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THE COMPUTER

HIDDEN IMPACT OF COMPUTERS

It is a paradox that some twenty years ago,
when few companies had computers, and those
eomputers were so jimited in power that their
functions could*have almost no impact on the work
of the company, or on the activities of its em-
ployees, many people expressed anxiety about the
future effects of computers;yet today, when most
companies have computers which are involved
in many aspects of those companies’ work,
and whole areas of clerical work have been
automated, computers are*taken for granted?, and
the subject arouses Iittle interest, How does this
paradox come about? And how can*one prevent
it hiding® the fantastic fmpact of computers on
the oil industry?

Part of the problem is that we take figures
and figure work “for granted. But no commerce
or technology could exist without numbers and
mathematics, the ability to raise an account or
make a calculation for a simple engineering de-
sign.And without such “number-based” commerce
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and technology, *our civilisation would be extreme<
ly primitive®.

Of course other human activities—-travelling,
lifting, speaking-have been“strengthened and len-
gthened”by the assistance of machines:the chariot
or aeroplane, the lifting tackle or modern crane,
the semaphore or telephone are well-known
examples. -

"But until almost yesterday, it seems, the ma~-
“thematics of commerce and science depended on
human brainpower, supported to a limited extent
by fairly crude labour-saving devices. But the
computer has arrived, developing in rather less
than twenty years from a laboratory toy to a
reliable machine, It is *as if* the history of the
development of ships, from the classical galley to
the modern tanker, had been compressed into
twenty years. '

And so the computer, arriving almost overn-
ight, has penetrated into commercial and scienti=
fic tasksand altered them-almost without *the
layman noticing®

The aim of this chapter must be to give am
overall view of the computer’s role-or roles—after
first saying a word about what the computer is.

‘'WHAT A COMPUTER IS

In simple terms, the computer is an electro—



nic machine which-can be’ made* to read” and
write at short or great distances, to calculate,

and to handle information in its widest sensé.

- The next few sections supply the minimum de-
tailed information to expand that one-sentence
definition. If the reader wishes to master one or
more of the many aspects of computing he would
be well advised to read the appropriate book on
the subject, or to consult his company’s computer
department, '

For some readers it may be necessary to re-
move a migconception—since computers are some-
times referred to as“electromic brains”. This is an
unfortunate misnomer-the fact is that no computer
ever had an original thought. The computer is
just another tool. It is similar to an immensely fast
calculating machine and has an enormous capacity
for digesting and analysing information whether
of a numerical or*more general mnature®., Its
strength, however, lies in Its ability to store a
long series of instructions and obey them quickly
and accurately, to repeat a sequence of instructions
with complete consistency and  to make certain
choices within its paths of calculating, *dependent
on certain foreseen circumstances, according to
its instructions®.

It is common to think of computers as calcu-
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Jating machines which operate only on numbers,
but this is not correct. In their internal workings,
they operate on strings of “yes/no” pulses, called
“bits”, which can be interpreted as numeric
digits, or alphabetic characters, or symbols, or
8s instructions to the computer itself, according
to the circumstances,

THE COMPUTER-FOUR MAIN PARTS

There is a danger in making too firm state-
ments about the comstituent parts of the “typical”
computer, since computer design develops and
changes rapidly.

What is essential for the general reader—and
indeed for the computer professional-is that he
must so discipline his thinking, that he thinks of
the computer as*combining'® four separate de-
vices:

input devices,
processor,
store,
output devices,
and he must see separately In every computer
application the clearly distinguishable elements:
(1) the*input of data into!' the internal store
(2) the processing, usually including:
-marrying, in the store, input data with
file data



—processing
~marshalling the processed results in the
store

( 3) the*output of results from store to!? output
devices,

*Of the four main components'*(input devices,
processor, store, output devices)it is most helpful
to consider the processor first, followed mnext by
the store, since the two work closely together.

THE PROCESSOR

The precise details of the “processing heart”
of each computer naturally vary, from one manu-
facturer to another, but for the general reader
we mneed to distinguish two main logical func-
tions — #Hie arithmetic function and the control
function:In some computers the processor contains
separate units to carry out these functions.

The arithmetic unit is a name which has
become accepted over many years in the compu-
ter industry, but as a name it is rather unfortu-
nate, in the sense *that!’ it misleads the layman
into thinking it is concerned solely with arithme-
tic fﬁnqtions. In fact the arithmetic unit is capable
of carrying out*, one at a time, each“instruction”!
that the computer has in its repertoire, These
instructions cover a range of tasks including the
input and output of information, and the manip-
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ulation of information inside the machine, as
well as arithmetical processing m the strict sense
of the term.

The faster instructions are those which ma-
nipulate information in the machine, starting and
finiéhing in the rapid access internal store.
Instructions which refer to external devices are
necessarily slower, and such imstructions are co-
nfined to the input and output of information,

Computer users do not need to know exactly
how the arithmetic unit works(*nor do most com-
puter professionals'®]). The mechanical anteced-
ents of the computer used wheels (or beads on
string] ), but the modern electric computer
holds numbers in its arithmetic unit as_electrical
states, and hence is able to work at the speed
of electricity-a million simple additions in a
second is*not untypical of'” the larger computer.

Within the processor functions the “control”
function is very closely associated with the arit—
hmetic functions, but nevertheless it is possible
to identify its tasks separately.

Control is respousible for extracting the pro-
gram instructions from the store one by one and
putting each in turn into a special part of the
processor (the“instruction register”) from where

all the actions implied in a complex instruction

6



can be carried out; and for*seeing that!*, once
the instruction has been fully carried out, the
next sequential instruction is extracted from the
store and obeyed, : = Loral

By careful use of certain types of instruc-
tion known as“conditional” or “jump”instructions,

.the programmer can vary this strictly sequential

extraction of instructionms, i. e. *he can make the
different parts of a program be carried out, or
ont carried out, as different circumstances re-
quire'®, -

The control function also includes the task
of supervising the actions of the input output and
storage”devices.*the point here beinz that? these
devices work with timings which are dictated by
their mechanical construction, and hence they
require the attention of the computer at times
not foreseeable by the computer program. Physi-
<ally this input/output control is frequently ex-

' efciséd ‘by a separate unit controlled by the pro-

cessor but not using its arithmetic and logical
capacity. Hence, the processor can continue with-

* another task while the input or output opsration

is taking place.
THE STORE

We Jook first at the computer’s internal

<. store,then at the“secondary”, “supplementary” or

7



““backing” storage devices,

The store accepts pieces of information (num-=
bers or alphabetic information) from the “ input
devices and holds them in readily accessible loca-
tions within itself, It makes them available to
the arithmetic unit, and accepts and holds in
further readily accessible locations within itself,
*results?® produced by the arithmetic unit,
*ready®® for releasing to the output devices.All
this might be described as the store’s task of
holding data,*whether unprocessed, part-processed
or fully processed®.

The store has, however,a second and equally
important task;*that?®® of storing the program
instructions which control the running of the
machine on any one job. (Program is the Amer-
ican spelling: but in the UK it has become the
standard way of spelling the computer’s pro-
gram,in order to distinguish it from the sort of
programme one buys in the theatre.) A pregram
instruction is not-in essence-different from the type
of instruction one might give to a trainee filing
clerk, Naturally,the actual repertoire of instructions
used by a computer is more precise than the
average spoken sentence;and the actions and loca-
tions normally spoken in plain English are represen—
ted in the computer’s program instructions,by code

8



numbers. And hence these inmstructions can be hef&
accessibly, in the store,as easily as the numeric
and alphabetic data.

There has been a historical development in
the techmiques of holding information in the
computer’s internal store.In the early 1950s,
mercury-filled delay tubes were used. This type
of store was superseded by the magnetic core
store,which consists of a large number of minute,
easily magnetisable, ferrite rings. Each ring re-
presents a 0 or a 1 according to*whether it is
magnetised in a clockwise or anti~clockwise di-
rection.® It is possible either to read the status
of a core’smagnetisation, or to changeit,in time
intervals as small as three-quarters of a million=
th of a second.

Core stores are still widely used, but faster
alternatives have recently begun to be used-se-
miconductors, bubble stores and plated wire.

The size of any computer’s internal store
{sometimes called the “immediate access store”)
varies according to the type of machine and the
purpose for which it is to be used.As an example,
the London Office Central Computing Facility
computer at Harjow has an internal store* made
up of?® some 196,000“words”of plated wire mem~-
ory and some 524,000 “words” of semi-conductor
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memory,where a “word” represents;
either six alphabetical characters,
or a single number (with a value up to about
34 thousand million),
or a single program instruction,

Internal stores, * whatever their method of
constructidn”, are expensive, and cheaper forms
of supplementary storage are required to hold
the vast quantities of data required for the typ-
ical file.

A common form of backing store is a magn-
etic drum or disc from which data can be read
or on to which data can be recorded through
fixed or moving heads. Again sizes vary, but a
drum can store up to 12million characters and a
disc up to 114 million characters. On many disc
units it is possible to remove the discs; this
means that a larger library of information can
be held for the machine, even though only one
disc at a time is mounted on the disc drive, and
is thus accessible* to*® the computer.

An equally common form of backing store is
magnetic tape: its most typical uses are for the
permanent storage of data files, and for the stor—
age of programs. The reel of magnetic tape is
easily removed from the tape deck, and thus a
large and inexp:nsive library may be maintained.
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The practical procedures involved in reading and
writing a tape make*it desirable always to work
forwards®, and this ir turn means that magnetic
tape is used for files“which are to be processed
“sequentially”ratber than “randomly”,
- COMPUTER INPUT
It is technically possible to design a com-
puter which can read data from hand-written do—
cuments or can listen to numbers spoken into a
microphonebut design complications, ard the as-
sociated expense, ensure that such devices do not*
get® beyond the laboratory toy stage. In actual
practice, the handwritten or typed data is passed
toa punch room where operators punch it into a
suitable medium, Until a few years ago,the suitable
medium was almost always either eighty column
punched cards, or paper tape. More modern data
preparation devices, however, now permit the
operator to record the data directly on to magnetic
tape.
Whatever the medium used, the information
punched consists of strings of:
numeric digits (e. g.“5”),
or alphabetic letters (e.g.“B”),
or punctuation marks(e.g.“;”),
or symbols (e.g.“L£™).
*To save time’'*when referring to®? this range
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