o
a ]
M
7
-
m
(3]
[z
iy #
=

£ A u...r..t_.._......n.._.t.._..._ o el







THE HOW AND WHY WONDER BOOK OF

ROBOTS
AnD ELECTRONIC BRAINS

Written by
ROBERT SCHARFF

lllustrated by
DENNY McMAINS

Editorial Production
DONALD D. WOLF

Edited under the supervision of
Dr. Paul E. Blackwood, Washington, D. C.

Text and illustrations approved by
Oakes A. White, Brooklyn Children’s Museum, Brooklyn, N. .

TRANSWORLD PUBLISHERS - LONDON



Introduction

Electronic computers have helped usher mankind into the Space Age.
Without them it would be impossible for scientists to quickly supply crucial
answers regarding flights into outer space. Robots and automatic com-
puters are also helpful in practical ways as we learn in this How and Why
Wonder Book of Robots and Electronic Brains. Through pictures and nu-
merous examples, this book gives the reader an understanding of both the
practical and theoretical application of modern computing devices.

Scientists are interested in discovering and testing basic concepts
about phenomena and events in nature. Mathematicians develop mathe-
matical ways of describing and predicting these events. The two groups
support one another in making discoveries and in solving problems.
Electronic computers offer a basis for the co-operation needed to solve
problems. Some of these problems would not be solved even in a lifetime
without the assistance of computers.

The advent of electronic computers and other forms of automation
are resulting in social and economic changes of great significance, such as
a shorter work week. To be well informed today, one needs to know about
the uses and potential capacities of modern automatic devices. This How
and Why Wonder Book of Robots and Electronic Brains will give a basis
for understanding the many uses of electronic computers and will stimulate
readers of all ages to think about the machines’ effect on the future econ-

omic and scientific developments in our civilization.
Paul E. Blackwood

Dr. Blackwood is & prefessional employee in the UL, Office of Eduocation.
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Robots in OQur World

The word “robot” in this age of modern science still carries with it a
feeling of both hope and fear. The hope is that machines built to work like
men will make life for the human race much pleasanter and happier.
The fear is that robots may one day take over the world and that they may
become the masters of all mankind. After you have finished reading this
book, you should be able to make up your mind as to whether robots offer
hope or should be feared.

Von Kempelen's Chessplayer, here
shown contemplating a move, was
a tlever fake, and no robot at all.
The illustration below shows the
midget who was an excellent chess-
player and who manipulated the
automaton from his hiding place.



Sciantists are finding many other usea for robot type devices. For example, a mechanized radio-controlled boat — called
MOBY-DIC (Motorized Observation Biotelemetry Yachi-Data /ntegration and Control) — Iz employed as an unmanned
on-the-spot observer of the soclal behaviour of whales and porpoises in their natural habitat. This information — not
obtainable in captivity —is picked up by the robot's ears and eyes and transmitied for analysis to an cceanographlc
mother ship several miles away. These members of the marine mammal family seem to Ignore the unassuming robot as
long as it makes no hostila moves.

Not everyone agrees about what a
robot “is,” but most
dictionaries and ency-
clopedias define it as a
piece of machinery that does a job
vou would expect a human being to do.

The idea of building a machine
that can work and think like a man
1s not new. It has existed for centuries.
Most early robot stories, however,
were more fable than fact, like the
“automatic” chess player devised by
the German Wolfgang von Kempelen
= 1768. This man-like machine had
great success in playing against the
sest players of Europe until it was
Zscovered that there was a midget
=aide the robot who played the game
wery well.

What are
robots?

This robot was a fake; but scientists
have been able to build electronic ones
that really can play chess. The best of
these machines is about as good as the
average chess enthusiast but not as
good as the chess Masters. In 1974, the
first world championship for chess-
playing machines was won by Kaissa,
a machine from Russia.

The word robot, or artificial - being,
comes from the
Czech word ro-
botnick, an an-
cient name given to a serf or slave. It
was introduced into our modern lan-

Where did robots
originate?
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guage in 1922 by a Czech writer, Karel
Capek, in his play called R.U.R. The
initials that make up the play's title
stand for Rossum’s Universal Robots.

In Capek’s play, all the work in the
world was done by man-like machines
— the robots — which Rossum manu-
factured in very large numbers. Every-
thing went along very smoothly on
earth. All the needs and pleasures of
mankind were being fulfilled, just as
long as the robots had no feelings of
their own. Then, one day, the manager
of the factory decided to make superior
robots that had all the human feelings
of happiness and pain. When this hap-
pened, the robots revolted against their
human masters and destroyed all man-
kind.

Since Capek’s play, the robot has
become a favourite character of the

6

MOBOT, the gentle robot, is strong enough te bend iron bars, but can also handle laboratory glasses with ease,

science-fiction writers. Today, however,
robots are no longer paper creations.
Real robots are among us — running
factories, translating languages, chart-
ing the paths of rockets, and calculating
or forecasting almost anything we wish
to know — though they are called many
different names.

Most robots do not look like the tin can
mechanical men
that we see in
comic strips, in
films, or on television. In actual fact,
our amazing new robots now being de-
signed and built bear little likeness to
man. In their work, however, they dupli-
cate the skills performed by men and
often do them much better.

You see robots at work around your
home everyday although you may not

What do robots
look like?



have considered them as such. But, ac-
cording to one definition, washing ma-
chines, toasters, automatic coffeepots,
electric heaters, and so forth, are all
robots. They are machines that do the
work that you would expect a human
being to do.

There are also robots used in fac-
tories to stack all sorts of objects. Once
programmed they can carry out their
jobs tirelessly and efficiently, and they
do not get bored.

They can be developed to do other
menial jobs like table-laying and clear-
ing, washing and bed-making. A table-
clearing robot has been demonstrated
at Queen Mary’s College, London
already.

Robots have been made to do jobs
too dangerous for men. An early one
was known as Mobot. A more recent
one, designed in the U.S.A. in 1969 by
the Atomic Energy Commission and
the National Aeronautics and Space
Administration has been called the
first humanoid. It is intended to be
controlled by a computer and we shall
learn about computers later on. So one
robot will guide another. This human-
oid will work in dangerous places
where the conditions make it impossible
for man, such as those contaminated by
radiation. It could test a rocket in
operation or be used to explore a
planet. It has artificial arms so it can
feel and pick up things, T.V. cameras
to see with and sound pick-up to hear
with. It moves on a flatbed vehicle, can
communicate with a computer using a
teletype machine and is steered and
controlled by radio.

All of the satellites launched by the
U.S.A. into outer space have had
robots on board. They have sent back
to their masters on earth important
data concerning temperature, radi-
ation, effects of gravity and so on. Neil
Armstrong, the first man on the moon,
could not have landed and spoken his
famous words without the help of
robots.

Instead of landing men on the moon,
the Russians have used robots called
lunokhods to explore its surface.

When spaceships land on Mars or
Venus they will have similar types of
robot on board instead of humans.
These robots will map the surfaces of
the planet, make necessary geological
studies, explore unknown regions and
eventually build landing areas for
future spaceships. They will help make
it safer for humans when they arrive
later.

While other robots look a great deal
different from Mobot,
their basic operation
is the same. The most
important part of their operation is the
man who gives them their instructions.
These instructions are given to the ma-
chine through wires or by radio (or
may be stored in the robot itself). To
make the machine follow its master’s
wishes, power must be supplied either
through other wires or from a self-con-
tained source such as a battery.

The robot, equipped with instructions
and power, may contain some type of
sensing device, which could be a tele-
vision camera, a radiation (Geiger)

How do
robots work?
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Computers are used in many Industries, in hours they solve mathematical problems that would take a man more than a lifetime
They are used in Jet alrcraft design, in missile control, in payroll make up, in calculations of the petroleum industry, and in-

numerable other applications.

counter, or a magnetometer (a piece of
equipment used to find oil and other
minerals). These sensing devices can be
compared to the human’s eyes and nose
and allow the robot to gather the in-
formation to return to its operator.

The robot may have grasping de-
vices similar to human arms and hands.
Following instructions, the robot can
pick up and move objects, just as a man
might do. To do this, some type of ar-
rangement is usually necessary to tell
the operator how hard the hands or
claws are gripping, plus other informa-
tion. (In the case of Mobot, micro-
phones on the wrists allow the operator

8

to “hear” the hands at work.) Some
robots are powerful enough to tie iron
bars into knots and lift over 20 tons
of weight, and yet they are so sensitive
that they can make cakes or pour glasses
of water without any breakage.




Robots with Electronic Brains

Of all the robots that are among us today, those with electronic
brains, called computers, are in the process of revolutionising our way of
life. These robotistic devices eliminate the drudgery from many jobs and
offer a great deal more leisure time to their human masters. While they
were originally developed to aid in the solution of certain scientific
problems, computers have turned out to be so generally useful that they
are now being employed in many different types of work.

If you were to look up the word “com-
puter” in a dictionary,
you would find it de-
fined as *a machine
that solves mathematical problems.”
Today, these amazing machines range
from small desk devices for “doing
sums’’ to room size units that can solve
complex mathematical problems in less
time than the twinkling of an eye.
While computers are sometimes
called “thinking machines,” or “‘robots
that think,” these names are misleading.
No machine can really think in the usual
sense, but these computers do many im-
portant and exciting things. By using
their ability to solve complex mathe-
matical problems, computers can pre-
cict the paths of satellites, guide
Sallistics missiles in flight, or spot high-
z.uitude weather conditions and warn us
of storms, tornadoes and hurricanes

faster and more accurately than any
weather-forecasting device ever used.

Computers do mathematical prob-
lems in hours or even minutes that
would take more than a man’s lifetime
to solve with paper and pencil. They
help major industry perform its manu-
facturing operations better for, with
their aid, skilled men can control com-
plex combinations of machines.

The industries shown on pages 8 and 9 are just a
few examples of today's uses of computers. Innumer-
able other uses could be mentioned,



' Computers affect our lives in many
: ways. Every day
they handle mil-
lions of pay
cheques and bank accounts. Business
corporations use them to help run their
office. Motor-car manufacturers must
keep 60,000 spare parts for their differ-
ent models. Just think what a difficult
task it is to keep control of this
number. It would be impossible with-
out computers.

Computers help in the delivery of
the finished product to the shops by
telling the delivery men the address of
the shop, how many articles to deliver
and the best way to get there. They will
print the bill for the shopkeeper and,
if he forgets to pay, they will send him
a reminder.

Governments use them to help run
our countries and they keep track of
our sky-rocketing population.

But computers go far beyond these
uses. They influence the design of
almost every product of advanced
technology, jet aircraft, nuclear reac-
tors, power plants, bridges and
chemical factories. Managers of oil
refineries also use them to tell them
what products to make from oil.

What are the uses
of computers?

The huge Saturn rocket was de-

signed at the Space Flight Centre in
Huntsville, Alabama with the help of
giant computers. It was “flown™ many
times on these computers before it
was launched into space. This techni-
que is known as simulation. It is very
complex but, basically, we try to act
out the likely behaviour of the rocket
using thousands of mathematical cal-
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culations which can only be done on a
computer. The sort of things we need
to find out are, how much stress the
metal of a rocket can withstand or
which is its flight path to reach the
moon, given the pull of the earth’s
and the moon’s gravity and other
important factors.

The electronic computer, among the
foremost American
inventions of this
century, was not an
overnight discovery. It is the fruit of the
practical science of mathematics and
has its roots far in the past.

From counting on his fingers, man
gradually progressed to pebbles on the
ground . . . to pellets of bronze, sliding
on a grooved board . . . to beads strung
on framed wires . . . and to the abacus.
(See illustration, pages 12-13) The first
adding machine, invented in 1642, was
followed by a four-operation arithmetic
machine composed of a difference en-
gine that performed calculations, a
mechanical tabulator, a punch-paper
control system, and a differential ana-
lyzer. Although these inventions in-
creased computation speeds, they failed
to fulfil the needs of our complex world.

More than a century ago, Charles
Babbage, an English mathematician,
designed an “analytical engine” which
was an automatic computing machine
as we use the term today. His idea was
not completely fulfilled because no one
could make the required mechanical
parts with the needed accuracy.

In 1936, a young Harvard physicist,
Professor Howard Aiken, happened

Who invented
computers?



upon some of the writings of Dr. Bab-
bage. Like Babbage, Dr. Aiken saw the
possibility of a robot that could do the
thinking of hundreds of men in a frac-

tion of the time it took any one of them

to work out routine mathematical prob-
lems. Aiken teamed up with other re-
searchers and, by 1944, they built the
first workable computer.

Two years later, the first general-
purpose, all-electronic computer, called
the ENIAC computer (from Electric Nu-
merical Integrator and Calculator),
was built.

!
| ENIAC was followed by machines

with names like UNIVAC and STRETCH.
These were used in the 1950s and
known as first generation computers.
The speed of advance has been such
that in the 1970s we are using third
generation machines many times more
powerful than those of the first gener-
ation. These are known by names such

as 1110 or 370/168.

There are two basic types of computers
in use today
— analogue
and digital.
While they are very unlike in their con-
struction, operation and use, both de-
termine a given amount or quantity.
The analogue type determines its
quantity by measurement of how much
while the digital type determines its
guantity by counting how many.

What kinds of
computers are there?

An analogue computer is usually built
to be an anal-
ogy or a physi-
cal likeness of
the problem that it is designed to solve.
It may work, however, with physical
quantities far different from those con-
nected with the problem it is solving.
Usually the answers are recorded on a
calibrated scale, traced on a graph by a
pen, indicated on a plotting board, or
shown on a dial. An analogue computer
is generally designed to solve a single
problem, or a specific class of problems.
There are many common uses for
simple analogue devices. One example
is the familiar car speedometer. It
changes the rate of turning of the
wheel’s axle into a numerical value of
speed in terms of miles per hour. As we
know, the more rapidly the car’s axle
turns, the higher the speed we read on
the speedometer. In this case, we are
interested in the speed of the vehicle
rather than how fast the axle is turning.
B ut the analogy or physical quantity of
this speed is the axle turning. Slide rules,
thermometers, clocks, and weight scales
are examples of this type of computer.

What is an
analogue computer?
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Before early maon had

any words or symbals
for numbers, he used his
fingers to count.

The early abacus was
nothing but pebbles in
grooves in the sand.

The Roman abacus was made of
metal, and small balls were used in
each column.
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Many primitives, having advanced from finger-count-
ing, used pehbbles as counters. Peruvian Incas used
knolted ropes called quipus for counting.

While the abacus has hod many shapes and different
names, depending on when and where it was used,
its basic operation remains unchanged. It has indi-
vidual columns with beads or marbles. The columns:
are arranged in the numeral position or decimal sys-
tem used in the ancient Near East. Let’s look at the
earliest, the counting board of the Babylonian trad-
ers: three rows of pebbles; no column can have more
than @ pebbles. Let's add 243 to 349. First set up
the pebbles to indicate 263: 2 hundreds, & tens and
3 units. Now add pebbles to signify 349: 3 hundreds,
4 tens and 9 units. Since no column can have more
than 2 pebbles, move the pebbles aver from right to
left and you have as result & hundreds, 1 ten and
2 units, or &12.




A few years ago, o Chinese-American bonki]ﬁf'eﬁé:r
with an abacus won a roce agaoinst an elmﬂ:mc
caleulating machine.

The beads above the crossbar on o Chinese abacus
are called quints and count 5 each when pushed
down to the bar; the beads below count 1 each when
pushed up to the bar. Each wire strung with beads
is called o column and represents one column of

figures in the decimal system. The figure shown in
The Pascal adding machine of 1542 [above] and the abacus obove left is: 27,503,040,
Burrough's (below] were only stepping-stones to the
modern "'miracles,"

FLEXIBLE
CABLE

“How far" and "How fast?"' are two questions answered by two kinds of analogue computers in
your car, the "odometer' that gives the mileage you have driven and the “speedometer” that gives
the approximate speed you are driving. Their working is relatively easy: it is established how many
turns the wheel of your car has to make to roll a mile and & special flexible shaft is installed to transmit
the number of wheel revolutions to & counter on your dashboard. The counter, which is a series of
little wheels with numbers from 0 to 9, is constructed in such a way that, when one little wheel
turns around onee completely, it clicks the nelghbouring wheel over one number. In this way all
units of miles are ragistered. The speedometer works on the same flaxible shaft as the odometer,
only here the turning of the wheel of the car creates magnatic fields. As you zee in our illustration,
tha speedometer consists of a disc {mﬂst}: aﬂ.ﬁ'u'ﬁi'ﬁl‘n{ A poEntar is attached to the disc with a wire-
spring that tends fo pull the pointer tmi:gt 760, Mqt_u llmliir gald, a permanent magnet attached
te the flexible shaft turns faster when the car goes faster, and creates a magnetic field in the aluminium
dize, which will tend to turn the disc and peinter away from zero. The faster the car goes, the stronger
the pull, and the farther the pointer will point away from zero,
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While these examples of analogue
computers are quite simple ones, this
type is also used for many complex pur-
poses. The electronic kind, for in-
stance, is used for navigation, missile
guidance and anti-aircraft fire control.
The latter, called gun director com-
puters, are used to aim and fire guns at
hostile planes. If you have ever tried
to shoot a rifle at a moving target, you
can imagine the complexity of a com-
puter required to aim a gun and hit a
hostile plane above 40,000 feet in the
air and travelling at speeds higher than
600 miles per hour. No human being
can solve all the calculations — speed
of the wind, direction of the plane, how
fast it is going, etc. — quickly enough
to do this job, but an electronic ana-
logue computer can do it with ease.

The fuel gauge of a car is another example of an
analogue compufer. It indicates what proportion
of the tank is fillad with petral.

Digital computers are the most widely
used computing
robots today, be-
cause they are a
great deal more accurate and will do
more types of work than the analogue
types. The digital computers do not
measure; they count. They owe their
name to the counting number on our
ten fingers or digits. Because we have
10 digits instead of twelve, or six, or
eight, most computation is based on the
familiar decimal system: 0, 1, 2, 3, 4, 5,
6,7, 8, and 9.

The simplest digital computer that
we have is our fingers. Problems can be
solved by counting them. A more com-
plex digital computer with which we are
familiar is the desk calculator. This
machine can do everything — add, sub-
tract, multiply and divide.

The modern automatic electronic
digital computer, often called a data-
processing system, can carry out a long
series of arithmetical and logical opera-
tions on the basis of instructions given it
at the start of the problem. Logical op-
erations include such work as sorting,
selecting, comparing, and matching var-
ious kinds of information.

What is a
digital computer?

How a Computer Works

All modern digital computers have three basic steps in their operation.
Information or data must be fed into the computer — input. The
information must be rearranged and solved in an orderly way —
_processing. The answer or solution must be fed back to the inquirer in an

understandable form — ourpur.

A human being must give the computer
complete instruc-
tions before it can
solve a problem. A

What is meant
by input?
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set of instructions is called a pro-
gramme and 1s prepared by someone
called a programmer. It is his job to
study the problem, plan its solution and



Qur pleture shows a child using a videotape machine.

write the programme which will carry
out the plan. The programme is put
into the computer followed by the data
on which the programme must work.
Without the programmer the computer
would be useless.

The programme and data may be
fed into the computer in various ways—
through punched cards, punched paper
tape, magnetic tape, magnetic discs or
drums from paper inscribed with
magnetic ink. Typescript can be read
with devices called optical readers. One
of the newest methods is a videoscope
which is made up of a television screen
and a typewriter keyboard. You can
type a message which appears on the
screen then, when it is correct, you
depress a ‘send’ key and the message
1s put into the computer.

The processing operation is carried on
within the computer
itself. By using its
various parts or ele-
ments, the computer calculates, sorts,
matches, compares, and selects until it
armives at the desired answer to the

What is meant
by processing?

problem given it.

While this processing operation is go-
ing on, the entire procedure is checked
by a man, called the operator, at the
computer’s control panel. It is his duty
to make sure that the computer is func-
tioning in the proper manner. He can
start and stop the computer and regu-
late its activity. He can send in new
instructions or corrections given to him
by the programmer, and can test vari-
ous parts of the computer to see if they
are working normally.

On most larger and modern machines
much of the work of an operator is
done by sets of programmes held inside
the computer which are called an
operating system and which tell the
computer what to do. The operator
talks to the operating system and vice-
versa by means of a typewriter or
videoscope called the computer consul.
This means the operator can be asked
for a magnetic tape to read—"Please
let me have a magnetic tape to read”—
and after he has placed the tape on a
reading device for use by the computer
he can type in “O.K. magnetic tape 1s

15



loaded.” The operating system will then
organise the electronics of the compu-
ter system to read data from the
magnetic tape.

After doing its work the computer
gives its answers.
Normally these are
printed out on a
printer or a videoscope screen. If the
answers are required later they can be
stored on punched cards, magnetic
tapes or discs and the computer will
arrange to print them out as required.

Nowadays, by using telephone net-
works and other special equipment,
data and programmes can be fed into
a large computer from thousands of
miles away and answers can be fed
back.

One day you may have a videoscope
in your home and you will use it to
order goods from the supermarket or to
inquire about some information from
a library when you do your homework.

What is meant
by output?

One of the hardest points to understand
about the opera-
tion of a computer
is how it can make
a logical decision. When we come to a
logical decision of a problem, we do so
by a process of thinking or reasoning.
We search our memories or look into
books for the facts on the subject and
make our decision based on these facts.

What is the
computer's logic?

The automatic toll collector is a
computer-type device. It makes
“logical decisions' as te whether
the proper amount of money has
been deposited.
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While a computer cannot think or rea-
son as we do, it reaches its logical deci-
sions from the facts given to it by its
programmer.

Possibly the simplest example of a
computer-like system is the ordinary
light switch. The problem in this case
is: when the switch is closed, are all
conditions present for the bulb to
light? The conditions are such facts as
whether or not the electric current is on,
the light bulb good, the room properly
wired, etc. If the answer is “yes” to all
the conditions, the bulb will light when
the switch is turned on. The computer
system, in effect, will be giving its logi-
cal answer based on the fact that all
conditions are present for the bulb to
light when the signal is given.

Another example of a computer-type
device is the automatic toll collector
seen on many motorways and bridges in




the United States. This device has the
responsibility of making a logical deci-
sion as to whether or not the proper
amount of money has been deposited by
the driver to pay the toll.

Let us assume that a 10¢ toll is to be

collected by the computer. This pay-

ment can be paid by depositing: one
dime; two nickels; one nickel and five
pennies; or ten pennies. The automatic
toll collector will receive its input (the
coins) and process them. It will then
make its logical decision based on the
fact as to whether or not the payment
by the driver is sufficient. If the answer
is “yes,” the device will indicate to the
driver that he may go ahead. However,
if the computer reaches the logical deci-
sion that insufficient money has been
deposited, it will flash a “stop” signal
and will sound an alarm so that the
guards are immediately notified of its
negative decision.

Although most digital computers cost
thousands of
pounds, you can

tery Duild one that
will answer “yes”

or “no” to simple questions for a few
shillings. Here is what you need: two
mechanical switches, a flashlight bat-
tery, a flashlight bulb and some wire.

Remember, this is going to be a very

simple computer. But it may surprise

you all the same.

What do you
need to build

a simple compu

You can build a simple computer that will help you
to understand the difficult subject of the werking of
electronic brains.

As a computer designer, your problem
is this: with the parts
named above, build a
computer that will give
a recognizable signal when both of two
necessary conditions are fulfilled. You
can consider the light bulb as the output
of the computer, and the switches, each
of which you may open or close by
hand, as the inputs.

How will
it work?

17



When the parts are properly con-
nected, the computer will cause the bulb
to light up, signalling, “Yes, both con-
ditions are fulfilled.” When the bulb is
dark, the computer is saying, “No, both
conditions are not fulfilled.”

You have probably already worked this
out. Connect the
switches with the
battery and bulb as
shown in figure 1. In
this way, both switches must be closed
for the bulb to light up. When only one
switch is closed or when both are open,
the bulb will be dark. Simple? Yes. But
when you consider the logical opera-
tions performed by this computer, they
are really quite impressive :

It accepts information as input (the

switches are open or closed).

It makes a decision based on the

input (are both switches closed?).

It takes action based on this decision

(either the bulb lights or remains

unlit).

By rearranging the switches, you can
build a computer that will decide
automatically whether either of the
switches are closed, and will light the
bulb signalling, “Yes, at least one of the
two possible conditions has been ful-
filled.” (Fig. 2.)

By combining the two circuits or ar-
rangements, you can make a computer
that will have four inputs and one out-
put and will answer this question : “Are
inputs one and two present? If °they
are, is either input three or input four
present?” Having examined the inputs
and found the answers to these two
questions, the computer will go on to

How does the
computer give
the answers?
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decide: “If the answer to both of
these questions is ‘yes,” light the bulb.”
Fig. 3 shows how you would wire this
computer.

By this time the computer is doing a
job of deciding that might actually be
useful, and doing it a good deal faster
than you could. If you do not believe
this, build it and try to beat it.

Slightly more complicated arrange-
ments of switches can be made to pro-
duce an output only when one input is
present and the other is not. It is pos-
sible, by interconnecting circuits each
of which does one logical operation, to-
create arrangements capable of answer-
ing all sorts of difficult questions. Com-
puter kits that contain all the parts and
drawings to make such arrangements
are available at radio supply stores.

Instead of mechanical switches and
flashlight bulbs, the modern computer
uses much more rapid electronic devices
for switching and registering, such as
transistors, magnetic cores and silicon
chips. The idea is the same as the
computer just described.



The Elements of a Modern Computer

The modern electronic computer is not really a single piece of
equipment but a series of five closely related parts or elements, each of
which must function smoothly with the other four for the system to be
useful. These five elements are: input, storage, arithmetic, control and

output.

You are already familiar with two of these elements, the input and the
output. If you were to see a real computer in action, you could watch the
input-output equipment functioning, carrying information to the system
and answers to the programmer. In our simple computer, the input is
actually supplied by the movement of your hand, which opens or closes
the two switches, Output is the flashlight bulb that lights up to signal
“yes,” stays dark when the answer to the question is “no.”

The switches themselves perform an ex-
tremely important
function in the
computing circuit.
They store the input, making it avail-
able to the computer throughout the
process of computation. They store the
information as to whether or not they
are closed, since open means, “no in-
put,” and closed means, “input.” You
may never see the storage unit in a real
computer since it is placed in a metal
cabinet. But its function is exactly the
same: it stores input in a form usable
by the computer, and holds it ready for
immediate use at any time during its
operation.

In modern computers, the storage
element also serves as a “memory” and
information can be internally stored
in the system by electro-mechanical,
magnetic, or electronic devices, until
needed. Stored information is readily
available, can be referred to once or
many times, and can also be replaced

Where is the
storage element?

whenever desired. The data memorized
by this element can be original informa-
tion, reference tables, or instructions.

FROGRAM

COMTROL

STORAGE

[MEMORY) FROCESSIMG

QUTRFUT

Parts of o digital computer and their functions.
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PRINTER
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INPUT-OUTPUT &
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INPUT-0UTPUT

=3 STORAGE & PROCESSING
& ARITHMETIC ELEMENT

Actual arrangement and location of the varlous parts of a digital computer.

Each storage location is identified by
an individual location number which is
called an address. By means of these
numerical addresses, the programmer
can locate information and instructions
as needed during the course of a prob-
lem. In other words, when the program-
mer wishes to take information out of
the storage element he does not specify
the data itself, but only its address. He
knows that the information he wants is
stored at that address because he him-
self stored it there earlier.

Actually the memory unit of the com-
puter can be compared with a library,
which stores books, just as the memory
stores data. Each book in the library is
given a code number, just as each bit
of information in the memory elements
receives a number. These book numbers
permit the librarian to quickly find any
book stored in the library without read-
ing the titles on the books, just as the
address permits the programmer to lo-
cate any data in the memory unit.
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The speed of processing largely de-
pends on the access time — the length
of time required to obtain a number
from storage and make it available to
other elements of the computer system.

The element of the computer that
does the actual
work of compu-
tation is called
the arithmetic element. In our com-
puter, this element is composed of the
switches, wires, and battery. In most
useful computers, the arithmetic ele-
ment can add, subtract, multiply, di-
vide, and compare numbers in a manner
similar to a desk calculator, but at light-
ning speed. Complex calculations are
always combinations of these basic op-
erations. The arithmetic element also
can make logical or reasoning decisions.

In most modern computers, the stor-
age unit is completely separate from the
arithmetic element, though connected
to it. By sending electric currents back

What element does
the computation?



and forth between themselves, these ele-
ments are able to communicate; the
storage sends information to the arith-
metic element for processing, and the
arithmetic unit sends back the proc-
essed information to storage.

The lines of communication between
the storage and

I . -
:::1:;::"5 arithmetic elements
work together? in our model com-

puter are fixed. In
more complicated circuits or networks,
however, there may be a number of
alternative paths between storage and
arithmetic elements. One path could
lead to a network whose sole function
was to add two numbers, another to a
network which did nothing but com-
pare the sizes of two numbers, and so
forth. To decide which of these paths
should be used each time a connection
is made between the storage and arith-
metic units, the computer has a control
element.

The control unit in the computer can
be compared with a railway switch-
vard control tower. There are many
possible directions that the switching
engine can be routed, but the man in the
control tower pulls the proper levers to
get it on the proper track so that it
reaches its desired destination. In the
computer, the control element, under
mnstructions from the programmer,
makes the necessary switch connections
tiroughout the system so that the data
can follow its proper path to reach the
Zesired  destination. Because of the
soesd required in routing information,
== switching mechanism in modern
“omputers, properly called the auto-

matic sequence control unit, is an elec-
tronic device rather than a mechanical
one as it is in the railway control tower.

Now that you know the purpose of the
various parts
of a com-
puter, let us
compare
their func-
tioning to the steps needed in solving a
problem by paper and pencil methods.
The input would correspond to the in-
formation given in the problem. The
arithmetic element performs the same
function as our manual calculations.
Storage may be compared to the work
papers on which we note intermediate
answers. A knowledge of arithmetic
rules controls our handling of the prob-
lem and our answers provide an output.

How does o

computer compare with
other methods of
solving problems?

The control unit of a computer Is like a railway control tower.




A Language for the Computer

The gap between man and ‘machine is bridged by a language that is
understandable to both. This language makes the operation of the
computer possible. The language known as the binary number system,
which was originally only used to represent and handle numbers, has been
expanded to handle letters and symbols too. Although man can learn and
understand the binary system, languages are being developed to enable
computer users to express their problems more naturally. There are now
over 100 different computer languages but the most widely used are
Fortran and Algol for scientists and Cobol for business men.

The machine itself can only be worked by binary so the language of
the user must be translated into binary. You will learn about this trans-

lation process in a later chapter.

Binary (bi means two) uses only two
symbols, 1 and
0, rather than
the ten decimal
numbers (0—9), and the twenty-six
letters we normally use. The machine
finds this system simple. You will too.

As you can see in the chart on page
23, the decimal numbers are compared
with the corresponding binary symbols.
Notice that shifting a decimal number
one place to the left multiplies its value
by ten, whereas shifting a binary num-
ber one position to the left multiplies its
value by two. Thus, the symbol 1 in the
binary system can be used to represent
one, two, four, eight, or sixteen, depend-
ing on its position or place.

What is the binary
number system?

Let us use the binary system to do some
actual counting. To
How do you

represent “zero” in

count in the :

binary system? binary, the symbol 0
is used. “One” is

shown as 1, as in the decimal system.
To show “two,” when both available
symbols already have been used we
use some combination of the two. For
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example, the combination 1 0 can stand
for “two.” “Three” is 1 1. For “four,”
we must use three digits: 1 0 0. “Five”
becomes 1 0 1; “six” 1 1 0; “seven,”
11 1. We must add a fourth digit for
“eight,” which is 1 0 0 0. “Nine” is
100 1, and so forth.

Whereas the binary system suits
computers, it is not nearly so practical
for ordinary numerical problems as the
decimal system because more digits are
required to express numbers. For exam-
ple, the number “thirty-nine” can be
indicated in the decimal system by only
two digits: a 3 and 9. Six digits would
be needed in the binary system: “thirty-
nine” would be written 100 1 1 1. The
large number 10000000000 in the
binary system stands for “one thousand

DECIMAL SYSTEM
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twenty-four.” The same number in the
decimal system is expressed by four
digits (1,024). But, with modern com-

puters, it does not matter how many

digits are used to indicate numbers be-
cause of the lightning speed at which
these machines operate.

The modern computers can store
many digits in their memory units, too.
Early ones were considered marvels if
they had internal storage capacity for
1,000 decimal digits. New machines
can store millions of digits on different
storage devices. They can be made
available on demand from a program-
mer in times ranging from nano
seconds (hundreds of a millionth of a
second) through microseconds (mill-
ionths of a second) to milliseconds
(thousandths of a second).

What the programmer has written is
known as the
How are decimal

numbers changed instruction and
to binary symbols? ©ONE€ programme
is made up of

many lines of such instructions. Once
he has written all of them down, he
gives them to a punch operator. She
uses a machine which looks like an
ordinary typewriter. As fast as the infor-
mation can be typed in on the keyboard
—the keys of which are marked with
Arabic numeralsand English letters—the
machine translates it into a pattern of
binary ones or zeros onto the cards.

The cards get fed into a machine
called a card reader which uses photo-
electric cells to sense the position of the
holes. It then sends the binary patterns
to be stored in the computer memory.
However these patterns represent the
language the programmer used. The
computer must now translate it into the
language it can understand.
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The binary system can be made to cor-
respond to the con-

Con_the I.ﬂ“w ditions of an electric
system give

other answers? :
—on or off. Using

the principle of the switch, the “on”
condition may represent “1,” and “off”

or electronic circuit -

may represent “0.” The binary number
1001 1 1, equivalent to the decimal
number 39, would appear:

on off of on on on

Because electronic circuits are used, a

Hers we can see how information goes Into a computer by means of a card. The information s changed from holes in a card to
pulses along 3 wire by means of the photo-electric cells. The character image shows the presance or absence of a pulse, Tha inset
shows the whole machine—the cards go Into the hopper and come out Into the stackers.

|
|
|
CARD READER l
| ) HOPPER
80 COLUMNS READ STATION | ETEiEEEn
L] 7 ¥ 0w I
| STACKER
x |
=
12 ROWS HOLLERITH CARD S
o
-‘\ ——————
co )
PHOTO-ELECTRIC CELLS e > ¥y
1
N
i1
CHARACTER IMAGE |ai1|u]1|a|aic|’1|a[gb| ]

24




All systems ''go'’ was the command given by the computers for the launching of the astronauts.

vast chain of binary digits can be ex-
pressed and tabulated at very, very

great speeds.
The binary numerals can also repre-

(13 th)

sent logical conditions such as “yes

(binary 1) or “no” (binary 0), “right”
(binary 1) or “wrong” (binary 0).
Hence, the modern computer, by using
the binary, can make simple decisions
about complex questions. For exam-
ple, in Colonel Glenn’s manned orbital
flight, it was a computer that gave the
“go” signal that everything was fine
aboard during the launching of the
space capsule.

For the computer to reach this all-
important logical decision, the program-
mer fed into the machine beforehand
such information as the proper speed
and direction of the rocket, desired
flight characteristics, Glenn’s proper
breathing and heartbeat rate, plus over
40,000 other bits of vital data. This
mmformation was stored in the memory

element. Then when the actual launch-
ing took place, all the information from
the rocket and about the astronaut’s
condition were fed into the computer
and compared with the data already
stored there. In less than 30 seconds,
the computer had to make its recom-
mendation. No man or group of men
could make this important decision so
fast, but the computer gave its answer
by simply causing a bulb to light up on
its front panel, signalling, “Yes, all con-
ditions are fulfilled for a safe launching
of the space capsule.”

Can machines out-think the men who
build them? Is it
possible for a
computer to come
up with a new idea? Are we in danger of
being overrun by electronic brains
whose actions may not do as we wish?

If you build the computer described
earlier, you will see that it operates only

Can an electronic
brain "think?"
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on information you give it. Computers
can not “think.” They do no more than
you tell them to do. If you feed yours
incorrect information, it will give you
mcorrect answers. In addition, you must
tell it exactly what to do, step by step.
Bluntly, a computer does not have an
ounce of imagination.

As you have read earlier, a programmer
must organize
and restate
the problem
in terms that a computer can under-
stand. One technique used by pro-
grammers is to prepare flow or block
diagrams. These diagrams arrange the
steps of a process in order and show how
the steps are related to one another.
They aid memory and force precise
thinking. They show the computer how
to solve a problem.

For instance, how do you get to
school in the morning? A flow diagram
of this problem might be the one given
in Fig. 1. This may be enough for you,
but it is not detailed enough for a com-
puter. Your mind makes connections
readily. It fills in gaps from past experi-
ence. Computers need a simple, step-
by-step plan with complete instructions,
such as shown here in Fig. 2.

Programmers also use many mathe-
matical techniques. One method,
symbolic logic, involves representing
statements logically by mathematical
equations. This system makes it possible
to change logical statements in the same
way that you work with algebraic equa-
tions in your mathematics class. It is
named Boolean Algebra after its inven-
tor, George Boole. Computer men also

How are problems
given to a computer?
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use the theory of probability and com-
plicated techniques such as Monte
Carlo simulation, matrix algebra, and
multiple regression. These complex
mathematical solutions are too difficult
to explain in this book. As a matter of
fact, many mathematicians did not use
them prior to the introduction of com-
puters because of the time required
to solve problems by following these
techniques.

Programmers sometimes develop
mathematical models of real situations
or processes. Here is an extremely sim-
ple example:

COST OF APPLES IN PENCE =

2p. X NUMBER OF APPLES
This equation is a “model” of an actual
buying situation. It predicts the cost of
any number of apples. No apples need
ever be purchased in order to get an-
swers. All aspects of this limited situa-
tion can be explored without spending
a penny.

In actual practice, the preparation of
mathematical models is a complex,
exacting, and time-consuming job. It
requires a thorough knowledge and un-
derstanding of the problem or process
under study. Programmers often spend
weeks, even months, observing and
studying before they begin the mathe-

matical model for which a final pro-
gramme will be prepared.

GET UP | |GETREADY| | GO

A flow diagram of “How do you get to school in the
morning?'' as stated above would be enough for
you, but not for the machine. The flow diagram on
page 27 would be more to the machine's “liking."
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No one can give you a good answer to
this question.
The profes-
sion 1s SO
new, and is changing so fast, that the
most practical approach is to look at
what a programmer must be.

First, he must be a language expert.
The languages he uses are not all spo-
ken languages hke English, French, or
Spanish. Some are universal languages,
understood by scientists and technical
people the world over. These are math-
ematics and the language of reasoning
or logic. Maybe you do not think of
mathematics as a language, but it is. It
is one means used by men of science
to communicate with each other.

How can you
become a programmer?

A programmer must know many
languages :

1. His native tongue.

2. The language of the flow or
block diagram.

3. The language of logic or reason.

4. The languages of the specific
computer with which he is work-
ing. This includes the codes of
letters, binary digits, or com-
binations of them.

© RECEIVER AND || |
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In addition, the programmer must be
able to study, analyze, and plan prob-
lems so that he can reduce them into
the small, simple parts a computer can
handle. Thus, a pérson with an econ-
omic or engineering college degree
or a background in mathematics may
be the most successful candidate for a
career in computer programming.

Putting the Computer to Work

% mmN:re been in use for only a decade or so, they
havg” already~influenced the lives of millions of people. It would be

impossible to S%all the jobs that we are handing over to this marvellous
machine. Programmers are finding new applications for it each day. While
many uses have already been given, here are a few more ways to keep

robots with electronic brains busy.
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Computers are the “brains” of the
' American de-
How are computers ¢, .. system A
valuable for ballistics ~naiasile
national defence? . .
inflight, forexam-
ple, must be in exactly the right position
at the proper speed when its motor is
turned off — an error of one foot per
second in speed can cause a several mile
miss at the point of impact. As the mis-
sile leaves its launching pad, it sends
radio signals back to the computer on
the ground, informing it about changes
in wind, temperature, effect of gravity,
and many more important facts. The
computer works out the effect of these
varying factors and instantly flashes in-
structions to keep the missile on its
proper course. When it reaches its cor-
rect speed, the computer turns off the

o and the missile coasts at about
smies =5 Bour to its target. No

Computers are the “heart element” of the Morth
American Air Defense Command.

human being could possibly work with
the speed and accuracy required by this
complex operation.

Computers are also the “heart ele-
ment” of the North American Air
Defense Command. These computers
evaluate the great amount of informa-
tion represented by the flight paths of
all the airplanes in the air at one time
over the United States and Canada.
Working hand in hand with the radar
system, they keep the military services
informed by immediately identifying all
planes and rockets that are in flight.
This, of course, reduces the chances of
an attack by hostile aircraft and rockets.

PAYROLL REGISTER

e

. T [

- ]
Computers for payroll register: This horizontal row
of 132 electronically timed hammers taps paper-
forms against an inked ribbon and a fast-moving
endless chain of type in an output printer of a data
processing system. It prints numbers and letters at o
basic speed of 400 lines a minute and, if it is oper-
ated fo print numbers alone, can do it at a rate of

1285 lines o minute.
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Computers perform numerous jobs
in the field of
business. They
have freed employ-
ees from the drudg-
ery of the routine paper work of
accounting, invoicing, calculating the
taxes, making out pay cheques, keeping
inventories, etc. Publishing companies
use computers to keep track of maga-
zine subscriptions.

Business and industry also use com-
puters to help in making decisions. For
example, an oil company deciding
where to build service stations, can feed
a computer all the factors involved in
thedecision, such astrafficflow,land and
buildingcosts. Themachinewill produce
adecisionor the alternate decisions most
worthy of investigation.

How do business
and industry
use computers?

Computers are keeping track of thou-
sands of ships in
the Atlantic and
Pacific oceans
so that the
various rescue services can rush

How are computers
used to aid sea
and air travel?

30

help instantly if a ship is in dis-
tress. Ship positions are stored on the
machines’ memory sections, enabling
the rescue services to select the ves-
sels nearest an emergency without
changing the courses of other ships un-
necessarily.

To assist with the planning of airline
flights, a computer prepares what might
be called “a master flight plan” for each
flight. Weather information, informa-
tion as to the number of passengers, fuel
loads, take-off and landing weights, and
other data are fed into the machine.
The computer then analyzes all data
and calculates the ideal routes, alti-
tudes, etc., in the terms of these condi-
tions. In this way pilots have a “master
plan” to follow in their final flight plan-
ning. Using this information, the air-
line’s captain and dispatcher determine
the “final plan.”

Computers are also being installed in
some of our giant jet aircraft. With the
use of such planes, the margin of safety
available to a pilot during a take-off
has been decreased greatly. The amount



of power and the increased speed re-
quirements of take-off have greatly
reduced the time available for the pilot
to study his take-off progress and to
make his decisions. Thus, the computer
on board, with its lightning action, can
be very valuable to the pilot during this
critical operation.

Computers will be used in many ways
in hospitals. They
could store all
medical know-
ledge and make it available to doctors
on demand. Symptoms of known
diseases could be held in the computer
memory. A doctor could input the
symptoms of his patient using a video-
scope, the computer would then check
and list the possible diseases matching
the given symptoms, thus helping the
doctor’s memory.

Another possibility would be in
patient monitoring. Suppose we have
a very sick patient and that it is essential
that his temperature does not exceed
I04F. and his blood pressure 170. A

How can computers
help our doctors?

Computers handle nu-
merous jobs to ease the
drudgery of officework,
in aiding the safety of
sea and air travel, and
in giving help to the
3 medical science and
R other flelds,

fiction piclure? The data transmission unit above
enables computers to hold direct two-way telegraph
or telephone "conversations.” Or, to put it a little
mare specifically: the computer can send business or
scientific information any distance directly from its
magnetic memory to the storage of another com-
puter. Here the operator dials the office across the
country to make a connection for data transmission.
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nurse could check every hour but what
if a limit was exceeded when the nurse
was away?! The patient could die. To
stop this, devices for measuring blood
pressure and temperature could be
attached to the patient and the com-
puter. Continuous signals could be
sent to the computer giving these
measurements. If a limit was exceeded
the computer could activate an alarm
bell in the nurse’s office which would
be of great help in her job.

Each year, millions of reports on scien-
tific research are
published—a large
percentage of them
in foreign lan-
guages. In this mass of Russian, Ger-

How does a
computer become
a translator?

man, Dutch, and Italian data are clues to
interplanetary flight, H-power, longer-
wearing car tyres, more powerful bat-
teries. The trouble is that too few of
our scientists and engineers read foreign
languages. To overcome this difficulty,
computers have been put to work trans-
lating these scientific publications.

To do translations, every word in a
sizable English dictionary is listed on
tape under a code number or address.
The French, German, or Russian equiv-
alents for each word are given the same
number or address. Then, to translate
from French to English, for example, a
tape with the French code numbers is
fed into the machine, which matches
the numbers and prints out the English.
Some human editing to rearrange awk-
ward word sequences is needed, but a

The elactronic brains have made another dent in the
“language barrier.'" Here (at left) sentences in Russian
are punched into cards that will be fed Into an electronic
deta processing machine for translation Into English.
The card (below) is punched with a sample Russian
languags sentence (as interpreted at the top of the
card) in standard punched-card code. It is then ac-
cepted by the computer, converted into its own binary
language and translated by means of stored dictionary
programmes into the English language squivalent, which
is then printed.
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Above, specimen punched-card and, below it, a strip with tra

nslation.



The match made by a computer on a television pro-
gram was not one of the "'robots" big successes,

computer can make over a thousand
translations in a day.

Computers are helping to break lan-
guage barriers in other ways. Compu-
ters, for example, are rapidly translating
English text into Braille in order to
speed the production of reading mate-
rial for the blind. Recently, an ex-
tremely accurate and thorough Biblical
Concordance was produced by a com-
puter, which “read” the whole Bible
through, sorted and cross-indexed se-
lected key words, and printed out the
results automatically — an entire book
written by the computing system.

A computer, of course, gives wrong
answers if given
wrong informa-
tion. One experi-
ment with the decision-making ability

Does an electronic
brain ever fail?

BN -ROKELE BRAINS -

of computers was a failure. A television
quiz programme used a computer to
select the ideal wife for a contestant. To
accomplish this, the programmer fed
into the machine all facts known for a
perfect marriage—likes and dislikes,
interests in various hobbies, films,
music, food, etc. When the computer
compared the qualifications of many
women with those of the male contes-
tant, it recommended one as ideal. But,
when the two got to know each other,
they decided they were mismatched and
should not marry each other. Whose
fault was this? The machine program-
mer’s? Perhaps it only proves that even
a computer cannot understand a
woman’s mind.
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