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i e maneis copeey their func-
tion and operation, but are discouraged by their
complexity, you should read this book. It deals
as simply as passible with the principles and does
not delve 100 deeply into electronics. The com-
bination of carefully-written text and instructive
ilustrations should give older students @ good
basic knowledge of what computers are all about.
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computers
other hand, we are inclined 1o be alarmed by their

mplex. mechanisms and the involved scientiic prin-
ciples upon which they are built

In fact, computers do not have brains and. they
themsel

the

EBEN Sty s e v el e
n and program them 1o perform particolar

i vl 5 ebion 0t TR

Although primarily a calculating machine, the modern
‘computer can alo store up a vast mass of information.

comparing it with other pieces of nformation or using
ical calculations. We hope this book will
help you 1o understand how most of this is done.
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How Computers Developed
T e

astronomers there was a need
lating instrument 10 relieve the human brain of work.

The first mechanical calcultor was produced

puter came into being.






Different Designs
T e computr v ey it s of

ine. They can be mechanical, elecro-magnetc,
A S L oot o s
or digitalinformation; e

duce s ompleatonright e hﬂmnml. b thee
need to worry; we are only.
clectronic digital computer.

Mechanical andelectro-magnetic machines have

mechanism. The electronic computer has no working
parts as such, the whole system being operated by

Ao sniogs ol s o i  cueon
is represented by a 1 action
Hmgratuliloreme 1y phtenhosco

of a voltage, A digial machine performs calculations
with “digits”(whole numbers or parts of numbers).
Compwers we ey deged for . peicaer
purpose, therefore cach type of machine has its own
variations, depending on m w\ it will have (0 do.
Macios bl i o

receiving, storing and presenting information.







Data Processing
As we have already mentioned, there are & great
many kinds of computer, each being designed for &
e S
likely be used for ‘data a large manu-
ol ol v gl
For instance, the pay-

.
tained and continually brought up o dat 3 some.
people leave and others are engaged.

This computer may aso be used o cakulte the
amount of materal of diflret kinds that will be
necded in factory production, and thus help (o bring
the hundreds of parts forward o the assembly line in
the right sequence and at the right time. Records of
sales of dierent products can be kept and foreasts
made of possbie future sales.

‘Organising the operations of a big factory with all
it vita functions is a very complicaed business, but a







‘The Main Parts of a Computer

A computer system consiss of several different units
‘which cach have their own special function.

Input Unit. This “reads’ the information to be stored in

Store. hnlﬂu—m)mkmww
e beg s ol R e o

by el st b e nohphod
mmmu«n

Registers. These are small stores. They hold the data
10 be worked on in a cakculation and give it up as
insiructed. Data can be transferred from one regisier
10 another.

Arithmetic Unir The actual operational unit where the
calculations are performed and where the logical pro-
cessesof selcting, soring and comparing of information
take place.

Control Unit. Al the computer functions are co-
ordinated by this unit, which interprets and carries out
the intructions contained in a program.

Outpus Ui, This presents the results of 3 computer
operation, very often in printed form 25 on a pay sip,
‘or on magnetic tap, disc, drum or card, or even on 3
teevision sreen.
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Combining the Parts

The main store, the arithmeric unir, and.the control
it together with & group of registrs, form what is
called the central processor. Surrounds
processor we have the inpur and. outpur unirs together
with additional storage. These are known as. the
peripheral units.

‘We can now seein a very general way the method by
‘which the computer works. Information i & specially
oded form i fed into the input unit where r
by a device which turns it into  seres of elctric pulses.
computer then “writes' down this information.
that i, transfers it 10 a storage unir. The information
that s stored i of two kinds, data and instructions.

Lo gt e g
program is s transerred into the arith-
metic unit and calculations are carried out at  very
high speed. Al activites within the computer are
supervised by the contrl uni.

The central processor is made up from several
thousand transistors together with otherclectrical
‘components. Peripheral units are usually clectrically-
driven, mechanical devices.

"
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The Computer Code

Human beings are able to recognise cach other's
handwriting and read the information that is written.
They can also understand the spoken word. The same
message can be given in any number of diflrent ways
by different people. But a computer, not having
brain, must have the information fed into it in one
particular way—by a number or lettr code

“The code that the computer understands is normally
put onto cards or paper tpe, through which small
holes are punched in specialy arranged patterns. A
given pattern of holes punched down one column of a
card or across the widih of paper tape represents

similar o that of an ordinary typewriter.

“The specd at which the coding can be done depends.
on the speed at which the operator can work.
ot much more than five characers a second—to0
slow 10 be fed straight into the computer, which can
‘read’ the code very much faster than. this. What
usually happens i that a whole lotof cards, or a length
of tape, are first coded on 3 machine away from the
computer and laer fed into the computer when there
is enough information for the machine to work on at
high specd.
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“Reading’ the Code
Cards or paper tape with their punched holes are
Tl i et o the comprlls, i 6
ing mechanism translates the patterns
a»u-..mmm

Punched cards may vary according (o the design of
the computer for which they are made. They are oblong.
in shape and usually divided along their length into
cighty columns, cach column having a possible twelve.
punched hole positons. Reading may be done with

be no electric puke
is turned into a seris of pulscs and

Paper tape can be up (o an inch in width. Again,

across the width of tape, and usualy ten rows in every.
inch of tape length (sce diagram opposite page 34).
‘When the tape is fed through the input unit it s read
by a beam of light directed onto i. This shines through

the punched holes and strikes a layer of photo-clectric
cells which tarn the light dots into electic pul







Recording Information on Magnetic Tape.

Fecding information into the computer by means of
punched cards or paper tape is 4 welltried method
and not 100 expensive. Another material sometimes
employed is magnetic tape, the rcording process being.
similar 1o that used in ordinary tape recorders.

Magnetic tpe has several advantages: it is much
stronger than paper, the information can be packed in
very tightly and is more easily prepared, errors can be.
more casly removed and the material is better to
handie than cards or paper. Perhaps one of its
advantages s that outof-date informa
Wiped off the tape which can then be used

In the type of machine ilustated opposi
tape is held in
100 feet of tape. The information is recorded in the
form of magnceic spots which are arranged in patters
representing characters, in a way similar o that in
which the characters on paper tape are represented by
patterns of punched holes. When the tape is run
through the machine, its surface comes almost into
‘contact with the reading writing heads, a series of tiny.
coils with which information can b recorded (writien)
or played back (read). The specd of writing depends on
the speed at which the operator can work (sce page 16).
Reading i done at the rate of 900 charactes per second.
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Operation of Magnetic Tape Unit

Magnetic tape can be used for input, output or for
storing data. It can carry up o & maximum of nine
rows of magnetc spots, cach row, or frack, having its
‘own reading wriing heads for playing back or record-

interval. This space, known as the iner-block gap, is
approximately one inch long.

The tape driving motors are elctrically operated
and have very precise arrangements (o ensure that the

sandihs of & second. Slowing down and stopping takes
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“Writing’ the Code
Pl prodeced by the eding mechanim
ten down'

e forvrd v & et

[ Mo R R i ot e 8 Sl

s—n-zv-rxma n be represented by numbers.
or example, ‘pulse’ = 1, ‘no-pulse’

e dingram on the pugeoppnie lusrishow
formation can be transferred from the readi

Wi, milu this information
o soing  wayfo e e
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The Computer Store

‘where they can be referred 10 from time to time.

the most important features of a modern
‘computer system i s abiliy 10 hold a vast amount of
information which can be drawn upon when requircd.
‘working stores used
and have a very

100 expensive for many computer applications. Some
e s s ey, b ks S oy
speaking. computer compromise betwcen

specd, convenience and expense.

%







“Words’, ‘Bits’ and ‘Addresses”

computer word is an arrangement of binary digits.

or m YAk v i g s the ot

of bits in a word is known as the word

by prepieadsiysr < ssrgben i
e oo 03 i ks i

oo o sl et g it e
256,000 words, and it is necessary 1o

number of these for use in a particular uw. jon 1
vitally important, therefore, that their exact positions
A b, ot s alcaion o) st/
place. The stor ded up into compart-
ments, or locations. Each location holds a word and its
position is identificd by a serial number known as the
oddress.

Computer words are of two types: insirucrion words
i e o comper vt 0 d, 8, di vt
which represent the numbers the computer has 10 use
2 ol A frcion ok e il £
o parts: the first part is the operation cod, or

ol whkh diribs n Bambes form (e operation 1
be performed. The sccond part contains one or more
s
rithmetic. The

i sl e ol - o
one and three but is more usually one or two. The
tables opposite show how information may be contained
in instruction words for the diferent systems.







‘The Magnetic Core Store

‘The calculating speed of & computer depends on the
time needed to sclect and take two numbers from a
store and return the result of the calculation 10 it.
What we must thercfore have s the fastst possible
acces time.

A widely-used type of high-specd store, particularly
1o s ol e, enplns i
These

rings.
il which an b mmmmd ok s about
the s of 8 e core ar
s I mind s two states in
il byl it
rended o fo i 1 o he poa wher he wies
‘The change from one state 10 the other of any
cor—calle “wicing —cua nly be beught

ot by pasng a plie of cureat sl cach of the
o v whih ik that core uriqul. A thid i~
called the sense wire-—is used 1o read the information
stored.

ity s e e ks s s

e e e
{bat lformationcan bs scketd fo in,
i o ko
Because any word in the store can be reached in an
cqual time, magneric core stores are often known as.
random access

sometimes able o make nearly a millon additions
every second.

»






“Gates’ and ‘Highways’

“To understand how a computer works when moving
umbers around the central processor, we must ry 10
think in terms of short electrical pulscs, cach lsting
for about one millionth of 3 second and following
each other ke bulles out of a machine gun, but many
thousands of times faster, The wires along which the
pulses travel between one register and another are

closed toblock it of, are known as gares.

Numbers, represented by the pattern of pulses and
no-pulses, are sent specding along the highways and
the appropriate gates are opened or closed as necessary
1o admit them or block them off. For example in the
diagram opposite, numbers from any two of the three
registers, A, B and C, can be seat down the highways
eading 10 the adder and the resuling sum returned to
ABorC.

“This example shows that by controling the time for
‘which a group of gate are opened it i possibl to form
i cosss i R e s G

cakculating speed of a computer is
s s gl slpmsnali
can be selected from the various locations and by the
speed with which the routes can be set up.

»
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Computer Arithmetic
The clctronic circuits wsed i

a computer are

aranged 50 that the coded pattern on the input cards.
o tpe can be used 1o perform arithmetic—done in &
special unit caled the arithmetic unt. Before describing
how it does thi, et us see what sort of arithmetic we.
require the computer 10 do. It is possible to perform
very long and complicated calculations by breaking.

Addition, subtraction, multplication and divsion are
the arithmetic operations used most frequently, and so
the arithmetic unit i designed t0 do just these.

Those readers who have seen o used & hand caleu-
lating machine will remember that twrning the handle
clockwise adds the number in one registe 10 the con-
tents of another, while turning it anticlockwise sub-
tracts the two mumbers. Numbers in a egister can also
be shifted o the left or o the right by means of another
handi. In this way multiplication and division can be
performed. The circuits in the arithmetic unit do the
same job but work, of course, very many times faster
than our hand caleulating machine.

»






Binary Arithmetic

We have seen that information travels along the
highways as pulses or no-pulses If we call cach of
these a digi then the arithmetic unit has o do its
arithmetic with only two digits instead of the ten that
we use for our own calculations. The system usin ten
digits s the decimal system, the sysiem using only two
digis s called the binary system. The numbers used in
the binary system are 0 and 1. s0 that a puse can
represent a | and a no-pulse a 0 (equally well the
reverse would be true but will not be used).

‘The examples at the top of the page opposite show
how the two number systems are made up. Those.
students who already have sorhe knowledge of arith-
metic will know that addition and subiraction follow
fixed rules and that two tables can be built p, one for
addition and one for sublraction, which will give
the answer for any two digits which we wish 10
add or subtract. For binary arithmetic there are four
entris in cach tabl, as shown opposite. Keeping an eye
on these tables will help when following the examples
given of binary addition and subtracton.

%






Programming
A ol o oo 68 g Encw
The first step
s B o ok s o sl e R
‘opposite. This is built up from a number of connected
boxs,the lbel attached o ach box showing the job or
One.

important type
question s asked.
‘computer are“yes'or ‘o’ and although this may seem too
simple 10 be of use i a complicated problem, remember
that a computer can ask nearly half-a-millon questions

Transering the Job of each bo into number form
(nachine code) s very laborious, and the programmer
s elped in his ask by a intemediate language (high
level language) which i then transated by 3
program (1he complr) into machine code. There are
many high lvel anguages in e, the most common
being FORTRAN (Formula Transiation), ALGOL
(Algorithmic Language) and COBOL (Common Business
Orientated Language).

anm;.mm.w
S R
language is some Wllknndopnmdod
they are given time to learn the rules that must be
followed.







‘The Control Unit

‘We have scen that a program is a list of instructions
Kept in the store of a computer. To make this program
‘work, the computer has 10 Jook at each insiruction in
1w and find out what it means. When it has done.
his the calculation, or data movement, can be carried
out. To see the steps involved look at the diagram
opposit.

An insiruction is fetched from the store and kept

on which the operation is to be made can then be.
found. The correct scquence of control signals for this
‘code are produced and sent 1o the gates; these
e s i s
time at which each control signal is sent is carcfully
‘controlled by the computer ‘clock’, which scnds out
continuous string of pulss, so kecping all the data
movements in step with cach other. Meanwhie, the
address of the next instruction to be fetched s found
by adding +1 10 the address of the instruction which
has just been used. The process then repeats tself, with
instructions being first ‘analysed', then “executed” in
sequence until the program is complete.

©






Direct Access Stores.
1. The Magnetic Drum
i e VAT S s i o
storage

a separate reading writing head and a swit
10 enable any track (0 be read or written on.

‘The drum can be rotated at speeds of up 10 6,000

‘and are able 1o hokd a great deal of information in a
reasonably smal space.

'



 The dum coutog is magnetieed by the hesd 1o represent 1 ¢ @
i magets



millon bits and the acces time is around one twentieth
of 8 second.

A shur sl o50 M of et e






form, or on tapes

One type of priner i abe to print a complt line
at  ime, iy, i conssts of aseicsof 160 evoving

‘Another method uses a process known as
inwhich tiny speks of owdered ik ar (o
ally dra rd plasticcoated paper. An clectrc
e s pand theoagh e e oy 1, b0 riid
0 s collt he pecks together o he hapeof
e vriom charaes, The pit s e e
passing through heated rollers which soften the plastic
coating.

Lok embroeyem i

with the computer by means of the keyboard or by
using a light pen’ on the tub face.

“






st vesion was prepared,the checking operator tics
o punch out a second version. I the frst and second
cards agre,the characers are punched out n . erified
«card. I they do not agree, the keyboard locks and the
operator has o discover where the fault s,

A programmer may make a mistake ither in writing.

o this kind are very diffcult 10 trace and the process
of tracking them down is known as de-bugging.

Finally there xists the possiblity of a machine fault.
In the input/output devices an additional digit can be

10 the code in such & way that an eror can be
detected. Within the machine, fauls can only be
et by i e rogmevhih shck nh
part of the computer.




TORS PUNCHING AND VERIFVING CARDS
are identical in sppesrance)

o1 1
0101 o
1




‘This Year, Next Year, Sometime .. . 7

‘what is the laest thing today may be okd-hat in five
years time.

Apart from their applications in offices, banks, the
post offie, enginecring establishments, airines and.

scentific applications, information the
input unit and the calculated resul s presented on the
output device, Operating in areas such

and_ machine-tools, working in real

machines doing an even greatr varity of inticatejobs.
0






Glossary of Terms.

e

(G, Iy ke G Vs

such terms from any more common meaning they
‘may have. The following glossary may, therefore,
e helpfu for reference.

ADDRESS _Computers store instructions in
heir sore. The store i usualy mu o s sk
of which holds one number . Each of these
Tocations is g ion 0 that i ca be refered
10, no mater what number of instrction it happens (o
contai often caled.the ‘address” of
the

CENTRAL PROCESSOR That part of the computer
‘which does all the calulating.

FLOW DIAGRAM A diagram showing the esential sieps
i nmmmmpmhuknmhno--l—l
oxcor for diferen




INSTRUCTION A step in 2 calculation expressd in the
coded form required by the computer.

JUMP An instrction which can cause an atration in
he sequence in which the computer obeys instructions.

LARUAGE Grmnty g it oo -

nstrucions 1o be expresed in diflernt codes.
Torcote i o prtcur often called
the anguage’

PERIPHERAL UNITS Attachments ., _inputoutput
Gevices, which ae connected 1o the central procesor.

PROGRAM The set of instructions (sxpressed in_ the
ming’ s the operation ofwriing hese ntrucions.

REGISTER A temporary store fordata.

STORE The part of the computer which holds ail the
instrctions and the being wsed.

WORD  An arrangement of binary digs.
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