provided the modern biologist with a Google 
of Biology. BLAST is a software which can be queried with bio-se-
quences to find known matches. Compared to Google, Blast is much 
more complex as the query sequences can be thousands of characters 
long and also the matching is not straightforward. BLAST uses very 
sophisticated scoring mechanisms (PAM, BLOSUM scoring matri-
ces) to overlook ‘pardonable’ mismatches of characters (An analogy 
would be the mismatch of ‘s’ and ‘z’ in English. When this is done 
on more than two sequences at a time, we have a hard nut to crack.  
Software such as ClustalX does this. These softwares give quantitative 
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proofs for theories such as theory of evolution. If you query a human 
genome sequence, the first match is that of apes ! 

Genomics & Proteomics are  both big fields, encompassing vari-
ous studies of the genome and the proteome.  Computationally, both 
start with sequence data, and attempt to answer questions like this: 
Genomics: Given a DNA sequence, where are the genes ? (Gene 
Finding); How similar is the given sequence with another one ? (Pair-
wise Sequence Alignment); How similar are a set of  given sequences ? 
(Multiple Sequence Alignment); Where on this sequence does anoth-
er given bio-molecule bind? (Transcription factor binding site identi-
fication); How can we compress this sequence ? How can we visualize 
this sequence insightfully ? (genome browsing); Proteomics: Given
a protein sequence data,  how similar it is with another one, or how 
similar are a set of protein sequences (pair-wise and multiple sequence 
alignment); What is the primary, secondary or tertiary structure of 

the molecule  ? (the great protein folding problem); Which part is 
most chemically active ?  (Active site determination problem); How 
would it interact with another protein ? (protein-protein interaction 
problem); To which cell compartment is this protein belonging to ? 
(protein sub-cellular localization or protein sorting problem).

The technique of sequence alignment which is widely applied in 
both genomics and proteomics, deserves a special mention. It is all 
about writing two bio-sequences (DNA/RNA/Protein), one below 
the other, to highlight their similarity to the maximum extent pos-
sible. You can do this on English strings also. Consider the strings 
“Gates like cheese” and “Grated cheese”. If you write one below the 
other and compare letter for letter, you find only 2 letters matching, 
indicated by |.

As soon as you stretch the sequences to highlight similarity by 
inserting gaps, we find it more truthfully highlights similarity with 10 
matches. Consider doing this on DNA sequences millions of letters 
long!

Gates likes cheese G-ates likes cheese

|        | | |||        ||||||

Grated cheese Grated ------cheese
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Computer aided drug design is the use of computational tech-
niques to cut down the search for drug molecules. A large class of 
diseases arise out of an unwelcome molecule, possibly a protein pro-
duced from the gene of a pathogen, an intruder organism, like a vi-
rus. Identifying a disease and  bringing out an effective drug into the 
market could take anywhere from 10–15 years, cost up to US$800
million, and involve testing of up to 30,000 candidate molecules. The 
economic significance of the activity thus needs no special emphasis. 
This costly, time-consuming activity has been traditionally based on a 
blind search for molecules, rightly termed as serendipitous discovery. 
Computer aided drug design or rational drug design has cut the cost 
and time of drug discovery with great effect. Today computationally 
it is possible to select candidate drug molecules from huge available 
databases and check whether it can bind to the active site of the trou-
blesome  molecule using computational docking procedures.  Dock-
ing software such as Hex, Argus Lab, and Autodock are capable of 
docking the small molecules to selected active sites of target molecules 
and give a relative score for the binding. The small number of (a few 
dozen) of molecules thus predicted computationally is then passed on 
to the wet lab for synthesis and clinical trials. 

Systems Biology is where engineers might be turned on. Engineers 
can claim great success in  modeling some of the very complex cre-
ations of his/her own – huge power systems, towering multi-storeyed 
structures, amazing kilometer-long bridges, and miniature silicon 
chips. However, they are yet to face the grand challenge of modeling 
the engineering of life at the cellular level. In a power system, the elec-
trical engineer is able to predict with required level of accuracy, what 
the effects of a particular loading would be, at every spot of interest 
in the power network. However, ask the biologist, if the pH in a cell 
compartment is increased, what would happen at every important 
spot in the cell after an hour (cell machinery is mostly sluggish, but 
lightning fast at times). She does not have a model to predict. The 
field of systems biology attempts exactly this, to identify the basic 
components, parameters, variables and networks and to model them 
with differential/integral equations to the extent that the previous 
question can be answered. The Japanese project named e–Cell is a 
great beginning towards this. This  is an international research project 
aiming to model and reconstruct biological phenomena in- silico, and 
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The gaps in the current educational scenario can not be filled 
through cosmetic reforms, not even through large scale trans-

formation. It needs nothing short of a wholesale upside down revo-
lution. Such a revolution cannot happen in isolation because edu-
cation influences and is influenced by other social factors such as 
poverty, health etc. As the world economy and 
consequently human behavioral style changes, 
the skill sets required and the valuations on 
them change.

Education needs to create the ability to do 
better in the future than doing the best in the 
present. One can not hope to even keep a job 
not to speak of progress in one’s career based on 
a degree earned twenty years back. Changes in technology may even 
cause the disappearance of certain professions – do we see stenogra-
phers and consequently shorthand training institutes anymore? Do 
we see people who worked in the dark rooms of photo studios de-
veloping film rolls? Any government that  understands the dynamics 

Education 
Growing the Human Capital 

In New Perspective - Education

developing necessary theoretical supports, technologies and software 
platforms to allow precise whole cell simulation. The latest version of 
their cell simulation software is available at www.e-cell.org. 

It is very evident that Bioinformatics will continue to grow in its 
relevance and impact, given the commonly held notion that the 21st

century is a bio-tech century. It looks likely that IT will ride atop the 
bio-tech bandwagon and the industry will become more knowledge-
centred. The great Donald Knuth, renowned Stanford computer sci-
ence  professor, is quoted often for pointing out that biology has 500 
years of exciting problems to work on. He feels that biology is “so 
digital, and incredibly complicated, but incredibly useful”(Computer 
Literacy Interview with Donald Knuth by Dan Doernberg, December 
1993).

[Dr Achuthsankar S Nair]
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of global economy, would accord the highest priority to develop soft 
infrastructure such as education alongside hard infrastructure such 
as roads and ports. In today’s setting, possessing the best human re-
sources and offering their services to the world means much more 
than possessing hard wealth and military power. It is the responsibil-
ity of governments to establish the necessary technology infrastruc-
ture and a facilitation-cum-overseeing mechanism for providers of 
education/ training. 
Versatility versus Specialty

Opportunities to learn new skills should be available to everyone 
independent of geography, caste or economic condition. The pro-
grams for individual skills have to be rigorous in content. However, 
there should be total ease and flexibility for aspirants to migrate from 
one program to another. For example a dentist while practicing his 
profession should have facilities to equip himself to become a lawyer; 
a software engineer may like to prepare himself to become a film di-
rector;  an accountant may like to become a  paramedic. Versatility is 
the name of tomorrow’s game. 

We do not need large edifices and monstrous universities. That is 
a model influenced by the in         dustrial revolution – turning out 
graduates with a specialty tag in an assembly-line fashion. Even the 
terms we use in the educational context suffer from a linear reduc-
tionist mindset – curriculum, syllabus, examinations, semester, four-
year degree, class time-table etc. These have an effect of producing 
a closed mind inadequate to face life. What we need are  recharging 
centers similar to what we see in public places - a board with different 
configurations of jacks to which we plug our cell phones for charg-
ing.
Current Dysfunctions

Let us look at some undesirable aspects of the current system of 
education.  We make the mistake that one unit of teaching produces 
one unit of learning. Moreover, whatever little learning happens does 
not cater to the world outside. The learning does not prepare one to 
respond to the unexpected. All the meaningful inputs we need for 
our career and life we learn outside the educational system – through 
our own sources, in our own styles, at our own pace. We then prac-
tice those ideas, seek feedback from others and internalize them. If 
this paradigm works for a successful life, why should it not work dur-
ing our formal education? Oscar Wilde had said that nothing that is 
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worth knowing can be taught.
Whose interest is served

Both politicians and educationists are clueless about improving 
the educational scene. Their solutions are either knee jerk reactions 
or driven by vested interests. We make a wrong assumption that a 
smaller student  : faculty ratio results in better learning . We make 
a wrong assumption that every school student should learn Java 
programming . We make a wrong assumption that a poor test score 
indicates lower proficiency and make students repeat the class. All
these only result in appointing more teachers. Thus our systems and 
processes are primarily focused toward creating employment in the 
education sector. 
Separating Knowledge instead of Synthesizing

The straight jacketing of  knowledge into compartments called 
disciplines has perhaps done the greatest harm. Excessive specializa-
tion has led to  problems being perceived through a narrow spectrum. 
For example, a specialist in Operations Research (OR) tries to model 
every problem in the world as an OR problem.  Real life problems do 
not appear with a banner proclaiming “I am a marketing problem”, 
“I am a manufacturing problem” or “I am an HR problem”. Problems 
are messes made up of intertwined areas. Education does not address 
the issue of unraveling messy situations. The effects of causes are 
separated in space and time. Don’t we swallow a tablet that goes into 
the stomach in order to cure a sore finger?  But our students are not 
trained to look for solutions beyond the problem domain. 
Meaningless Exercises

The exercises given in the class are purposeless problems devoid
of their context. Solving one thousand quadratic equations with dif-
ferent coefficients will not help internalizing the concept as getting 
one real life instance that intuitively models into a quadratic equation 
and whose roots are interpreted back into the real life context. Can 
not Archimedes’s principle be taught while the students take a dip in 
the pool? Can not statistics be taught while the students are asked to 
note down their cricket scores over a month? Can not  the principle 
of Pythagoras be taught while the students are trying to build a verti-
cal wall over a horizontal floor using their building blocks?
Learning through Mistakes

In post-school phase, progress is not determined through exami-
nation scores. Progress depends on how effectively you have contrib-
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uted to the success of your organization. While examinations focus 
on efficiency, real life focuses on effectiveness. According to Russell
Ackoff it is better to do a right thing wrong than do a wrong thing 
right because by doing a wrong thing right, we make it wronger. Mak-
ing mistakes is considered a shameful activity. Doing a thing right 
only confirms what we already know; making a mistake teaches us 
new knowledge. Schools can make sure that the appropriate learning 
through mistakes has happened by repeating the examination and 
making sure that the mistake is not repeated. The mindset of avoid-
ing mistakes translates into risk aversion and absence of innovation 
in the workplace. This creates a status quo zone of comfort and one 
is ill equipped to handle adversities caused by the environment. The 
reaction to the recent recession / slowdown is a good example.
Trial and Error and Play as learning Tools

Bertrand Russell had said that men are born ignorant, not stupid; 
education makes them stupid. Before entering school a child learns 
to handle progressively complex tasks. The only instruments avail-
able to the child at that stage are “trial and error” and “play”. What is 
learnt at this stage stands good for the rest of life. Do you remember 
how you learnt to tie your shoe laces? Why should we not continue 
the trial and error and play methods during formal education? Why 
should we tolerate an  examination system that is  designed to expose 
the ignorance of students and discourage them instead of  providing 
an opportunity to exhibit their knowledge and celebrate.

In a world that values democracy, education is the most undemo-
cratic institution. The real beneficiaries of education do not have a 
say in what they learn, how they learn, at what pace they learn etc. 
but all these are imposed on them. 
Conversation

All our ancient works have used the medium of conversation to 
disseminate knowledge. Conversation is a means to enter and tap 
into other minds. But our schools impose silence as part of the disci-
pline. Similarly every career demands accessing information from all 
possible sources and sharing the information with the team . While 
every corporate induction program emphasizes teamwork, in the 
school this is dubbed as cheating. 
Ideal Scene

An ideal education scenario shall have no entry criteria in terms 
of age or prerequisites. It shall have optional exit conditions in the 
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form of assessments in specific capabilities for the purpose of se-
curing employment. It shall adopt “Birds-of-a-feather-flock-together” 
model of community learning where experienced adults relearn a 
new subject alongside young children. It shall provide continuous 
diagnostic and feedback mechanisms. Achieving all these will neces-
sarily involve judicious use of appropriate technology. This is where 
we need the government’s initiative in deploying a nation-wide high-
speed connectivity. We need to think totally out of the box if we are 
to do justice to the coming generations of learners. 

[R. Narayanan]

"Everybody talks about the weather, but nobody ever does 
anything about it" is a popular saying. These days many people 

talk about nanotechnology as the latest in technology, but very few 
know what it is about.

This branch of technology is in a formative phase, just like com-
puter science in the 1960s or biotechnology 
in the 1980s. Experts feel that by 2015, products 
incorporating nanotech will contribute approxi-
mately $1 trillion to the global economy. About
two million workers will be employed in nanotech 
industries, and three times that many will 
have supporting jobs.

Richard Feynman, who won the Nobel Prize 
in Physics in 1965, had predicted in 1959 that it should be possible 
to build machines small enough to manufacture objects with atomic 
precision. ("There's Plenty of Room at the Bottom"). Kim Eric Drex-
ler, an American engineer, popularised the word 'nanotechnology' 
in the 1980s. He discussed the building of machines on the scale of 
molecules, a few nanometers wide.
Not Science Fiction, but Plain Scientific Truth:

  Atoms in sand can be rearranged with addition of other elements 
to make computer chips.

Nascent Areas - Nanotechnology

Nanotechnology
Ushering in 2nd Industrial Revolution
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If we rearrange the atoms in dirt, water, and air we can make po-
tatoes.
Patients drinking medicinal fluids containing nano-robots pro-
grammed to attack and reconstruct the molecular structure of can-
cer cells and viruses to make them harmless.

 A stronger than steel sheet over a hectare weighing only 280 gms
Smelly socks a distant memory
Self cleaning toilet bowls
Carbon nanotube carries 1000 times electric current than copper
Nano-robots could be programmed to perform delicate surgeries. 
They can operate seamlessly without leaving the scars that con-
ventional surgery does.
Molecular computers could contain storage devices capable of 
storing trillions of bytes of information in a structure the size of a 
sugar cube.
A scientist predicted : “In one hour, $20 worth of chemicals can 
be converted into 100 pairs of shoes, or 50 shovels, or 200 cell 
phones, or even a duplicate nanofactory!”

Sounds unbelievable because of its staggering implications. Perhaps 
the second industrial revolution is round the corner.

What is nanotechnology?
Let us start with nano, which is the Greek word for ‘dwarf’. 

In science and technology, nano means one billionth. A nano-
metre = 10-9 metre. The average human hair is about 25,000 
nanometres wide. Nanotechnology is the science of the small.
It is the science of understanding the structure and behaviour of 
materials at atomic or molecular level. We manipulate matter at the 
atomic scale. It makes most products lighter, stronger, cleaner, less 
expensive, and more precise. For instance, materials up to 100 times 
stronger than steel can be made, at a fraction of the weight.

There is a transition between the fixed behaviour of individual 
atoms and molecules, and the adjustable behaviour of collectives. So, 
nanotechnology can be viewed as the application of quantum theory 
and other nano-specific phenomena to control the properties and 
behaviour of matter.
Stages of development

1. Development of passive nanostructures: materials with steady 
structures and functions, often used as parts of a product (eg. carbon 
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nanotube wires in ultraminiaturized electronics). From 2000.
2. Focus on active nanostructures that change their size, shape, 

conductivity or other properties during use. New drug-delivery par-
ticles, which release therapeutic molecules in the body only after they 
reached their targeted diseased tissues. Transistors reduced to single, 
complex molecules. From 2005.

3. Workers expected to cultivate expertise with systems of nano-
structures, directing large numbers of intricate components to speci-
fied ends. (eg. guided self-assembly of nanoelectronic components 
into three-dimensional circuits and whole devices). From 2010.

4. Nanosystem networks in which molecules and supramolecular 
structures serve as distinct devices. Extremely small computers and 
robots. Medical applications including anti-aging treatments. From
2015.

In course of time, nanotechnology  will make many high-qual-
ity products at very low cost and at great speed. Guesstimates for 
this to happen are anything from 20 to 30 years from now. We 
should not rule out the possibility of rank misuse of the technol-
ogy that may lead to untraceable weapons of mass destruction, peril-
ous arms race, and other disastrous consequences. There has to be 
stringent regulation, lest nanotech should be a curse on humanity.
There is a popular misconception that devices built with nanotechnol-
ogy have to be quite small, thereby making molecular manufacturing 
systems  hard to control and easy to steal. Through what is known 
as convergent assembly,  large products are created from nanoscale 
parts. One nanofactory can build another nanofactory. It is said that a 
typical personal nanofactory (PN) would be the size of a microwave oven.
With nanotechnology, rapid innovation is easy. This makes  manu-
facturing processes flexible. Many of those who operate the systems 
may not know much about it, as it happens with many of the new 
technological products we handle these days.

[B S Warrier]

It is important that you strive for humility, but not 
humiliation, for a cool, level-headed confidence, not 

a stiff, delusional arrogance

– Michael Johnson
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The launch of LED (Light Emitting Diode) TV created a lot of 
confusion among the consumers regarding how LEDs are 

behaving like pixels in a normal sized television screen. But the real 
truth is that LED TVs presently available in market are actually LCD 
(Liquid Crystal Display) TVs with LED backlighting. We have enough 
grounds to believe that the introduction of 
LED TVs is exactly a marketing technique 
of the manufacturers to promote their LCD 
TVs with some added advantages. And it is 
true that they have succeeded to some extent 
mainly in response to the quality of the product.
A true LED TV can be thought of by considering 
LEDs as individual pixels. But the size of LED is a limitation and 
hence this is possible only in large screen displays suitable for fixing in 
playgrounds and for commercial applications. However, OLED TVs 
using self-illuminating Organic LEDs have been recently introduced 
in the market by Sony and Samsung. OLEDs are manufactured 
by applying organic layers to the substrate and they offer several 
appealing performance characteristics. OLED TVs are low power 

LED and LCD TVs
Some Facts

Demystification
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consuming, lightweight, ultra thin and with higher viewing comfort. 
But the discussion here is limited only to LED-supported LCD TVs.

An LCD TV requires back lighting in order to produce a visible 
image since its pixels are not producing its own light. LCD TVs are 
normally using Cold Cathode Fluorescent Lamp (CCFL) for it’s back-
lighting. This Fluorescent Lamp is always on and some light leaks 
through to the front of the display making the black portion of the 
image to become lighter or less black. This will reduce the perceived 
sharpness of the image. This is the main drawback of an LCD TV.

The use of LEDs for illuminating LCD display offers several ad-
ditional features over the normal LCD TV. The most important one 
is the low power consumption. The most of the LED based LCD TVs 
available in the market comply with Energy Star requirements, an at-
tractive feature for consumers. The image brightness will also increase 

A pixel or picture element, is generally thought of as the 
smallest single component of a digital image. Pixels are normally 
arranged in a 2-dimensional grid, and are often represented using 
dots or squares. Each pixel is a sample of an original image, where 
more samples typically provide more-accurate representations of 
the original. The intensity of each pixel is variable; in color sys-
tems, each pixel has typically three or four components such as 
red, green, and blue, or cyan, magenta, yellow, and black.

The term "pixels" can be used in the abstract, or as a unit of 
measure, in particular when using pixels as a measure of resolu-
tion, such as: 2400 pixels per inch, 640 pixels per line, or spaced 
10 pixels apart.

More the pixels used to represent an image, closer the resem-
blance to the original. The number of pixels in an image is some-
times called the resolution, though resolution has a more specific 
definition. Pixel counts can be expressed as a single number, as 
in a "three-megapixel" digital camera, which has a nominal three 
million pixels, or as a pair of numbers, as in a "640 by 480 dis-
play", which has 640 pixels from side to side and 480 from top to 
bottom and therefore has a total number of 640 × 480 = 307,200 
pixels or 0.3 megapixels.

Pixel - Picture Element
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bringing the performance quality to the level of a Plasma TV. 
The backlight LEDs are normally distributed at the back of the 

LCD display in two fashions – covering the entire area of the display 
or around the edge of the display. In both cases, the power consump-
tion is very less compared to Plasma TV and LCD TV with fluores-
cent backlighting. The edge lighted LCD TVs are less expensive and 
ultra thin. But when the LEDs are spread across the LCD panel, the 
image quality can be improved by suitably controlling the LED light-
ing. This approach provides the best dynamic contrast ratio, which in 
turn improves perceived image colour and sharpness.

Image quality also depends on the type of LEDs used in LCD TVs. 
Manufacturers use white LEDs or RGB (Red, Green, Blue) LEDs. 
The costly RGB LEDs provide a colour gamut around twice that of a 
conventional LCD TV, providing richer and more varied colours in 
television sets. 

The first commercial LED TV of the above category was intro-
duced by Sony in 2004. Samsung and LG are other strong players 
in this field. The bad thing about LED TV is its cost which is almost 
twice that of a normal LCD TV. But we hope that things will change 
when more companies are entering in to the market.

[ T S Ajayghosh,
CDAC, Trivandrum]

For everything there is a season,
And a time for every matter under heaven:
A time to be born, and a time to die;
A time to plant, and a time to pluck up what is planted;
A time to kill, and a time to heal;
A time to break down, and a time to build up;
A time to weep, and a time to laugh;
A time to mourn, and a time to dance;
A time to throw away stones, and a time to gather stones together;
A time to embrace, And a time to refrain from embracing;
A time to seek, and a time to lose;
A time to keep, and a time to throw away;
A time to tear, and a time to sew;
A time to keep silence, and a time to speak;
A time to love, and a time to hate,
A time for war, and a time for peace

– Ecclesiastes 3:1-8

Some Words of  Wisdom
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The computer has been termed 'The Machine that Changed the 
World' on account of the remarkable breadth and depth of 

its adoption in almost every facet of human discourse. Even more 
remarkable is the fact that this has been archived in very short 
duration of a few decades.

While computing devices such as the abacus have been known 
historically, the concept of a device that manipulates data on the basis 
of specific instructions—the 'stored program computer[1]'—was first 
conceived in 1837 by Charles Babbage. It is important to note that 
the first 'programmer' was Babbage's colleague, Augusta Ada King, 
Countess of Lovelace, daughter of the British romantic poet, Lord 
Byron, who wrote 'programs' (series of instructions) even before Bab-
bage had finished construction of his computer.

It is interesting to review the role of the Government (especially 
the military) in the evolution of computing. It was the US Depart-
ment of Census who commissioned Herman Hollerith to develop the 
punch card system for its 1890 census. Later on, significant advances 
in computing devices took place during the World War II (most of 
it not revealed to the public). It was during the Cold War that the 
Internet was conceived as a computer network that would “...degrade 
gracefully...” under enemy attack. TCP/IP was also conceived by the 
Department of Defence of the US.
Early Computers

Computing encompasses two aspects: performance of arithmetic
operations (as can be done by a digital calculator) and programmability.
The first automatic arithmetic device using binary circuits was invent-
ed by George Stibitz of Bell Labs in 1937. There is some controversy 
about the first programmable device: amongst the earliest are Zuse 
Z3 (Germany, 1941), Atanasoff-Berry[2] (US, 1942), Colossus (UK,
1944) and Harvard (US, 1944).

The first general-purpose electronic computer was ENIAC (Elec-
tronic Numerical Integrator And Computer), developed by the US
Military. It used vacuum tubes, and was instrumental in carrying out 

Past 50 Years - Computing

50 Years of  Computing
A Flash Back
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computations for the hydrogen bomb. During the same time, John 
von Neumann's work, provided a more elegant and flexible design, 
now called the 'stored program architecture' or the von Neumann 
architecture.
Semiconductor-based Computers

The transistor, invented in 1951, has been one of the most sig-
nificant inventions of the 20th century. Its importance stems from 
several aspects: it is highly reliable; its manufacture can be highly 
automated, leading to extremely low costs; it can be massively aggre-
gated (as ICs); it has low weight and form factor; it has lower operat-
ing voltages, making it suitable for battery-powered applications; it 
doesn't require a warm-up period unlike thermionic valves; and it is 
rugged and insensitive to shock and vibration.

Transistors were immediat– ely adapted by the computer industry, 
but the real breakthrough came in the 1970s, when microprocessors—
integrated circuits that contain the full functionality of a CPU—were
invented. These led to the development of diverse types of comput-
ers, from the mainframe to minicomputers to personal and home 
computers.

This period also saw the emergence of the first high-level lan-



34 Executive Knowledge Lines September 2009

guages: FORTRAN, COBOL & LISP to begin with, and in the 60s, 
BASIC and ALGOL. ALGOL, first introduced in the mid-1950s was 
the first structured programming language, and besides being the de
facto language for describing algorithms for the next 30 years, led to 
the development of several languages, including C and Pascal.
Home and Personal Computers

The computing domain in the seventies was dominated by main-
frames and minicomputers. The former ran proprietary operating sys-
tems, while the latter generally ran Unix (which was invented at Bell 
Labs in 1969. See Illustration 1 for the Filiation of Unix-like systems). 
Unix today has the distinction of running in the largest number of 
devices, from mainframes to wristwatches.

A new development, one that was a historic milestone in comput-
ing, was the emergence of home computers in the late 1970s. While 
the earliest of these (Sinclair ZX80, and Acorn Atom) were available 
as kits for home assembly, subsequently they were sold assembled and 
ready-to-use. These usually plugged in into a TV for display (usually 
40 column width on account of poor resolution of TVs), cassette 
players for storage, and usually used a mix of BASIC and Assembly
code for programming. Popular home computers included TRS-80, 
Commodore PET & 64, BBC Micro, Atari, Sinclair and Apple.

Illustration 1: The Unix Family
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The home computer market grew rapidly in the late 70s, and one 
of the companies that eyed this market was IBM. As a company that 
mainly made mainframes, this represented a significantly different 
approach for IBM. To complete the design faster, it was decided to 
assemble a computer from readily available parts. The IBM 5150—
better known as the Personal Computer—was launched on August
12, 1981. It had the Intel 8088 (running at 4.7 MHz) as its CPU, 256 
kb of RAM, a monochrome display, and an optional floppy drive. It 
also had a TV port and cassette player port.

Users had the choice of three Operating Systems for the PC: 
CP/M, UCSD p-System and PC-DOS. The latter was developed by a 
small company called Microsoft, which had purchased the Quick and 
Dirty Operating System (QDOS, also called 86DOS) from Seattle 
Computer Products who originally wrote the system, modified it, and 
licensed it as PC-DOS.

At a minimum price of about USD 1500, the IBM PC too expen-
sive for most people (other home computers were around USD 500). 
This situation changed when the PC clone industry emerged. The 
first clone was from Columbia Data Products in June 1982, shortly 
followed by Compaq. This had the effect of lowering the price sub-
stantially, leading to higher sales. As Microsoft could not sell PC-
DOS to clone makers (on account of IBM's licensing conditions), 
a new product, MS-DOS, was created with minor modifications to 
PC-DOS.

The PC provided something unique: the concept of a computer 
platform. Until the PC came along, the home computer market was 
fragmented with no compatibility or a dominant market leader. To-
gether, IBM and the clone makers, gradually evolved into a platform. 
More and more software began to be written for the PC. One of these 
caused an upheaval that resulted in the PC becoming a business com-
puter from its humble beginnings as a home computer.

In 1982, Mitch Kapor, a computer programmer, radio disk jokey, 
teacher of transcendental meditation, and linguist, founded the Lo-
tus Corporation, and went on to write a program for the PC: Lotus 
1-2-3. Until then, computers were not used by Executives, but only 
by their secretaries (for composing documents) or accountants. 1-2-3, 
however, allowed Executives to work with budgets, draw graphs and 
charts and also do elementary database operations such as filtering. It 
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proved to be enormously successful and resulted in the PC findings 
its way to desks of Executives. Finally, computing was democratized, 
and widespread.
Graphical User Interfaces

Xerox corporation had set up their Palo Alto Research Centre 
(PARC) in 1970 to speed up innovation. PARC has been respon-
sible for several important advances in computing, including the laser 
printing, Ethernet, VLSI, Object-Oriented Programming, InterPress 
(the precursor of Postscript) and the mouse. Another of their innova-
tion was the WIMP (Windows, Icons, Menus and Pointer) interface, 
now called as the GUI.

One of the first companies to try out the GUI was Apple, on the 
Lisa in 1983. It was not a commercial success, but its successor, Apple
Macintosh, evolved into a legend. The GUI, or the direct manipulation 
interface, was one of the reasons behind this. The PC, however, had 
no GUI. In fact, when Aldus introduced PageMaker in 1985—thereby 
literally creating the domain of Desktop Publishing—there were pro-
tests from the MS-DOS community about the lack of a GUI. Al-
though Microsoft had started work on a GUI system, its release was 
delayed. Finally, Windows 1.0 was released on 20 November 1985.

Windows 1.0 ran as a user process on top of MS-DOS. It was, 
however, not very popular. When Aldus released PageMaker for the 
PC, Windows 2.0 was bundled with it. Windows 3.1 brought in sev-
eral improvements such as stability, TrueType Fonts, and networking 
support.
CPUs and Hardware Changes

IBM had designed the PC around the 8088 chip—internally 16-bit, 
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but with an 8-bit data bus—for cost reasons (as 8-bit components were 
much cheaper).  Soon after its release, there were several hardware 
improvements: the colour graphics adapter (1981), hard disk (PC/
XT in 1983), EGA (1984) and VGA (1987). As Intel rolled out new 
CPUs, the industry also kept pace. Different CPUs included 80286 
(1982), 80386 (the first 32-bit chip, 1985), 80486 (1989), the Pentium 
Series (1993), Celeron (1998), the ill-fated Itanium (2001), the low-
power Atom (2008) and the Dual-core series (2007). Apple, which 
historically used Motorola CPUs, transitioned from PowerPC chips 
to Intel in 2006. Non-Intel CPUs such as AMD have been successful 
in capturing significant market share.
Networking and the Internet

The three popular networking technologies were ArcNet, Ether-
net and Token Ring. The last was an expensive but highly reliable 
standard from IBM. ArcNet faded away by the mid-80s. Ethernet 
became more popular after moving from coax to unshielded twister 
pair (UTP). It was also standardized by IEEE and ISO and emerged as 
the dominant networking technology. On the software side, Novell's 
IPX/SPX protocol was dominant until the early 90s, while TCP/IP 
took over from then.

Since they used proprietary technologies for networking, it was 
near-impossible to network early mainframes from different manu-
facturers. Defence Advanced Research Projects Agency (DARPA)
wanted to utilize computer networks for military use, and had al-

Illustration 2: Windows 1.0 Screenshot
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ready set up ARPANet by 1969. This necessitated the need for a lin-
gua franca—a common networking protocol between heterogeneous 
computers—for military use. The protocol suite thus developed was 
TCP/IP.

Most of the work on TCP/IP was done by Robert Kahn and Vint 
Cerf. TCP/IP allowed redundant connection, thus fulfilling the de-
sign objective of 'graceful degradation'. TCP/IP also took away the 
complexity of networking by moving error correction from being the 
responsibility of the network to the two hosts, leaving the network it-
self much simplified. Thus, TCP/IP was a lean, lightweight protocol, 
able to connect just about any type of computer.

Important landmarks in the ARPANet's history include its found-
ing in 1969, the first international connection in 1972, invention of 
email (1972), creation of the Domain Naming System (1983), and its 
eventual closure in 1990. By this time, the ARPANet hosts had tran-
sitioned into the Internet.
Conclusion

The growth of the Internet and the technological  changes in the 
last two decades have been significant. In particular, the popularity 
of mobile phones, and their transition from communication devices 
to personal entertainment, productivity and utility devices, has made 
it ubiquitous. At the same time, other developments such as social 
networking, the semantic web, cloud/grid/cluster computing, and 
multi-core computing are bringing about exciting changes. The last 
two decades have also seen several concerns such as security, privacy 
and environmental impact of computing relating to the computing 
domain. Despite these, computing has become pervasive, touching 
the lives of most people on the planet. The future promises even 
more far-reaching changes.

[Satish Babu, Vice Chair, IEEE Kerala Section]

[1] The word 'computer' was first used in 1613, and referred to a 
human being who specialized in carrying out arithmetic computations. 
From the end of the 19th century, it also began to denote a machine

[2] The programmability of this device is suspect. However, a 1973 
Federal Judgement ruled against Sperry Corporation (who held the pat-
ent for ENIAC) and upheld this device as the first computer in the US.
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Speak properly, and in as few words as you can,
but always plainly; for, the end of speech is not os-
tentation, but to be understood.

– William Penn
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Government of India’s recent initiatives in the higher educational 
sector have highlighted some of the serious challenges the country 

faces in restructuring our universities. Ever since independence the 
successive governments have made several attempts to bring our 
colleges and universities in alignment with the rapid changes taking 
place in the production and dissemination of knowledge. From 
Radhakrishnan Commission through Kothari Commission to the 
current Yashpal Committee serious consideration have been given 
to bring out radical changes in curriculum,  institutional governance 
and financing. Many of the policy directives have been implemented 
with partial success. But the fundamental issues like access, quality 
improvement and equity still vex the nation crying for urgent 
solutions

The quantitative development in the higher educational field is, 
considering the paucity of resources and the general backwardness of 
the society, quite impressive as per Table 1.

But the problem of access has not been solved. Even now we can 
admit only 7 to 8 % students of relevant age group to the tertiary 
stage of the system. Highly developed countries like USA, UK and 
Germany admit more than fifty percent of students to their higher 
educational institutions 

It appears that the government has found an easy way out of the 
impasse: increase overnight the number of universities. There are 
many colleges in the country in metropolitan areas which have better 
faculty than the average university. After all, only 150 universities 

Educational Scenario
Post-Independence Era

(Table 1: Interim report, Yashpal Committee, p 28)

Past 50 Years - Education
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have approached the National Assessment and Accreditation Coun-
cil for a reality check. The Knowledge Commission proposes that 
1500 of these better colleges may be given the status of universities. 
During Margeret Thatchers rule in the UK most of the polytechnics 
were restructured as universities. Investment allocation in the Elev-
enth Finance Commission is quite large. It is proof that the authori-
ties are seized of the seriousness of the matter.

Realizing that this may not solve the problem of access, the gov-
ernment has adopted an open-door policy. Eminent educationists 
like Philip Altbach have argued that the expectation that the pres-
ence of the foreign universities in the country would create a competi-
tive atmosphere is surely misplaced. Only substandard universities 
will be interested in opening their campuses here. Their primary goal 
would be making money. The private professional educational insti-
tutions – the so-called self-financing colleges – have degenerated into 
commercialized teaching shops producing substandard professionals. 
Even some religious bodies which were run by missionaries have now 
only mercenery goals. They charge exorbitant capitation fees. They 
resist attempts to bring them under control of regulatory commis-
sions. Democratic rights of teachers and students are not permitted. 
Transparency in appointments and student selections is not observed. 
Despite the heavy fees the results are deplorably poor. The neo-liberal 
outlook of the central government prevents it from inacting compre-
hensive legislation to regulate the working of these institutions.

Further, in the name of minority rights, institutions are set up 
which flout norms of social justice with impunity. Even left govern-
ments are unable to take remedial measures because the upper middle 
class endorses the system with all its inequities. Communal and reli-
gious organizations blackmail the government. Sometimes sections of 
judiciary comes to their rescue. I believe that the right of minorities 
to conduct educational programmes should be limited to seminaries, 
madrasas and vedic pathasalas which teach theologies and prepare 
priests to conduct ritualistic duties. For a secular society public edu-
cation should be mainly a state responsibility. Private organizations 
have to conform to the rules and conditions laid down by appropriate 
public authorities. It goes without saying that the religious and cul-
tural rights of the minorities should be fully protected.
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Another challenge faced by the system is structural. It is well 
known that the affiliating colleges have reduced most of the universi-
ties to examining bodies. The administration is overburdened with 
the examination work. Nearly 25 percent of the colleges are held by 
experts to be non-viable. As the bulk of the undergraduate education 
goes on in these colleges it is impossible to abolish them. Some of the 
colleges in each state have a long tradition of excellent educational 
service to society. The issue of raising the quantity of education is re-
lated to this structural peculiarity - a vestige of the colonial system. In 
some states we find how this system is abused by the private manage-
ments who run the majority of colleges. In many such colleges faculty 
positions go to people who can pay maximum to the managers. Their 
pay is ensured by the government. For decades this practice of gov-
ernment complicity with the unfair and corrupt selection process has 
been going on. Not even leftist governments are unable to put an end 
to this. Universities cannot be centres of excellence if their colleges do 
not take steps to improve the quality of their teaching.

Western thinkers like Pierre Bourdieu have argued that the educa-
tional system in developed countries promotes inequality and injus-
tice in the transmission and distribution of cultural capital. Cultural 
capital is defined as knowledge that helps the owner win financial 
and social advantage. The system in our country is heavily weighted 
in favour of students coming from elite families. Poor students with 
comparable technical competence cannot reap the benefits which 
students from higher social strata do. The result is, whichever party 
may govern, the ruling elite perpetuates itself, reproduces itself in all 
walks of society, and take political and economic decisions which 
safeguard their interests at the cost of those of the poor. This is the 
root cause of the inequality and injustice in our educational system.
"The Committee to Advice on Renovation and Rejuvenation of 

Higher education in India" headed by Prof. Yashpal has submitted its 
"interim" report. Focusing on the "holistic nature of education, curric-
ular renovation" and academic autonomy, the Committee advocates 
a major paradigm shift. Fortunately, they have categorically declared: 
"An institution working with a motive of private profit does not have 
the right to be called a university." We can only hope that the central 
and state governments would consider this declaration as their main 
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guideline when sitting down to draft legislation to regulate the private 
sector colleges and universities. 

An important recommendation is the setting up of an "all-encom-
passing apex body, to be called the Higher Education Commission 
to replace the UGC and other regulatory bodies with a larger man-
date of overseeing all areas of post secondary education." At present 
nearly a dozen statutory bodies supervise higher educational institu-
tions causing much overlapping and confusion. There are contradic-
tions in the provisions of various Acts governing them. The Commit-
tee feels rightly that in order to ensure efficiency and accountability, 
the regulatory system should avoid extremes of over-regulations and 
under-regulations. We can only hope that by implementing the valu-
able proposals of the Committee, the Government of India will bring 
about a paradigm shift which the educational sector has been expect-
ing.

[Dr G B Mohan Thampi,
Former Vice-Chancellor, Kerala University]
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In 1958, Olga Owen Huckins wrote a letter to the 'Boston Herald' 
about the unprecedented death of many birds in her property due 

to aerial spraying of DDT. Rachel Carson, a marine biologist, took up 
the issue. Her monumental work on the impact of pesticide pollution, 
'Silent Spring', was published in 1962, considered as one of the most 
important works of 20th century. 'Silent Spring' was the springboard 
for modern environmental awareness.

One is reminded of the strange absence of House-Sparrows (Passer
domesticus) which, till recently thronged our cities and villages. In 
Hugh Whistler's (1949) 'Popular Handbook of Indian Birds', he wrote 
- 'There can be no bird that is more universally known and recognised than 
the House-Sparrow'.  The disappearance of House-Sparrow is attributed 
to several reasons; mainly the electro-magnetic radiation (EMR) from 
the mobile towers. The low frequency EMR of 900 to 1800 MHz of 
the prolific mobile towers penetrates the nervous system of the birds 
resulting in the depletion of its numbers.

Rachel Carson emphasised that she was not against pesticides, but 
at its 'uncontrolled and unexamined' use. Enslaved, we will not say 
no to the cell phone. 50 years after Carson, we listen to the silence 
of sparrows; we mourn the disappearance of shady trees, green paddy 
fields, clean drinking water and fresh air; we hide our anxiety about 
the erratic rains and the ever-rising temperature.
Depleting Nature, Repleting Wealth

To understand environmental issues, we should begin from the 
basic premise that natural resources are limited and fast depleting, 
mainly because of the 'technologically engineered control of nature' 
by man. The world may not have come to an end in the last 50 years 
for you and me, but many smaller worlds have ceased to exist. Like the 
communities in Kasaragod in Kerala, India, who suffer from strange 
ailments due to spraying of Endosulfan, the villagers of Plachimeda 
deprived of potable water by a soft-drinks manufacturer, the thou-
sands of forest dwellers and farmers in Madhya Pradesh due to the 
submergence by Narmada dam, farmers of Nandigram and elsewhere 

The Silenced Sparrow
Musings on Environment

Past 50 Years - Environment
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under the threat of loss of farmlands to industry – similar incidents 
abound all over the world, of the extinction of human, plant and 
animal communities. Like the House-Sparrow, the Gorilla now faces 
a new threat as illegal mining for Coltan used in the manufacture of 
mobile phones destroy their last habitats. Like small doses of Arsenic,
the snowballing effects of environmental changes are poisoning our 
lives - though not so silently.

But the modern world cannot be entirely blamed for its pursuit 
of material happiness. As soon as we are born, we are conditioned, 
guided, taught, groomed and propelled to achieve this single objec-
tive, the improvement of quality of life. We are brain-washed into 
believing that the indicators for quality are bigger cars, bigger houses 
and accumulation of material wealth. The quantum of want is rela-
tive; for a starving tribal boy, his next meal; for a Maruti 800 owner it 
would be Maruti Swift, en route to a Mercedes or a Hummer. There 
is seemingly nothing wrong with such aspirations, but one has to 
pause and look behind at the devastation one leaves behind.

The author remembers his boyhood in the Sixties, when cashew 
nuts, prawns and fish were plentiful and cheap. Then with the export 
boom in the Seventies, cashew nuts and prawns disappeared from 
the dining table of the middle-class. Export may have brought in for-
eign exchange and riches to the business barons, but at the cost of 
depriving the majority of the population, the cheap and rich nutrition 
and also the unbridled exploitation of marine resources. Food prices 
have risen uncontrollably; industrialisation and conversion for non-
agricultural purposes have sloughed off cultivable land. Agricultural
labour is hard to come by; migration to cities and foreign shores leave 
the fields barren and empty. Hills are carved out to fill up wetlands, 
destabilising the ecosystem. Electricity is a basic need; but should for-
ests be destroyed to satisfy our craving for comforts?

Deterioration of the quality of environment invariably reflects on 
all aspects of our life; culture, mores, political governance, health care, 
education, law and order etc. To be satisfied with the current state of 
life on earth would be to be insensitive or ignorant of facts. Perhaps 
the solution lies in redesigning our concept of development; and in 
answering the question why the rest of the world should be sacrificed 
for the welfare of a minority.
Redesigning Development
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Ackoff and Rovin (2003) in their book,' Redesigning Society' 
expound - 'Improvement of an existing condition or state requires a clear 
vision of what is wanted, not a clear vision of what is not wanted'.  Suste-
nance of life and equitable distribution of wealth are the basic needs 
of our society; conservation of nature and protection of environment 
is the platform to build up the real quality of our life.

The redesigning of development requires a paradigm shift from 
singular analytical approach to a holistic systemic approach. Applying
this principle to development, we shift from local, issue-based solu-
tions to answering questions on global, long-term sustenance. This 
would lead to the understanding of what is essential and what is not. 
A clear picture emerges as we realise that our society depends on 
the healthy interaction of several essential parts. Just as human body 
needs more than highly developed biceps and 'six-packs' to remain 
healthy, excessive emphasis on industrialisation and technological ad-
vancement while leaving environmental concerns unattended would 
lead to lop-sided development and destruction of our society. Just as 
an architect designing a building begins with a sketch of the whole 
and examines the effect of change in the design of one part on the 
entire building, any development plan should be considered in the 
light of its impact on the whole system. When hectres of wetlands are 
land-filled for say, an industrial park or such industrial conglomer-
ates, due consideration should be given to its impact on other equally 
important aspects. To be inconsiderate is to be selfish; to be selfish 
is to suffer severance from the system. Ackoff and Rovin put this 
succinctly- 'Development is an increase in one's ability and desire to satisfy 
one's needs and legitimate desires and those of others. A legitimate desire is 
one that does not reduce the ability and desires of others to satisfy their needs 
and desires’ (ibid.).
To see a World in a Grain of Sand

Prioritising needs over desires would ensure balanced and sustain-
able development for all the stakeholders of planet Earth. Natural 
resources are being extracted at a rate far greater than their capacity 
to regenerate, resulting in a collapse of the system. Al Gore (1992), 
in his book 'Earth in the Balance' illustrates this on the basis of the 
'self-organised criticality' theory of Per Bak and Kan Chen. In their 
study of growing piles of sand, they found that sand piles collapsed by 
the addition of a single grain of sand. The potential for this collapse 
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or avalanche is built up gradually as the result of the accumulated 
impacts of all the grains of sand. As a metaphor to humankind's re-
lationship to earth, the theory serves as a pointer to the fact that the 
recent climatic changes, diminishing glaciers, epidemics, increasing 
hostilities among communities, etc., are indicators of the building up 
of an avalanche.  We have to reconsider our concept of develop-
ment, be proactive and not reactive, choose productive action over 
unproductive, long- term goals over short-term, sustenance over mere 
survival. This requires a new set of ethics for humanity. Gore quotes 
psychologist Erik Erikkson - 'The possibility of a species-wide destruction 
creates for the first time the necessity of a species-wide ethic'.

A set of ethics that will encompass the whole world with love and 
care, like the clear blue sky.

Stop Press: “The rapidly depleting earth resources, the impending 
climate change disaster and such other phenomenon would soon lead 
to a shift in terms of things that we take for granted as a free gift of na-
ture”. Anil Kakodkar, Chairman, Atomic Energy Commission. 

The Hindu. Aug., 10, 2009

[Balachandran V]
balanpnb@gmail.com
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Think like a wise man but communicate in the 
language of the people

– William Butler Yeats
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Ancient Indian thinkers had made outstanding contributions 
in the field of literature, philosophy and social sciences. Even 

in the field of statecraft, India had a hoary tradition with many 
distinguished statesmen and administrators and the political wisdom 
of the country is reflected in its vast literature. 
But the statecraft was systematically presented 
only by Kautilya in his Arthasastra, twenty 
five centuries ago, by reinterpreting the 
theories propounded by earlier teachers, 
tempered with his own sound reasoning and 
this treatise is considered to be the greatest 
work on the subject ever written in India. 
“Kautilya can be said to dominate the entire field of Indian statecraft 
as Sankara dominated the much more crowded field of Indian 
Philosophy”*. Nevertheless, the work was completely forgotten for 
centuries and the only sign of its existence was the references in a 
few famous works like Panchathanthra and Neethisara. The veil 
of oblivion was however lifted in 1905, when a Sanskrit scholar 
Rudrapatna Shamasastry of Mysore came across a manuscript of the 
work in the Oriental Research Institute Mysore. He was the Librarian 
of the Institute at that time who later became its curator. In fact, this 
was the manuscript which had been handed over to the Institute 
sometime back by a pandit from Thanjavur of Tamil Nadu. The
manuscript was in Sanskrit, but written in grantha script instead of 
devanagari. Dr. Shamasastry transcribed, edited and published the 
Sanskrit edition of the work in 1909. He then rendered the work 
into English and published it in 1915. Several manuscripts have 
subsequently been discovered and there is a revival of interest in the 
work in recent years.

Kautilya and his Arthasastra
An Overview

Note: EKL has been carrying a series of articles in the previous issues on 
various topics covered in Arthasastra. Here is an overview specially written 
for this 50th issue.

General
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The treatise contains fifteen adhikaranas (books). The text itself 
says that it has 150 chapters, 180 prakaranas (sections devoted to spe-
cific topics) and six thousand verses. Kautilya begins his work with 
salutations to Sukra and Brihaspathi, who are considered to be the 
founders of the two greatest schools of Arthasastra. “After a brief 
introduction setting the Arthasastra in the context of other sciences, 
Book 1 deals with the King – his training, the appointment of minis-
ters and other Officers of the State, the daily routine to be followed 
by the ruler and his safety and security. Book 2 describes the duties 
of the various executive officers of the State and gives a full picture 
of the state activities in agriculture, mining, leisure activities and so 
on. Book 3 which is concerned with law and the administration of 
justice, reproduces a complete code of law. Book 4 deals with the sup-
pression of crime and includes sec-
tions on detection of crime, control 
over merchants and artisans, torture 
and capital punish- ment. Book 5 is a 
miscellaneous col- lection of topics 
including the sal- ary scales of Offi-
cials. Book 6 is very short containing 
only two chapters, but both are im-
portant, since they set out the theo-
retical basis for the whole work. The
first chapter sets out the theory of 
the constituent ele- ments of a state 
and the second the theory of foreign 
policy. Book 7 contains an exhaustive discussion on the way in which 
each of the six methods of foreign policy may be used in various situ-
ations that are likely to arise in the conduct of foreign policy. Book 
8 is concerned with vyasanas, usually translated as calamities, which 
may affect adversely the efficient functioning of the various constitu-
ent elements. Book 9 deals with preparation for war and includes 
topics such as the different kinds of troops that could be mobilized, 
the proper conditions for starting an expedition and the dangers to be 
guarded against before starting. Book 10 is concerned with fighting 
and describes the main battle camp, types of battle arrays and differ-
ent modes of fighting. Book 11 has only one chapter and describes 
how a conqueror should tackle oligarchies governed by a group of 
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chiefs instead of a single king. Book 12 shows how a weak king when 
threatened by a stronger king, should frustrate the latter’s designs and 
ultimately overcome him. Book 13 is concerned with the conquest of 
the enemy’s fort by subterfuge or by fighting. It also describes how 
the conquered territories should be ruled. Book 14 deals with secret 
and occult practices and the last book describes the methodology and 
the logical techniques used in the work. Though the placement of 
some books and some chapters may not seem strictly logical, it can be 
said that, by and large, the first five books deal with internal adminis-
tration and the last eight on a state’s 
relations with its neighbours”**.

Kautilya, popu- larly known as 
Chanakya, is in the realm of myths 
as in the case of other ancient 
Indian personali- ties. The academic 
wranglers have also contributed their 
might to thicken the mist around 
him making it al- most impenetrable. 
The name Kauti- lya denotes that he 
is from the kutila gothra, originated 
from the sage Ku- tila. His real name 
was Vishnu Gupta and being the son 
of Chanaka, he was also known as 
Chanakya. One traditional story 
goes that he was a Kerala Brahmin 
(Nambuthiri) who reached Patali-
puthra (modern Patna) in search of livelihood. But, this story has its 
own weakness, since historical records reveal that the earliest Brah-
min settlement in Kerala took place in Sangom age, centuries after 
Kautilya.  Another legend is that he was a North Indian brahmin 
who had his education in the famous University of Taxila and he 
reached Pataliputhra for a philosophical contest.  According to Bud-
dhist traditions, he was a vedic scholar and an expert in intrigues. He
was physically uncouth because of his disgusting complexion and de-
formity of legs. Dhana Nanda, the king of Pataliputhra insulted him 
at a feast and asked him to leave while he was eating. Being very 
sensitive to insults, he was infuriated and took a vow not to tie his 
fore lock until he destroyed the Nanda dynasty. By his firm determi-
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nation and intrinsic machinations he could overthrow the king and 
install Chandragupta, the grand father of Emperor Asoka, on the 
throne. The spectacular victory over the Nandas is, however, referred
to by Kautilya himself at the end of Arthasastra.*** “Legend has it 
that Kautilya, after installing Chandragupta on the Magadha throne, 
himself lived in he cremation ground on the outskirts of the imperial 
city of pataliputra, in a modest thatched hut pursuing the injuncted 
brahminical profession of training pupils. He contented himself by 
playing the intermittent, yet powerful role of an occasional super ad-
visor to Emperor Chandragupta, having secured for him the services 
of Rakshasa, the popular advisor to the Nanda dynasty, as a regular 
minister. His paradoxical life, imbued with fanatical fervour in fight-
ing the Nandas, single minded devotion in setting up the Mauryan 
dynasty, aversion to power or pelf in leading a life of renunciation in 
a mud hut in the cremation grounds, created a wealth of legend and 
lore around Kautilya’s life, scattered in ancient Hindu, Jain and Bud-
dhist literatures”****. The most famous among the students trained 
by Kautilya was Kamandaka, the author of Nitisara and he has paid 
glowing tributes to his mentor, in his work.

Even the great poet Kalidasa was influenced by the Arthasastra of 
Kautilya and there are scholars who believe that his presentation of 
king Raghu in Raghuvamsa is based on Kautilya’s notion about an 
ideal king. Yet, it cannot be denied that he had to face criticisms from 
several quarters. Dandi, the author of Dasakumara charita and Bana, 
the author of Kadambari, tried to expose Arthasasthra by launching 
satirical attack on the work. The attack, though unjustified, is still go-
ing on, with the result that even those who have not heard of Kauti-
lya or his work use frequently Chanakya as a generic term to denote 
unethical or treacherous persons. The main criticisms against him are 
negligence of ethics, treacherous fighting, exploitation of religion for 
political ends and ruthless spy system. On these grounds, he is also 
compared with Machiavelli, the Italian politician and the author of 
‘The Prince’, who firmly believed that the end justifies the means. 
But this is an uncharitable comparison because Kautilya prescribes 
high standards of personal character for the ruler unlike Machiavelli 
who ignores it. As V.R.R. Dikshitar has pointed out “Kautilya is no 
originator of any new system of political science. Secondly, Kautilya’s 
study is not narrow, limited and confined to certain aspects of polity 
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as Machiavelli’s undoubtedly is. Thirdly, the ideal in Kautilya is not 
territorial aggrandisement but conquest with a higher aim in view. 
The Hindu ideal has all along been that the conquest of the earth was 
the means towards the realising of the end, namely the attainment 
of heaven. This has been demonstrated by the author in season and 
out of season. Lastly, Kautilya has nowhere sacrificed religion and 
moral principles towards his one end, namely public welfare”.***** 
Moreover he has advised immoral and unethical methods only when 
it becomes inevitable in the interest of the state and that too with the 
stipulation that they are to be exercised only towards wicked persons. 
It should not be overlooked that he was the first statesman to advise 
that a ruler should do nothing against the wish of the people and to 
proclaim loudly that the basis of happiness is ethics. The prime min-
ister of a powerful empire with such lofty principles, who voluntarily 
accepted poverty and lived in a humble mud hut after his retirement, 
could only be a saint and certainly not a sinner.

It is of common knowledge that the discovery and publication of 
Arthasastra by R. Shamasastry gave a fillip to Sanskrit studies and 
helped to remove many misconceptions about the ancient Indian so-
ciety. Vincent Smith, the author of the ‘History of Ancient India’ has 
acknowledged in the preface to the second edition of his book that 
‘the description of the Maurya Empire and administration has been 
revised with special regard to the discovery and partial publication by 
Mr. R. Shamasastry of the ancient treatise on the art of government, 
ascribed to Chanakya, or Kautilya the minister of Chandragupta 
Maurya’. Several such revisions of ancient history of India have since 
been made in the light of the materials in the treatise and this testifies 
the great value of the work.

[ N S Mannadiar]

* Essentials of Indian state craft, T.N.Ramaswamy, p1.
** Kautilya, the Arthasastra, by L.N. Rangarajan, pp 22-23 
*** Ena sastram cha sastram cha

Nandaraja gatacha Bhuh
 Amarshenochutam yasu

Tena sastramidam kritam.
**** Essentials of Indian state craft, T.N.Ramaswamy, p3.
***** Perception in kautilya’s Arthasastra, Ed. K.P. Jog, p22.
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The Structure of DNA
The British science magazine Nature in its issue dated 25 April,

carried an article under the title ‘A structure for Deoxyribose Nucleic 
acid’ authored by two maverick scientists – James Watson, a biologist 
on a research fellowship and Francis Crick a world 
war veteran doing PhD research in Physics in 
Cambridge. The unlikely combination of these 
characters and their sense of adventure resulted 
in the most profound discovery in Biology of 
the 20th century. The only comparison that 
it merits is the series of papers contributed by 
Albert Einstein in 1905. Medicine and Biology 
never looked back since the publication   A
new era in biological and medical research was ushered in by the 
proposed double helical structure of DNA. Suddenly the field of 
Biology appeared too beautiful and inviting and many bright young 
people took to biological research.  With an uncharacteristic modesty, 
Watson and Crick  made the biggest understatement in science 
writing in declaring” It has not escaped our notice that the specific 
pairing we have postulated immediately suggests a possible  copying 
mechanism  for the genetic material”. The authors were fully aware 
that they have advanced biological science by a spectacular leap and 
that the Nobel Prize was just for the asking!
Smoking and Lung cancer

Three years prior to the seminal work of Watson and Crick, 
the British Medical Journal published an article jointly authored by 
Richard Doll, a physician and Bradford Hill, a statistician. The article 
was titled “Smoking and Carcinoma of the lung  a preliminary report, 
British Medical Journal,,1950;2: 739-748”. In that modest paper, the 
authors concluded that cigarette smoking is a factor, an important 
factor, in the production of carcinoma of the lung.  The scientific 
world, let alone the general public did not take notice, but the authors 

The March of  Medicine
Discoveries that Changed the World

Past 50 Years - Health Care
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were convinced that smoking had a causal association with lung 
cancer. Two more publications on the basis of extended studies, the 
first one in 1954 and the other in 1956 gave conclusive evidence that 
smoking is causally related to lung cancer. The research of Doll and 
Hill paved the way for thousands of investigations on the association 
of tobacco smoking with many lung diseases and later with many 
more diseases. Cigarette packets had to carry specific health warnings  
by the eighties of the last century and  the World Health organisation 
convened a Framework Convention on tobacco control, to which 
most countries, including India are signatories. The day may not be 
too far when the world has banned the use of tobacco in any form by 
human beings and the world would be ever grateful to Richard Doll 
and Bradford Hill for their pioneering work.
On Collective Absorption of Sodium and Glucose by the Small 
Intestine

Two papers appeared in respected international journals in 1953 
and 1958 respectively that paved the way for a revolution in the 
treatment of cholera and other water losing diarrhoeas. The first paper 
appeared in the Journal of Physiology and announced the important 
discovery that transport of glucose across the small intestine required 
special receptors on the surface of intestinal cells. The authors R. B. 
Fisher and D.S. Parsons did not further elaborate on the mechanism 
of glucose transport. This task was left to two Canadian scientists, J 
H Quastel and E.Riklis who reported their findings in the prestigious 
Canadian Journal of Biochemistry and Physiology. Quastel and Riklis 
showed that active glucose transport required the presence of sodium. 
Soon other scientists demonstrated that glucose and sodium are 
simultaneously absorbed through a coupled transport. This finding 
was later translated into the famous ORT or oral rehydration therapy. 
Millions of cholera and diarrhoea victims were saved from certain 
death through prompt administration  of oral rehydration solution. 
The solution contained glucose, sodium chloride and small amounts 
of sodium bicarbonate. The impact of simple ORT solutions and even 
simpler home made salted rice gruel (Kanjee water) in preventing 
deaths can be compared to the life saving properties of penicillin in 
the first decade of the Pencillin era.
The Technique of Immuno Assay

An unusual combination of a practising physician and  a physicist  
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resulted in the development of a technique that made measurements 
of hormones  circulating in  minute quantities in blood and other body 
fluids possible with a high degree of accuracy. The Journal of Clinical 
Investigation, in an issue published in 1960 carried out an article 
by Samuel Berson, the physician and RosalynYalow, the physicist 
titled Immunoassay of endogenous plasma insulin in man. The 
article created a sensation and a way was opened for the estimation 
of numerous protein hormones that circulated in body fluids at 
levels of nanogram/litre. It ushered in a revolution in biomedical 
research. It not only clarified our understanding of diabetes and 
the physiology of glucose homeostasis, but provided important new 
insights immunology. There was no area of biomedical research that 
was untouched by the technique developed by Berson and Yalow.
The birth of Louis Brown and progress in Invitro Human 
Fertlisation

The world was stunned and immensely pleased by the arrival of  
a healthy girl- Louis Brown in 1978. The drama that surrounded the 
birth of the baby was primarily due to the fact that the union of the 
sperm and the ovum was achieved ouside the womb of the mother, 
Thus came the term test tube baby, The Godfathers  of th child were 
two doctors in  UK, namely Patric Steptoe and R G Edwards. There 
were failed and partially successful attempts at invitro fertilisation 
even before, but the first to succeed were Edwards and Steptoe. 
The techniques that they used were published in detail in 1980, 
in the British Journal of Obstetrics and Gynaecology. Since their 
monumental publication, the techniques of assisted reproduction 
including IVF have undergone immense  progress and sophistication, 
Millions of infertile couple have hope of getting their own babies, 
thanks to the path breaking efforts of Edwards and Steptoe.
On the Bacterial Causation of Peptic Ulcer Disease

Right up-to the seventies of the twentieth century, peptic ulcer 
disease was considered primarily due to less known reasons prompting  
an increased secretion of hydrochloric acid. During the fifties and 
sixties the condition was treated surgically. The discovery of a new 
group of drugs called proton pump inhibitors brought peptic ulcer 
under the realm of the physicians. Ranitidine, the ant ulcer drug 
created history as the worlds largest selling drug.  But in 1983 two 
Australian Physicians Barry Marshall and  J R Warren suggested that 
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one of the lesser known Bacteria- Helicobacter Pylori could be a causal 
agent of PUD. Their reports were viewed with scepticism. However, 
tenacity and hard work prevailed. After daring experiments including 
self inflicted infections with H. Pylori, the two physicians were 
successful in changing world medical opinion. Now the world accepts 
that most cases of peptic ulcer disease have a bacterial aetiology and 
treatment of H. Pylori infections is needed in most cases of PUD.
On  getting Three Dimensional Images of the Human Body

William Roentgen invented X-rays  in 1895. Ever since the X rays 
have  remained a powerful tool in the hands of millions of physicians 
around the world, for visualising hard tissues like bones and teeth 
and with less efficiency  internal organs. Contrast radiography enable 
physicians to visualise cavities, blood vessels and intestines. However, 
the  X rays only provide two dimensional imaging. The invention of 
Computerised Axial Tomographic Scanner changed all that. The first 
commercially viable CT scanner was invnted by Geoffrey  Hounsfield  
at the EMI laboratory in 1972. More or less at the same time Alan
Mcleod Cormack had independently invented a similar machine. 
A CAT-scan show different types of information. By imaging and 
looking at several three-dimensional slices of a body (like slices of 
bread) a doctor could not only tell if a tumor is present, but roughly 
how deep it is in the body. These slices are no less than 3-5 mm apart. 
The newer spiral (also called helical) CAT-scan takes continuous 
pictures of the body in a spiral motion, so that there are no gaps in 
the pictures collected. A CAT-scan can be three dimensional because 
the information about how much of the X-rays are passing through 
a body is collected not just on a flat piece of film, but on a computer. 
More advanced imaging systems like the MRI were natural successors 
of the CAT scan

[Dr C R Soman] 

What do all equations have in common? An equal sign.
In a mathematical equation the equal sign represents 
the balance; and in our equation of effective life/time
management, it represents balance. Do you have an 
equal sign in your life? What is your balance?

– Amy Jones 
Author of Twice As Much in Half the Time
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Engineering has become a multi-multi-discipline. We see the word 
engineering prefixed with a large variety of words to indicate 

separate fields of study or application. They all appeared during the 
last fifty years. But let us have a look at the earlier scenario.

There are evidences of engineering accomplishments dating back 
to more than 5000 years in all ancient civilizations. In prehistoric 
times, men and women had to be ingenious (clever) in order to sur-
vive hunger, enemies, climate and, later, the  distance. From around 
3000 BC, according to recorded information, making of simple tools, 
wedges, wheels and levers, and the use of animals to carry and draw 
loads, and of fire to work with metals were practised. Also, men  did 
the digging of irrigation canals, and open-pit mining. Geographically, 
these and many other developments took place in and around the 
Mediterranean, in the Middle East and in Asia Minor. Pyramids were 
erected in the Nile Valley.

The Greeks made significant contributions in the 1000 years span-
ning BC and AD. They produced the screw, the ratchet, the water 
wheel and the aeolipile, better known as Hero's turbine. The Romans 
- the improvers and adapters - did likewise, building fortifications, 
roads, aqueducts, water distribution systems and public buildings 
across the territories and cities they controlled. At the other end of 
the world, the Chinese have been credited with the development of 
the wheelbarrow, the rotary fan, the sternpost rudder that guided 
their bamboo rafts and, later, their junks. They also began making 
paper from vegetable fibres - and gunpowder.

The so-called 'Dark Ages' of 500 to 1500 AD that followed still 
produced some things that were ingenious, like the mechanical clock 
and the art of printing. There was the technique of heavy iron casting 
that could be applied to products for war, religion and industry - for 
guns, church bells and machinery. These 'Dark Ages' were followed 
by the Renaissance of the 16th century, which Leonardo Da Vinci 
dominated. It seems that Da Vinci was referred to as an inventor, 
artist and ingeniator, meaning one with ingenium, the ingenious one. 

Engineering
50 Years and Behind

Past 50 Years - Engineering
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Leonardo da Vinci bore the official title of Ingegnere Generale.
During the century between 1750 to 1850, the Industrial Revo-

lution in Western Europe dominated the evolution of engineering. 
It was significantly influenced by Savery, Newcomen, Watt and 
Trevithick and their steam engines; by Whitworth and the devel-
opment of screw-cutting and other machine tools, machinery for 
the mass production of industrial goods; and in the new system of 
transportation - the railways - by Stephenson, Brunel and others. It 
also saw the beginnings of formal engineering education - notably in 
France.

In spite of these great contributions to development of humanity, 
the words 'engineer' and 'engineering' to refer to the person and his 
activity seem to have evolved only in the early nineteenth century 
A.D. These words have their origin in the word 'engine' which means 
an ingeneous and useful device. It is a creation with ingenuity. The 
equivalent Latin words ingeniosus and ingeniare, meaning to devise, 
or craftsmanship, and the French word ingenierie have the same root. 
To engineer means to be ingenous (that is, very clever). The word 
'engineer' with its French equivalent 'ingegnere' was coined by Na-
polean Bonaparte to designate men in his army whom he considered 
ingeneous.

Napolean Bonaparte (1769 – 1821) assumed power of First Con-
sul on 9th November 1799. He became War Leader and Emperor 
during 1804 – 15. With a conquerer's mission he attacked Russia, but 
failed. Similarly he failed and returned from an Egyptian expedition. 
The cause of failure was attributed to failure of war engines.

Napolean wanted some men in his army to correct and maintain 
his war engines. He selected some men from his army whom he con-
sidered ingeneous to do the job. Those who did the work were called 
'enginers' (ingegnere in French), both in the sense that they set right 
engines, and in the sense that they showed their ingenuity. Other 
forms of the word in use in different languages were enginour and 
ingigneur. The word 'engineer'  appeared much later.

The Industrial Revolution in Europe during 1750 – 1850 brought 
in the need for specially trained and skilled people to bring about 
advancements in making and using devices (engines). This led to the 
founding of the Ecole Polytechnic in France to train young men in 
various crafts and techniques. On taking over as First Consul, Na-
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polean started militarization of the Ecole Polytechnic. Its control was 
transferred from the Interior Ministry to the War Ministry. The plan-
ning, designing, construction and management of machinery, roads, 
bridges, buildings, etc. were included in the curriculum qualified as 
Military Engineering. Napolean recruited students from the poly-
technic to meet his increasing requirement of military engineering 
and artillery. Thus, the first ever engineers were military engineers, 
employed by the Napolean government to service and maintain war 
engines and to take care of construction and maintenance of roads, 
bridges and fortifications.

Understanding that the fields of study are equally relevant outside 
the military, nonmilitary institutions like Conservatoire Nationale 
were set up to practise and instruct such skills on the 'Civil' (nonmili-
tary) side. This was the beginning of formal Civil Engineering educa-
tion in France as professional education in nonmilitary engineering.

The first few non-military schools of engineering were founded in 
France in the middle of the 18thcentury to teach engineering that pro-
duced the great engineering mathematicians Laplace, Lagrange and 
Fourier.

The first school that offered engineering education in America
was the US Military Academy set up in 1802. The first school that 
taught civil engineering is the Rensselaer Polytechnic Institute which 
awarded the first civil engineering degree in 1835.

Gradually areas connected with engines, machines and similar 
mechanisms got separated as the branch  of mechanical engineering. 
When machines started becoming electrical with the use of electricity 
for their running, the evolution of electrical engineering became nat-
ural. A Degree in electrical engineering was first awarded in 1882 by 
the Damstadt University. What remained in nonmilitary engineering 
after the separation of these two areas remained in civil engineering.   

The developments in the fields of mechanical and electrical engi-
neerng were pioneered by the professional societies, American Society 
for Mechanical Engineers (ASME), American Institute of Electrical 
Engineers (AIEE) and the Institute of Radio Engineers (IRE) starting 
from the late 1870s.

Till the 1960s there were ony these three basic branches of en-
gineering. Dozens or hundreds of other branches of engineering 
evolved thereafter.
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The realization that engineers and their ingenious activities were 
required for progress and development  led to the beginning of engi-
neering education in some countries in the middle of the nineteenth 
century. In India, marking the beginning of engineering educa-
tion, Roorkee Engineering College started in1847. This was followed 
by the starting of Poona Civil Engineering College in 1854, Bengal 
Engineering College in 1856, and Benarus Hindu University in 1916. 
College of Engineering Trivandrum, starting in 1939 marked the be-
ginning of engineering education in Kerala.

Engineering Education in Canada started in 1887, where initially 
construction of roads, canals and railway were the areas of activities 
covered under engineering.

Engineering has the largest number of professional practitioners 
with, according to the Bureau of Labour Statistics, 1,815,000 people 
employed as engineers in America in 1994; next only to teaching. The 
Pennsylvania State University, Purdue University and the Georgia In-
stitute of Technology are listed as the majors in producing the largest 
number of engineers.    Similar may be the case with several other 
countries, including India which produces around 1,20,000 employ-
able engineers per year according to current statistics from its over 
3576 engineering colleges.

[CGS]

The colossal misunderstanding of our time is the 
assumption that insight will work with people who 
are unmotivated to change. Communication does 
not depend on syntax, or eloquence, or rhetoric, or 
articulation but on the emotional context in which 
the message is being heard. People can only hear 
you when they are moving toward you, and they are 
not likely to when your words are pursuing them. 
Even the choices words lose their power when they 
are used to overpower. Attitudes are the real figures 
of speech.

– Edwin H. Friedman
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Man has much to learn from his co-habitants - animals, birds, 
plants - the entire spectrum of life that nature in its wisdom has

nurtured since the beginning of earth.  By applying biological 
principles to human designs we may yet open the door to better
understanding of ourselves and improving the real quality of 
our lives.   For e.g., ants are excellent in crowd management, 
conducting themselves in orderly manner, avoiding all possible 
hold ups. Another example is the termites' ability to maintain 
virtually constant temperature and humidity in their  sub-Saharan 
Africa homes despite an outside temperature that varies from 
30 C to 420 C (350 F to 1040 F).

Biomimicry (from bios, meaning life, and nimesis,  meaning to 
imitate) is an ancient concept recently returning to scientific and 
engineering  thoughts that examines nature, its models, systems, 
processes, and elements and emulates or takes inspiration from 
them to solve human problems sustainably. It refers to the process 
of understanding and applying biological principles to human 
designs. This includes biomaterials, biomechanics, biological systems 
composed of individuals of one species  or multispecies types.
   EKL has planned to delve into this nature’s  storehouse of 
knowledge, to bring to focus more and more options which could  be 
emulated by man to make this mother earth conducive to sustainable 
development and living.

Readers are  encouraged to identify such wonders of nature and 
send short write ups for EKL to be carried in this column.

Editorial Team, EKL
email: eklines@gmail.com

Biomimicry
Nature-inspired Innovation

Biomimicry



September 2009 Executive Knowledge Lines 63

Owned, Edited, Printed, and Published by N T Nair, 186, PTP Nagar, Trivandrum 695 038
Printed by Akshara Offset, TC 25/ 3230(1), Thoppil 3, Trivandrum 695 035

Published at Trivandrum. Editor: N T Nair

The Last Word

An invasion of armies can be resisted,
but not an idea whose time has come

– Victor Hugo
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