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Introduction 

A compelling urge to understand 
the "how" and the "why" of the 
world has given a spark and a con· 
tinued vitality to the growth of civi
l ization. Men have constantly sought 
and found answers to their ques
tions. They have created inventions 
for their needs. Their ingenuhy has 
led to better and better ways to har
ness the forces of nature and has 
produced an endless list of new prod
ucts and discoveries. 

In the early days of civilization. 
each man had to depend upon his 
own imagination and intelligence to 
devise his few conveniences. Perhaps 
cen turies went by before some 8ash 
of insight led to a crude bow and 
arrow for hunting. Many more years 
of trial and error probably elapsed 
before this invention was perfected. 
But answers, new inventions. discov· 
cries and insights gradually were ac
cumulated to create a gigantic fund 
of knowledge which every man could 
use to stimulate his thinking and to 
enrich his living. 

As the storehouse of knowledge 
and understanding has grown. the 
rate of progress has increased tre
mendously. For example, airplanes 

have been improved from hazardous 
mono-planes to sleek. multi-engined 
jets within the last fifty years. Yet, 
men h ave dreamed of susta ined 
flight since the birds first gave them 
the idea. This desire appeared as 
early as a story in Greek. mythology 
in which Icarus and Daedalus tried 
to fly using large wings attached to 
their arms. Hundreds of years later, 
Leonardo da Vinci drew brilliant 
plans for a "flying machine." But 
the fulfillment of the dream had to 
wait until the 20th century. It had to 
wait until the k.nowledge and tech· 
niques for translating ideas into use· 
ful products could catch up wiLh 
men's imagination. 

Today - scientists, engineers, and 
businessmen are inventing, develo~ 
mg, and improving a myriad of new 
products and conveniences with 
amazing rapidity. To th~ men, the 
most promising tools among the 
technical developments of recent 
times are machine methods fOT p~ 
cessing the complex data on which 
business and science depend. But 
data processing machines did not 
"just happen." Their development 
has been the result of an intensive. 

n ever-ending research program 
which has utilized knowledge accu
mulated over the centuries. 

At the beginning of civilization, 
communication was one· of the first 
problems of the men trying to band 
together into groups. Sounds, ges
tures, pictures. and signs - symbols 
which represented an idea- became 
essential for men to convey their 
thoughts and discoveries and to pass 
on k.nowledge to their children. As 
verbal symbols were refined and im
proved, the resulting language grew 
to become an effective method for 
speaking. Later, written symbols be
gan to develop into a large vocabu
lary for permanently recording ideas. 

Before long. men found a need to 
express many of their ideas more ac
wrately. Rather than say a rod was 
"big," they wanted to say "how big." 
Rather than say another village was 
a long distance away. they wanted to 
say "how far," So special written 
symbols - numbers - were devised to 
represent length. size. and quantity. 
As these numbers were applied to 
more and more ideas and situations, 
men began to think. with new pre
cision. Thus. mathematical ideas be-

gan to grow - ideas which have made 
a tremendous contribution to every 
branch of human knowledge. 

Today, many languages are used in 
various parts of the world. Special
ized vocabularies are required in cer
tain industries and professions, But 
in the endless applications of math
ematics there is one universal lan
guage- the language of numbers. 

When you see the numbers 21. 
515.0T 1099, you can recognize a def
inite quantity immediately. There is 
no room for misinterpretation. They 
mean the same thing to you as they 
meant to Galileo and to Sir Isaac 
Newton. When you add. subtract. 
multiply. or divide numbers, you 
perform the same operations and get 
the same answers as other people ob
tain in all countries of the world. 

From the brief story of numbers 
which follows, we shall see: where 
and when the numerical symbols we 
use today were invented and how 
they were improved to reach their 
present usefulness. Th~ symbols 
and the rules of mathematics for 
handling them have given reality to 
a machine age, then an electronic 
and atomic age - now. a space age, 



The Story of Numbers 

As soon as primitive man was able to 
satisfy his basic needs for shelter and 
food, he started searching for ways 
to express himself. His firs t "written" 
expressions were probably the pic
ture symbols he used to decorate .the 
rock walls of his cave. Initially. these 
were crude imitations of the objects 
he found in nature. Symbols (or the 
sun and moon were frequently used 
in primitive art. 

Soon, however, he made an attempt 
to express "how many": how many 
animals he had killed in a hunt; how 
many children belonged to his fam
ily. During earliest limes man even t
ually grew to understand elementa l 
concepts of quantity. He used the 
lerms "one," "several ," and ·'many." 
The next big step forward was when 
he began to draw pictures on tbe 
walls of his cave in order to represent 

quantity: one picture s tood fo r one 
animal, "two" animals were symbol
ized by two pictures. But as he con· 
tinued to apply the budding genius 
of his reasoning mind, the thought 
of using a special symbol or notation 
to represent a quantity occurred to 

him. This mark.ed a tremendous leap 
in his imagination fo r it enabled 
him to think about an exact quan· 
ti ty as an abstTact idea. For examp le, 
he no longer had to spend the time 
and effort to draw 6ve pictures in 
order to represent 6ve animals. He 
began to use a special symbol to rep
resent the q uantity "6ve" - a num
ber which could be applied to other 
objects and compared to other quan
tities. Thus, a "number language" 
grew to become an accurate and con
venient method fo r counting and 
measuring. 

At fint, man counted on his 60-
gers. Then he tried crude but effec
tive methods of notation to record 
quantities: scratches on stones, or 
notches in sticks. 

" ,:if 
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As civiliza tion grew more complex 
and commerce advanced beyond sim
ple bartering, a systematic scheme o[ 
numbers became necessary. By the 
time o[ the first dynasty in EgyPt, as 

early as 3400 B.C.. simple hiero
glyphic forms [or the units and tens 
of a decimal system bad been devel
oped. They were not only used for 
more complex business transactions. 
but also were applied to architecture 
and astronomy. 

OU,~[@ 

Only a few hundred miles away, 
another system for representing num
bers was developed in the Babylon of 
Nebuchadnezzar. Damp day tablets 
were engraved with wedge-shaped 
(cuneiform) symbols. Since the tab
lets were carefully baked and hard-



ened in the sun, we can still study 
these symbols fifty cemuries later. 

On the other side of Asia. the Chi
nese culture of 2800 B.C. devised an 
advanced decimal system. The Chi
nese could count in high numbers, 
record lime and measure angles. -. :n 
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Near the shores of the Mediter· 
ranean, other number systems were 
being devised. The ancienl Creeks 
developed an alphabet and used cer
lain characters as numerals. 

The Hebrews also applied their 
alphabet to units, tens, and hundreds. 

The Romans took letters to repre
sent sums &om units to thousands 
and even devised a primitive subtrac· 
tion principle ("40" was "50" minus 
"10"). The use of Roman numerals 
continued for centuries. 

MLV 

Our own numbers - the so-called 
Arabic numerals - are probably of 
Hindu derivation as well as Arabic. 
Scholars have traced the resemblance 
back. to Sanskrit characters ... and to 
tenth century Eastern Arabic. 

I t has been the art of recording 
quantities, beginning with the crude 
scratches of the cavemen, that has 
helped civilization to grow through 

the ages. Numerals had to come first 
before man could invent the ingeni
ous methods for handling and ma
nipulating numbers which we caB 
mathematics ... in order to build 
temples and churches, to construct 
roads and ships, to draw maps and to 
develop commerce, to fire the spark. 
of invention and scientific discovery, 
and to extend man's knowledge be
yond the boundaries of his own 
planet. Were it not for numbers and 
the branches of mathematics which 
they have encouraged, the world as 
we know it today could not exist in 
this, the 20th Century. 

MMM 



Arithmetic 
In the beginning there were numbers. 

Arithmetic began as a spoken lan
guage and later developed into a 
WTitten system of DOlation for count
ing and measuring. As improvements 
such as multiplication and division 
were devised. arithmetic provided an 
extremely useful method (or manip
ulating quantities. 

Although our modem number sys
tem is very similar to that used by 
our ancestors, ari lhmetic still makes 
a vital contribution (0 daily living. 
A grocer adds up YOUT bill, a bus 
driver makes change for you, you 
keep score of an athletic game or a 
bridge game. and budget your money 
- all these things and many others 
would be impossible without a 
knowledge of arithmetic. 

In addition to its direct usefulness, 
arithmetic has also stimulated ideas 
which have gone far beyond simple 
counting-the ideas of mathematics. 
After we consider some of the in· 
ventions and physical sciences which 
it has vitalized and advanced, it will 
be evident how justly mathematics is 
called "Queen of the Sciences." 

Geometry 
Th~ Toad to d~sign is pav~d with PT~
cis~ lin~s. 

Geometry includes some of man 's 
earliest discoveries about the physi
cal relationships around him. It is 
concerned with the study and meas
urement of the shapes and sizes of 
things. Geometry seeks relationships 
and laws which govern figures and 
their parts. 

Geometrical discoveries, such as 
the relationships among triangles 
and other common figures, led to a 
tremendous growth of architecture, 
construction, and art. Gothic archi
tecture is based on the triangle. The 
dome and the arch are products of 
geometric knowledge. 

Trigonometry 
A hypot~lIus~ is ;udg~d by the sides 
it keeps. 

Trigonometry is the science for in· 
vestigating the laws governing rela
tionships between the angles and 
sides of a triangle. 

This branch of mathematics de
veloped {rom first examining the 
properties of a right triangle in 
which such re1ationships are appar
ent In a right triangle-one with a 
90° angle-the "sine" of an angle is 
defined as the ratio of the length of 
the side opposite the angle, to the 
length of the hypotenuse (the long
est side of the triangle). This ratio is 
a numerical value which is the same 
for a given angle. no matter how 
large the triangle may be. If the size 
of one angle and the length of ODe 
side are known, the length of an un
lDOwn side can be found withou t ac
tual measurement. I t can easily be 
calculated by referring to tables of 
sine values. 

Later, the science of trigonometry 
was extended to a variety of triangles 
and the resulting principles were ap
p lied to many problems. With a 
knowledge of trigonometry, survey· 
ors can determine the heights and 
distances of inaccessible objects such 
as moun tains and landmarks. navi
gators can determine their location 
at sea, and engineers can improve the 
accuracy of their construction. 



Algebra 
GT~at equations fTom man)' situa
tions grow. 

Algebra is a technique which uses 
special symbols as well as numbers to 
represent quantities. The relation
ships among quantities may be ex
pressed by shorthand methods called 
equations or formul as. Algebraic 
laws were devised which govern the 
manipulation of these symbols and 
equations so that they will yield 
meaningful answers to a gTeal vari
ety of problems. 

For example, algebra may be ap
plied to the following problem: A 
plane has a ground speed of 330 
miles per hour. Due to headwinds, a 
2600 mile trip from San Francisco to 
New York. took. 10 bOUTS. How fast 
were the headwinds blowing? 

We may state the logical relation
ships of this situation in terms of the 
variables involved: The distance 
traveled (d) equals the rate o( tra
vel (r) mult;pl;ed by the time o( 
travel (t). Or in algebra ic terms: 
d = rt. ]n this problem dealing with 
two rates of speed, we know that the 
effective speed of the plane wiJI be 
reduced by the headwinds. 1£ we let 
r represen t the speed of the plane 
and w represent the speed of the 
headwinds, then the effective speed 
of the plane may be: reprcscnted by 
(r-w). By substituting the numerical 
values in the equation, we find: 

2600 = (330 -w) 10 
2600 = 3300 -lOw 
lOw = 700 

w = 70 mph, the speed of 
the headwinds 

Calculus 
Hitch your mathematics to infinites
imals. 

Many complex problems cannot be 
handled conveniently by algebraic 
techniques alone and here is where 
calculus enters the picture. Essen
tia lly, calculus is concerned wilh ex
amining the effect that a change in 
one variable has on other variables 
of an equation. To do this, calculus 
breaks down any such change into a 
series of small changes called " incre
ments." II then examines these 
changes under a "mathematical mi. 
croscope" in oroer to reach final con
clusions about their effect on the 
equation itselL 

This branch or mathematics helps 
us to answer certain questions about 
rates and curved motion such as the 
flight of a projectile. 'We may also ex
amine complicated problems involv
ing summations-the volume of an 
irregular solid, for example. Other 
problems which we may analyze by 
the techniques of calculus include 
si tuations dealing with a rate 0/ 
cha'Jge in shape or volume as when 
sand is poured. into a conical pile. 

The movement of atomic particles. 
the behavior of gases. the laws of 
heat or thermodynamics and other 
scientific advancements, all have 
""en helped by the precise analytical 
techniques which calculus has pro-
vided. Industry has applied these dis
coveries to develop heating systems, 
nuclear power units, and communi
cations. Many major contributions 
to the basic principles of business 
machines have been made by calcu· 
Ius whose techniques can now be 
handled by the very machines they 
helped to male possible. 

Statistics 
To cowrt is human, to find truth. im
mortal. 

The science of statistics applies 
mathematical techniques to a series 
of similar events in which there may 
be a trend or a "general conclusion" 
but in which all events will no t be 
exactly the same. Data such as that 
concerning the popularity of a TV 
program, or the average height of a 
group of people may be collected and 
then analyzed statistically. 

For example, we might statistically 
find from a large number of measure
ments that the average height of 21-
year-old Americans has increased 
0.05 inches since last year. However. 
we probably made certain measur· 
ing errors which could have a pro-
found effect on our results. Hence. 
the results are meaningless until we 
can include a value whkh indicates 
our probable measuring error. If we 
find from calculation that our most 
probable error falls within the range 
± 0.01 inches. we would then say 
that 21-year-old Americans are from 
0.04 to 0_06 ;nches taller than they 
were last year. By attaching an error 
we give a significance and a reliabil
ity to our answers. 

Statistics is also concerned with 
much morc complicated ideas than 
our example. These include the study 
of data distribution over a given 
range of values and the determina
tion of the validity of samples. 

Logic 
Reasoning is next to understanding. 

A relatively recent application of 
mathematics is to the field of logic. 
Logic is concerned with expressing 
qualitative as well as quantitative 
ideas in mathematical fonn. By ap
plying mathematical techniques to 
these expressions, a new tool for dis
covering truth is available. A simple 
example of logic is the syllogism: If b 
follows from a, and c follows from b, 
then c follows from a. For example, I 
am a man. All men are mortal. 
Therefore. I am a mortal. 

However, we must strictly observe 
the rules for handling these expres
sions, or we will reach meaningless 
condusions. Consider the inaccurate 
syllogism: All elephants are animals. 
All mice are animals. Therefore. 
some mice must be elephants. 

Studies in logic can become very 
complex. For example. we use sym
bolic logic in its more advanced 
forms to help design a modem elec
tronic computer. Thus, simple elec
tronic elements can be efficiently 
combined to per{onn very compli
cated operations. 
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Not only have the fundamental prin
ciples of mathematics made great 
contributions to our civilization. but 
many of our modem activities would 
be impossible without the machines 
which mathematics has directly in
spired. For example. business ma
chines have become so valuable that 
they are now used in virtually every 
phase of business and industry. 

With modem methods of measur
ing and testing, a huge quantity of 
information accumulates which 
must be processed quickly and accu
rately. A vast amount of data con
stantly pours into such places as 
retail establishments, weather sta
tions. insurance companies. and tax 
bureaus. In addition. our rapidly ex· 
panding scientific investigations need 

faster and faster methods for carrying 
out increasingly complex calcula
tions. To meet these demands. ma
chines which can compute. select. 
and correlate data at electronic 
speeds have been developed. 

Machines to handle data were a 
natural sequel to mechanization. Ma
chines theroetically can be built to 
perform almost any action- sewing a 
button. for example. I£ this seems far
fetched, it is probably because you 
are picturing a person sewing a but
ton by hand and are thinking of a 
machine doing this task. in the same 
way. Machines. however, are fre
quently designed to use methods en
tirely different from manual ones. If 
we broaden the picture to that of an 
assembly line where work.ers are sew-

jng thousands of buttons on gar
ments. hour after hour. the economic 
need for machines becomes obvious. 

Thus. functions can be mechan
ized efficiently and economically 
when they are sufficiently repetitive. 
In the factory where mechanization 
first began. it became apparent that 
certain operations could be handled 
by machines. Hence. the drill p ress, 
lathe. milling machine. and grinder 
were invented. 

In a similar way, equipment was 
invented to mechanize paper work. 
One of the first "paperwork. ma· 
chines" was the ink stamp. possibly 
because the operation of applying a 
date or name was so obviously repeti. 
tive. As additional mechanization 
was applied to paper work. machines 

began to take over the long and 
painstaking tasks of accounting. 

An invention which led to the 
growth of automatic machines to 
handle da ta was the punched. card 
invented in 1889 by Dr. Herman 



Hollerith . The principles of his 
tabulating system are the basis of all 
the well known and widely used IBM 
punched card mach i nes. On 
punched cards, the scientist or busi
nessman can "code" data so that the 
machines can "read" the informa
tion and handle it automatically. 
The results from machine computa
tions can be produced in the same 
code and quickly converted intO 
printed reports. 

In business. a vast quantity of 
original information has to be proc
essed. DocumenlS are received in all 
sizes. shapes. and conditions from 
many different sources. Because the 
very basis of accounting is assembling 
"like" items. the accountant must 
classify and rearrange these items. 
visually refer to them. write them 
down over and over again. perform 
the necessary calculations. and store 
the results for years in many different 
forms or records. 

Although accounting applications 
of business machines require a cer
tain amount of arithmetic such as 
accumulating totals and balances. the 
problem is principally one of proc
essing data. A large amount of in
formation is fed into these machines 
("input") and a large quantity of in· 
formation is produced ("output"). 

Hence they are called "Data Process
ing Machines." 

The first data processing machines 
had to handle information in a series 
of individual operations. These in
cluded punching information into 
cards. sorting and classifying cards, 
producing totals and balances. and 
finally printing the results. Interme
diate resullS from one machine had 
to be transferred to another, and 
many human decisions and inten'en
tions were necessary for a complete 
accounting procedure. 

When electron ic discoveries were 
applied, the rate of calculation was 
vastly increased compared to earlier 
machines. But more important. a ba
sic new technique was introduced 
which might be called "intercommu
nication." Electronic devices were 
able to provide internal methods for 
transporting data and intermediate 
resullS from step to step. Hence. it 
now appears that data is fed into one 
end of the machine system and re
sults come out the other. 

This method, however. is not 
totally different from earlier ones 
because each step in a complete prt> 
cedure must be predetennined and 
'·programmed." Programming is sim
ply the method for giving instruc
tions to the machines. A series of 

instructions, aBed a program. is ex
pressed in symbols which a machine 
system can accept and understand. 
Since a system has no abili ty to 
" think for ilSelf," we must tell it how 
to handle information in a specific 
and logical way in order for it to prt> 
duce meaningful answers. Because 
electronics has made possible a con· 
tinuous flow of operations within 
one system, programming has natu
rally become very importanL 

Despite the amazing capacity and 
usefulness of modem data processing 
systems. improvements are still need· 
ed to keep pace with the growing 
volume and complexities of business. 
New problems in business and indus
try must be solved: How can the busi
nessman detennine the best place to 
locate a new factory or retail outlet to 
insure maximum profit? How can 
(actory management obtain maxi
mum product.ion from available 
equipment? Such problems as these 
are placing growing and continuing 
demands on the capabilities of auto
matic data processing systems. 

For the scientist, the situation is 
different. Usually his problems 
involve a small amount of both rna· 
chine input (source data) and output 
(answers). However. there is a tte· 
mendous number of computations 

which must take place within the 
machine to produce the resullS. In 
solving a scientific problem. such as 
one in a guided missile trajectory. 
millions of arithmetic operations are 
performed on only a few hundred 
initial factors. Hence. the term 
"computer" accurately defines the 
machine needed. 

In answer to the need for improved 
machine systems. IBM built the first 
large-scale calculator, the Automatic 
Sequence Controlled Calculator. 
This system has operated successful
ly at Harvard University since 1944. 
IlS remarkable performance is large
ly responsible for starting the pres
ent lively developments in the field 
of giant electronic computers. 

There is now a great variety of 
machine systems available for the 
computing needs of science, busi
ness, engineering. and defense. Addi
tions and improvements are being 
developed with an amazing rapidity. 
One indication of the progress man 
has made in handling numbers is to 
compare the modern electronic 
computer with earlier methods or 
counting: One giant computer can 
operate faster than 500.000 men with 
desk calculators. Think how long 
these operations would take with 
just paper and pencill 



Two types of computers have been 
developed. T hey are very different 
in construction and application. 
One is analogue. The other is digital. 

Analogue Computers 
An analogue computer is essential
ly a device which accepts continuous 
measurements and produces continu
ous solutions to mathematical equa
tions. ]n an analogue computer the 
components of electronic circuits, 
gear mechanisms, and other devices 
can be arranged to behave jwt like 
the relationships of variables in a 
mathematical equation- to behave 
analogowly to an equation. Fre
quent ly. the equations are those 
which have been developed for thor
oughly describing a physical situa
tion such as the motions of a projec
tile in ftighL 

To handle information. an ana
logue computer must translate the 
mathematica l relationships of a 
problem into analogous physical re
lationships of its operating compo
nenlS---clectronic circuit elements, 
gear ratios, shaft rotation, etc. Con
linuow measurements are then fed 
into the computer, the machine uses 
the information to solve thousands 
of complex. inter-related equations. 

and answers are produced as a con· 
tinuous record. on a calibrated scale. 
Usually answers are traced on a 
graph by a pen. are indicated on a 
plotting board. or shown on a dial. 

There are many common wes for 
simple analogue devices. An exam
ple is the slide rule. Instead of mul
tiplying two numbers together. we 
can accomplish the same thing by 
adding their logarithms. On a slide 
rule. we add analogues of the num
bers-lengths proportional to their 
logarithms. The result from adding 
the two lengths together is trans
lated back into the corresponding 
numerical value and we have per
fonned multiplication by a simple 
analogue method. 

Another example of an analogue 
computer is the speedometer in your 
automobile. It converts the rate of 
turning of a cylindrical shaft into a 
numerical approximation of speed in 
terms of miles per hour. Here. the 
analogue of speed is a shaft rotation. 

The previous examples of ana
logue computers were quite elemen-

tary ones. However. these computers 
are also used for many complex pur
poses. Many fire control systems for 
tracking planes are analogue com
puters. Variables. such as wind drift. 
plane speed. ship speed. range. and 
direction are continuously fed into 
these devices. Their high-speed com
puting action produces results which 
enable gunners to anticipate the 
changing position of a plane, and 
fire a round which will hit the plane 
a few moments later. 

Digital Computers 
D igital computers have evolved 
through the ages: first in the form of 
the abacus, then as a crude adding 
machine invented by Pascal Later. 
Leiboitz invented the ancestor of the 
desk calculator. 

Digital computers owe their name 
to counting numbers on our ten fin· 
gers or "digits." Counting on the 
fingers is one way to obtain exact an· 
swers to simple arithmetic. Because 
we have 10 digits instead of twelve. 
or six. or e ight, most computation is 
based on the familiar decimal system_ 

We have seen other symbols and 
number systems once used in Rome. 
Greece, or China. However. an in
creasingly important basis for count· 

Two Families of Computers 

ing is the binary number system. If 
we had just two fingers, our arithme
tic might very well be based on the 
binary method which uses only two 
digits. 0 and I. 

In the chart, the familiar decimal 
numbers from zero to thirteen are 
compared with the corresponding 
binary symbols. 

Notice that shifting a decimal 
number one place to the left multi· 
plies its value by ten, whereas shift
ing a binary number one position to 
the left multiplies its value by two. 

Some of the fastest electric and 
electronic devices use the binary 
system. Since only two digits are re
quired, binary numbers may be rep
resented in electronic equipment by 
the physical state of the electronic 
circuirs--on or off. The "on" coodi
dition may represent "]," and "off' 
may represent "0." The binary num
ber 1101, equivalent to the decimal 
number 13, would appear: 

Fortunately. machines have been 
designed to accept decimal numben. 
convert them to binary. compute in 
binary, and then deliver the answers 
in decimaI-an automatic procedure 
which greatly simplifies operations. 





A digital computer has the following 
elements in one machine system: 

• Input 
Digital computers accept numbers. 
letters. and symbols. Information is 
fed into the system {rom punched 
cards. punched paper tapes. mag· 
netic tape, or inserted manually [rom 
a keyboard or switches. 

D Control 
The computer must operate under 
the direction of a control unit. The 
sequence of steps to be performed 
must be translated into detailed in
struClions which the system can un· 
derstand. A series of instructions is 
called a "program" and since it is re
tained in a storage device, it is called 
a "stored program." These coded in
structions in storage are available to 

the control unit as needed to direct 
and complete an entire sequence of 
operations. Special instructions en
able the processing unit to male logi
cal decisions based on intermediate 
results. These decisions aUow the sys. 
tern to select the proper COUtR 

among several alternatives for solv
ing a problem. 

o Storage 
Data can be internally stored in a sys
tem by electro-mechanical, magnetic, 
or electronic devices, until needed. 
Stored information is readily acces
sible, can be referred to once or 
many times, and can also be replaced 
whenever desired. The information 
memorized by the system can be 
original data, intermediate results, 
reference tables, or instructions. Each 
storage location is identified by an 
individual location number which is 

called an "address." By means of 
these numerical addresses, a data 
processing system can locate data 
and instructions as needed during 
the course of a problem. 

The speed 01 processing is largely 
dependent on the "access time"-the 
length o[ time required to obtain a 
number from storage and mak.e it 
available to other units of the com
puter system. 

G_=_ Processing 
The processing unit can add, sub
uact, multiply, divide, and compare 
numbers in a manner similar to a 
desk calculator, but at lightning 
speed. Complex calculations are al
ways combinations of these basic o~ 
erations. The processing unit can 
make logical decisions. It can distin
guish positive, negative, and zero val
ues and transfer this information to 
other units of the computer. 

• Output 
After doing its work, the computer 
can transfer answers to storage Or 
"write" them directly. Results may 
be punched into cards, recorded on 
magnetic tape, or printed in report 
form. Printers handle high-speed 
computer output by printing an en
tire line of information at one time. 

The organization of these compo
nents to form a computer may be 
seen from the illustration. We may 
compare the functioning of the ele
ments of a computer to the steps in 
solving a problem by paper and pen
cil methods. The input would corre
spond to the information given in 
the problem. The processing unit 
performs the same function as our 
manual calculations. StoTag~ may be 
compared to the work paJ>:US on 
which we note intermediate answers. 
A knowledge of arithmetic rules con
trols our handling of the problem 
and our answers provide an output. 



The Stored Program 

"Program" is a concise way to say 
"series of instructions." A program 
defines in complete detail exactly 
what a machine system is to do un· 
der every conceivable combination 
of circumstances. If some instruction 
is omined from the program. the sys· 
tern is helpless when it comes to that 
part of the problem. 

Because these systems can inter
pret numbers, their instructions are 
also stated in a numerical code. One 
instruction will tell what operation 
to perform., another will tell where 
the (actors are stored. and still an
other will tell what to do with the 
answer. All of the instructions, in the 
proper sequence necessary to accom
plish a given operation. (orm the 

"stored program." 
To program a problem on a com

pUler, it is necessary to use an "op
eration rode," A simple operation 
code might be the following: 

Operation Code 
10 
11 
21 

Operation 
"add" 
"subtractil 

"slore the result" 

These operation codes might be 
used in a "stored program" in the 
following manner: 

Operation Storage 
Code Location 

Instruction #36 
Instruction #37 
Instruction #38 
Instruction #39 

10 0679 
10 0680 
II 
21 

0681 
1027 

Instruction #36 tells the system to 
"add" lhe factor stored at location 
0679 within the computer. 

Instruction #37-to "add" the factor 
stored at location 0680. 

Instruction #38-to "subtract" the 
factor stored at location 0681. 

Instruction #39-to "store the re
sult" of the two additions and the 
one subtraction at location 1027. 

The number of instructions re
quired for the complete solution of a 
problem may be a few hundred or 
many thousands, depending upon 
the problem. They are stored in the 
internal memory or storage unit of 
the computer. The system refen to 

them one after another, or it can be 
instructed to make the logical deci
sion oC skipping over certain instruc
tions depending on intermediate 
results and circumstances. 

\Vhat does this decision-making 
ability mean in tenns of applica
tions? For one thing. it enables 
computers to handle exceptions to 
standard procedures. A system will 
remember the proper instructions 
(or dealing with the exceptions and 
will automatically handle any kind 
of a situation that develOps. 

Although today 's systems are 
amazingly powerful. future comput
ers will be able to handle much larg
er and more complex operations than 
presen t models. 
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The e1ectronic computer depends on 
memory devices which have the 
ability to store and remember fantas
tic quantities of information. Al· 
though computer engineers have 
been able to increase the speeds of 
calculation and data transfers by im
proving processing circui [s. recent 
developments in data processing 
systems are largely discoveries and 
improvements in $toTag~ methods. 
Because of their capacity and flexi · 
bility, these storage components have 
prompted new approaches to the con
trol and internal organization of ma
chine components. 

Modem storage methods-tapes. 
drums, disks. and cores-are all based 
on ingenious ways of utilizing mag· 
netic principles. However. continu
ing research efforts are concerned 
with exploring other principles for 
storing information. 

Magnetic Tape 

• 

One of ~e newest storage media is 
magnetic tape. In addition to star· 
age. magnetic tape is also used for 
both input and output. 

Although the principles of magnet
ism have been known since the end 
of the last century, practical magnetic 
recording is a comparatively recent 
achievement. Many radio programs 
and phonograph records are first 
recorded on tape. Even television 
sound and pictures are recorded on 
tape for later transmission. Now, 
numerical and alphabetic data may 
also be recorded and stored on tape. 

The ancestor of magnetic tape is 
punched paper tape. Paper tape has 
made important contributions to 
such fields as railroading. stock. brok
erage. and inventory accounting. But 
the magnetic record is far more ver
satile. more compact, and has opened 
up many new areas of application. 

Like punched paper tape, magnet
ic tape comes in a continuous strip. 
The magnetic tape is usually ¥2" 
wide and made of plastic or metal. It 
has a surface coated with a material 
which can be easily magnetized and 
will retain the magnetized condition. 
As is the case with punched paper 
tape, magnetic tape is divided into 
parallel channels or " tracks" along 
the length of the tape. A typical tape 
might have seven tracks: six of these 
could store the coded representations 
of numbers, letters. or symbols; the 

remaining track could be used for a 
system of checking the accuracy of 
reading and writing. 

Seven reading-wri tingdevices called 
" heads" are spaced across the tape. 
one for each track. The heads are 
tiny electromagnets wound with a 
read-coil and a write-coil. When 
writing on the tape, eleClrical cur
rent passing through the write·coils 
records invisible "characters" of in
formation by setting up tiny magnet
ic fields or "spots" in appropriate 
tracks of the tape. For reading, the 
process is reversed. The magnetic 
fields on the tape induce pulses of 
currem in the read-coils of the heads. 
These pulses are amplified electroni
cally and accepted as characters by a 
da ta processing system. 

• • II II II 

• • • • • • • • • • • .. • • • • • II • • • • • II • • II .. • .... • • 
A particular reel of tape can be 

either read or written upon during 
anyone cycle through the tape unit. 
It can be used one time for reading 
and the following time for writing if 
there is no need to save the da ta pre-

viously stored on the magnetic tape. 
A reel of tape can be used thousands 
of limes. Writing new information 
automatically erases data written in a 
previous operation. 

A typical tape might contain a 
series of unit accounting records. one 
following the other in a definite se· 
quence. When used with IBM sys
tems, the length of the unit record 
is completely fiexible, although rec
ords of the same type generally will 
be the same length. Because the mag
netic recording is closely paded, a 
single reel of tape may contain many 
thousands of unit records-the exact 
number depending upon the size of 
individual records. It is possible to 
have as many as 25,000 unit records 
of 80 characters each on a single reel 
(2400 feet of tape). Tills compactness 
is one of the most important advan· 
tages that tape has to offer. 

A data processing system can have 
a number of separate tape units at
tached to it. Thus, it is possible to 
ino-oduce data from many files intO 
the same operation and to select rec
ords at will from various tape units 
as required by the application. Addi
tional tape units can be utilized to 
write new records resulting from the 
processing. It is this "multiple file 
processing" feature. coupled with the 
gTeat speed of tape reading and writ
ing. that enables input and outpUt of 
the system to keep pace with the rate 



of electronic computat.ions. 

Magnetic Drum 

Anomer recent development is the 
magnetic drum. Essentially the same 
process of recording on magnetic 
tape can be accomplished with drums, 
but with important differences. 

If you were to take forty lengths 
of five-track. magnet.ic tape. and wind 
mem side-by-side around the outside 
of a cylinder. you would have a mag
netic drum in principle. Each track. 
on the drum has a read-write head 
for n~ading and ~cording data- 6ve 
heads per circular section. These 40 
sections are each divided into 50 spe
cific locations so that a total of 2,000 
"addresses" are available for storing 
information. By means of the nu
merical addresses, a data processing 
system can locate both data and in
structions as needed to handle a 
problem. 

The drum is mounted on a shaft. A 
mOlor rotates it, causing the surface 
to travel past the heads thousands of 
times a minute. The control unit of 
a system can switch to the read·write 
head for any track almost instantly. 
This means that all the information 
stored on the drum is available thou
sands of times every minute. 

However, a drum cannot store as 
much information as a reel of tape, 
simply because it doesn't. have as 
great a total magnetic surface area. 
Depending upon its size, the drum 
can store from 5,000 to upwards of 
100,000 characters. Each of these 
characters can be read or wTitten in a 
few thousandths of a second-a speed 
which gives drums a major advantage 
over tapes. It usual1y takes much 
longer to find a record at random on 
magnetic tape since the infonnation 
wanted may be in the middle of the 
reel or at the other end. 

Magnetic Disk 

A new storage method is used for 
IBM RAMAc·Data Processing Systems. 
RAMAc-Random Access Method of 
Accounting and Control-is based 
on magnetic disks. As the name 
implies, information in the storage 
device can be quickly located at ran
dom without searching through all 
the records. 

A typical memory unit consists of 
50 magnetic disks slightly separated 
from each other and mounted on a 
cen tral vertical shaft. Data is record
ed on both sides of the disks so that 
100 disk. faces are available for stor
age. Each disk. face has 100 circular 
recording tracks, and each track. 
holds five lOO-character records. 
Stored records are available to the 
system through electronically con
trolled "read-write" arms which move 
vertically and horizontal1y at very 
high speeds when searching for a par
ticular storage location on a disk face. 
Any address in memory can be lo
cated in a fraction of a second, and 
each unit will store millions of char
acters o( information. 

The RAMAC System now males 
"in·line" data processing possible. 
Business transactions once had to be 
accumulated and then processed in 
batches. But RAMAC now allows each 
transaction to be processed as it hap
pens. In addition, all files affected by 
the transaction are brought up to 
date in one processing step. 

Magnetic Cores 

The most powerful memory devices 
use core storage. These memory 
units are composed of thousands o( 
tiny, doughnut-shaped, ferro-magnet
ic rings threaded on wires. A mag
netic field is set up by passing an 
electrical current along a wire 
through a core. When the current is 
removed the core remains magnet
ized. Passing current in the opposite 
direction reverses the magnetic field. 
Thus. the direction of the magnetic 
field represents a 0 or I, a + or -, a 
"yes" or "no" condition. For ma
chine purposes this is the basis of the 
binary system used for storing in
formation. 

Core storage provides two big 
advantages-dependability, and "in
stantaneous access" to slored in for
malion. It provides access to data 
and instructions in a few millionths 
of a second and can remember infor
mation for as long as needed. 





In less than a decade. the use of giant 
computers has expanded far beyond 
the original intention for which they 
were designed. Initially built to 
handle .scien tific and engineering 
problems. modem computers have 
become known as electronic data 
processing systems-invaluable serv
ants to bwinessmen and scientists 
alike in a world of numbers. In the 
office, the laboratory, the factory. 
these data processing systems are ac
complishing prodigious feats by un
tangling and simplifying an ava
lanche of calculations and paper
work. There is more lime for creative 
work. Clerical pe~nnel are freed 
from monotonous tasks. The bwi
nessman has timely reports of in
creased accuracy-often information 
which would have required hundreds 
of man-years to compile manually. 

Recent developments - increased 
processing speed. larger storage capa
cities, and an ability to make logical 
decisions-have now made it prac
tical to apply electronic computers 
to an ever-widening area of use. One 
promising new computer application 
is "simulation and risk" studies. 
These applications are among the 
most fascinating developments in 
business and engineering for they are 
minimizing the trial and error which 
formerly was necessary. New design 
features of airplanes can now be 
simulated and studied on digital 

computers before building expensive 
test models, The entire distribution 
network. of a public utility can be 
simulated. Electronic systems can 
take much of the risk out of design
ing a proposed industrial machine by 
calculating whether or not a particu
lar design will operate successfully. 
Some of the risks of investing capital 
in new equipment for industrial ex
pansion can be programmed. The 
most strategic places to locate new 
factories or retail outlets for maxi· 
mum customer convenience and vol· 
ume of business can be determined. 

The applications of electronic 
computers seem to have no limit. 
Now, data processing systems have 
started to be applied to an even 
more significant problem- the man· 
agement of business itself. 

There has always been a subjective 
quality to business. Experience, ap
plication of knowledge, business ap
titude, and vision are several of the 
factors which can produce a "good 
businessman." However. several of 
these factors are somewhat vague: 
"business aptitude" cannot be pin
pointed to a definite set of rules and 
principles. Perhaps it never will. But 
there are many decisions in business 
management which are directly de· 
pendent upon facts and logical fac
tual relationships. It is to this area 
that computers can be applied to 

produce a more scientific method for 
operating a business. We might call 
this new idea "Management Sci· 
ence." Businessmen have already 
started to use the term. 

To put this concept into operation. 
vast amounts of the data describing 
a business must be collected and 
analyzed. Several automatic data col
lecting systems are now becoming 
available, induding the IBM APR 

(Automatic Production Recording) 
System. This machine system can col
lect, correlate. store. and record ac· 
curate production data such as quan· 
tity. weight, length. pressure. and 
temperature. It thus eliminates the 
time lag and possible errors of man
ually collected. information. Data col· 
lected by APR can be used as input 
for further data processing to pro
duce on-the.spot reports to factory 
supervisors. Consequently. manage
ment is assured of receiving accurate 
and timely production information 
to improve control over industrial 
operations. We might say that APR. 

keeps a continuous record of the 
pulse of the assembly line. 

Facts collected in this and other 
ways are now fed into data process
ing systems and analyzed under the 
direction of stored programs of in
structions. The studies of machine 
logic have made it possible to pro
gram instructions and procedures so 

that the system can make "deci
sions" among various possibilities 
presented to it. By applying a "suc
cess criterion" such as minimum 
costs, the computer can determine 
which possibilities will tend to pro
duce the desired results. It will not 
be long before computers will re
ceive information from the assembly 
lines, and then make automatic de
cisions which wiJI vary and control 
production procedures by issuing in
structions directly to the production 
machines on the assembly line. 

But businessmen and business 
judgment will not be replaced by 
machines! Just as accounting ma
chines freed people for more creative 
work, electronic computers will not 
only provide information never 
available before, but will free 
businessmen from the drudgery of 
making routine decisions based on 
tedious details and reports. 

The age of electromc data process
ing systems is just beginning. The 
future is limitless. Today, business 
machines handle magazine subscrip
tions, checks, telephone bills, pur
chases, and income taxes. Machines 
enable .scientists to "fly planes" on a 
computer, and to control the air de
fenses or a nation. Tomorrow's com· 
pUling systems will help solve traffic 
problems, unemployment problems. 
nuclear power problems - even psy. 
chological problems. 



In only a few short years, 
electronic computing 
systems have been invented 
and improved at a 
tremendous rate. But 
computers did not "just 
grow." They have evolved 
hom the simple beginnings 
of numbers. They are a 
culmination of 
mathematical thought
thinking founded on the 
building blocks of 
arithmetic, algebra. 
geometry, and 
trigonometry, and 
nourished by the 
advancements of calculus, 
logic. and higher 
mathematics. They were 
born and they are being 
improved as a consequence 
of man's ingenuity, his 
imagination . . . and his 
mathematics. 
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