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THE DW:K!,Op!<£B;IIT ap DIGI TAL GO!qPUT:m$

tt Flow?A "Wry? u These questions have probably given

aiore spark and continued vitality to the growth of civil£--

zation th&H any ot iIIOF iIRpetus , An UWe to LInda?stand tlbG

"bows" and the "wklys" of the wor:Ld has caused men to can

8tantly s©6k: and :find answers to their question8, Inventions
have been created for their needs ; and eourrbless new products

and di$coveries have apDe area, i{cti ways to control the

forces of nature have been <!!SeQV©Fed +

During the dawn of civilization, each !nan 1lad to use

his o\gn imagination and knowledge in order to produce bjg

few convenIences, Probably centurIes pa8sed before som©one’ s

insi8Ilt :Led to a bow and arrow for hunting, Only after years

was it perfected, A:LI the inventions, <!i6coveries, and in--

sid,ts have been aGelmu:Latea over the centuries into a src at
storehouse of knowledge which inan presently uses to stimulate

tria tIan:kang and better !:a8 liv£n§,

\fIt:h t:he growth of the :fwId of availat):to knowledge,

the rate of progress has been inoreasin4s at an &8tonlskling

pace, For example, the airplane 1las progresg©d :from the

II&zardOu8 mono- ii:Lanes to the pre8©r,b modern j©t8 witlIIn

only fifty years, But; }lo’w lon8 }rave men been dreaming of

sustained flight? Perhaps sirIoe the :first man saw the first

bird in flight, Greek mythology includes a story in whIch

men attenIF,ted to :[::Ly by usinG lay be trInBS attached to their
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arms. Leonardo da VincI made plano for a machine that was

supposed to fly, But da YIIIci to plans were too far advanced

for the state of knowledge and techniques of putting ideas

into useful products. ManI s imagination bag aZwayg been

several steps ahead of his teclurology,

The rapidity of the present rate of invention, improve-

ment and development is astounding,--almost as astounding as

some of the products which are being created, The most proIn-

laIng too:La recently developed are those used for processing

the complex data of business, science, and other fIelds,

The development of these machines is the result of rese&pdb

programs whIch utillae the know:Ledge wtllc:b has been accumu-

latin(s over the centuries.

:Early in the <ievelopznent of civiIIzation, communIcation

was a great problem of men trying to gather together in

groups, Sounds, movements, and signs--symbols representing

ideas'--were needed in order to }>aas on ideas and discoveries,

and to convey their knowledge to their children, Language

and written symbols came from refinements of these crude

beginrrin8s; and men were effect,:Lve:Ly ab:Le to coHrmunicate

with each other and to penaanen-t:Ly record their ideas.

!PEarl b e8an se&relrln8 :for means of expre3Bln8 Irimoe:I:f

soon after he b'as able to satisfy his basic needs for shelter

and food, The first Hwrittent1 expressions were probably

the plot,ure symbols used to decorate the walls of his cave,

NatbUT al objects such as the sun and the moon were first and
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:frequent symbols in prImitIve art,

Man soon wanted to express !’how many"--:how many fish

he had caught, how many children he had, and so forth.

Terms such as tlorleft , Hsevera:LU , and ttzlanyH appeared wIth his
wb3er8tanding of the basIc concepts of quantity. He began

to draw- pictures to represent quanblties, and soon one type

of picture was taken to represent, five or ten or any other

8peci:£Tic quantity. Thus numbers were born, Here man began

to thi IA: about exact quantities as abstract ideas, and the

number :Language became a method :for accurately counting and

xleasur:Ing ,

A:Lt trough many different :LanGuages are used in various

parts of the world, there is one universal language...- the

1311,SIlage of numI>era, if I see a number, I can lame cij.ately-

recognize a definite quantity. There is no room for mIs--

interpr©tation..-.it; means tItle same to me as it meant to
da VincI or Ga:Li:Leo,

But men of in€entaty and imagination could not be sat--

is:fled with just countIng, ?hey looked for and found means

to manipulate and apply numbers. These methods became j.m-

portant tools for exploring, measuring, and defining so,a© of
the mysteries of the world, The8e tool8--mathematics–-have

grown and divided into many specialized branches of know:Ledge

such as algebra, trigonometry, calculus, ella statistics,

Several of these branches are described in the following
paragraphs ,

pH'x
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pn\. Ar3,tLraretlc beGan as a spoken :Lan8uage and :Later deve:L.-

opec! Into a written systez! of notation for counting and

measuring, As Improvements such as multiplication and div-

islon h’are devised, arithmetic provided a very useful aealod

for nanipu=Lat:ing: quantities ,

Geometry includes some of inan18 earliest discoveries

about the physical relationships around him. 11The historIcal

origin of Geometry, which goes back to the EgyptIans, sup-'.

p:Lies one of the many instances in which intellectual dis-

coveries :have grown from material needs, The annual f:too(is

of the Hi:Le w:blah fertIlized the soil of Egypt brought trouble

to landowners : the 'oorderlirIes of their estates \gere dee-broyed

every year and had to be reEstablished by ne ang of geometrical

measureaxents. The geograph lea:L and social conditIons of

theIr country, therefore, compelled the Egyptians to Invent

the art of s!.irveyizrg,A(1)'k Geoaetrical relationships aalong

triangles and other figures :Led to tremendous <!eve:Lo;)meilt6

in construction, art, arla architecture.

Trigonometry is the study of the :Law6 governing the

relationships between the sides and angles of a trIangle

It began wIth the study of the right triangle by Pythagoras,

and was later extended to a variety of triangles. With a

kno lg:Ledge of trigonometry, surveyor8 can determine the

heights and distances of inaccessible objects, and navigators

n
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P-+\ can determine their :Location at sea,

Algebra is a technique wIde:b uses special symbols as

ve:LI as numbers in ropresentlng quantIties. Formulas or

equations are used to express ’bb© relationship8 8iRon3 quan-

titles. Algebraic laws were devised and govern the use of

these symbol8 and equations so that they wIll yield meaning-

fu:L answers to a great number of problems.

Calculus waD (levlsed to handle many of the comp:Lex

prob:Lelns that cannot conveniently be manIpulated by algebraic

techniques, Essentially, calcu:Lu8 is concerned with study-

ing the effect that a change in one variable has on other

varl ab:Les of an equatIon, Calculus is used to help answer

questIons about rates and curved rnot;lon such as the :f:Light

of a projectile. "M&ny major contributIons to the basic

prIncIples of business machines have been made by calculus

whose techniques can now be handled by the very machines

they helped to make possible, H (2)

The science of statistics applies mathematical tech-

nlques to a serIes of sini:tar event;8 in which there may be

a trend or a t’general eonclusionn , but in whIch all events

will not be exactly the same. Data concerning the popular-

ity of a TV program, or average height of a group of people

may be collected and analyzed statIstically, Although I do

not have access to the reference, I understand that President--

elect Kennedy used st&tjgtieg concerning the attitudes of

dIfferent sections of the country; and tkre8e a:Long with
other pertinent data were carefully analyzed with the aid

/H'\
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Hq\ of a d181tal computer, and proved to be very beneficIal in

his caaIpaIgn.

Logic is a relatively recent 8.pplicati'oII of mathematics.

Logic is concerned tf:Ltll e:@ressing both quaIItative and Quan-.

titativ© ideas in !rath.ein3.t,ica:L :form, i:'!athemat:les techniques

may be appIIed to :LogIcal expressions to produce methods for
discovering truth, Oomplex symbolic logic is used in the

desIgn of digItal eolnputers. In this nranner, electronic
elements can be combined to perform very complicated operations,

The fIrst device invented for aiding in working with

numbers was the ak>acus, whIch appeared more than 5,000 years

ago, At the beginning of the 17th century John Napier deve:L--

ojled a system of numberIng rods as an aId to multipIIcation,
known as NapIer' g 11bonestt , He also invented logarithIlls whlck1

led to the invention of the slide rule almost irwediately.

A Frenchlnan, Blaise :P&6ca:L, built the :first mecha.Ideal

computer in 1642, it consisted of wheels with numbers around

than, and it worked 6lm11ar:Ly to the modern revolution cowlt-
er. Lelbnitz improved his ca:Lou:Lator by adding a sy8tlem :for

multIplying numbers by suceess Iva additions, Burkhar<lt in

Germany, OdIlner in Sweden, and Burroughs in the United States

were three important developers of mechanical oa::Lcu:Lators. '

These machines, however, were not direct forerunners

of the digItal conFuber. The human operator was nee(lea to

supply them with :figures, work the naehiner?y, and to record

the result of each gtep before goIng on to the next one.

/n\
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+n\ Charles Babbage ) a Cant>ridge matheIRaticlan } was the

:first to atfart a :Lar§© computer based on the principles of

nodera coilIT,utere,, His plans for 'b:tIe .AnalytIcal Engine ca:I:Led

for a system of sequential control over the aritllactic
operations :It was to perform. I:t was to be sequenced by

the use of punched carca8, His conception was never but:Lt

due to financial di f:fi GUltl eE and the limi buttons of the

mec:hanica:L engineering of the bluie,

Dr, Herman }io:Ll©PItf!! patented the }{olZ©ri-th barlobed

card in :L889, whIch is an example of the present application
of pIxnet,ea card8 , His eQui=went became the basis for the

organization of the :rlternatiorr&:L Bt18:tness i'it aCtrl_IIes Corp

oration in 19:LI,

Dr, Howard AIken of H&rv arcit described a m&ehine using

Babbage’s sequeldial control.. princIple in the 1930’s. It

was called the Autol!!able Sequence Control:Lea Ca:Lou:Lator and

u3e<! electromagnetic re:Lay8 ; it used paper tape for ae%lance

control, it, Igas cogip:Lobed in 1944 by Hal*yard University
and :[:BEd and is still in use,

The development of electronic conrputers since 1945 had

been nothing less than fantastic, A compre'tlensive coverage

of the fIle:La is beyond the scope of this paper, A few of
the fun(innerltal asE,©C€B and some of the BOre £!Tberesting

applications will be covered,

nPr<)gr&ming a p?oblea! for solution on a digital com.-

puber is basically a process of translating :from the :Language

convenient to hwnan bellUS to t:he language corivan tent to the

/--\
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/P--\ computer. The :Language of the problems to be solved is
mathematIcs or English statements of decision8 to be made;

the language of the computer is simple arithmetIc and elenez!-

t&ry choices, expre$sea in coded nuneriea:L fana, By and

:Large, lqe are at present required to present prob:Lena to
the computer in its language. H ( 3)

Digital computers are usually comprised of elements

which perform five distinct functIons. These are: Input,

memory, control, arIthmetic, and output,

INPUT. Data can be entered into digital computers in

t:ire :foI% of letters, rluIabers, and syzlbo:Ls. input can can--

sist; of punetled cards, pwlckrea paper tapes, magnetic tapes,

or keyboards and switches. Most computers use a coxlbirration

of several types of input.
3M'!0RY, The memory or storage element of a digital

can!)ut;er is the nerve center of the machine, All data !!lust

pass t:krrough it, A:L:L numbers have to be in memory before any

arithnetio inanipulation8 can be carried ou@, All instructions
must be gtored in memory before they can be used in the con-

l;ro:L sectIon, The speed of arithmetIc operations is large:Ly

dependent upon tItle access time-'-.•the time required to obtain

data from memory and transfer it to other units of the 8yst;en,

C(>!€VROL, :The control section of a computer interprets
or deco<lea the instructIons stored in memory and sends con-

bro:L aig:na:Ls to other e:Leigents telling them what to do . The

control section can m&ke certain logical decisions wtacE1 are

/--\
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based on IntermedIate results. For instance, if a ca:Lau--

:L&tion is being made to a certain percentage error, or to
a particular number of decimal places, the can i)ut;er will

determine when the specified accuracy has been attaIned,

and then go on to perfoxq& Its other calculations,

ARiTH(mla XLE14Xi\=T. The arithmetic element performs

the actual calculatIons in a dIgItal computer, Dlgltal
computers can add1 8ubt,ract, multiply, and divide, thereby

perforwing any oonp:Lex calculation, since complex calculations

are a:tvr&y$ made up of these basic operations.

OUTPUT. After Its calculations :have been performed,

the digItal computer storea t:he regujts in memory or writes

t:hem out directly, The resu:Lta may be punched into cards,

recorded on magnetIc tape, or prInted out on paper, Printers

are so muc:b s:Lo'aer than computers that results are usually
printed a :Line at a time,

Computer nemor:Les m trot be capable of storing bInary

digIts, either a 1 or a 0, Certain magnetic devices are

easily adapted to these requirements, These include tapes1

drums, dIsks, cores, ferrite plates, twIst)ers, and thin

fllnls, I<lost modern digItal computers make use of one or

more of these magnetic storage devices, Presently, of
random-acee8s computer uanories, t:he most wIdely-used are

me:no:ties in a de o:f :f epr£t)e coPes vIlle!! are driven by tran8i g--

tors. They have storage capacitIes which vary between i04
and IOO bIts and their cycle access time is in the order of
:LO microseconds . Some of the :Later mernori es have access

n\
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/Pn\
times of around 2 m:leroseeozIda. Perrite plate and tw lator

memories are now beinG used conunercial:Ly; they have capaci:bles

of about 105 bits and cycle times of 3 to 5 microseconds.

In the past :five years, the use of the gupercondue’tive

effect at very :Low temperatures has been developed for eon--.

put;er colaponents. In this time, extensIve work has produced

superconduct,ive and cryoelectrlc tecbdliques which have be-

come promInent for cornputer :Logic and memory realizations.

Logic Eating by cryo-trolls is based on the control that a

magnetic field has over the transition from superconductive

to the norvna:L state. Memory cells are obtained through the

use of persistent supereonductive currents or trapped flux,
By inducIng a current into a closed ring of zero resi8l:lance,

It is possible to store either a positIve or negatIve eur-

rent; or to have an element in which there either is, or is
not, a current flowing. The outlook :for sui>erconductive

memory elements is good. Elements are small enough that
&

J

they can be packed at least :LOO to tilel centimeter. Vacuum

evaporation proeegges promise effective teehniqueg :for

fabricatIon. 'IRe6ults of efforts to implement memory poten--

tlalitie$ have been reported in three areas: :L) greater

understanding of t:he supereonduct,ive phenomena, particularly

with regard to the transition between superconduct;ive and

noImal states ; 2) exp eriERents with single and a few meElory

cells, demonstrating that al:L required properties for mom-

ory systems can be obtained and that the switching tilaeg can

IP-\

/A'\



M 1 1 m

in\ be very short; and 3) 8ug€,est tons on methods to make zleax-.

ory 8ysteins. No fundamental <31fficultie8 have been :fourId,

The prob:Len! seems to be chiefly one of technology, :I {lO}

Row uses for digital computers are appearing daily.
Besides the usual ;’ scientifIleft and ”business” uses , there

are many gpecia:Liz©d app:Lieut:Ions. Computoy8 klave been used

extensive:Ly to solve diffIcult mathematical prob:Lens which

would take months or years of routIne calculations norma:L::Ly,

I::hey have been program,led to play 8anes such as bridge,

checkers , and chess wIt+b mnaz=tag dexterity, <;onsi8'erat:Le

research is being conducted in the field of “ artificial

intelligence” . Computers are beIng used to develop theory

and meotranizations to produce sc:Lf--organizing machines,

A few of the Fao:re recent and interesting, applications

of digital conFuters are covered below. :'£any of these

applications prom IIne to show 8bron§ development in a v©ry

short time,

A:Lttroug tI they &re usually used in more precisely stated

areas, computers ara being used in literature and the arts,

They are used in teact:ring, :for lnstance. " . . . the computer

directs t:he dIsplay of :Ln8truetiona:[ glaterla:L from slide
pPO j ect;ops and deter’iElines sequences of diagnostic Questions,

TIle stIr(ie£lt; can indicate answer8 by means of typewriter

input, azrcl ty£e computer, in turn, can be:LI the student how

correctly questions are answered. it is clear that teacl:ang

maC:h:Lll©B will come Into greater use; the digItal computer is

obviously we:L:L suited to thi8 application. ii (:L:L) They have

/-n-.,.
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In\ been used in scheduling classes at :Purdue UnIversity. Con-

put;ers iIlay some day be used in teaching ”rea<!in’ , trlt int ,

and ’ rit}unetielt . Computer progr&Ins have been prepared to

correct spel:LIne errors. Flight simulators have been used

for some time, most:Ly controlled by ana:Log colnputers. But

digital_ computers are more flexible in the airplane mode:Ls

that may be simulated wIth one conput:;er, They have been

used :E:acetiougly to play tunes by ampIIfying some of the

internal signals. They can analyze a musIcal score and

write orIginal compositions,
I

DigItal computers are used extensively in business and

government, The :President could use a computer in the face

of war to help him analyze the pertinent data :In making his

decisIon, Election forecastIng is possible and may develop

to the point, that results in the East may a:ff ect the election
outcome on the 'IleSt coast due to' the tIme differential.

/, f
dr/t

ThisMis easily foreseeable in the not too distant :future,
Many businesses use computers in their payro:L:L calculations,

but few, as yet, have reached the point of depending upon

the computer for salary recommendations in an or8anizatlon.
r

TIlie appears to the author to be a sensible application,
cr)

yet gne which might cause more turmoil than good. Too ,

there are certain qualitIes whIch at present are hard to
judge other than subjectively, Personality certainly cannot

be ruled out a8 a factor in wage determination, 1

Computers are used in many "on-line" applications in

wh_ielr they are tied directly to an actIvity and perform

/'n\
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fn\ work relating to demands occurring in rea:L-tlnle. The SAG:E

System was an early on-line application of digital computers,

They are used for intelIIgence, attack warning, data process-

ing and in the control and congland of operations of the ini:I--

!tary, Machines controlled by computers for machine tooIIng
arebecoming rather common. A dig:Ital computer is used in
Russia to control trains ,

Digital computers are used by the Air Force for obtain-
Ing data from trackIng statIons and process:Ing it in real.--

time during space probe shots, Data are processed and the
current, orbit and corrections for time and distances are

transmitted to stations wtC,ch cannot establish contact with
the vehicle due to krorizon limitatIons, These data are also

used to fIre retro--rockets and to put a vehIcle Into Its

proposed orbIt .

H Although nasL:Ly in the experimental stage at this time,

t:he compression of Fr,man speech by digital techniques is a

new and important application, The process is essentially

one of performing an analog-.to-di81tal conversion of recorded

speech sounds. Since the inforvn&tion content. in human speech

Is low compared to the nominal :In:fornation rate implied by

the bandwidth used in human speech to produce the sounds, it
is theoretically possible to compress the bandwidth through

diGital encoding, FoI:Lowin8 this compression, the resulting

d:131 ta:L sIgnal is sent over a :Less expensive communications

faciIIty, that is , one which handles the lower bandwidth,

The signals are then reconstructed at the receiving end :for

I
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rn\ the fownat; ton of an analog speech pattern which can be reco8-

razed by the human ear. ” (:L:L) '

DIgital computers are widely utilized to ameliorate

traffic control problems. The mode of operation of traffic
control slgna:La can ge changed :from tIme to time, depending

upon the current requirements of the 8igna:Ls due to the
traffic demands ,

Language translation by the use of dIgital coInpute:Pa

is an application which shows promise of being developed.

The Fre8ent problems in this field seem to be largely those

of cost, "First.-rate professional trang:Lat:Lon by human be-

ings can be bought at about 1.1# per word. Merely to key-

punch input for computer trans:L&t:lon costs about 2, 3 / per

word. Thus, it is probable that machine translation can

begin to zlatch costs of human translation only with the

development of a successful print reader, Such mack&nes

are WIder development by a number of companies . t' ( :Ll} There

is a good market :for translatIon of Russian technical mater-

la1 and this should provide good demand for :future cost

reduction of trans:Lati ona:L techniques ,

Round-the-clock process control is possible with com.--

p\lters. The first process to be contro:LIed by a digital
computer on a :Large scale \Jas oII refIning , hunan operators

are not completely eliminated; in the event of a non-correct--

ab:Le of:f--scale reading, an a layin is sounded and infomE8.tion

is printed out, on a typewriter,
One of the rnost proIntsing applicatIons of the future

n\
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/'n\ Is in the fIeld of medicine. 11 X-gibb the use of coIn;,u-bers

several !=athematica:L techniques can be applied to aid certain

aspects of medIcal diagnoeis, However, much work remains to

be accomplished in trying these methods under practical
dltions , Although wide interest has been expres8ed, few

studies have been reported in the literature, Among the

con

potential advantages of computer aids are: makIng available
to the physicIan quantItatIve methods in areas related to
data analysis and differential diagnosis; assistIng in the

evaluation of the best alternatIve cour8es of action during

stages of the <!ai§n06tic testIng proeesses ; and periodic

record:Ing and evaluating of individual pllyslologic norms

for more sensitive determination of an irtdiviciu&11 s health

trend relative to disease prevention. Communication between

the physician or researcher and the computer is presently

techn:lea:L:Ly feasible but much research and planning are

still required for realistic application’,’ (7)

$everal t,bought-'provokIng Implications may be drawn

from this study+ They are related princIpally to the

possibIIIties that man--made automata may eventually attain
the complexity requIred to cauae human beings to let the

nmaehines rule the eartht’ , At present, the man-machIne

system is being replaced by machine-machine sy8tem3 in alore

than a few Instances. The use of computers is reaching

higher levels in Its applications to intelligence, data

proceasing, and the command of troop6, it 8eem8 to be a

rather far--fete:bed idea to think that man would let bilrls©lf

+n\
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in\ be ruled by a machIne. But is :It? it is happening to a

greater extent every day: The &larwing thought is that the

digital computer is essentially only fifteen years old and

the field is growing at an unimaginable rate. With only a
little imaginative forethought, another fifteen years ean

be seen by thIs author to bring about a situation in whIch,

whether he will admIt it or not;, nan will be very nearly a
slave to hIs own machines.

<

,n\



References

( 1) Reiclrenbach, Hans: The RIse of Scientific FN\losophy,

iJnivergjty of California Press , Berkeley and Log

Angeles, 1959.

InternatIonal BusIness Machines Corp. : Ifo Tld of
Numbers, 1958

McCracken, D, D. : Di§ita:L Con!}>uber F€o§rammln8, John

Wiley & Song, Inc. , New York, :L957

Bartee, Thomas C . i :Digital Computer Pvn€iqaenta:Ls,

£'!eGraw-Ell:L Book Company, Inc, , 1960.

lva11, T. E. : Electronic Computers, Philosophical

:Library, New York, 1956,

Ryder, John D. : E.nglneerlng; Elecb€onlc6, McGraw-- IIi:LI

Book Company, inc. , NeII York, 1957.

Lea:Ley, R, S. and Lusted, L, B . : The Use of :E:Lectronle

eomputers to Aid in Medical DiagnosIs, :Proceedings

of the IEE, vol, 47, pp, 197 C)-77, Novwber, 1959,

Hinsky, Marvin: Steps Towa:la ArtIfIcial :Intelligence,

Proceed:in$8 of the IRE, vol, 49, pp. 8P3>, January, 1961,

HawkIns, J. K. : Self-Organizing Systwrs--A Review and

Commentary , vol. 49, pp, 31--48, January , 1961.

Ra jehman, Jan A, : Computer MemorIes: A Survey of the

State-of-the-Art,, Froceedin§F of th? IEE, vol, 49,

pp. 104-127, January, 196:L.

Bauer, W. F, i €:}erlou8h, D. L, ; and Grantrolz!, J , if, :

Advanced Computer Applications , Proce€dln eg of thq

IRE, vol. 49, pp. 296.-'.304, January, :1961.

(2)

( 3)

( 4)

( 5)

(6)

(7)

( 8)

( 9)

( 10)

in\ ( 11 )


