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COMPUTERS—MACHINES THAT “THINK”




ind the Giant Brains

N A RAW afternoon in February,
1946, officials of the Federal gov-

emnment and the University of
Pennsylvania, several luminaries of
the worl cience, and representa-

t the Moore
ineering, on
the University of Pennsylvania campus
in_Philadelphia,

Norbert Wiener, the MIT math pro-

oibernorics, artiver charseteristiontly
without an overcoat. Others parked
their wraps and were shown info a
Jasge room at the back of the build-

acks of electronic apparatus
suzra\mded them. They were (old they

ide an clectronic calculator

were excited, others politely interest-
ed, a few were bored. They watched
the electronic gadgetry being put
through its paces: punched cards with
problem data were fed in, cards with
answers were punched seconds later.
Someone checked the results; they
were correct. The press asked some
questions, got some answers, and then
everybody went to dinner.

hese men had been summoned to
witness the first public showing of the

the
have been giving the world its share
of shudders ever since.

The whole pattern of our existence
is being shaped by electronic comput-
ers, or “giant brains,” to use Edmund
C. Berkeley's much abused term. These
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The BM 650 magnetic drum

data processing machine built for
machine is de

counting and cnmp\mnq neods in areas b
served by the company’s very large and its smaller machines.

Part 1. Historical development and principles of electronic

computers. Here's the story about the devices that are now

beginning to shape our lives.

computers can not only solve complex
problems in advanced mathemati

ington Ran
scendant of the ENTAC, was recantlv
used by the Thomas J. Blgn i
Tishing Company to compile the Con-
cordance Tor! tha HevEAd Stantam
Version of the Holy Bible. Other sys-
tems arc gradually infiltrating our
daily lives: our social security ac-
counts, our insurance policy informa-
tion, our income tax records, all are
being converted onto files of magnetic
tapes, ‘which can be swiftly and effi-
ciently processed by these automatic
electronic computers.
The Monster on the Second Floor
reactions of people associated
CrRtE e opinions
about the proper proportions for a
martini. Some people notably the de-
signers—feel that these computers are
the greatest hoon t
the invention of the round wheel.
Others, seeing phantoms of technologi-
cal displacement, redeployment, and
unemployment, regard the introduc-
tion of electronic brains into everyday
affairs with great distaste. More con-
sidered opinions place atomic energy
and automatic computers on the same
Ievel, as the two most important tech-
SR e o
of the.
15 B e T omes oo o s
‘major manufacturers of the giant elec-

To be concluded next month.

tronic computers, a system has been
set up to operate as a computing serv-
ice bureau on the second floor of the
building. One of the old-line employees

atio
i S i L
thing but a monste
War Babxes

ENIAC, the first of all these elec-
tronic “monsters”—no_more monster
than the thermostat that turns your
heat on and off—has been working
around the clock at Aberdecn Proving
Grounds ever since it was moved there
in 1948, Another of the computer in-
dustry’s grandparents sits where it was
first built, at Harvard. This is_the

1, first of all truly automatic com-
uters, built in 1944 by Harvard Com-
putation Laboratorics for the U. S.
Na

was. Mark I
quenced, which is to say, it was capa-
ble of automatically performing a
ries of instructions fed to it from
punched paper tape; ENIAC recog-
nized patterns of instructions set up

in advance Todern
computers, a both
lectronic and automatically sequenced,
are logically descended from botl
“0ld” designs.
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All computing anc

aand processing of lformation In the Harvard Mark I was performed by magns of high

speed relays. This is what the calculator looks like today, aiter some modifications have beo

Mark T and ENIAC were both “war
babies.”  Army Ordnance, trying to
supply complete ballistic data on new
weapons to Army field commanders,
had pricked up its ears when John W.
Mauchly, then an assistant professor
on the staif of the Moore School, and
now an exccutive of Remington Rand’s
“Univac” division, had suggested an
electronic calculator as a possible so-
Jution; Ordnance funds sponsored the
construction of ENIAC. Mark T,
signed by Harvard: a

and built by his staff in cooperation
with International Business Machines
Corporation, was fostered by the simi-
lar needs of Navy Ordnance.

From these original wartime projects
have sprung the burgeoning family of
clectronic digital computers—comput-
ers which recognize and electronically
process actual numbers, or alphabetic
Sib e voltage
Jevels, or turns of a ecl or gear
o axle, The lattcs, called analogte

itage, but “uh different parents, and
different us
The Tnbuhry Currents

Several separate streams have joined
to form the torrent of activity that
the computer industry has become.

The principal headwater is an old
and familiar one has always
sought ways of harnessing nature to
serve him. Mathematicians are no cx-
coption, and creative mathematic

especially have frequently bridled at
the plain stickwork involved in_the
rigorous proofs of their theories. Pas-
cal, Leibnitz, Gauss, and Maxwell are

e

scientists who

theiz .

i e e

a watchmaker named Jacques de Va
canson, who, in 1741, invented a deli-
cate automatic loom for weaving fig-
ured silks. The designs in the silks
were established by patterns of holes

ard
punched S e
ould be changed fairly easily. Within
Gight vears, cleven thousand Jacquard
looms had been placed in operation in
France.
The name of Charles Babbage, one
of the two men in history ever to hold
the Lucasian professorship of mathe-
maties at Oxford University, is a r
Vered one in the computer feld, for
Babbage was the first to envisage a
truly general-purpose computer. He
also merged the de Vaucanson-Jac-
quard idea, of storing information as
punched holes in a_shect of paper,
with the idea of mechanical computa-

e
abbage began w

e difference mgme 1855 The.

purpose of fie engine was to provide

mechanical e advanced

S 0 e

ish government offered some financial

to draw up working diagrams and
Sl GG the era of
Watt's s engine, when the cri-

terion for the fit of @ piston within the
cylinder wall was that a thin sixpence
could just be slipped between the two;
built to su
difference engine, and his later ana-
Iytical engine, could never be made to
produce reliable answers. Iventually
the government withdrew support, and
the Babbage designs became historical

curiosities. Many of today's mechani-
cal and electronic calculators, however,
possess a logical organization remark-
ably similar to the analytical engine
which was the triumph and despair of
Babbage's life.

Enter the Census Bureau

Mechanical tabulators, capable of
simultaneously registering horizontal
and vestical sums, were the next if-
cvelopment.  These grew,
R e
statistical analysis, and many of the
most. important_advances were made
in the U. . Bureau of the Census. For
cxample, Charles Seaton, who was

“hief Clerk of the Census Bureau, in-

1572, And in 1887, Dr.
Jerith, then chief of Census’ tabulation
scetion, further adapted the Jacquard
punched-paper control
accumulation of statistics
was a most important stride in me-
chanical computation, for it introduced
into a working system the concept of
mechanically stored (remembered) in-
ormation, which could be used for
many ca!cul’\tvam o tabulations with-
out the neces;
data from a keyhnard
equipment was one of the ancestors of
familiar punched-card equipment.
During the eleventh decennial cen-
A e el R HOT
3 staff, James Powers,
developed amother Kind of mechanical
tabulator which also used punched
cards, The Hollerith holes were rec-
tangular; the Powers holes were
Eotjietsiof fupninie
sed by Census for are still in
Both min 1oft the Census

the Powers' idea are the familiar Rem-
ington Rand Underwood-Samas
round-hole cards, while Hollerith's idea
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is found in the equipment of Interna-
CeE i L
M

des ull, and others.

Just prior to Hollerith's and Powers
inventions, a_host o - mechanical
“arithm

ngines,” wihich we would
today. & 1ddmz e

e 1585 ddavng machine of
William Seward Burroughs, probably
the fist o be designed for production
in quantity. These machines were the
ancestors of the modern desk calcu-

magnetic
components, as a serious contender for
the attention of the computing public,

For years following the invention of

chanical aids to computation. But the
third major contributory e
tually had appeared as early as De-

cember, 1919, when a paper describing
an_electronic “trigger circuit” that
could be used for counting pulses of
electrical energy was published in the
it wolume ot et RO
authors of the paper were W.
Y e
Jordan trigger circuit, and its many

mud\/‘m\vons—m\mnbeamx one-shot
trigger pair rih
which are familiar

television and
Blocks of the electronic digital com-
puter as we know it

il e e
growing larger and more complex, a
small group of scientific minds saw
the coming of an era when mechanical

devices, however fast, eflicient, and
succinet, would not be capable of
keeping pace with the need for in-
formation. All over the country, the
capacity of punched-card calculator

nters was exceeded and expanded
and excceded again. In the late thir-

les, e in widely, ssparatad octlltics

began asking “can we apply lectron

i6s to this Droblem?” And more and
4

it e e

The Analogue Computers

A group of scientists and engincers,
sparked by the physicist Vannevar
Bush, had meanwhile been pursuing
another tack. During the twenties,
Bush had merged an idea of Lord Kel-
vin's, some of Babbage’s concepts, and
the then-recent development of me-
chanical torque amplifiers. From this
merger, he developed a reliable me-
chanical device for the rapid and auto-

universities in this country and Eu-
fepe They were nat dlltal calcilators
as envisaged by Babbage and it
by the various punched-card it
turers, They formed a major group
within the completely different class
of analogue computers.

Analogue computers
e from ct that they compute
)y mechanical or electrical analogy.

derive their
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The turning of a gear of
gears, through part or a1l of 4 rwam
tion may be used to represent, by a

ogy, a parameter in an equation. "o
the movement of a diagonal slide in a
rectangular frame may represent an-
other parameter.

verters or torque amplifiers perform
operations analogous to mathematical
computations.

A simple analogue computer could
el mads oo wo cireilaifees S
the Tatio of 81416 to 1 ing the
lorste st ot bt o
to \.<- displaced 31416 times as much
If angular displacements were shown
G
multiply by pi (approximately) on this
simple device. Numerical values for a
diameter could be entered on the
larger dial, and instantaneous approxi-
mate values for the circumference

would be read on the dial for the
emaller geax (Such 8 devioe would of
neces appro:

0 e et represented
by a ratio of integer:

Similarly, a large variable resistor
might be wound on a card shaped like
- s i ST

Another wiper 90
placed from the first would simulta-
neously produce a voltage analogous
to the cosine of the same angle.
Complexes of such mechanical and
electrical analogies could be assembled
into computing systems which repre-
sented the equations of external bal-

Bell Laboratories,
Westinghouse, and General
Tectric, among others, all built an
logue computers for the Army and

Fiscuedinanariion s ion el e

shown In Ths phots 1 e 1a the lampus Bell

Relay e s
ard Mark I's insiructions and programming.

Navy.
have been

More recently, such systems
used in industry for a.c.

iz o sl Gl
systems (such as missile system:

Whtis-1ih Dildvsneed probellcs biades)
ke b a0ty e

TG T o PG e
trial automation

The Differences

Analogue computers are_eminently
suited for representing involved equa-
tions in physical form. Tn design worlk,
they permit the varying of parameters
by analogy, to determine the effect of
such variations on the system as a
whole. As control systems for indus-

e ENIAC ax i looked whon it was insilled af the Moore Schosl ef the




&
t die-set punch, developed by ==
e of 1010, F

ozbocrd all the

trial automation, they can adjust
valves, speed up or slow down transfer
systems, and so forth, as required by
the standards of the output product
desired.

Analogue computers possess two in-
herent limitations. First, they cannot
casily be used for dissimilar problems.
The computer jiself s a mechanical or
electrical _analos quation;
Changing the eqUition means changing
the hardware of the computer. Sec
Ol they.are gonevally only preite 18
iwo or three significant figures, de-
pending on the fineness of construction;
and their accuracy depends, not only
on the aceuracy of the input data, but
also on the instruments which present

s (calibrated anclloscopes,
counters, cte.), and
st o o o
inspects these presentations

A digital computer can process ordi-
nary numbers or alphabetic characters
without any trouble at all. It can han-
dle continuously variable data only by
“digitalizing” it—sampling the value

a0

A

man Hollerith's

= The accumulator of Charles Babbage's
from

difierence engin i old woodcut.

o i o i o s
time intervals an g it a

cal r pxe:emauonf—and o applwng
the of numerical analysi

T it caft sty ot hor wid

of work malogue computer,
and, once the information is trans-
lated into discrete digital form, it

never loses a decimal point of pre-
cision. Furthermore, the accuracy of
the digital computer's
be che cked by inverse

(proving addition by subtraction, etc.),
ot el e e
L e R e 0

ny other

pirpose._digital computing
systems are far simpler than analogue
networks (although some of them are
much larger); they can basically only
add, compare, and discriminate be-
tween relative magnitudes, store (or
remernber, If you profer) information,
and sttt fie Informastion sround
ety Aoy bibrsseh B e
B 1
and divide by alfernately performing
Tepeatod additions. and subtractions.
Depending on their discriminatory abil-
itics, they can select paths of action, or
sort information, or start (or stop) a
process. They can, in other words, be
ake decisions.
be empowered to mal
decisions. The two most ysufymg
hings, to many people outside the

field, are that these machines seem to
make decisions, and_seem to remem-
ber information. Neither one is at all
mysterious.
How Machines Remember

Memory, for example, as a machine
function, is quite familiar to everyone.
A thermostat remembers two thing:
you tell it how hot you Want it 1o be
by setting the value on a dial (which
at the same time sets a control con-
tact), and a bimetallic thermometer
tells it how hot it actually is. When
the thermometer tells it that the tem-
fallen below your set-

A wall switch remembers that you
frimad tt on, but the lttle button on a
flashlight, Whlch must e locked to re-

001
it was on
ut. An annoying characteristic
el i ke
for television purposes, is persistence;

and continuing to glow after the cur-
ia gons, The characteciatic was
o advantage in a type o
puter memory
X magnatie tapelor ‘wire, or an
acetate or vinyl disc, remembers the
information put on it for a long time,
Materials which are truly elastic can-
not _remember; they snap back into
their normal state too readily. Brittle
materials (such as glass after its clas-
ticity has been exceeded) are crude
memories only, because they cannot
be_restored. most concentrated
emory system:

tin
stimulus and the
‘material to its normal state. Magnetic
materials are an ideal example; after
the magnetizing current is removed, a
t of magnetism remains
i period of tim
Fiome i e, And muen
of the most fruitful effort in designing
and building computer memories has
een devoted o magnetics research,

How Machines Make Decisions

g e themoptat ecides.
to turn on the heat is an excellent
iustegtioni e, the type of decisions

making common in the computing ma-
chine. When the actual temperature
sensed by the thermometer falls below.
e e T the heat
ow the thermostat. setting
control

decides the temperature should be
higher or lower. The ability to reach
a decision off

to turn heat on or off is

built into the thermostat, in th:

trical power connects through the two

contacts to start a blower motor or

sutomatie stoker.
omputer,

which can compare
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quantities and discriminate between
them, can choose one of several paths
of action in terms of the relative mag-
nitudes of the two quantities. The
ability to select the alternate routes is
built into the computer; the criteria
for the selection are given to it by the
controlling human agency. The glant
brain and the simple thermostat both

“stop,

alues can be given to the
computer, and ifs comparison circuits
can check each one of the set, making
several “yesmo” choices which lead to
a compound conclusion. In making
these choices, the computer actually
Seems to be exhibiting a complex typ
of judgment, but each single decision
remains a “yes” or “no” choice. The
computer’s secret is that it handles the
most complicated problem in the world
the simplest and most primi
steps. 1
player of “Twenty Questions,”
Darvow down on & Single ohject out of
all the objects in the world by getting
twenty “yes-or-no” answers.
Tt is an error to romanticize, hu-

manize, or personify these - devices.
They are completely unimaginative
hey o exactly what

B T o
they are told is consistent with wh

the men who turn them off when the
el oot

ST o e oy
SRR
used imagination In designing
gram. If a “giant brain” solves a prob-
lem, it is because someone (a) knew
exactly how to go about solving that
problem, and (b) knew precisely how’
to instruct the equipment in the pro-
cedures for solving that problem. If
anyone ever gets one of these com-
puters to write a symphony, for exam-
ple, it will b

pro-

e, caust t
Fnois thailawsl of melody anaiagk
mony, counterpoint, orchestral
ment, musica! structure,

and knows what limits to
how to tra
maxims, and
abecedarian lingo

D
that the
simpleminded “brain” can follow. Any-

one who can do that could write the
symphony himself, in less time than it
would take to get the computer to do
it. The only advantage would be that
the computer could turn out an in-
finitude of remarkably similar sym-
phonies at an extremely rapid rate.
(Concluded next month)
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COVER STORY

An Electronic Brain

for Industry

USINESS and industry, hard-pressed for
information fo aid management, furn fo
computersfor holpcand find 1
giant alacronic computers no longer
laboraory curiosifies or frightening
Imaginative busi.
by a shortage of
clerical help, have put hem quietly fo work
e accounting office, the stackroom, and
wherever cle work con be routinzed:
First of the giant brains fo be built spe-
cifically for business, the Remingfon R:
“Univac” familiar to most Ar

Univac” has

predicted af 7:
R S 1 e e At
de and that only 7 slectors voter

- By midnight
inted the final results
cast »m President Eisenhower's

" systems had been sold
the general-purpose busi-
ness dafa-processing systems that had ever
been built. N jozen large
office-equipment and eloctronics manufac-
furers are engaged in the building

b

ral-hundred-million-dollar in-
dustryin the romarkably brisf enaing pe-
riod of a litls over five years' fim

R A T
o fhis months isse is one of he wo such
systems installed by the Consolidated Ee

induiry acress he ond n varius

e R e g
Ty esfablhmonts and cauipmert as are
described in the articlo “Bohind fhe Giant
Brains.*in his sue.

RADIO & .
I TELEVISION

The distingu feature of the "Uni-
veci” whon it pas infroduced in I s
not ifs computing spe rad.
T e

el lnan g e

system fo_ use mognetic fape
recording fo get information info the
Pller nd 9ot resirs . igh-spesd fape
input and output, of course, permifs fhe
rapid handling and processing of informa-
fian in volume. Since most problems of
e characterized by
masses of alphabetic or numerical informa-
ion on which a relafively small amount of

compuiing or pracossing It dono, put-eut
put facilities make o betwaen

g scintifc computer a
e eaA s Ieasacal S
ness mblm
nivac™ is also unusual in being a sclf-
ecking computer. Over a third of the cir-
Sutey in thallargs contrel sormpiter cabinat
is dovoted to checking and verifying opera-
sions, Every arihmotical proces al frans
fers of information, an instruction
setups, coniol furclions, and so forth, are
checke nsistencios,  discrepant
1S aiso oot et o lop ARSISIeH
the operaor fo hei presonce and ocafion.
Since the machine cannot inroduce an un-
ected error, processed results are hor-
Schy rel
g Y IA2ii s tuats o st ich
e e R
bocauso these savings are both d
indiroct.

which vmun, i nly
comp ko do wark Vhich
U e e
1o Jo boforos werk which only 2 high-spsad

h pointed conclusively fo
ssurable saving
other systems. In this fel
any other, the searching criferi
e e st Slache S el




