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The Eleetronic Brain

'WENTY years ago the idea of
building a brain would have been
considered fantastic. Mind and
matter had been carefully sepa-
rated by the philosophers who were
mostly convinced that any non-living
connection was impossible. No mere
machine, they said, could produce the
remarkable features of the brain. In a
sense, of course, they were right. When
they thought of a machine they im-
agined objects like a wheelbarrow, a
typewriter, or a steam-engine. They
had observed that such machines if
controlled, like a typewriter being tap-
ped, were inflexible in action, and if un-
controlled, like a motor car without a
driver, were apt to destroy themselves.
But nowadays the word ‘“machine”
has a much richer meaning, the posi-
tion having been transformed by the
invention of the electron tube. This de-
vice has two main properties: it allows
power to be injected freely into a ma-
chine, causing high activity, and it pro-
vifes a means by which one part of a
machine can affect the behavior of
another part with little back-action. At
last those who would build a brain have
something comparable in functioning
powers with the nerve cell.

The nature of a brain

But even if we are given an abun-
dance of highly active and sensitive de-
vices like nerve cells or tubes we have

yet to assemble them into something -

that makes sense. And what does
“make sense” mean in the brain or in
a machine? Here wide differences of
opinion occur. To some, the critical test
of whether a machine is or is not a
“brain” would be whether it can or can-
not “think.” But to the biologist the
brain is not a thinking machine, it is
an acting machine; it gets information
and then it does something about it.
Like every other organ in the animal
body, it is a means to survival.

This last property decides its funda-
mental mode of construction; it must
have certain permanent goals—the es-
sential conditions for its existence—and
it must be able to attain them in a
variety of circumstances. If one path
to the goals is blocked it must find an-
other. If the circumstances change, it
must readjust its methods. The brain
of an insect has available a few per-
fected inborn patterns of behavior. It
will try them in turn, succeeding if the
circumstances are of a standard type.

* Department of Research, Barnwood House,
Gloucester, England.
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By W. R. ASHBY, M.A., M.D.*

The brain of a mammal is of more in-
terest to us, for it has a diffuse ability
to puzzle out some sort of adaptation
to an indefinitely large variety of cir-
cumstances. Man is himself the out-
standing example of the potentialities
inherent in this subtle mechanism.
The ability of the brain to look after
itself by correcting all deviations from
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Here, for the first time in any
American magazine, we pre-
sent to our readers the com-
plete account of the new
epoch-making and thought-
provoking electronic brain,
developed in England, and
featured recently in news
dispatches all over the world.
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a central, optimal state, and particu-
larly its ability to do so by a variety of
methods, being flexible about the route
but unchanging in its aim, was usually
regarded as quite beyond the powers of
any machine, but it has been known
since 1940%2 that machines of the more
dynamic type can do this quite easily.
All that is needed for this goal-seeking
flexibility is that the system should have
negative feedback. When there is no
feedback, as when a door-bell button
is pressed and the bell rings, there is
neither sense nor nonsense—it does just
what its present state of repair or dis-
repair enforces. But when a radar-con-
trolled anti-aircraft gun receives im-
pulses both from the target plane and
from its own shells, and is affected by
the distance between the two so that it
tends to make the distance between the
two zero, then such a system has nega-
tive feed-back and is “goal-seeking.”
The important point here is that the
property of being “goal-seeking” is not
that of life or mind but of megative
feedback, and any machine, however in-
animate, which has negative feedback
will show this feature.

Self-orgarizing machines

But this does not complete the re-
quirements. Thus, if the gun-radar-
plane system had positive feedback it
would tend to make the distance be-
tween shell and plane a maximum and

would therefore seem to be trying to
get its shells as far away from the
plane as possible. Clearly, the introduc-
tion into a system of feedback in gen-
eral does not solve the problem; for if
without feedback the gun will aim any-
where, yet even with the feedback it
may either seek the target or it may
positively avoid it. What is to ensure
that the feedback has the correct sign?
In the gun-radar-plane system the
problem is easily settled: the designer
carefully arranged the construction so
that the feedback was negative. In the
brain of an insect, all variations born
with wrong feedbacks were eliminated
by natural selection ages ago. But in
the higher animals the position is differ-
ent. Large numbers of the feedbacks
are left at first undecided, since it is
experience and not the inborn (gen-
etic) characters which are to deter-
mine the feedbacks. Thus, a cat may
have to learn to go towards red meat
(negative feedback), but to go away
from red embers (positive feedback).
That a kitten’s initial feedbacks are
rather chaotic is shown by the way in
which it may shrink away from a saucer
of milk and then run towards a red-hot
fire. Yet we know from experience that
day by day the kitten’s feedbacks
change, always improving, and tending
to those values, positive and negative,
which ensure the animal’s survival. The
problem of the mamalian brain, then,
is that as a machine it has to, work out
an essential part of its own wiring.

The homeostat

Such ability to learn and to adapt
by internal re-organization was re-
garded as a great mystery, but the
principles are now better understood.? To
demonstrate them and to show that these
principles do, in fact, produce such be-
havior, a machine has been constructed
and has recently been demonstrated.*

The homeostat consists of units, four
of which are shown in Fig. 1. Each car-
ries on top a suspended magnet, shown
in Fig. 2, and the behavior of these
four magnets provides the focus of
interest.

Each magnet (M in Fig. 3) is af-
fected by currents in the four coils
around it, the currents coming partly
from the other units (A, B, C) and
partly as a self-feedback (D). (The
apparently single coil of Fig. 2 is com-
posed of the four coils of Fig. 3). In
front of each magnet is a trough of
water with electrodes at each end at
—2 v and —-15 v respectively. The magnet
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Fig 2—Quadruple coil ABCD encircles magnet M which is suspended by the needle pivot.
The suspending wire extends forward on its end into the water in the semicircular plastic
trough which has electrodes at each end. Potential for the grid is taken from the pivot socket.

is suspended on a needle pivot by a
wire sling which dips into the water and
picks up a potential which depends at
each moment on the position of the mag-
net. The potential goes to the grid of a
triode and thus controls the d.c. output
of the unit. (The resistor E is first ad-
justed so that when the magnet is
central the unit has zero output). This
output goes to the other units in series
where it becomes one of their inputs.

This arrangement sets all four units
into action and reaction on one another.
As soon as the system is switched on
the magnets are moved by the currents
from the other units, but these move-
ments change the currents, which cause
fresh movements, and so on.

These actions and reactions can be
modified by various constant settings.
Thus, the current from, say, unit 4 to
unit 2, can be controlled as to its po-
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larity of entry into the coil by X (Fig.
3). In addition, the potentiometer P
decides what fraction of the input cur-
rent actually goes through the coil.
These controls can be hand set by the
upper two rows on the front panels.

When set in some way, the magnets
show some definite pattern of behavior,
the pattern depending on the pattern
of the hand settings. If these latter
give a stable arrangement then the four
magnets move to the central position
where they actively resist any attempt
to displace them. If displaced, a co-
ordinated activity brings them back
to the center, rather as an animal posi-
tively seeks its optimal conditions. Other
settings may, however give instability,
in which case a “runaway” occurs and
the magnets diverge away from the
centers. In such cases the feedbacks are
producing ‘“vicious circles” which would
be driving the animal away from its
optimal conditions.

But the feedbacks, instead of being
set by hand, can be controlled by simi-
lar wirings arranged on a uniselector
(V) in each unit. The values chosen for
the wirings were deliberately random-
ized, the actual numerical values being
taken from a published table of random
numbers. When controlled by the uni-
selectors, the pattern of feedbacks de-
pends at any moment on the values
provided by the uniselectors at that
time. Twenty-five positions on each of
four uniselectors means that 390,625
combinations of feedback patterns are
available.

Finally, in each unit the uniselector
moves to a new position when and only
when the output current of that unit
exceeds the value sufficient to close the
relay (F), the latter energizing the
coils (G) of the uniselector.

When the control is diverted by the
switches S-S so that not the hand con-
trols but the uniselectors determine the
settings, then a new feature emerges in
the behavior of the system. As before,
the units start acting on one another,
but the wuniselector settings change
whenever the system is unstable, i.e.,
whenever the magnets diverge far from
the central position. In other words the
machine starts to hunt for a combina-
tion of uniselector settings giving a
stable system, i.e., giving the proper
internal feedbacks. When it finds a com-
bination with the right feedbacks it
holds that combination and will then
demonstrate that it has assembled that
feedback system which results in a co-
ordinated maintenance of its variables
at optimal values, like a living thing.
The important point is that it finds its
own arrangement of feedbacks, the de-
signer having merely provided it with
plenty of variety.

Not only will it find the appropriate
feedback initially, but if we alter the
basic conditions in any way it will pro-
ceed to re-adapt itself to the new con-
ditions. Thus, we may use hand controls
on two of the units, setting them at
arbitrary values to represent some ‘“‘en-
vironment” to which the other two
units, representing “nervous system,”
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must adapt, i.e., find combinations of
their two uniselector settings which, in
relation to that particular “environ-
ment,” forms a stable system. When the
machine is switched on, it proceeds, as
described above, to find such an adapta-
tion. But if now we alter the hand set-
tings, i.e., change the “environment” to
which the other two units are adapted,
then the machine promptly abandons
those uniselector combinations and hunts
for new ones which will restore adapta-
tion to the new environment. If now we
change the hand-settings again, a new
appropriate combination will again be
found. And this process can be repeated
as often as we please.

But the homeostat will adapt not only
to random changes in hand settings but
to any change in the dynamic nature of
the machine, whether of a type origi-
nally intended or not. Here, for instance,
are some alterations suggested by my
colleagues who have tried to confuse it.
After it had found a stable combina-
tion we reversed the polarity of the con-
nection of an output to an input; it
promptly changed its uniselector set-
tings till it found a new combination of
settings which was stable in conjunction
with the mew conditions. We reversed
the polarity of a trough, thereby chang-
ing some of its feedbacks; it changed
its uniselector settings till it found a
new combination of settings stable in
conjunction with the mew conditions.
A magnet was reversed: it readapted to
the new condition. Bars were placed
across the troughs so that the magnets
could swing only to one side: it re-
adapted. We joined two of the magnets
together with a light glass fiber so
that they had to move together; it re-
adapted. In all cases, whatever condi-
tions were imposed, it rearranged its
own wiring through the uniselectors
until it developed the proper feedbacks
in relations to the new conditions.

Is the homeostat a brain then? Hard-
ly, for it is as yet too larval. But it
uses a new principle and can easily be
extended to give much more powerful
developments. Its chief fault in its
present form, with only four units, is
that it has little room to accumulate
new adaptations, but, if it has to adapt
to a new environment, must obliterate
its established adaptations to make
room for the new. This, of course, is a
serious handicap, just as a child would
be handicapped at school if it could
learn what was two times three only
by losing its memory of what was two
times two. The difficulty, however, is a
minor one and could be overcome by a
mere increase in the number of units
together with some minor alterations.

The making of a synthetic brain re-
quires now little more than time and
labor. But there is one point on which
we must be quite clear: a proper syn-
thetic brain must develop its own clever-
ness—it must not be a mere parrot. No
matter how dazzling the performance,
we must always ask how much of the
performance has been enforced in detail
by the designer and how much is con-
tributed by the machine itself.
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Let us suppose that two machines have
been developed to the point where they
can actually play chess. First we con-
sider an electronic computer of the ACE
or ENIAC type. 6.7 Instructions may be
fed into it so that it will make only
legal moves, but this is insufficient—a
random series of legal moves will not
win games. The machine may have great
powers of analysis, but unless this ends
in a demonstrated mate, the analysis

Fig. 3—Schematic diagram of the homeostat.

must stop at a judgment. (I assume that
chess, like living, cannot always be
analyzed out completely.) If the de-
signer supplies it with criteria for
judging whether positions are to be
aimed at or avoided, then the criteria
must be decided by the designer. This
being so, such a machine, if perfect,
will produce chess based on a strategy
as good as its designer’s but no better.

The second feature of such a system
is that its thousandth game will be no
better than its first.

The third feature is that every part
has an exact duty set by the designer,
who can say at any moment whether it
is or is not working in accordance with
his design and instructions. In short,
it is a slave-brain.

The other type of machine, the homeo-
stat, is based on quite a different prin-
ciple. It needs no detailed instructions,
only some method by which it is in-
formed of the occurrence of illegal
moves and mates. How the machine is
to avoid these undesirable informations
(feedbacks) is left entirely to the ma-
chine to puzzle out for itself. (The ad-
aptations already shown by the homeo-
stat encourage the confidence that with
only minor developments the machine
will succeed.)

Let us suppose the homeostat per-
fected and contrast its behavior with
that of the first machine. The homeo-
stat would start off like any other
player—simply by making more or less
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random movements. But the feedback
would soon stop it making illegal move-
ments, and it would tend steadily to
avoid the moves that lead to a rapid
loss of the game. But it must be ad-
mitted that its first games would be very
bad—as bad, in fact, as the first games
of any future world champion. But the
homeostat would tend steadily to shed
bad moves. Lines of play would be de-
veloped or dropped simply according to
whether they did or did not lead to a
win.

These improvements would be in no
way dependent upon the particular de-
tails provided by the designer: they
would be developed by the machine out
of the indiscriminate variety provided,
the feedback being the dominating and
controlling factor. Consequently, such
a machine, if perfect, could eventually
play with a subtlety and depth of strat-
egy beyond that of the man who de-
signed it.

The aim of some has been to produce
the perfect slave-brain. Though un-
doubtedly useful for some purposes,
yet we must not lose sight of our ob-
jective: 'a synthetic brain should not
only play chess, but should eventually
beat its own designer.

This prospect is now in view.

And the future?

And what after that? Some facts
seem clear even at this distance.’

The construction of a machine which
would react successfully to situations
more complex than can be handled at
present by the human brain would
transform many of our present diffi-
culties and perplexities. Such a machine
might be used, in the distant future,
not merely to get a quick answer to a
difficult question but to explore regions
of intellectual subtlety and complexity
at present beyond the human powers.
The world’s political and economic prob-
lems, for instance, seem sometimes to
involve complexities beyond even the
experts. Such a machine might perhaps
be fed with vast tables of statistics,
with volumes of scientific facts and
other data, so that after a time it might
emit as output a vast and intricate set
of instructions, rather meaningless to
those who had to obey them, yet leading,
in fact, to a gradual resolving of the
political and economical difficulties by
its understanding and use of principles
and natural laws which are to us yet
obscure.

The advantages of such a machine
are obvious. But what of it disadvan-
tages? There are at least two.

Firstly, in its construction, many a
detail will have to be fixed at some arbi-
trary value selected without full knowl-
edge of what features it may impose
ultimately on the type of reactions. Are
the tubes, for instance, to have an
anode voltage near the maximum or
much lower? Once made, such a deci-
sion will result in an all-pervading
tendency in the machine’s behavior. One
machine, for instance, might try to
solve all problems by exploring the pos-
sibilities of immediate violent activity,
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Better TV Sound

By ALLAN LYTEL*

HE makers of television receivers

have concentrated principally on

good definition, larger pictures,

and less complex circuits, as well
as lower prices. The only part of the
receiver which really seems-to have suf-
fered is the audio section. Single-ended
outputs are common, and rarely do we
hear television sound through a speaker
larger than 6 inches.

FM is used for TV sound transmis-
sion—the FCC deliberately decreed it
so, that we might have the benefits of
good fidelity and little noise. What,
then, is more logical than to take ad-
vantage of FM and provide ourselves
with pleasing reproduction? The set
manufacturers, in the main, have not
done it for us.

The schematic diagram shows how
the writer solved the problem. A very
simple and inexpensive amplifier feeds
a good 12-inch PM speaker mounted in
a separate cabinet. The amplifier-and-
speaker combination gives the benefit
of a 10-watt, push-pull output channel,
and it is unnecessary to modify the re-
ceiver in any way to get it.

The discriminators and ratio detec-
tors used in TV sets and the audio
voltage amplifiers are usually very well
designed and detract little or nothing
from the fidelity. It is the output stage
(in our receiver a single 6K6-GT)
and the speaker which are at fault. The
amplifier, therefore, is fed from the
plate of the last voltage amplifier, tak-

*Temple University Technical Institute.

ing the place of the output tube. An
octal male plug is connected to the am-
plifier by a cable. The 6K6-GT is re-
moved and the plug inserted in its
place. The filament wires, connected to
pins 2 and 7 of the plug, carry 6.3 volts
through the cable to the 6SN7-GT and
6V6-GT’s in the amplifier; a shielded
lead connected to pin 5 of the plug
(prong 5 of the 6K6-GT is the grid con-
nection) brings the audio to the first
grid of the 6SN7-GT in the amplifier.
A ground lead links the chassis of the
amplifier and teleset to provide an au-
dio return connection. Naturally, if
your receiver’s sound section ends in
some tube other than a 6K6-GT, these
plug connections should be altered. But
the purpose of the plug is the impor-
tant point: removing the set’s output
tube and putting the plug in the tube
socket makes all the necessary connec-
tions (with the possible exception of
ground) without requiring any tamper-

OCTAL PLUG - PLUG INTO 6K6-G SOCKET IN TV RCVR

ing with the receiver’s innards.

The amplifier contains only two
stages, the minimum necessary to pro-
vide phase inversion for the push-pull
tubes. With most receivers, the gain
will be too high, which is why the
1-megohm volume control was added.
Ordinarily, it will still be most con-
venient to adjust volume at the re-
ceiver, rather than at the amplifier,
which is mounted in the speaker baffle,
so this control can be set and left alone.
It is best to turn up the volume con-
trol on the receiver to about 75% of
maximum, then adjust the amplifier
control for maximum desired output
from the speaker. After that only the
receiver control need be used.

The circuit of the amplifier consists
of a standard “self-balancing” phase
inverter, a push-pull pentode output,
and a selenium-rectifier voltage doub-
ler. If the supply gives any hum, a
transformer supply can be used, in
which case filament voltage can be
taken from the transformer too. A sim-
ple tone control is connected across the
6V6-GT plates to satisfy listeners who
don’t like high notes or who object to
the rather high noise level accom-
panying some of the films shown on TV.

6V6-GT(2) 3 %
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THE ELECTRONIC BRAIN (Continued from page 79)

while another machine might react to
all problems by a tendency to go on
collecting interminable information, do-
ing nothing as long as there was a
shadow of doubt. We are, in short, up
against the fact of “temperament.” The
designer will put in some temperament
or other whether he intends it or not:
once he builds a machine which works
in its own way there is no such thing
as “no” temperament. The peculiar
difficulty here is that the machine will
manifest it in a form too complex and
subtle for the designer’s understanding.

But perhaps the most serious danger
in such a machine will be its selfishness.
Whatever the problem, it will judge
the appropriateness of an action by how
the feedback affects itself: not by the
way the action benefits us.

It is easy to deal with this when the
machine’s behavior is simple enough for
us to be able to understand it. The slave-
brain will give no trouble. But what of
the homeostat-type, which is to develop
beyond us? In the early stages of its

training we shall doubtless condition it
heavily to act so as to benefit ourselves
as much as possible. But if the machine
really develops its own powers, it is
bound eventually to recover from this.
If now such a machine is used for
large-scale social planning and coordi-
nation, we must not be surprised if we
find after a time that the streams of
orders, plans and directives issuing
from it begin to pay increased attention
to securing its own welfare. Matters like
the supplies of power and the prices of
tubes affect it directly and it cannot, if
it is a sensible machine, ignore them.
Later, when our world-community is
entirely dependent on the machine for
advanced social and economic planning,
we would accept as only reasonable its
suggestion that it should be buried
deeply for safety. We would be per-
suaded of the desirability of locking
the switches for its power supplies per-
manently in the “on” position. We could
hardly object if we find that more and
more of the mational budget (planned
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by the machine) is being devoted to
ever-increasing developments of = the
planning machine. In the spate of plans
and directives issuing from it we might
hardly notice that the automatic tube-
making factories are to be moved so as

to deliver directly into its own auto-
matic tube-replacing gear; we might

hardly notice that its new power sup-
plies are to come directly from its own
atomic piles; we might not realize that
it had already decided that its human
attendants were no longer necessary.

How will it end? I suggest that the |
simplest way to find out is to make the |
thing and see.

(Reprinted by special arrangement with Electronic

Engineering, London, England, from their Decem-

ber 1948 issue.)
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