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The Earliest Computers

The first automatic digital computer was completed just fifteen years
ago, so that one might suppose that the principles underlying-its con-
struction are of fairly recent origin. It istrue that thecengineering
techniques had to await the coming of the electronic age, but allthe ideas
were fully developed more than a century earlierby Charles Babbage.

It was in 1812 that Babbage, then astudent at Cambridge, proposed a
differencecengine which could calculate new mathematical tables and check
old ones. At that time most tables were full of errors caused by human
failings in computing and copying., For instance, the Nautical Almanac,

first published in 1767, was anwunreliable guide, making navigation hazardous

| beyond the vagaries of wind and tide.

The Difference Engine

The difference engine envisaged by Babbage would not only calculate
the figures, butalso would stamp them directly onto a copper engraver's
plate by means of steel punches. Because no human would intervene, there

would be no mistakes.

This machine was to use the well -known:method of differences for
tabulating polynomials. Suppose that we wish to construct atable giving
the values for the equation y = n3 - na. wheren is any positive integer.

»
Work done under the auspices of the U. 5. Atomic Energy Commission,
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Our table will look like this:

a Ei o 22: n3 R nz'
0 0 0 0
1 1 1 0
2 8 4 4
3 27 9 18
4 64 16 48
5 125 25 100
6 216 36 180

_ It is obvious that the arithmetic soonbecomes quite involved.
By using the method of differences, we can:greatly simplify our
calculations and havea ready check on their accuracy. This method can
be understood by examining the following extension to our table.

a2 2 2R P P Py Py
0 0 0 0 0 4 6 0
1 1 1 0 4 10 6 0
2 8 4 P4 14 16 6 0
3 27 9 18 30 22 6 j 0
4 64 16 48 52 2e | 6 0
5 125 25 100 80 34 6 0
6 216 36 ' 180 | 114 40 6

[ 294 | 154 46

448 200
it 648 i

I)l is the diﬁerence between a given entry in the (n3 - n?') column and '
the entry directly below it I)‘2 is the difference betweena given entry in the
D, column and the entrydirectly below it, and similarly for Dy and D .

Now instead of working from left to right, we can continue to find
values for n3 nz by working from right to left and using addition only, as
has been done below the broken line. Recause most mathematical functions
canbe expressed as a power series, this methodis-t very useful.

Moreover, we can quickly spot any misiake. Suppose that for

43 - 42 we had printed 46 instead of 48, the correctvalue. Then D3 instead
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of being all 6's would read €, 4,8,2,6,6. The difference engine could
identify such erifors in tables already published, by purely mechanical
means. :

In 1822 Babbage built a :inall working model of a difference engine
which could tibulate a second-order polynomial to eight decimals. ,The
following year he gained thesupport of the British government for a much
larger machine, one with provision for 20 decimals and capable of tabu-
lating a seventh-order polynomid! Such an instrument, requiring thousands
of precision parts, might be likenedto a colossal watch. Every cogwheei.
gear, and lever had to be machined to extremely close tolerances, a
tachnique nativery far advanced then. Aticach step Babbage had to develop
new tnethods and invent new tools, as well as solve a number of fundamental

" problguss, like bow to perform the "carry" in addition.

in the éalculatiug machines whichhad been built up to thattime, each
carry was performedin sequence. Suppose that 1 is to be added to 99999.
In the existing machines, the units wheel swould turn only the tens wheel;
the tens wheel would then turn thicshundredswiieel, and so on, Recognizing

+ that this method would be inordinantly slow when dealing with large numbers,

Babbage suggested an entirely new approach. In hia scheme, known as the
"anticipatory carry,' all the wheels locked and turned at once, thus effecting
a great'_time saving. This method'has been retained in many modern cal-
culatiné machines.

'ﬁle most revolutionary feature of the difference engine, though, was
ite abuity to perform a controlled sequence of additions, and not just one at
a time. When we consider the state of the art then existing, we realize the
magnitude: of Babbage's genius and ambition. The first mechanical adding
machine had been built as long before as 1642, by Blaise Pascal, but it was
not until near the end of the nineteenth centurythat a really satisfactory
desk calculator was perfected. It is amall woﬁder. then, that Babbage
encountered enormous difficulties. ,

Notable progress was rmade onthe difference engine, but still itwas
not completed by 1833, In that yeara quarrel over money caused Babbage's
chief engineer to resign, taking with him all the spedialized tools they had
developed. Asg a result, the government withdrew its aid and work stopped.
In all, thegovernment had spent 17, 000 pounds, a huge sum in those days.
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Twenty years later, in 1853, Georg and'Edvard Scheutz of Stockholm
demonstrated the soundness of Babbage's concépts. They succeeded in
building a smaller version of a difference engine based on bisidesign. It
could tabulate to 14 decimals afourth-order pelﬁmomial. After being
exhibited in London and Paris in 1855, this machine was purchased for
$5000 by an American busineseman and.given to the Dudley Observatory

" in Albany, N. Y. A replica ofthis difference engine was built in 1858 for

the British government and used in 1864 to preparea set of lifetables.
This replicanow resides in the Science Mugeum at South Kensington, lLondon.

- The Analytical Engine

Meanwhile the active and visionary mind of Charles Babbagewas not
idle. In 1833, the same year that work stopped on his difference engine, he
began plane for an "analytical engine.' This new machinejhad somewhat the
same relation to the earlier one as chess to chpckers. Babbage lostall
interest in the useful but simpler device and speat the rest of hig life trying
to perfect the new one. o

Babbage was too busy inventing the machine to write aboutit ini detail.

-(Exactly the same condition often prevails in researchtoday). We owe most

of our knowledge of it toan interesting chain of events. In 1840, Babbage
(an Englishman) was invited to Turin to discuss his ideas with Italian
mathematiciang. One ofthem, L. F. Menabrea, who later became oné of
Garibaldi's generals, wrote ("inFrench) ‘some notes based on these talks.

' These notes were then published in a Swiss journal. This article was

translated into English by Ada Augusta, the Countess of Lovelace and
daughter of the poet Lord Byron. She was well acquainted with Babbage,
and with his encouragement wrote extensive notes on the notes, which are

 today our primary source of information on the analytical engine. Later,
‘she and Babbage collaborated in devising an "infalible' system of betting

on horse races, the end result of which was that Lady Lovelace had topawn
the family jewels: andleave them '"in hock' for several years.

In principle the analytical engine had all the features we recognize
in amodern automatic digital computer. The main difference lay in the «
fact that today we use electronic circuits, whereas Babbage had only
mechanical mechanisms at his disposal.
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The analytical engine could perform any mathematical operation and
do it automatically in the'proper sequence, or as we now say, ''carry out a
program.' At intermediate steps it could choose the bestwi several
alternatives presented it. It would then change the instructions for its
subsequent operations. It could be made to go back and cycle over any
part ofa computation. Itwas to have a store for numbers, amill for per-
forming arithmetic operations on the numbers, acontrol unit, aad input and
output devices, or in other words, all the elements of a computer.

For the store (memory) Babbage intended to use 1, 000 columns of 50
counting wheels each. Thus, the machine would have a.capacityof 1, 000
fifty-digitnumbers! It wastypical of his quixotic nature that he should try
to attain the stars without first achieving the moon. For comparison,

Mark I, the first moderncomputer, contains only 60 constant registers and
72 adding registers. '

The mill (arithmetic unit) would employ the principle of the antici-
patorycarry developed eé,rlier for the difference evngine.

The control unit was to use punched cards to tell the mill whether to
add, subtract, multiply, or divide, and to control the transfer of numbers
to and from the store. The scheme for representing arithmetical operations
is shown below.

Babbage got his idea for using punched cards from the Jacquard loom, which
had been in use in France since 1804 for weaving fabrics having complex
patterns. ' '

For input, Babbage planned to set numbers inby hand on the wheels of
the store or on the registers of the mill, Healso contemplated uging punched
cards for this.

_ As output, the machine would /(a) printdirectly on paper, (b)stamp a
stereotype mold, or (c) punch cards. No one would have to laboriously
copy its prodigious output,
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Babbage estimated that the analytical engine could perform sixty
additions or subtractions a minute. It could multiply 50 decimals by 50
decimals, or divide 100 decimals by 50 decimals inone minute. The time'
required for multiplication or division could be reduced i;roviding the
numbers contained fewer digits. While this is hopelessly slow compared
to modern high-speed computers, inwhich thege operations are done in a
matter of microseconds, it was aphenomenal speedthen.

Unfortunately, the analytical engine was neverfinished, although
Baggage spent large sums of his own money in financing it and left thousands
of detailed drawings of its parts. He diedan unappreciated and embittered
man. The veryexistence of his analytical engine was as forgotten by the
world as the Boro Budur or King Tut's tomb. Only in the past decade wae

his genius rediscovered.

Later Developments

The use of punched cards, an offshoot from the Jacquard loom, was
not forgotten. In 1886 the datafrom the United States census of 1880 were
still beingsorted and counted. Dr H. Hollerith, directorofthe census
bureau, saw that unless a new approach wereused, the task wouldnot be
finished before the 1890 cengsusbegan. He therefore devised a system of
recording the census information on punched cards and invented machines
to sort them and tabulate the data.

In the late 1920's Dr. L. J. Comrie of the Nautical Almanac Office in
England discovered that a Burroughs calculating machine (anAmerican
business machine) couldbe used without modification as a difference engine.
Thus Dr. Comrie stumbled onto a ready-made device for preparing
mathematical tables, unaware of the earlier efforts of Charles Babbage. The
Burroughs was immediatelypmit to use andin one year printed 30, 000, 000
figures, enough to keep ahead of seven copyists.,

Later, Dr. Comrie usedthe Hollerith punched-card system to compute
the position of the moon at midnight and noon for every day from 1935 to
2000. Once these results were obtained, a National accounting machine was
used to fill in the values for eachhour. '
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Mark 1 -~ the Firet Modern Compter

Many improvements in calculating machines and punched-card tech-
nigiles were made in the years following Babbage's death in 1871, but
apparently no one thought of designing an automatic digital computer until
1937, when such an idea occurred to Howard Aiken of Harvard. Aiken
enlisted the support of the International Pusiness Machines Corporation,
and during the next seven years they built Mark I, or "Automatic Sequence
Controlled Calculator." It was presented to Harvard University on August
7, 1944, a gift from IBM.

Essentially, Mark I is a mechanical device, although it uses electro-
magnetic relays and electric motors. It can perform three additions per
second and worke to 23 significant figures. Though sluggish by present
standards, Mark 1 proved very useful in performing ballistic calculations
and preparing mathematical tables of all kinds. What is more important,
it initiated the development of modern computers. -

Introduction of Electronic Circuits

The first nonmechanical computer wae the ENIAC (Electronic
Numerical Integrator and Computer). Completed in 1946 at the Moore
School of Electrical Engineering of the Universgity of Pennsylvania, ENIAC
containg 18,000 vacuum tubes and 1, 500 relays. It can do addition more
than 1000 times as fast as Mark I, but has an even smaller atorage.

There followed in rapid succession a whole array of computers with
names ke EDSAC, EDVAC, and UNIVAC. While increasing in speed and
storage capacity they have grown phyeically smaller, owing to refinements
in design and the replacement of vacuum tubes by tiny transistors. Present
research is directed toward even further iiaprovemente, particularly in
regard to high-speed memories and output and input devices.

In connection with the latter, an instrument resembling a television

camera is being perfected which can read a printed page and transcribe the
language into electrical pulses. If translation of foreign languages by
computers is ever to be practical, such a device i@ indispensable.

Babbage would certainly be surprised at the form his analytical engine
has taken, but not by the varied uses to which it is being put. In 1838 he
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wrote: YThe whole of chemistry, and with it crystallography, would become
a branch of mathematical analysis...." This prophecy has come true.
Computers ;mw solve the Fourier series describ}ng x-ray diffraction
patterns of atoms, from which the structure of matter can be inferred.

Other routine uses include analyzing particle orbits in a cyclotron,
calculating safe wing stresses for aircraft, and predicting the weather.
Recently someone even suggested building a '"Presidential computer, " one
which could make important decisions of state based on logical premises.
It would determine such things as the probability of 2 Russian attack at any
moment and recommend the proper course of action. Insofar as possible,
the President's own values would be put into the computer as a set of pro-
positions, even though these would admittedly be inconsistent. The
computer would somehow correlate these and presumably come up with the
"right" decision every time. (If you are skeptical about the merit of this
proposal, you are not alone, since that is the authorg' attitude. )

Man has assembled a machine which increases the speed and accuracy
of computations while relieving aim of the drudgery, or which can play a
safe but not brilliant game of chess. It has no originality and no sense of
values. The question of whether mankind as a whole has gained or lost in
these qualities is an interesting one which cannot be decided by a machine.
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LEGEND

Babbage'e' scheme for representing arithmetal operations
on punched cards. These cards were used by the control
unit of the analytical engine to control the transfer of
numbers to and from the store.
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