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COMPUTING ON YOUR FINGERS

<| Abacuses
and Slide
Rules

Wiin WE FIRST staited gning to schadl, we leaimed to
scunt and to wiite numbers: 1. 2,3 4, 5. 6. 7. 8. & 10
11. 12. apd so on.

Then we lcamed how to xld and subtract niunbers
We learned that 3+4=7, that3—4=1, and so on. We
were supposcd to remember thase additiens and
subtractions, butsometimes we didnt. What did we do
when we (ergot? Some of us would cvout ou our
fugers.

What is 3+4? We woukd hold up three fingets, one
aftee the other, counting: 1. 2, 3 Theu we would hold
up feur more lingers: counting 1. 2—— and #ll the -
gers ou the hand would be used up We would start on
the other hand for the other twe fingers: 3, 4 Theun we
would losk at our hands. All the fingers on one hand
would be held up and two finget: ou the other We
would count all the fingers held up and thete would be
seven of them. That would tell us that 3+4="7.

What is 5=4? We weuld hold up five¢ fingers one
after the other, counting 1, 2. 3, 4. 5. We would next



turn down four of those fingers, counting 1, 2, 3, 4.
Only one finger would still be up, so 5—4=1.

An expression used to describe the working out of
additions, subtractions, and other ways of dealing with
numbers is “to compute” (kom-PYOOT). This is another
form of the expression “to count.” In adding or sub-
tracting you count, or compute, to get an answer. Any-
thing that helps you compute can be called a “com-
puter.”

Of course, the original computer is your brain, be-
cause you can work out additions and subtractions in
your head. Usually, though, the word is used for de-
vices that help your brain get the answer. In that case,
a person’s fingers are the first computers.

One trouble is that you have only ten fingers. Sup-
pose you want to solve 8 +7. You hold up eight fingers,
counting them, and you then start to count off seven
more fingers. However, once you've held up eight fin-
gers, you only have two fingers left. What do you do?

You might take off your shoes and socks. Then, when
you've counted off 1, 2, and used up all your fingers,
you can begin on your toes: 3, 4, 5, 6, 7. You would
then have counted all your fingers and five of your toes.
That's fifteen altogether, so 8 +7=15.

It’s troublesome to have to take off your shoes and
socks to add numbers. Another way out is to ask a
friend to hold up his fingers for you, but that can be
troublesome, too. Your friend may not be around, or if
he is, he may have other things to do.

A much better way is to hold up eight fingers, and
then, if you want to add seven to that, you hold up two
more fingers, 1, 2. Pealizing that you have used up all
your fingers, you write 10 on a piece of paper and start

on your fingers all over, 3, 4, 5, 6, 7. You have five
fingers up, and counting the ten you have written down
(so as not to forget), you have 15 altogether.

But then why use fingers, when you only have ten?
Why not use pebbles instead? Of course, you always
have fingers with you, and you have to collect pebbles.
Still, once you collect some pebbles you can put them
in a little bag and always carry that around with you.
You can collect as many as you wish; you can collect
hundreds.

Making use of pebbles, you can add 254 and 127.
First you count 254 pebbles and put them in one heap.
Then you count out 127 pebbles and put them in an-
other heap. You push the two heaps together and count
them all. You find you have 381 pebbles, so
254 + 127 = 381.

The Latin word for pebble is “calculus,” so when we
work out an arithmetic problem, we say we “calculate”
(KAL-kyoo-late). “Calculate” and “compute” mean the
same thing really, but nowadays we use “calculators”
when we wish to speak of simple devices for helping us
handle numbers. We use “computers” for more compli-
cated devices.

Of course, it is tedious to count all those pebbles, so
how about a short cut? Suppose you color the pebbles?
A red pebble will mean 100, a white pebble will mean
10 and a blue pebble will mean 1. Therefore, for 254,
you put two red pebbles, five white pebbles and four
blue pebbles in one heap. For 127, you put one red
pebble, two white pebbles and seven blue pebbles in
another heap. The two heaps together contain three
red pebbles, seven white pebbles and eleven blue peb-
bles. You can exchange ten of the blue pebbles (worth 1



cach) for a white pebble {(worth 10} That gives you
thn:c rcd pebbles, eight white pebbles and onc bluc
pcbble. so your answer is 361,

Even s it is botherseme te cany pebbles amund in
a bag. and % have to remember which culor is what,
and then pick ont the right colers to o the calculating

Thousands of yems ago, someone inveated a wooden
Irame with wircs acioss it. @n each frame were strung
ten hittle tiles that enly filled up part of the wire, so
they could be shoved back and forth.

All the tiles on the first wive are 1's; on the sesond
win: they are 10's: on the third wire they me 100's: on
the feurth wire I000's. and o on. You can go as high as
yeu wish just by adding more wires.

In solving problems, yon count the tiles on different
wires, moving them from one side of the wire to the
other When ten tiles are moved, veu move: them back,
and then move ene tile on the next higher wire instcad.
Such a device is called at “abacus™ (AB-uli-kus)

A person can quickly learn boav to add and subtract
on an abacus It is very much like having a whole goup
of bairy of hands cach with ten fingers It weuld be
cven more like the dillercnt-colored pehbles, except
that on the abacus all the tiles can be of the same color.
They just bavc to be on different wires.

Theee are more somplicated abacises, where each
wire has twe cumpaitments with five tiles in one and
one or two tiles (worth S each, or 50, or 500) in the
ether Abacuses can thien be used lor mulljplication. di-
vislon, and even morc cumplicated opciations,

The abacus must be werked entirely by band. When
you mowe all the tiles to one side en a paticular wire,
veu must move them all back and push one tile on the
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next wite instead. Js there any way of doing that suto
matically?

In 1644, a French mathematician, Blaise Pascal (pas
KAL, 1623-1662) built such a device It cunsisted of a
scries of interlocking whedls. Each wheel could rmove
through teu slots before making a vemplcte lurn. and
with (ach slot, a number appeared in a small hole,
stating with O, then I, 2, 3, 4. 5. 6. 7, §, 9, and finally
back to 0.

When it carne back %0 0. howsver. the wheel moved
the next wheel %o its loft one notch forward. The wheel
at the left changed from 0 to 1, y that if vou added
9+1, you got 10 Each time the wheel at the right
made a fill torm, the wheel 1o its lef® moved one maie
notch. Finally, yvou reached 99, and # you pushed the
wheel at the aght to the 8. the one to the left moved
lovward one netch to 0 and that pushed the wlieel to e
left to 1. s0 99+1=100 By puhing the wheels hack
wacd you esould subtract.

Pascils device was the lirst “imechanical calculator
the first device in which & human being didn't have to
do all the wurk but where the device itself did some
ot it

Pascal’s device could even multiply or divide. If you
vainted the aoswer to 61 x 42, wou just changed that to
61 +61 + 61-—till you had added together faity-two 61's
You would get an answer of 2562.

That would wke a leng time, to ®e surc, and you
could easilv Jese ocount. In 167), a German wmathe.
matician, Getfried Wilkelm Leibniz (I.IBE-nine.
1646-1716), worked out a device, mote cump.icated than
Paseal s, that eould multiply and divide.

The mecham a2l calculators of Pascal and of Laiibniz

BLAISE PASCAL (1623-1662)



BLAISE PASCAL'S MACHINE

never rcally cum . to he used in their tiine, They were
expenyive to niake and they coukl enly salve quite stn-
ple protdems. It wus easier to have huinan twings solve
them en papcr

A device thit became more popular started with u
diseovery by u Sustish mathepatician, John Napidr
(NA-poe-ur. 1950.1617). Between 1589 and 1614, he
worked ot a way of @hing each number anuther num-
ber callecl 4 “logantbm” (L@C .uh-rith-um} Napicr pre-
parvd tables 1n which you could leek up the logsnthm
for any number vou wanted

Instead of multiplying two numbers, you kxiked up
the lbRarithins of the two numbers and added then.
The sumn &we you a new legerithm, and f you looked
uD the number that fitted it, vou would have the anr
swer to (he oudtiplication. Instead of dividing two
nnnbert you subtiacted the logarithm of one fym the
logerithim of the othex and looked up the nwunibier that
Gtiexd the new loganthm.

Sinex 1l 15 easier to add and subtraci than to imultply
and dnide, loganthros effered a w:ry hanly short-cut
wiicre complicated peabAeros of multiplication and divi-
sion were involved.

In 10862. an Eoglish icathenxuscian, William
Oughtred (AW Tred 157416600 showed how 10 muid
wusting time loolang up loganthms. Il aranged num-
brs silong 2 wooden tuler in such o way that the dis-
tince of each number fiom the startmg pont was equaal
© s logarjthm. If bao sucl rulers ure put together and
;e 5 made te slide against the (ther Wu can add the
length ol one nuraber to the leugtle of anothiir Yeu
would. 1 this way: add) the ltirithms and be able to
read off the answer to a multipliciton. JF yeu «lide



one ruler aminst the other in the opposite direction,
you subtract logarithms and rcad off the answer as a
division.

Such deviees are “dide rules” These became more
elaboiate so that you eauld! solve more and more com-
picated problems quite qulckly As lute as the 1960s,
shde rules were necessary ¢quipment or any scientist
or student of scicnee. I used one whien [ was in college,
and I still own it today:

Until after World War I1. ahacuses, toe, were inuch
in use in countiies such as Japan and China. [n skilled
lwnds, they @ould be as fast 25 slide rules

Even Pascal's device didn't really dic out. In cars,
there is a little device that mcasnres the total number

of milcs the car has traveled. It works «xactly like Pas-
cal’s device.
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ON:= TROUKLE WITH the slide rulc is that it only gives
appreximate answers. 1 can solve 5.432 % 4,739 in a Rew
seconds on the slide rule and get the unswe
25 700 089, The reul answer s 25,742.248. \What's
more, the slide rule deesn't tell me wactly how many
places there :re in the aiswer The result might bhawe
been 2.570, 80 or 257.000.000. 1 have 10 work out the
correct number of plisces in my head.

The first persen who tried to get exactanswer de-
vices better thum those warked out by Pascal und Iacib-
niz wws an Eaglish mathematiciun, Charles BabbaZe
(BAB.j, 1792-187I) M inherited money, and this ul-
lowed hinj to end all his time on inathematical
hobhics

He vwys very curcful about ways of calculating and it
bothered him that logenting tables (which are weiy
complicated to wurk eut) often had muny crvirs that
weuld give people wrong mmswers in their calculations.
Babbu#e worked hard to find those emors and tnercel
them.

2Goa
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CHARLES BABBAGE (1792-1871)

In 1822. he bemen to wonder @ he nught savc himsell
a lot of trouble by building a machine that would caku-
late logarithms automatically for any nomber

Babbage worked out the plans for a very somplicated
machine that would actually do the work. It consisted
of many rods, wheels, ratchets and gears that would
sohe a whole series of arithmetical prublenmis. Each s o
lytion would start a aew problem that could be worked
out for a new solution. Each solution would he nearer
to the loguithm and eventua'ly, there would be an an-
swer close enough to the true logarithm to be put into
the mble

Such a machme shoukl never make a mistake—as
lang as all the nxds, wheels, ra:chets and gears werc
emacth: the 1ight size and shape. and fitted cach other
in exactly the right way

But that was the catch. No matter how mutiy money
Babhage spent and how the wortkmen tiied, the meth-
ods of the cacly 1808s weren't gwod enough to make al
the barts of the muchine ewactly nght. They didn't fit
each other pafectly and would jam or slip. so that they
wauld esme up with wrong answers.

The morc Babbage thought abeut it, however, the
morc enthusastic he gol. He decided that his log
arithm-calenlating machine wasn't enough. After all, it
would just do that onc job.

Why not devise a machine that could manipalate
nnmbers iy all sorts of ways so that it could be made to
soive any kind of preblem? It ¢uuld be supp.ied with
many knds el rods, whecls. ratches md gears. and 1t
could then be switched hiom one combination to -
otlxs i order to solve onc kind of problent or anether:
Such a switch of eambinations wnuld be a way of ia-

13
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struction (or “progiamming’) the device to wulve a pai
ticulor probler. The machine could ring a bell every
tme it linished shme part of the problem.

'Then, too, when the machine got a solution that it
would have to usc later on. it could hold the number by
freezing a cer:ain arrangcment of cods. wheels and so
on, until it was rcady to use it. 1n this way. the machine
had a “memogy”

Finally. the machine could he atsached to a printer
so that the answer ocuuld he printed out.

A calculating dewvice that is v plicated enough to be
programmed and to hovt a memory and a way of dis-
phyng an answer is what we cull a “computer” today
‘The machine Babbage wus tiving to cunstruct was the
first computer.

Babkage was absolutelv encrect in his theories, but
he simply never mzale all his parts fit tegether well
cnough [or hisy device to work. He remained enthusias
tic and lept getting more and moie ideas 3o that he
lupt starting over in order to bhuild something even
niore eomplicated, which made it cven more ocrtaio
that the necessary parts ouuldn't be madc to :it He
managed to persuade the gnvermment aod scientific sor
cieties to give hboa grants of money, and he not only
used themn up to no wail, he spent his entire privatc
fertunc an 1t too.

He never did linishand his machine never did work.
A picee of it stll crists in the Science Muscum m
Loadon.

Peoplc eensidered Babbage a failure andl they
thought he was simply a crank who dreamed up a wild
michinc that was only fit to e laughed at. They' didnt

IS5



stop to notice that his theory was actually cirect, and
eveutually, raest peoph: forgot him.

IHe wis born a century toe scen. He needed things
that no one had vt discovered in the early 1800s

The way in which Babbage planned to enutro] his
machine dated back to thc work of a French silk-
wea\er, Juseph-Marie Jacguard (zhaKAHR 1752-1834)

In 1801, Jaequard had worked out away of sontie ling
the weaving lvom so that a pasticalar pattern conld be
wotked out. The thrrads weie canied by a series of
reds. If some rods were allowed to werk and some were
held back only certain threads weuld be woven into
the fabuid. If some rods werked at onc time, and other
rods at another tanc, the condnuing chan@e in threads
could produce a pattern. Naturally it took a human
being %o decide whicli 10ds were te be used at diflerent
timess.

Or at least it did notil Jacguard invented a system of
stiff c2rds with holes punched in them. Some rods
weuld be steppcd by a card, but some would pass
through the holes. By using diferent kinds of punched
caids that meved into pluce automatically, one alter the
ethcr, different sets of rods would do their work in such
a way that a patterm woald be worked inte the faheic
witlwont human beings having to du a thing This is the
“Jaequard loen”

8abbage used punch cards to contiol the worldngs of
his device but. as | cxplained, nothing seme of it. Fifty
vears laer. however. punch cards were 15cxl in « device
that did werk.

It happenedl in the United States ‘Flisughout the
1800s, the United States was increasing in pepulation.
size, aud wealth. Every ten yeacs the fedir| govern-

JACQUARD'S FIRST LOOM




CALCULATOR BUILT IN 1875

ment must condud 2 consus {SEN.sus) The aumsus
counts all the people in the country and linds out about
then' age. 1heir jobs, their bomes, and how the. i
"I'his was very important in tsymEg to deaids: how to <on
tinue to develo) the United Stales and make it ticher
sizll.

In th: 1380 eensus, so much miturisl was gthered
thal it took years and vears to ad! it all up, work it ll
out. and make scuse of #. By the time the job was
neary finished it was almost time for the 1S90 census.
Some way hud o be burd to work noe quickly with
numbdrs and other nformatiov. There had to he sonc
mechanical device that would work luster dan hutnan

beings ooukd

I

By the 1W80s, there had been wnpudtant advances
Whedk and gear: and swh itemns coukl be manux-
tuzed in smuller sizes and with greater acuaey: They
cnild &t togethar hetter

Machines covild thexfere be built aleng the lines of
Pascad wnd Leibnix that would work well and wouldnt
be tee Larges or too expxnsive. A number of hese: were
mantifactured and sold © vanous ellices.

‘They coulil even be misde %o do wther complicated
work In the K7{x. for imstunce. a Bntish scdentist,
Wilhan Thomyon. who was later made Lind Kehin
A82-10)7), woked out such a disice. 1t had clenerly
adliusted gegrs and whecls that alkascd the maclmie to
calculade the times of lugh ad e tide o a2 shven pli.e
un the seashore. 1t ceuld do s0 for Yesrs mto the future.

It did this in a spocal way. Most ceulating ma-
chims handle numbers. Tluse are “digital cakeulators”
{DIf-ihtall ox if they wre compheutixl enough, "dijital
computers” (The word "dight” means buth “a numher’
ind “a finger or tee,” which shows e penple once
usexi fingers and tees to work \vith oumbers.) Babbasge
nmiahine was intended to be a digital computer

Some calcukstmg machines dont deal with numb:rs,
but with otber things that owatch numbers or are “imak
ogous  to them. TheV are “snalog cukcniators™ (AN-ub-
log) or “unulog computers”® A slkle nle measures
Jengthy slong the wler, ad it is an analoz clculator.
Kelvin's machine measured U distunice through which
gears turned and it was an analok caloulgox too. (Che
futwe. howerer, lay with digital di-vices)

o addition © the manufactwe of improsed parts,
vlectricity was coming into use.* and it could be made
b & swne of the work

Uit Miss [haf Wer Final (il At Electriediy (010
19



20

i

f

THE HOLLERITH TABULATOR
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Duting the B8(k, an American inventor. Herman
Hollecith (H@L-vh-rith, 1960.1929). tucklcd ther prob-
lem of the cenisus He made use of punch cards as
Jacjuard and Bubbuge did. Every card could be
punched axwrliug to the data gathered in the census.
Holcs in parteular places could mesn thall a person was
male or fmdle. in his sixties or in his lorties, a famer
or a factory werker and many ether thing..

In order to add up and analyrc all this infonnution,
the canik were plucad on a stand and 2 metal device
was piessed down against it The device had many
pins. whicli would be stopped by the cardbeard. When
evcr there was i hole, however, a pin would go through
and rcach a pool of mercay undementh. Electricity
would pass through that pin and control the pointer on
a particaular dial, People didn’t have to connt or sdd. As
the punch cards were sent rapidly thuough the ma-
chine, people jist resorded the numbers indicatc<d on
the diats.

The B0 ocnsus was handled hy the Hollenith punch
cird system. Even though the amount of information
gathered in the 1890 census was much greater than that
of the 880 census, the 1898 census wus wompletely ans
Dyzed in only onethird the time of the earlier one.

For the first time, human beings were presented not
with a mechanical calculaing device but an “ilee
tiomechanical” one.

In B9G, Hollerith founded « company devoted to
making all kinds of machincs that could handle and anu-
lyze inforination. 11¢ called it the “Tslwlating Machine
Company.” it grew and #rew and esentually adopted
the naine of “International Business; Machimes Corpoia-
tion”” This is now usmally known by iw initials as
“IBM."”

21
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VANNEVAR BUSH'S DIFFERENTIAL ANALYZER
{MIT—1930}

Binary
Numbers
and Switches

EvEN THE \MesT sucsesshil clouliting machi ex of the
H0s did not match Babhage's dream. The ones that
worked vere all designed to sohe one kind of pro bl
Hollerith’s machine conld only work vith problems
similar to the census. Kelvin's mac bine conkl only werk
for tides. and so on.

In 1876 however, Kelvin wrote a paper showing that
mu hines conld e pregrarnmed fer all kinds of preb-
lens. He had revived Babbage's idei« of half a contusy
befisi--that of an allpurpose compnter,

However, people reaized how lirge and comp.icuted
such @ machine yweuld have to be, se ne one tried to
build ore lor another balf-centuny

The person whe finaly tackled the job was an Amer
ican engineer. Vannevar Bush (18 90-1974).

In 1925, he begm to huild what he called a “dilenc-a-
t1al analvzer” It could be used to solve any kind of
problem that included oxitain complicated mathemat-
ical sclations hips called “differential equatons.” It tesk
five veius to build the nechine, and it poved © he a



very lasge device, It was so laige it had to be rnn by
cleetric inotors rather than by hand. (1heie were no
electic motors in Bahbages time. of course)

Maest of 3t was mechanical, just as Bahbbage's machme
had been, though, of course, the mechanical parts were
(ar better made. Bush realized howeser, that good as
the purts rujght be, the machine wouldn't wurk well if it
were eptirely mechanical He t(hcrelore made use of
something now.

Scientists had leamed how to (or¢e ar electrc cun
rent thruugh a “vacuan” (VAK-voo-um}-a spauce in
which nothing eristed. not =ven air The cunent pass-
ing through censisied of a stream of tiny electncally
charged particles eslled “electrons” {ee-LEK-tronz}
This clectron strezurt could be easlly stopped and
shted. [t could be made to control the activity of parts
of the machinc just as Helerith's punch caids could.

Bush made use of gllass bulbs with vacuums inside
and with mctal devices for shavting and stopping the
election stream. 1n the United Statses these are usually
oslled “tubes.” {They aie oiten selied “radio tubes” be
ssuse they were most frequently \wexd in radios) Bush
put these tubes in certain places where they could be
used to stop and swst an electic cumant, so that they
alcd as “switches.” Because streans of elections were
involved. Bush's machine was partly “electronic”

Bush's machine was the first ever to be built and
made to work that could Le progiamined, that had a
mcmory, and so an. 1t was the first derice that could be
called a computer in the present neaning of the word:
Sixty vcars after his death, Babbage’s dream had finally
come true

VACULUM TuBE




Once Bush's differentil analyaer was completed in
1939, other scientists becamne very interested in the
matter of sohing pioblems by machines. 1n doing so.
they tried to apply mathemati| discoveries of the past
to such machines.

For instance we make use of ten diflerest digits in
writing numbers: 9.1, 2.3, 4, 3. 6. 7.8. and 9. That s
only becausc¢ we happen to have ten fingers on ou
hands 1t 1s possible to use other sets of digk to ex
press numburs. It is even possible to write any number
we wish by usirig only tvo digis. 0 and 1.

The use of twe digit; was pointed out in 1679 by
[eibniz, who hacl been the iltst to devise a machive to
do multiplication. Nusmbers built up out of two digits, @
and 1, are cdled ‘binary numben” (B ¥ nuh-ree) from a
Greek word meaning “tvo at a time.” It is also called a

“twe-based system.” while our ordinary numbers are
writen in a ‘ten-basd system.”

Here's how binary numbers work:

0600=0 0100=4 10M=8 1100=12
0sel=1 0101=5 1001=9 1101=13
00le=2 O0L10=6 1010=10 1110=14
Wll=3 0Olll=7 101l=11 1l11=15

If you study thc numbers above, ywu will probably
see the sys tem used to handle 1's and O's. If you stacicd
with five places. you could g0 up % 31; with six places
up to 83: and so on. If you usc cnongh places, you can
usc a seties of 1's andl 0y to represent millions and bil-
‘ions of numbers. Each numbcr would have a particula:
scries. If you were #iven any partleular sedies, vou
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conicl figure wut what nomber it is in the ordinaiy ten-
based system.

Even il you don't sce cxactly how the binary auin-
bers work, that isa't impoitant nowz. You just huve to
underylanx] that twu digits can be used to wute any
number,

it didn't eccur to amvone, at fint, that binaty’ nuin-
bers would be pacticaluly important to calculating ma-
chines. Il seemed ratwal to use wheels marked off
with 2l ten digits, as Pascul did.

Once tubes began to be used in compuirrs, though,
people were ceutiolling electwn streans. staiting and
stopping them. Evejy time a tube lets the stream pass,
that can represent the digit “I7’; eviry time it stops the
stream, thal can represent the digit 9.

That means it is possible to rcpresent numbers by
elechon stec-ams going “on” and off " The streauns can
g oo and off much faster than gears can inake wheels
turn, :mcl thie streams won't jam or slip the wg' gears
and wheels might. In that way, s dovice using tubes
could o anything thal one using gears could do. and
would be faster il more reliable as well.

Then, in 1854, an Enghsh mathemalician named
Geerge Boele (18151864) worked ot a way of dealng
with “legic.” (1egic is the name given to the way peo-
ple reasop when they are trving to work oot ary kind of
problem, excn one that is not mathematical) Boole
worked out a wav of representing logical statcments in
symbels instad of in owdinary Englhsh words Hce
showed how to manipulut the symbols w as to come
out with an awwer, In a way he maclc logic into a kind
of mathan atics, and his system was caled “symbaolic
logic™



In 1913, symbolic lugic was improned and hroght
exen rloser to mathematics by two English mithema-
timans. Alfied North Whitehead (186)1947) and
Bertrand A. W. Russell (1872-1979)

fo the 19485, an Ameacan mahematician. Claude
Elwood Shannon (1916-) began to work ot @ system
whewby methods of turning dexxrun stieams on and
off weuld not noly repiresent numbers, but also the
symbols of symbolic lo@c When he finallly got his no-
tions all worked out by 1949, he called it “information
theory” Lexcuuse it showed how to handle m{srmation of
all kinds.

This wus the first important :dvance beyond Bab
bage’s theories and showed how machines cwild be de-
signed tv solve any neu-rnathematieal problem that
could be put into symbolic logic.

While Shannon wvas wocking un his theery. penple
were trving to binld machines that would culculate by
usmg on-off switches that represented binary numbers,
They were doing so in Germany, i the United States,
and in Greut Britain.

In Germany, an engineer mamcd Komad Zuse
(T ZOO-zuh, 1918}, built a machine using hinary num
bers in 193 It was eventually called “2-1" The
switches he used wvete “c lectromagnetic relays.” Such a
switch can be pulled shut by a magnetic pull so that a
curzent will run. or it ¢an be allowed to open when the
magnetism is stopped so that the cuent is stopped.
teo. When the magwet is on ifs a “L”" when it’s off
itsa ‘0.

In a f#w years, Zuse dewded that if he used tubes
instead of relays. the election strearn could be handled
more nestly and aquickly than an electric cintent

AIKEN'S MARX ONE (1943)

through a wjte. It would be better, he {elt, to have clexe
tronic switches thun ordinary electrical ones.

But then, y 1939, Veould Vear If began, Germany:
urder the fascist dictator Adoll Hitler 113891945). be
gen to win victory aiter victory: Hitler was interested in
new scientific advancxs, hut only those that could be
deneloPe] quickly sinse he thought the war would soon
be won. He wasnt nterested in oomputers. se Zuse
got no Snmuial supwort,

Muaawhile, i the United Swtes an Amuriesn math-
ematician at llarvacd, Hov.ard MHathaway Alen {AY
ken, 1900-1973) was working aloag the same lings, al
though he hid no kaowledge of what Zuse was doing
Arken managed to zet financial backing fiom [lollenths
odd compxany; which was now IBM, s» he was luckier
than Zuse in that way,
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COLOSSIIS—DESIGNED TO BREAK CODES

When the United States ¢ntcred the war in 194)
Aiken Joined the Navy The American govenunent,
hewever reaized how hard it was fer a ship to solve the
problem of aining a huge gun cor:wly in arder to hit
another ship that might be a mile or more away. {Fach
ship is moving and the direction and speed ol the wind
has an elect. and so on. By the time all the cal culatiens
were made in the ordinary wav. evervthing was
clanged and the calculistions would have to be made all
over again) Aikcn was given leave, therefne, to work
on his device He wusn't ncglecied, as Zuse way.

Aiken, ke 7use, used electromignatic relavs, but he
did not even try to use tdi¢s. He felt that tubes might
be faster but they weie also less whable. In 1943, he
had the machine, eventually called “Yhrk I,” imshed.

Meanwhile, Great Britain was also interested in
working out a calculating devica: “Cheir reason for want
ing to do so was to be able % work out the complicated
German eaxdes that were used for transmitting sexcret
messages. |f machines could be devised that could oy
out cntr mous pumbers of pussibilities very quickly, uo-
til something wws found that made sense. a ecde could
be broken. Cermany would then be sending messiog:s
she thought wert secret. while Great Butain would be
abk {0 r:ad them at ance. and be pre paved in advance
for whatever Gerniany was planning to do.

Then, too, Creat Britain would use i device % work
out a code that cuuld net be broken by Gennany muless
it had an equally geed calculating machine.

Cuided mostly by a mathematician, Alan Mathison
Turing (1912-1934), the British worked out a machine for
the purpose. It was called “Colossus™ and it was in op
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e1atson at the close of 194.3 By the end of the war, ten
sich machines had been built.

Colossus was different rum 2-] and Mark ] in chat it
used fubes as swatches. two thousand «f thein it was
the first all-clectrosic «:'culuting: device, but it was only
usctul for a special purpose—bre-aking codes. The, Brit
wh jtlt Cennany might not hane been defeated wey, il
not fix Colossuta, 30 if's a good thing that Hitler had
»ever been inltrested in supporting Zuse:.

J2

4 Tubes and
Transistors

THESE EArwy MACIINES, then, ware either generul
purpose. but nid chectionic; or electionic.. but nel gen-
©1a] purpose, What was needexd was an nll-electzonx:
general-purpose desiee, sornething that (ould be con-
siderrd a1 “electronic computer”

In 1949, ap Arerican en®neer at the University ul
Pennsvlivanig, John William Mandily (MAVWCH-lee,
190719600 decidwl o build such a machine In pase
nership with a vounger vngineer, Jobn Presiwr Eckent,
Je UB19-), he got 1o werk

Tte taw knew potbmg of Colossus, whidh the British
kad buill in the strictest secrees. so they didnt have:
that 1o g0 by, but they sumeeda] sy, When they
finully empleted 2 in 1946, it had 18,000 tubes in it- It
k! not use binary nuinbess, thoogh, but ordmary: ten-
lased ones.

Mauchly snd Eckert culled it the "Electronic Numer
isal Integrator and Calculawr,” or ENIAC. far short

ENIAC was (he world’s first electrunic computec It
was shown to the public in 1846 and. even though: the
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ENIAC (1946)

wse of ten-based numbers slowed it down, it oould do
veiv complicated arithmetic in a fracton of a secoud.

At lact, the human being was definitely outclassed in
arithmetic, Ay late as 1946, a skillful persont with an
abacus could solve problenis faster than people wsing
calcubtors. ENIAC, howewer, conld handle aumbers a
thonsand or more times as fat as a mai at m abacus
could, Once ENIAC was programmcd, it was only' nec
essary to push a button.

For the first tirne. people were aware of what had
been accomplished by all the people from Puscal on-
ward They began to tatk about “elex:tronic brains.”

ENJIAC was just barely allpuipese, however It
could be progrumimed and switched From one kind of
aleulation to another but only with a gext dewl of
trouble

But thcn a HunguianAracnican mathemutician,
John von Neumann (NO¥malm, 19031957), got the
idea of storing the programs inside the computer’s
memory, ln that cuse, it would no longer be necessary
to reprograrn a computer with a lot of complicated fid-
dling every time you vanted it to do soratthing new
You would just switch it frum onc pregram to another at
the touch of a button.

Mauchly and Eckert went on to build eemputers that
were simpler and better than ENIAC. In 196), thev
had UNIVAC {"Universal Automati: Computer’) which
was the first computcr to he sold commercially,

There way still an importmt problern to be sohed.
‘The tubes were unreliable, just as Aiken had invisted.
They weie made of glass and could breuk. Ewen it they
dida't, they would grsdually grow leaky so that the vae
vum inside would be spoiled. For that reason, tubes
were ahvays breaking duwmn and having to be replaced
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UNIVAC (1951)

Then, 100, tubes were rather large. Nicie had to be
enovgh vacunm inside to keep the stream of electnons
trom llowing unless they weie forced to do so. If you
had tens of thousands of lmge tubes, the computer
ended up heiag cerv large

Another problem wac tha in order to fircx the elec-
tens to flow, the devices inside the tubes had to be
heated 10 extremely high temperatures. That took 2 lot
of tnergy. and when you had many, many tubes, they
had to be spuwwi:d far ajart in order not to heal cach
sther so mweh that the entire womputer breke dow.
That mesnt the computer bad to be lager still, and all
the cierg)y that had 10 be usid made the computer
very exhemsive, toe. What's more, i1 tesk time #ix the
tubes 1@ grow hot and that slowed thmgs up

There didn’t seem to be anyt hing you conld do atout
all of this, aud 1t might have seemcd to stme that eo m
puters would Jorever bhe huge and expensie and weuld
always lw pretty unreliable.

In 1948. howerer an English.-American scicntist
Vvilllam Bralfod Sheckley (1910). along wibh two
Ametican so-workers., Walter Houser Brantain (1902-)
and John Bardeen (1988.)\ discuvercd a substitute for
the tube.

Ceirtan solid materials--for instance, “silicon” (SIL-
ih-kon) a coimmon substance that can be obtamed from
anv rocky material—could be set up in such a way tha
electrons could drift through them. These “solid-state
devices” could he wsed to control the dufting clextrens
i Just the same way a tubc can conteol a streams of
elsctrons. A solid-sate devise that sculd do everything
a tube could do came %0 be «allud a tansistor” (tran-
SIS+er)
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HOW A TRANSISTOR WORKS

The transtytor had many advantages over the tube. It
was solid and sturdy so that it would neither break nor
leak. It did nut involve a sizable amount of vacuum, so
that a tiansistor could be much smaller than a tube aid
still do its work. It didnt mkc any heat to start a tran-
sistor working. so that it used up almost no energy and
it started immediatcly

Of course, when transistors wose fast doeveloped,
they were protty unreliable, because scientists didn't
kneww how to desigen them se that they would work well.
They soon learmed to make them work better and more
rcliably. hewever, while also finding ways to make them
smaller and cheaper:

s

TWO TRANSISTORS ON A SILICON CHIP

The invention of the transistr vy the deat tuming
peint in the history of the computer As long as thee
were only gears and wheels, computers oouldn't be
bujlt at all Once there wuwe clectncal rlays and elec
tronic tulxs, ¢oraputers could be built, but they had to
be fearfully large and expensive.

With transistur;., it became pessible %o make them
smaller and cheaper, In fict, unce cumputers came
to be ‘transisturiaxd,” they ako esame to be
~miniaturized.”
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MICROCHIP ENLARGED
FIVE TIMES

Chips and
Microchips

AT Filsl: MINIATURIZATION only went so faw. Come
puters were still madc us they were befine, cxcept that
evely time it would have been nccessaiy to put v a
tubns a trapsistor was put io instead, and thul was much
smaler. Whuty 1nore, transistors could be cowded
much more closely together than could tubces.

Thiat 1esulted i a consideruble inintaturiaetion, but
tiansisters saetent all thcie was to a computer. Each
transistor had to be connected to many othel' parts.
The transistor plus: the other purts made up a “vircuit,”
a passugeway threugh which the clivtic cusent trav-
clad. The transistors were the switches that tnmed the
current on and off but they werca't the entire circuit
by any means.

For thiy n.ason, althongh computers got smaller, they
weeds still held np by the size of the ciruits, and this
Jeept them frony metting smaller still

But theu, in the 19685, sciizntists bedn to lewrn hoay
te minituyzc the whele circuit

Thea started with small, thin sjquares of pure silicon,
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POCKET CALCULATOR

and then pdded tinv taees of ccrtain other substances
to it. The smface coould be caived into tiny park. each
of which bchaved like a dificrent miart of a cinzuit The
different pats wonld be connected with tiny stops of
met| so thnt an “integrdesd circuit”” was mchicwed--an
en tire ciicuit on u single ‘chip” of silicon.

Little by little, scientists learned how to make the
chipys smaller so that the “microchipp™ came mto being
And they kramed how to squeeze more sod inoe cir
¢wits on them, until they were furced to manufaxtin:
such devitus under a micioscope

Evetually, they ¢ould make ovesnputers very small
indeed and vct have them capable of doing far more
than ENIAC could posyibly have dove, and fir morc
quickdy, too, And of couise, thev cost much kss.

For a few dolkars. you can naw by pocket caleulators
that ean «dd, suhtact, multiply, divide ynd do many
other things i split-scconds and that tale almost no
energv to rm.

L have one such bocket calcvlaror with special ‘phao
toelectiic culk”™ built into it, cells which form tiny
amonots of electicty when exposcd to light. # Enongh
electricity is formed if the prcket calcoladur is put un-
der the ight of m ondicay desk lanp to keep it run-
ning Itnevcr has %o be plugged in anynrhiecre, nor does
it evir: have to have battery rephu.coments.

I aho have an ekxdrenc computer that is scaucely
any lager and that can be pregr anmed to do wsle far
more casily, and do thcein {ar better and faster than all
of ENIAC couuld hane done forty years ago, ewen

"G Hine Mg W Fimed O Abowt Scdar Poeer® (15651
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though ENIAC lilled u large room umil took a vast
ameunt of energy to run, while my own cenputer fits
into my jacket pocket.

To summarize——

In the B30}, the Amencm governmeat strted wsing
computers to de the necessary talculations that would
kcep track of tax collections, deal with the very compli-
cated wurk on unclear weapons, and help ws in the
shane 19¢2 with tha Sovicts. It toek whole governments
to Le able %o «frd computers.

In the 1968s. largc ndustries beMdn %o use com-
puters, which swre now sindller, cheaper, und better
They used them to kevp track ol their accounts, +f what
thev yold and bought, and of all thcir complicated
boolkkee ping

lu the 1970s, cumputers were even smaller, cheapey.
and better They werked their way into every dffice
Bauksy kept track of each deposit, cach check. cach
withdrawal. Other businesses uscd them to wrganiae
thcic payrolks.

Now, in the 188)s, computers are still smaller.
dheaper and hetter than befure and are beginning to
oome into every heuc:.. Therelore, we now spcak o the
“heine somputer”

Computer ganes are the most popular form of home
computer right now Jo those games, tiny objects ap-
pear eu a television screen. follewing compicat:x] ma-
neuwers that are guided by the piogiamming o the
computer. A person playing the vidow game can control
the motion of certain objerts by adjusting u lever. or
similar ferm of coutrolling device. The plaver tiles to
outinaneuver tlre computs:r progiam, to clestoy “en-
emy ships” for instance, beforc he is himmsclf destreved.

“

COMPUTER GAME PLUGGED INTO TV SET
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Most of the video sames take on the appearance ol
war or violent advertur: because thal: is exciting. but it
1s alzo possible to play nwore intcllectual gamics. A home
cemputer can be progsammed to play chess, aid u
human player can then try to heat the computer Some
chess prograrns are so good that computers using them
can beat all but very goed human players. The time
may sosn come wlhen the vorld chess champion is «
computer!

Home computers can also de work. (his book. for
instance, s new being writen an a werd precess;

The words [ type appear i a television screen. After
I have typed a page, I can stop to le«k ut it, and retype
some wecds or whole paragiaphs. I can climmate a
word bhere aud there, @r a whole sentence or para
gruph. by pushing «crtain keys on the board. [ can add
a word here and there, or a whok: sentence or pura-
sraph, by pushing other kevs. Ican switch the order of
paaguuphs. renumber peges, searcli out particular
words atl thiough a manuscript, highlight any words
thar. are misspelled.

In other words. [ can “edit’ the manusenpt right on
the screen by giving the woid processor the poper in-
structions.

Whatever I do leaves no marls. When I am floished,
the manuscript on the television screen losks fresh and
clean.

1 can then (if I wash) have all the pages ) have written
printed avtomatic:lly on paper just as though they were
being typewritien, except that the typewriting is done
feur times as fast as [ can possibly tvpe What's more, it
lakes place without any ¢110rs, prinided that | have 1ot
carelessly lef any ewors an the television screes.

ISAAC ASIMOV AT HIS WORD PROCESSOR
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The programmmg for such an openition is on a thuy
plastic disc dhat looks like: a smail phanograph record
that s flexble and can bend It is usuvally cilled a
“Joppy dis:.” All the werds on the screen ae recuided
on the floppy dis¢. Oneof oy Mobpy discs will liold 125
tvpewtitten bages, or feur boeks Gw s of this ome,

If £ dont want 0 take the truvble 10 hine my man-
uscribit punterd out, 1 am send the fuppy discs there-
sehes © the publisher and. if he has the eduipment,
he cn havwe 1 appear on his television screen amd do
further editmg. Or he can have it printed in bouk korin
clinechly

Someday svon, every home may be comiected to re
msle cu nputers thi contain many kinds ol day-to-day
ndormation,

It will then be pessible, by punching the proper di-
rections into a kevhoard in dwur living room, to find ot
wiit the nwather s gang %o be bke tomomron, or what
the Latest news headhnes: are, o bow the stock market
is domg. or whai: the hasehall seonss are, or wlud the
basguns tor the da¥ are al the supermarket or depart
ment sloce, and 0 on.

In fact. Al the infoimation m all the libzaries in the
warld roght be placed mto compusters:, so that by ask-
ing the right uestions vou can get any mforinution vou
need. You could get lists «f booke on uny subjects Yeu
oould anunge to bave the 1as of amy paricnlsr book
displayved. You coul have the computer show »ou ary
paragraphs in that book that deal with a partieular sub-

Ject. You could have uny matedial pikd oul that you
ruight want to keep for a while.

When this happens, a computer besomes a “teaching
mactine” Aiyone, whethera duld or a @mvi-up can

e

begin © educte himsedf or herselfby asking the com-
puter the nght questions, and learmng whal is dis-
plaved by it

Thinklng of all this, we must ask ourthes whether
the tme will evir sonwe when computers brcanne
‘smarter” than human bemgy. Will they' someday he
ubie to do anything a human being can do, and mere,
too? Will they actualh: riplace human beings?

Perhaps nat.

The human baain is mads: up of abont 10,000.000,980
seurons” (NYO®.ronz) or “nunve cells, "eacl: of which
it csnnested with many others

No computer has that many compenents as vet. and
ewen (fit bad, the ncuron & not jus: a sswatch. the wav a
nasistor g: or a simple uathway, as a cinult is Each
neuron is trade up of many billions of curuplicate:d mol-
ecules, so L&t even a sing)> ncuron s moee comph-
cicd than any cotupnter we have yvt buile-

There aze suine: things a computer can already do far
Ixdter than the human bmin can. Evtn Holeriths
pundi<urd ruachine. a hundrid vears agn «vuld do
certain arjthmegcal tasks fu* more quickly than human
beains ovuld, sud with fer less chance of errox

llowever. humm brains possess such things as intul
tikm, insight, imagjmution, fantasy, adid geativily: which
computers don't yet e, What's more. we dont know
Lew to pru@am somputers bur such things hecmse we
dont undurswend the way in which we ourselves pos*
sex and make use of such talints

For example. when [ waite astory: [ write as fast as [
au and put one wind after anotlu-r in just &z right
onder until £ am finished

Bul hew can I tella cooputer o do it? Even of 1 put
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a whole dictiomasy of words into its mcmory, how can 1
tell it what wuid %o put lest, and what sesond. and
what: thind? How can | expiiin to it how to cheose the
order of words su that it can write a brsnd-new story,
just the way 1 do it, when | dont kmow how 1 do it?

Perhaps some day, we will leary how to progan a
computer to do this, but it will verv ikely be such «
complicated pregram and so enorinous a task that there
would b no serse i trying to design a computer of
that sort Huwan beings could do it so much nore
easily theamselves.

Instead we will ¢nd up having twe varicties of intel-
hi@ence: cemputer and huinan. Each will do the tasks it
is st ate and the two will cesperate. In cooperatior
they will lx: able to do Fir more than either type of
intelligence would be able to do alone,

Think of what ldnd of future we might have: what
wonderful tasks computers and human beings might ac
complish in cooperation.

1he day might ceme when hwinan beings will look
back with horror to the days before they had computers
as fmends and helpess in the task of solving the prob-
lems of the universe.

And i by then, computers can think wel enough,
they will be thanldul. ten. thut human beings e:xist to
do the inarvellous guessing and imnagining that they
themsehes cannot do.



