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WHITE LEATHERS STAY PLUMP AND ROUND through the past-
ing and drying process with Cyanamid’s TANAk® MRX water-
soluble melamine resin in tanning solutions. After permeating the
leather, TANAk MRX polymerizes to large stable molecules which
impart good filling to the stock. The result is leathers with a
tighter break, thicker grain and better temper. This gives more
footage on the drying plates and permits deeper buffing to remove
grain defects without sacrificing normal grain thickness. (No. 4)

ADHESIVES MADE WITH POLYACRYLAMIDE have greater tack when wet, higher strength and water
resistance when dry. Slippery by nature, polyacrylamide solutions spread evenly and smoothly thus
increasing the adhesive bond. Treatment of surfaces with polyacrylamide facilitates stripping of pres-
sure sensitive tapes and other adhesives. Polyacrylamide, modified by reaction with formaldehyde,
}'i('l(]\ resins suitable for binding agents in brake bodies. clutch discs, and grinding discs. (No. 3)

AEROFLOC® REAGENTS greatly increase settling and filtration
rates by efficient flocculation of aqueous suspensions of ores,
mineral and metal particles, industrial wastes, and chemical pre-
cipitates. Test illustrated above shows effect of a few parts per
million of AErorLoc Reagent in specimen on right after standing
for 10 minutes. First used in the mining industry, Aerorroc
Reagents now are finding wide application in many other indus

tries. (No. 5)
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Machine

“Muscle” and “brain” machines do much of his daily work. Now he

conceives a machine that will reproduce itself. This once again

brings up the question of whether man himself is only a machine

s man no more than a machine? The
question is otten debated these 1].1}\
!I\ll.l”'\ with more vigor than preci-
More than this
one tends to bog down in definition
troubles. What is a machine? And what

do we mean by “no more than”? If we

s101. most arguments,

define “machine” broadly enough, every-
thing is a machine; and if by “more
than” we mean that we are human, then
machines are clearly less than we are.

In this shall the
qu(ixm more mmh*xll}. Let us ask:
What
better than a
ture? We shall
whether a machine could write
fall in Nor shall

waste time laboring the obvious fact that

article we frame

could a machine do as well or

man, now ol in (ll(' fu-

not concern ourselves
with
sonnets or love. we
when it comes to muscle, machines are
far superior to men. What concerns us
here is

man as a brain-machine. John

von Neumann, the mathematician and

designer of computers, not long ago
made a detailed comparison of human
and mechanical brains in a series of lec-
tures at Princeton University. Much of
what follows is based on that discussion.

We are otten lm-\«'mul with topias
in which all the hard work is done by
machines and we IIH‘I(‘]‘\ ]m\]l buttons.
This mav sound like a lazy dream of
heaven. but actually man is even lazier
than that. He is no sooner presented with
this Utopia than he asks: “Couldn’t 1
build a machine to push the buttons for
me?” And indeed he began to invent
such machines as early as the 18th cen-
I“.l
and the

tarv brain-machines. They control mus-

tury. flyball governor on a steam

engine thermostat are elemen
cle machines, while \prmling only negli

oible amounts of themselves.
Norbert Wiener has unn]\nu] them to

the human nervous system.

energy

Consider the progress of the door. Its

l)y John G. Kemeny

]'(l(']\

rolled in front of a cave entrance. This

earliest form must have been a
may have provided excellent protection,
but it must also have made the opera-
tion of going in and out of the cave
difficult. Slowly, as

better means of defending himself, he

quite man found

made lichter and more manageable
doors, until today it is literally child’s
play to open a door. But even this does
not satisfyv us. To the delight of millions
of railroad passengers, the Pennsylvania
Railroad installed ‘
New York terminal. Man need only

break the invisible signal connecting the

electric eves in its

two photoelectric “eyes,” and imme-

the little

mands the door to open. This control

diately brain-machine com-

device needs only a negligible amount
of energy, is highly efficient and is vast-
ly faster than any doorman.

The central switchboard in an office
is another brain-machine, especially if
the office

Messages are

has installed the dial system.
and effi-

ciently to hundreds of terminals, at the

carried swiftly
expense of only a small quantity of elec-
tricity. This is one of those brain-ma-
chines without which modern life is sup-
|m\u| to be not worth living.

And, finally, there is the example most
of us are likely to think of when brain
the

]ii‘_‘]r\pu'(l computer. Electric eves and

machines are mentioned: namely,

telephone exchanges only relieve us of

pll\\i(‘.ll labor, but the calculators can

take the [»].ur of several human brains.
The Slow Brain

In economy of energy the human brain

still far ahead of all its

mechanical rivals. The entire brain with

certainly is

its many billions of cells functions on

less than 100 watts. Even with the most

efficient present substitute for a brain

cell

ing as

the transistor—a machine contain-
many cells as the brain would
need about 100 million watts. We are
ahead by a factor of at least a million.
But von Neumann has calculated that in
10 billion times

more efficient in the use of energy than

l]lun'} cells could be

the brain cells actually are. Thus there
seems to IN no t(‘('lll]l‘(‘.l] reason \\]I\
not become

than

mechanical brains should

more eflicient energy-users their
human cousins. After all, just recently
the

']lll‘l( s only about a hundredth of a watt,

lx} inventing transistor, which re-
we have improved the efficiency of our
machines |>} a factor of 100; in view of
this the factor of a million should not
frichten us.

While we are still ahead in the use
of energy, we are ('(‘l‘t.iilll) far behind
in \])u'(lA Whereas a nerve cannot be
used more than 100 times a second, a
vacuum tube can easily be turned on
and off a million times a second. It could
be made to work even faster, but this

would not contribute much to \pv«wiill:

SIMPLE CIRCUITS for a brain machine are depict-

ed on the next five pages.

iting pulses are identical but follow different paths.

I'he activating and inhib-



BASIC CELL

activated

it is inhibited at

up the mechanical brain at the moment.
No

part, so

machine is faster than its slowest
we must evaluate various com
ponents of the machine.

«Ii“t'l
ent |)Il!1b|<‘!|l\ confront the designer: the
actual computations, the “logical
trol,” the the

information to the machine and getting

In a calculating machine four
con

memory and feeding of
answers out. Sln‘ul of (u;nl\xll.l?imL a

bottleneck in mechanical computers

\”(Ii dS tlll’ (I("\‘\ ('.Ll(‘”l‘(t(”l lhl\ l)('('“
taken care of by the vacuum tube. The
next bottleneck was the logical control

the system for telling the machine what
to do next after each step. The early

[BM this

function out of a human

[mm']l card machine took
the hands of
operator by using a wiring setup on a
L'(‘Ilfl.xl I)().!]'(] \\!Ii(‘]] (‘U“HII.Hl(Il'(] [’I(' SC
quence of operations. This is l»(‘]’lu‘t\_\

all richt as long as the machine has to

12
perform only one type of operation.
But if the sequence has to be changed
frequently, the wiring of the board be-
comes ver) <~|11|||\_\ indeed. To improve
spec d the machine must be given an in
ternal ll':l\\ll control. l’t'l‘fm[)\ the great
est step forward on this ]nul)]t'ln has
been A('(‘Hlll[)]i\ll(‘(] by MANIAC, built
at the Institute for Advanced Hhul) in
Princeton. This machine can change in-
structions as quic kly as it t‘um}\ln'l( s cal
culations, so that it can operate as fast
as its vacuum tubes will allow.

That
speeding up the memory and the input
The

]mnf)lrm\ are closelv rel ited. The IJI‘\’\'I

still leaves the Inu|)|un\ of

and output of information. two
the memory, the less often the operator
has to feed the machine information. But
the very fact that the machine performs
large numbers of computations between
instructions clogs its memory and slows

it down. This is because an accumula-

(circle) will fire when it is

(top). It will not fire, however, if

the same time (bottom).

“OR” CIRCUIT requires two paths of acti-
vation. The cell

one p.|l|| (top) “or”

tion of rounding errors makes it neces
sary to carry out all figures in a calcula
tion to a great number of digits. In each
the
last d

computation machine necessarily

| ”i\

rounds off it; in succeeding
operations the digit becomes less

and

ig
less precise. If the computations are
continued, the next-to-last digit begins
to be affected,
shown that after 100 (lllll[\lllu(iwnx the
last digit is worthless; after 10,000 the
last two digits; after 1,000,000, the last

ters an

and so on. It can be

three. In the large new compu
answer might easily contain four worth
less figures. Hence to insure accuracy
the machine must carry more digits than
are .utu.n”} significant; it is not uncom-
mon to carry from eight to 12 digits for
the

tion. When the machine operates on the

each number throughout calcula

binary system of numbers, instead of
the decimal system, the situation is even
worse, for it takes about three times as
many digits to express a number in the
binary scale.

MANIAC uses up to 40 binary digits
to express a number. Due to the neces-
sity for carrying this large number of
digits, even MANIAC's celebrated mem-
ory can hold no more than about 1,000
numbers. It has an “external memory.”
in the form of a magnetic tape and mag-
netic drums, in which it can store more

but reading from the tape

information
o1 ([|‘||||\ i\ d !ll”(‘]l \]1)\\(‘[' (!I)\'I‘((l‘lll
than doing electrical computations.

In spite of the present limitations, the
machines already are ahead of the hu
man brain in speed by a factor of at
least 10,000 ll\ll«lll'\ a great deal more
than 10,000. They are

on tasks such as arise in

most IMpPressive
astronomy or
ballistics. It would be child’s M.;\ for

MANIAC to figure the

the planets for the next million years.

out position of

with the ?4("’H:g that
things we can do that

W }H](‘ b€

Still we are left
there are many

S ;
machine cannot do. brain has more

than 10 billion cells mputer

has only a few tens of thousands of

parts. Even with transistors, which

overcome 9!\1 cost ‘m} \[m(( Pr r]v]v‘l\\
the difficulty of construction will hardly

allow

machine. So we c: ate 1y

more than parts to
that the
1 long time to

10.000

1
human brain for

W 1” be

COm¢

1bout times more com

;\‘H \'!\(" '}1' most (’rl!ll]“(\l?"(! Ima

chine. And it is well known that an in

crease of parts by a factor of 10 can
differences in kind. For
that can

wddition and multiplication, by combin

bring about

ample, if we have a unit do
ing a few such units with a logical con
trol mechanism we can do subtraction
division, raising to powers, inte rpolation
and many other operations qualitatively

different from the original.

The Complex Memory

Part of man’s superior complexity is

I"HILIL\AID]K‘ ”11\\ r!m\

MANIAC’s with it?

For simplicity’s sake let us measure the

his memory.,

memory compare
information a memory may hold in “bits”
for binary digits). A vacuum tube can
hold one digit of a binary

digit is 1 if the tube

number he
0 it it is oft

is on

In vacuum-tube language it takes 1.500
bits to express the multiplication table
Now MANIAC’s holds
10,000 bits, not in 40,000 separate tubes
but as spots on 10 spec ial picture tubes
hold 1.000

Estimates as to
]
|

memory about

which can about
licht o

:HH(’I ;"

each of
\]n»[\ dark

how human memory holds

but we certainly can sa
the

W i’{x ‘\,
atively that

|II<'HI,N r at l(

vary
brain can r¢

conseryv

st 1.000 items \\«»1m])|w\

i8N

fires if a pulse arrives on

the other (bottom).

“NOT”

pulses.

CIRCUIT incorporates constant activating

The cell can thus fire constantly (top). It

signals “not™ when it is briefly inhibited (bottom).




as the 'u\ll“i}\]it.l“““ table 1.5 million

bits), and a reasonable guess is that its

capacity is closer to 100 million bits—
which amounts to ac quiring one bit per
iIH\”}‘\‘[‘.HIII life. So ou

memory exceeds that of MANIAC by a
1,000 at least.

20 seconds
tactor ot
[s the difference just a matter of com
No. the fact is that
10t yet imitated the human brain’s

method of storing and

plexity machines
vH‘i\\
recovering intor
nation. For instance, if we tried to in

MANIAC’s memory
\\H\!]\l

1>\ any

con-
1

soon find

crease
siderable amount, we
]

it al
tion. We would have to use a complex

most impossible to extract informa-
system of coding to enable the machine
to hunt up a given item of information,
ind this coding would load down the
memory further and make the logical
control more complex. Only when we
better

imazing

understanding of the
ability to call forth in-
formation will we be able to give a ma
than a limited

iine anyvthing more

memory.
Hh’ ].u‘:il‘.ll \I.h ]]ilh‘

consider the inevitable
“think™? We

start with a simple model of the nervous

[Let us now

juestion: Can a machine

system such as has been constructed by
Walter Pitts and Warren S. McCulloch
of the of Tech-

neuron d

Institute
the

to emit pulses of

Massachusetts

" :
nology. Its basic unit is

cell that can be made

'
[he firing of one neuron may

activate the next or it mav inhibit it. The

ieurons are assumed to work in cycles.

This corresponds to our knowledge that

firing a neuron must be inactive

arter

for a period. To simplify the model it
|

neurons’
”I('
neurons active during a given period
l‘nl

ron to fire in a given cvcle two conditions

that the various

synchronized, i.e., all

1S .1\\\1[1}1\}
(‘(‘l(\ are
fire at the same time. a given neu
must be satisfied: in the previous cycle
}n.t\( ll(«\l { I )

inhibited. If,

two

it must activated and

2) not tor 1\'HI|]\]l’. a

neuron has others terminating in
it Uf
hibits, and if the

latter does not, then the

which one activates and one in-
former fires in a given
cvele and the
neuron will fire in the following <~}('|<‘.
it will be

Out of this basic pattern we can build

Otherwise inactive for a cvcle.
the most Lri]\ii\ll x logical machine. We
can have a combination that will fire if
a connected neuron did not fire (repre-
that will fire if at
least one of two incoming neurons fired

that will fire
fired

senting “not”) or on¢

represe nting “or”) or one
both

n]m\rntmg

only it incoming neurons
“and”). Combining these,
we can-imitate many logical operations
of the brain.

diagrammed on pages 62 and 63 will

['he \illll\!t arrangement
count up to four, and it is easy to see

how to generalize this technique.
We can also construct a very |W|i!!li(i\4
memory: e.g., a that

member” that it has been activated until

system will “re
it is instructed to “forget” it. But if it is
to remember anything at all complex,
it must have an unthinkably large num
er of neurons—another
the fact that

different principles from a machine.

human memory acts on

The Turing Machine

we were to stop here, we might

conclude that practical limitations of

memory and u':;,l\lt xity must torever re

N N
e

illustration of

strict the cleverness o1 \\'l\.t(!]i(} of any
machine. But we have not yet [\|||=nlw<|
the full possibilities. The late A. M. Tur
ing of England showed, by a brilliant
analysis, that ll‘\ combining a certain
few simple operations in sufficient nun
ber a machine could perform feats of
amazing complexity. Turing’s machines
may be clumsy and slow, but they pre
sent the clearest picture of what a ma
chine can do.

A Turin thought of

as a mechanical calculator which literal

g machine can be
ly works with pencil and paper. The
paper it uses is a long tape divided into
Successive squares, and it l)]\l‘l'.((l‘\ on
time. As it
]Ml!i(‘nl.n square it can do one of six
(1) letter X:

(2) write down the digit 1; (3) erase

one square at a confronts a

things: write down the

either of these marks if it is already in
the

square to the left; (5) move the L(lw

square; | move the tape one

one square to the right; (6) stop.
Essentially this machine is a number
writer. It writes its numbers in the sim
I)ll st I”’“‘.M“ form, as a string of unit

This is even simpler than the binary
system. In the binary system the num
ber 35, for \\Atmpl(‘_ is written 100011,
In a Turing machine it is a string of 1’s

The X’s are

marks to show

~

in successive squares.

)
merely punctuation
where each number starts and ends.

The machine has the following parts
a device that writes or erases, a scanner
a motor to move the tape, a numbered
dial with a pointer, and a logical con
trol consisting of neuron-like elements,
say vacuum tubes. The logical control
operates from a prepared table of com
mands which \]1(‘(‘”1(‘\ what the ma

chine is to do in each given state. The

“AND” CIRCUIT utilizes three cells. The first (upper left) has only an acti-

vating input. The second (lower left) has a constant activating input and an

DELAY CIRCUIT is based on the fact that the basic cell receives
a pulse in one “cycle” and fires it in the next. In this arrange-

ment of three basic cells the pulse would be delayed three cycles. inhibiting input. The third (right) is the conventional basic cell. In the first

60
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diagram the pulse received by the first cell is not fired by the third. The third
cell will fire the pulse only if the activating pulse of the first cell “and” the

inhibiting pulse of the second are fired on the same cycle (second diagram).

state consists of two elements: what the
scanner “sees” in the square before it,
and where the pointer is on the dial.
For example, the table of instructions
may say that whenever the square has
an X and the pointer is at the number 1
on the dial, the machine is to erase the
X, and move the ]u)ilm r to the number
2 on the dial. As the machine pl'u('u-(]\
from step to step, the logical control
gives it such commands, the command
in each case depending both on the po-
sition of the dial and on what the scan-
ner sees in the square confronting it.

Observe that the dial

primitive “memory,” in the sense that

functions as a

its position at any stage is a consequence
of what the scanner saw and where the
pointer stood at the step inmnwlhnlwl_\
preceding. It carries over the machine’s
experience trom step to step.

Turing’s machine thus consists of a
tape with X’s and 1’s in some of its
squares, a dial-memory with a certain
number of positions, and a logical con-
trol which instructs the machine what
to do, according to what it sees and
what its memory says. The diagram on
pages 64 and 65 shows a very simple
version of the machine, with a dial hav-
ing unl} six positions. Since the scanner
may see one of three things in a square—
blank, 1 or X—the machine has 18 pos-
sible states, and the logical control has a
table at

command for each case see

richt of illustration]. This machine is
designed to perform a single task: it can
add two numbers—any two numbers.
Suppose it is to ad& 2 and 3. The num-
bers are written as strings of 1’s with
X’s at the ends. Say we start with the
dial at position 1 and the scanner look-

ing at the second digit of the number 3

see diagram]. The instructions in the
table say that when it is in this state the
machine is to move the tape one square
to the right and keep the dial at position
I. This operation brings the square to
the left, containing another digit 1, un-
der the scanner. Again the instructions
are the same: “Move the tape one square
to the right and keep the dial at position
1.” Now the scanner sees an X. The in-
structions, with the dial at position 1,
X) and move the dial

to position 2.” The machine now con-

are: “Erase (the

fronts a blank square. The command be-
comes: “Move the tape one square to
the right and keep the dial at position
2.7 In this

eventually write two digit 1’s next to

manner the machine will
the three at the right and end with the
answer 5—a row of five digits enclosed
by X’s. When it finishes, an exclamation
point signifies that it is to stop. The
reader is advised to try adding two other
numbers in the same fashion.

This \lll't‘]‘\ is a cumbersome method
of adding. However, the machine be-
comes more impressive when it is ex-
[).m(](‘(] so that it can solve a px'th'm
such as the following: "\llllti])]_\ the
number you are looking at by two and
take the cube root of the answer if the
fifth number to the left is less than 150.”
By adding positions to the dial and
enlarging the table of instructions we
can endow such a machine with the
ability to carry out the most complex

tasks,

is very simple. The Turing machine in

though each operational step

fact resembles a model of the human
nervous sy stem, which can be thought
of as having a dial with very many posi-
tions and combining many \implv acts

to ‘u'('mn])]i\]l the enormous number

in A

—_—

of tasks a human being is (w;m}»h of.

Turing gave his machines an infinite
memory. Of course the dial can have
only a finite number of positions, but he
allowed the machine a tape infinite in
length, endless in both directions. Actu
1”\ the f.‘lw does not have to be in
finite

may provide for all emergencies by al

just long enough for the task., We
lowing the machine to ask for more

tape if it needs it. The human memory

I
is infinite in the same sense: we can a

ways make more paper to make notes on.
The Universal Machine

If we allow the unlimited tape, the
Turing idea astounds us further with a
universal machine. Not rml_\ can we
build a machine for each task, but we
can design a single machine that is ver-
satile enough to accomplish all thesc
tasks! We must try

this is done, because it will give us the

to understand how

L«‘} to our whole problem.
The secret of the

is that it can imitate.

universal machine
\\.])])H\t' we build
a luiglll} u»m]ﬂr\ machine for a difficult
task. If we
machine with a (h'\(-xiptiuu of the task

and of our special machine, it will fig

then supply the universal

ure out how to Pe rform the task. It pro
ceeds very simply, deducing from what
it knows about our machine just what
it would do at each st p. Of course thi
slows the universal machine down con
siderably. Between any two steps it
must carry out a long argument to ana
lyze what our machine would do. But we
care only about its ability to succeed
not its speed. There is no doubt about
it: anything any logical machine can do

can be done by this single mechanism.

MEMORY CIRCUIT feeds the output of a cell back into its input.
Thus if the cell is activated, it “remembers” by firing constantly

(top). If it is inhibited at any time later, it stops firing (bottom).
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COUNTING CIRCUIT “counts” to four and then fires. The con-
ventions in this series of diagrams are the same as those in the illus-
trations on the four preceding pages, with two important excep-
tions. The first is that, where the diagrams on the preceding pages
show each circuit during two or more cycles, each of these dia-

grams shows the cireuit during a single cycle. The second excep-

[he key question is: How do you de-
scribe a complex machine in terms that
a relatively simple machine can under-
stand? The answer is that you devise a
simple code which can describe any
machine (or at least any Turing ma-
chine), and that you design the univer-
sal machine so that it will be able to
understand this code. To understand a
T'uring machine we need only know its
table of commands, so it suffices to have
a simple code for tables of commands.
We will sketch one possible way of rep-
table of

commands by an integer. Of course there

resenting each conceivable
are infinitely many such tables, but there

are also infinitely many integers—that is

B i ®

-9
O—@

why they are so useful in mathematics.

A table of commands consists of P
rows. Each row has three commands in
it, corresponding to seeing a blank, an
X or a 1. The first step is to get rid of
the letters in the table [refer again to
page 65]. This can be done by replacing
E, X, D, L, R and S by 1 through 6 re-
spectively. Thus the commands on the
first line of the table of our sample ma-
chine become 3—6, 1-2, 5—1. Step two:
Get rid of the question mark and the
exclamation point, say by putting 1 and
2 for them respectively. (Since these
occur only in conjunction with an S,
there is no danger of confusing them

with memory positions 1 and 2.) Thus

O
N
D . e B

B o ©
@O
"0

tion is that, when a cell fires, it lights up (red tone). The input of
this circuit is the activating pathway at the top. The output of the
circuit is the activating pathway at the bottom. In addition one of
the cells has a constant activating input (left). The three cells at
the right are memory cells (see diagram at the right on preceding

page) . These cells can activate the three cells to the left of them.

the second row of our table becomes
1—3, 6—1. Step three: Represent
There

is a famous simple way of doing this;

each row by a single integer.

namely by treating the numbers as ex-
ponents to primes and obtaining a prod-
uct which completely specifies the se-
ries of numbers. As the final step, we
represent the entire table with a single
number obtained by the same trick. Our
code number for this table will be
92991509440920 times 3 raised to the num-
ber of the second row. It is an enormous
number, but it does identify our table
of commands uniquely. And it is a
straightforward mechanical task to de-

sion the universal machine so that it can

O—O4®
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[hese three cells can in turn be inhibited by the three cells to the left of them. Now in the

first four cycles (A, B, C and D) four pulses are put into the circuit. The position of each

pulse in succeeding cycles is indicated by small numbers. In the ninth cycle (I) the circuit,

having “counted” the four pulses, fires once. In the 10th cycle (J) the circuit returns to its

original state with the exception that pulses are still circulating through the memory cells.

A practical counting circuit would be fitted with a device to wipe out these memories.

decode the large number and reproduce
the table of commands. With the table
of commands written down, the ma-
chine then knows what the machine it
is copying would do in any given situ-
ation.

The universal machine is remarkably
human. It starts with very limited abili-
ties, and it learns more and more by
imitation and by absorbing information
from the outside. We feel that the po-
tentialities of the i

exhaustible. But would this be the case

human brain are in-

if we were unable to communicate with
the world around us? A man robbed of
his five senses is comparable to a Turing

machine with a fixed tape, but a normal

human being is like the universal ma-
chine. Given enough time, he can learn
to do .m_\tl)in:.

But some readers will feel we have
given in too soon to Turing’s persuasive
argument, After all a human being must
step in and give the universal machine
the code number. If we allow that. why
not give the machine the answer in the
first place? Turing’s reply would have
been that the universal machine does
not need a man to encode the table: it
can be designed to do its own coding,
just as it can be designed to decode.

So we grant this amazing machine its
universal status. And although its table

of ]ll’_fi(.l' (‘()]Ifl(l] ]I.l\ HII!\ a few l])()ll'
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seems to be able to do If we agree that

|

problem-solving tasks alive. and if we insist that the creation
course it might take a of life is an essential feature of repro

do some Hu.\‘!w" we can do duction, then we have be OO d the ques

19

) 1
e “outside world” from tion: A machine ca

than ours, being limited to Tw way that won’t make

hines. But may not all this be

ifference of degree? Are we, as omit the word “living.

basically different from
”\L\M”H\
:
usual answer

wchines can do,

'qu}.l'u. Who \\x\'l‘lr: dare m ”11 form ot ‘A\m\[‘ []1.&! 1S, ‘J‘IIH( ]li‘;!l]\

mac hine can re UIH\].HH

and make other ichines?

m:
Von Neumann would. As
1d4S ?“3'](

1

matter nwmjwlxlv«!\\«m!u’_

printed just such form more simply

arn much more we must reformulate the [HMMHH in a
duction logically Hl.[m\\iivl«‘_ We must
that the machine create

in the environment.

Human ll\ Ings iilu!

Hl“‘wlu,"t‘\! \’lu miul\.
even say that we 1\1’m111u order out of
but rather we trans

organized matter into

machines are not ble to move around. Rather, he has the

mechanism sending out im]\ul\w\ which
organize the surroundings by remote

control. Secondly, he asssumed that

. X
nnot reproduce. So  space is divided into cubical cells, and
|

that each IM]I of the machine and eacl

machine piece of raw material uuu!m\ just one

l«‘i‘lu
cell. Hnin”v\. he assumed that the proc

We shall ask

a new organism

esses are w11|.u|li/u| not only in space

l‘ll( in time; ”\.1[ 1S, Wt ]L:\k cycles ‘llll

P like itself out of \imiv}t parts contained ing which all action takes [\[Auv_ [t is

not even necessary to have three dimen
aw material sions: a two-dimensional lattice will
serve as well as the network of cubes.
[hus we cannot Our space will be a very large (in
infinite sheet, divided into

A machine

nected area consisting of a large number

principle
\tilHI(\. tut‘ll])i(\ a con

1

‘“”’N‘\ matter. We must accordingly of squares. Since each square represents

assume that the machine is surrounded

The Reproducing Machine

part of the machine. The Ix\lhltlu‘llmxl

lo we mean by 1'('[w|mfm(\mv
the creation of an \\Mw!
oinal out of nothing

ine can reproduce, but neither can
human being. If reproduction is not to
the conservation of energy prin
building materials must be avail

'he characteristic feature of the
reproduction of life is that the living

organism can create a new organism like

itself out of inert matter surrounding it it is inessential for the machine to be

with pieces of matter,

!\.111\ list would be rolls of !JIH‘ penc ils,
erasers, vacuum tubes, dials, 1\1u~!u<'h«
then no tric cells, motors, shafts, wire, batteries
and so on. We must endow the machine
with the ability to transform pieces of
matter into these parts and to organize ter.
them into a new machine.

Von Neumann ximlwlilh d the imewm
by making a number of reasonable as

sumptions. First of all he realized that

part of the machine, the number of

simpler than any

1
| squares occupied is a measure of the

«um]\lr\i(} of the machine. The machine
is surrounded by inert cells, which it has
to organize. To make this ]m\\ilvlr the
|||.Hl]”|( IH]l\{ IN‘ d (“lll{”’l‘llh’ll ”1 o

1 brain and a brawn machine, since it not

only organizes but also transforms mat
Accordingly the von Neumann ma
chine has three kinds of parts. [t has
neurons similar to those discussed in the
ImNI(I ot 1!11‘ nervous svstem. v”“ S€
|1|u\ilix- the logical control. Then it has

transmission cells. which carry messages

Nf::fiﬂﬂlﬂ] 0

I ———

TURING MACHINE designed for simple addition is confronted
with the numbers 2 and 3. The numbers are indicated on the tape;
each digit is represented by a 1. X is a signal that a number is
wbout to begin or has just ended. The logical control of the
machine is depicted in the table on the opposite page. The hori-
zontal rows of the table represent the position of the memory dial
(1, 2, 3.4, 5 or 6). The vertical columns represent the symbol on

the tape (blank, X or 1).

rows and columns are commands to the machine. E means erase

T'he symbols at the intersection of the

the symbol on the tape; X. write an X on the tape: D, write the digit

1 on the tape; R, move the tape one frame to the right; L, move the

tape one frame to the left; S, stop; ?. something is wrong; !, the

operation is completed; 1, 2, 3, 4, 5 or 6, turn the memory dial to
that position. Thus at the upper left in the table the memory dial is
in position 1 and the tape is blank; the command is D6, or write
the digit 1 on the tape and turn the memory dial to position 6. Then
in the beginning position shown above the machine begins to oper-
ate as follows. In the first step the memory dial is in position 1 and
the tape shows a 1. The command is R1: move the tape one frame to

the right and leave the memory dial in position 1. In the second
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gous to those produced by a combina- | Bus.NEss TEXTILES ELECTRONICS

tion of muscular and chemical action in Finishing Tube Manufacture

the human body. Their primary use is, ls IN i Dyes Instruments

of course, the changing of an inert cell Watefpmﬂfi"g_ Dielectrics
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As in the nervous system, the opera- MEDICINE Blazes

tion proceeds by .\h‘])\:' the state of every Pharmaceuticals Opacifiers
cell is determined by its state and the Surgery
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state of its neighbors a cyc rlier FOOD PROCESSING et

Beverages Refining
, . : e Sugar Refining
an impulse if properly stimulated. The : Food Purification

muscle cells receive commands from the

neurons through the transmission cells, T 0 O 5 A A M SR A S R 517 e T SR .

and react either by “killing” some un- |
desired part (i.e., making it inert) or by you should
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The neurons and transmission cells are

either quiescent or they can send out

Available for immediate delivery:

step the situation and the response are the
same. In the third step the memory dial is in
position 1 and the tape shows an X. The

command is E2: erase the X and turn the

memory dial to position 2. In this way the NAME

machine comes up with the answer 5 on its
SR > & COMPANY
memory dial in 36 steps. On the 37th step the

machine stops and signals with a ! that it is STREET
finished. If the reader is skeptical and hardy,

P CITY
he is invited to trace the whole process!
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VON NEUMANN MACHINE is theoretically capable of reproducing itself. This is a highly

simplified diagram of its conceptual units. The darkest squares are the “nerve cells” of the

brain.” The next lighiest squares are

“muscle cells.” The next lightest are

transmission

| cells. The crosshatched squares are the “tail” which bears the instructions of the machine.

| The double hatching represents an “on” signal; the single hatching, an “off” signal. The

| empty squares are units of the environment which the machine manipulates. The arrows

| indicate that instructions are coming from the tail, on the basis of which the brain instructs

a muscle cell to act on its surroundings. The machine has sent out a “feeler” to the left.

| the transmission cells establish contact

with various organs: the organs p(-rl(n'm

| their designated tasks upon receiving a

| command.

['he

Hence they must in a sense be external.

instructions may be very long.
Von Neumann’s machine has a tail con-
taining the blueprint of what it is to
build. This tail is a very long strip con-

taining coded instructions. The basic
g

‘ box performs two types of functions: it

follows instructions from its tail, and it
is able to copy the tail. Suppose the
tail contains a coded description of the
basic box. Then the box will, following
instructions, build another box like it-
self. When it is finished, it Pnuw-(l\ to

| copy its own tail, attaching it to the new

|

box. And so it reproduces itself.

The secret of the machine is that it
itself. Von Neu-
that can

build any machine from a description

does not try to copy

mann designed a machine

of it. and hence can build one like itself.

[hen it is an easy matter to copy the

large but simple tail containing the in-
structions and attach it to the oftspring.
Thereafter the new machine can go on
producing more and more machines un
til all the raw
until the machines get into conflict with

material is used up or
each other—imitating even in this their
human designers.

[t is amazing to see how few parts
Von

Neumann’s l)llu-pl‘inl\ call for a basic

such a machine needs to have.
box of 80 by 400 squares, plus a tail
150,000 squares long. The basic box has
the three kinds of parts described—neu-
rons, transmission cells and muscle cells,
The three types of cells differ (111]) as to
their state of excitation and the way in
which llu"\ are connected. The tail is
even simpler: it has cells, which are
either “on” or “off,” holding a code. So
we have about 200,000 cells, most of
which are of the simplest possible kind,
and of which only a negligible fraction
is even as complex as the logical control
No matter how measure

neuron. we
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