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PREFACE

Quantity surveyors are becoming increasingly involved in modern methods of
data processing and are looking to the computer as a means of solving problems
and providing techniques for the more effective use of their skills. The computer
provides new techniques that the construction design team can utilise to the
betterment of the design and construction processes. The changing economic
climate and the introduction of new building techniques have demanded a
closer liaison between the professions and the construction team with the object
of providing coordinated information systems. Computerisation may be held to
be an answer. A study of computers, therefore, is necessary if the quantity
surveyor is to keep abreast of modern techniques.

Computer jargon can be very confusing and only confounds the layman; this
tends to create an air of mystery. Nevertheless the introduction of computers
has created a new professional with an expertise that the quantity surveyor
cannot hope to replace. However, to utilise these new skills the quantity
surveyor must have some knowledge of the techniques involved. This means that
he should have a basic appreciation of the technicalities of computerisation and
a knowledge of its potential applications.

This book is directed primarily at students who are preparing for the
professional examinations of the Royal Institution of Chartered Surveyors, the
Institute of Quantity Surveyors and the Institute of Building. It is hoped that it
may also be found useful by students studying for degrees and diplomas in
quantity surveying and building and for allied professions and practitioners.

The book makes a study of computers to provide a basic appreciation of their
nature and characteristics and to give a better understanding of the manner in
which computers may be used satisfactorily by the construction design team
with particular reference to the quantity surveyor’s needs.

I wish to acknowledge with gratitude all the help and cooperation given by
many organisations and persons associated with the computer industry especially
R. Aldridge, D. R. Judd and S. K. A. Raza and many others too numerous to
mention. My special thanks are due to my colleagues at Trent Polytechnic for
their encouragement, especially to Dr 1. H. Seeley for his most helpful
comments. Grateful thanks are also due to those quantity surveyors with whom
I have had some stimulating discussions. Last and by no means least I wish to
thank my family for their tolerance and understanding while this book was
being prepared.

Nottingham, R.J. ALVEY
Autumn 1975
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1 THE IMPACT OF THE
COMPUTER

To err is human.
To really mess things up requires a computer.
(Bill Vaughan)

Computers are having an ever-increasing influence on our lives and it is almost
impossible to ignore them. Our wages, salaries or fees may have been processed
by computer. Our bank statements and demands for payment will probably also
have been generated by a computer. Computers seem to leave their mark
everywhere from space projects to the latest rates demand. In fact we appear to
have reached a stage when everything seems to be computerised or is going on
the computer and its influence seems inescapable. To what extent, if at all, does
the computer mess things up? Stories abound regarding the computer’s apparent
bungling: the domestic gas bills for excessive amounts, or the discharge of an
airman from the Air Force because he was pregnant. Some are possibly true,
others pure fantasy. Derogatory stories do circulate about things that are
clouded in mystique and not clearly understood. It is hoped that the following
chapters therefore will help lift the veil from what may be a clouded picture of
computers and put it into perspective.

To mention computers seems to conjure up in the mind certain pictures of
giant automatons that will eventually control man and his environment. Our
minds boggle at man’s ingenuity and we may become confused by the
computer’s intellectual attainments. To define the attributes of a computer is
difficult. The computer’s ideal properties may be listed and we may say that it is
an extension of man’s thinking: a so-called giant brain that will make the human
brain obsolete. We could consider the argument as to whether computers can
think and have other attributes such as a capacity for learning. On the other hand
the computer may be described as a tool or an instrument for man’s use, which
will carry out his instructions to the letter.

THE COMPUTER'’S ABILITIES

Computers seem to display many of the characteristics associated with human
behaviour. They perform logical operations like comparing and choosing
alternatives, matching equals or selecting the next instruction to be carried out.
They also have the ability to remember and to make what appear to be logical
decisions. In order to appreciate the complex behaviour of computers we must
remember that they lack the power of critical judgement and the capacity for
creative thinking. The computer has a built-in set of rules that is steadfast, and
it performs operations on given information without questioning the factual
truth of the data to be processed or the validity of its operations. It will blindly

1



carry out operations in accordance with the instructions it has been given and as
such the computer may be described as an ‘electronic idiot’ rather than an
‘electronic brain’. Developments in science and mathematics have occurred by
questioning axioms and rules that were thought to be self-evident. No computer
can do this, nor can it use past accumulated knowledge to arrive at new
possibilities and inventions. Computers will remain robots so long as the highest
form of human thinking cannot be duplicated.

The one important quality that puts the modern computer in a class by itself
is its ability to operate automatically. A long sequence of related operations can
be performed according to a predetermined program of instructions without the
need for human intervention. What it will do then is operate automatically
without questioning its instructions. The computer has been used to play games
such as chess. To play a game of chess with a computer and win depends on the
instructions that the chess ‘master’ has given. Failure of the computer to win
may be a result of inadequate instructions necessary to counteract certain moves.

Information expansion is now made possible on a scale that was not envisaged
before the introduction of electronic computers. Records can now be kept with
the possibility of retrieval and updating in a very short space of time. Events
may be recorded and reported as soon as they happen. The computer can lay
claim to features that are lacking both in the human brain and the more
conventional methods of data processing. Business activity is toned up since the
computer does not tolerate slipshod or inaccurate data preparation and it is
essential that ‘good housekeeping’ be maintained.

BENEFITS OF USING A COMPUTER

The general benefits that may be gained by using a computer may be summarised
as follows.’

(@) Accuracy  The computer can handle data and continue to handle it in such
a manner as to maintain accuracy. Human beings are prone to making mistakes
as they become tired but the computer without human intervention will
maintain its standard of performance. It should be appreciated that this is
dependent upon the accuracy of the data that are input and which conform to
the system requirements. Errors usually occur as a result of human fallibility
rather than the operation of the machine.

(b) Speed A special feature of the electronic computer is its speed of
operation. Calculations are performed and decisions made in fractions of a
second; a millionth of a second is not unusual. This is something that human
beings are incapable of doing or even comprehending.

(¢) Retrieval of Information — The computer can maintain full historical
records with a rapid access. Masses of information can be stored in a very small
space. Considerable research is being carried out with a great measure of success
into the construction of memory units where information is stored by using
laser beams both to read and write information.
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(d) Handling Complex Problems  Tasks may be performed that are of almost
infinite complexity, in fact as complex as the human brain can comprehend. If it
were not for computers, man’s progress into outer space would be almost
impossible.

These benefits are what make the computer unique in the business world and
make it possible to control certain areas of business activity that have been
previously uncontrolled because of the excessive cost of clerical labour.

IMPACT OF THE COMPUTER

From the benefits to be gained by using an electronic computer it can be seen that
its usefulness extends into many areas such as research, design and production,
commerce and administration. The breakthrough in computation represents a
great achievement in devising better methods of performing repetitive and routine
tasks more efficiently. Many people feared that the introduction of computers
would bring mass unemployment. However, experience has shown that the
computer’s impact has created an entirely new job market in computer
technology and operation.

The areas of application range from record-keeping, management information
systems, information storage and retrieval, electronic guidance and control, and
model simulation to computer-aided design.?

Record-keeping  Although computers were not developed for this particular
purpose they are committed to processing record-keeping applications such as
payroll and inventory accounting, production scheduling and invoicing. Banks
see electronic data-processing as a means of increasing efficiency by permitting
continual updating of depositors’ accounts. Industrial enterprises and
government departments require records of accounts payable and receivable.
Airports also use computers to maintain records of bookings.

Management Information Systems The computer can be used to provide an
all-inclusive system designed to meet the instant information needs of a
management as a means of increasing the efforts and efficient operations of a
business. Data coordination is an important factor receiving much attention in
the caonstruction industry and the computer is seen as a means of achieving this
end.

Information Storage and Retrieval  This is an important feature of some
management operations. The computer can be used to assist in medicine: for
instance the observation of patients is made possible by means of electronic
equipment. Doctors can now use the computer to test and diagnose various
human ailments and the National Health Service has gained advantages by using
the computer for storage and retrieval of patients’ records. However, the use of
the computer in this field is still in its infancy.

Education has also gained by adopting computerisation. Electronic computers
contribute to new and revolutionary ideas such as teaching aids. Computers
were introduced into education mainly for computerised programmed instruction.
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However, in recent years the computer structure, its technology and computer
languages have been taught as a computer science.

The police force is a well-known area where computerised data storage and
retrieval are found to be very useful. Data are built up and stored in the computer
in such a way as to provide a readily accessible source of information. VASCAR,
the Visual Aid Speed Computer and Recorder, is a new computerised device
whereby the police may detect the speed of traffic.

Libraries have problems of disseminating knowledge on a wide scale and
collecting information from many and varied sources. The answer is provided by
the computer as a tool for implementing a communications network. The
Lloyds Shipping Register is an example of a type of information retrieval
system with information held by the computer and retrieved for printing quick
answers to queries. Updating is made easier if information is filed in this manner.

Electronic Guidance and Control  The industrial use of computers is generally
associated with automation. The manufacturing processes have utilised computers
for the control of machine tools. Process control by the computer may also be
found in the chemical industry for the production of such commodities as
ethylene, nylon, rubber and ammonia.

A better-known area where computers are used for guidance and control is
aeronautics. Manned space flights are made possible by computers that have
performed the initial calculations, which may take hundreds of man-hours to
solve. Split-second calculations are also necessary to maintain flight. These can
only be performed at the required speed by the computer.

Model Simulation  Simulation is the experimental technique of operating and
studying the model of a system by an empirical method. This means that in
order to try out the multitude of variables a mathematical or physical model
must be constructed. Simulation therefore refers to a symbolic representation
for learning about and testing an idea before making it operational. Computer
techniques make simulation an easier process. The simulation of flight by
computer has been used for both designing aircraft and the training of pilots.
Business executives are able to simulate conditions requiring certain key
decisions relating to a business activity. Models may also be developed using
advanced mathematical techniques and linear programming to simulate traffic
movements and the distribution of work.

THE USE OF THE COMPUTER IN THE CONSTRUCTION INDUSTRY

Like many other industries the construction industry has not escaped the impact
of the computer. Architects, consulting engineers, contractors, subcontractors
and quantity surveyors are utilising the computer’s facilities.

The Computer and the Architect

Architects are using the facilities provided by modern computing techniques to
provide basic design information. Architectural and engineering design may
involve the performance of tedious calculations for a wide range of variables to
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permit a greater measure of choice among feasible designs. A number of
environmental factors relating to building design, such as heat losses and
lighting, may conveniently be processed by computer. Use is also made of the
processing facilities for scheduling and costing.

It is now possible to use computers in the design process. The development of
computer technology now permits the architect and engineer to view completed
designs in three dimensions on a cathode-ray tube. A number of programs are
available by which the architect can produce drawings using computer graphic
displays.*>°+¢ Computer graphic displays involve the use of visual display units
using cathode-ray tubes on to which drawings may be projected. The designs
may be created in three dimensions and rotated for perspective views. Drawings
may then be produced in a number of different displays under computer
control.#>5 Systems to extend the graphic design are being developed so that a
costing and the generation of drawings, schedules and quantities may be
produced from the basic raw data.

The use of the computer by the architect means that more designs can be
examined and assessed with the added advantage of reaching an optimum
solution. In this way a more rational approach can be taken towards the layout
of a building. Programs performing this type of work may be considered as a
bonus for those who look upon the use of a computer for harder economic
reasons. Computer output makes for easier communications between designer
and client and the rest of the design team with an increased speed of operation
in design resulting in an earlier building completion.

The Computer and the Contractor

With the increased competition in the construction industry there is a need for
more sophisticated methods of processing and the contractor is turning to the
computer as a tool to ensure a profitable performance.

Computer systems are being used in many areas of the contractor’s project
control such as job-costing, project-planning, scheduling and cost control.” The
contractor may find the computer of use in assisting him with such problems as
payroll, purchasing, invoicing and stock control, information retrieval and many
scheduling operations.® Computers provide an opportunity to simulate a project
and compare alternative proposals to arrive at a satisfactory solution. Particular
value is gained by this exercise for assessing the alternatives available when
project-scheduling. Project cost control can be implemented using computer
programs that will produce cost information relating the actual costs to estimated
costs. The contractor needs progress information relating to a project at regular
intervals. This can be supplied satisfactorily by the computer with a saving of
manual effort.

One of the more tedious accounting operations that the contractor has to
perform is the handling of subcontractors’ accounts. These need to be broken
down into headings such as measured work, materials on site, daywork,
fluctuations and other claims, each of which may have an applicable discount
and retention. Every month, or sometimes more often, the appropriate discounts,
retention and any contra-accounts must be applied to each relevant
subcontractor’s accounts and the necessary calculations made before payment.
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The computer can be used to apply validity checks and perform all the necessary
calculations to give the amount of payment due on certified valuations
together with a print-out.

Contractors who operate plant departments that carry many spare parts or
require bulk stock holdings can benefit by applying a computer program to their
inventory control. This provides a method of controlling the replacement of
stocks in such a way as to minimise the costs of holding too much stock and
obsolescent parts. The whole of the stores issue and accounting procedure can be
operated in conjunction with inventory control. The industrial sector of the
construction industry makes use of a computer chiefly as an aid to management.
Manufacturers, however, use it as a means of process control. These applications
can be of use in market research, sales analysis and sales forecasting.

The Computer and the Quantity Surveyor

The production of bills of quantities forms one of the prime functions of the
quantity surveyor and is a starting point for his other analytical activities. It is
from the raw data that information can be extracted for other uses. A working
party was set up by the Quantity Surveyors’ Committee of the Royal Institution
of Chartered Surveyors in February 1960 to look into the possibilities of the use
of computers in connection with working up quantity surveyors’ dimensions to
streamline and quicken up the process.?-19 It recommended an investigation
into data processing for the production of bills of quantities. The Committee
also suggested that the use of the computer for such purposes might act as a
catalyst for speeding up improvements in planning and constructional methods
of the construction industry.

The use of the computer brings a logical discipline to quantity surveying
procedures. Also many benefits may accrue as a ‘spin-off’ from computer
processing as an extra to the normal requirements. The quantity surveyors’
principal use of the computer is for storing and resorting data, scanning large
files of information and retrieving what is relevant. He is able to provide
additional information to serve a number of aspects of a building project. For
instance bills of quantities may be produced in various formats from the same
source data. The computer may be used to provide contractors’ information
for use in all features of contract and site management including cost planning
and design optimisation from the quantity surveyors’ measured work.

The quantity surveyors’ work processed by the computer varies from little
more than calculating and collating coded descriptions and dimensions to more
elaborate systems involving processes for the retrieval of information that
would otherwise be buried in the quantity surveyors’ take-off. The following
chapters examine some of the systems and techniques used to achieve these
ends.
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2 THE NATURE OF THE
COMPUTER

Computerisation, for all its apparent complexity, is surprisingly straightforward
when examined in detail. Like many other products of human ingenuity, the
computer is composed of a number of individual units each of which has a task
to perform and it is in the terms of these tasks that the computer can be
described. However, before computers are examined in any detail it is important
to understand their nature and characteristics. The basic types of computer in
use today may be described under the following headings.

(a) Analog computers
(b) Digital computers
(c) Hybrid computers

ANALOG COMPUTERS

The analog computer is a device that measures the quantity of a continuous
variable physical condition. In other words a measure of ‘how much’. For
instance speed, temperature and time are physical conditions that vary in their
amount and are continuously changing. The measure of ‘how much’ is
represented by analogy in the form of some visual representation.

The speed of a car changes with acceleration and deceleration and is a variable
physical condition that we can experience. The measure of how fast the car is
travelling is indicated by the position of a needle on the dial of the speedometer.
Heat is a physical condition that is experienced by everyone. This is purely
comparative in the way it is experienced: if we plunge our hands into a bowl of
cold water and then immediately into a bowl of water at body temperature, the
second bowl of water will seem hot to our senses. A thermometer will indicate
the amount of heat (temperature) by a visual representation on a scale marked
out in degrees. ‘Tempus fugit’ (time flies), but just how quickly does it pass?
The measurement of time is by the analogy of the position of hands on a clock
to represent a point in time; although devices have been developed that rely on a
counting action and represent time in terms of numbers — these are called digital
clocks and should not be confused with the conventional timepiece, which
measures time by analogy.

The measuring devices that compute a measure of ‘how much’ by analogy are
known as analog computers. A measure of ‘how much’ has its own application
and each analog computer is designed to perform a specific task. The quantity
surveyor is concerned with a measure of ‘how much’ when he computes from a
scale of distance such as the tape measure or scale rule. Our earliest forefathers
were constantly making analogies; for example, the distance between one
outstretched arm and the other, or the distance from the tip of a man’s nose to
his outstretched middle finger were units of measurement that he used to
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Figure 2.1  Analog device — early Egyptian crossbar

represent a measure of ‘how much’. A more scientific unit of measurement used
by surveyors today is the metre, which is one ten-millionth part of the distance
between the equator and the North Pole. Engineers and surveyors have also been
using the slide rule for some time as a means of computing quantities by the
analogy of scales of distance.

An analog computer can then be defined in general as a calculating device that
indicates by analogy the amount of some physical condition on a scale of
measurement. Thus any measuring device that solves problems by translating a
physical phenomenon into related quantities will come under this heading. The
early Egyptians used a crossbar (figure 2.1) and the motion of the sun across the
sky to measure daylight hours;' this was the forerunner of the sundial. At dawn
the crossbar was set facing east, the shadow cast by the crossbar indicated the
six hours before noon. At noon, when the shadow was the shortest, the crossbar
was turned round. The declining hours were then measured with the crossbar
facing west. Sundials are similar in some ways to this early device although
when seen today they act more as a decoration than a timepiece.

DIGITAL COMPUTERS

The digital computer is concerned with a measure of ‘how many’. The problem
to be solved consists of the handling and processing of discrete items. The
computation is performed on a numerical mathematical basis consisting of the
adding, subtracting, dividing and multiplying processes. Our earliest forefathers
had to rely on counting devices to enable them to assess ‘how many’. In the
very early days they used their fingers to count up to ten. More sophisticated
methods involved the use of arms and bending fingers up in various ways to
perform multiplication problems. Markings used as counting devices can be seen
on walls of prehistoric caves. The early Egyptian merchants made a device using
pebbles in grooves in the sand; a pebble in the right-hand groove represented a
unit of one; when ten pebbles were counted in the right-hand groove they
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Figure 2.2  Digital device — abacus

exchanged them for one pebble placed in the groove on the immediate left. Each
groove represented units, tens, hundreds or thousands, and so on.

A more sophisticated device is the abacus.? This was used in widely separate
cultures and appears to have been invented independently in several centres as is
evidenced by such versions as the Aztec, Russian, Chinese and Japanese forms, as
indicated in figure 2.2. Some prefer to use the abacus and claim that it can be
used as quickly as most modern counting machines. Its use, however, has been
superseded by mere modern devices that can be either mechanical or electronic.
With the aid of digital computers the quantity surveyor is now relieved of the
mental gymnastics of squaring and casting his dimensions.

The measure of ‘how much’ and ‘how many’ can best be illustrated by looking
at the dashboard of a car. The speedometer is the analog device, which shows the
speed of the car (how much’) and the milometer shows the number of miles
travelled (‘how many’); the milometer then is the digital device. The simple
principle for distinguishing between analog and digital computing devices
depends on whether the computation sets up an analogy of the problem or
whether it is performed by the numerical counting of discrete items. All have
characteristic states or conditions of activity that can be compared to illustrate
some of 3their distinguishing features. Some of these features are compared as
follows.
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(a) The main distinguishing feature is that the analog device sets up an analogy
of the problem — a question of ‘how much’ — while the digital device breaks
the problem down into arithmetic — a question of ‘how many’.

(b) Measurements on an analog device are variable and continuous and are
translated by means of the rotation of a shaft, the amount of voltage or the
position of an indicator on a scale of measurement. Measurements on a
digital device are discontinuous and separate from the problem and are
represented by numbers in a discrete pattern.

(c) The analog device is designed for a specific purpose and the basic operation
is performed by a single-purpose device such as the speedometer in a car.
The devices used for digital purposes may be composed of interchangeable
units working together. The operations are carried out by a combination of a
number of devices such as adders, registers, accumulators, and the like.

(d) Analog devices serve as models and reflect the relationship of measurement
with an actual physical quantity and carry out their operations in the actual
time of the physical condition. Digital devices compound arithmetic data
that are unrelated to the system they represent and the time of the
operations do not correspond to real time.

(e) The analog device can only handle measurements of a continuous variable
nature and is best suited to simulate a response to a physical condition by a
mathematical analogy. Digital devices handle data and numeric problems of
a business or scientific nature that involve discrete random processes.

HYBRID COMPUTERS

The type of computer that makes use of both the analog and the digital
components and methods is knows as a hybrid computer.2-3 This type of
computer possesses the speed, flexibility and direct communication of the
analog computer with the logic, memory and accuracy of the digital computer.
The digital computer can be adapted to represent a continuous variable
function and characteristics of an analog computer. For instance an arrangement
of discrete characters can be used to create some graphical representation such as
a bar chart (see chapter 10). A number of portraits have been produced using
this method, and competitions have been held for the best portrait so produced.
These results are not obtained by the use of hybrid computers but rather by the
output of a digital computer, the pictorial effect being obtained through the
arrangement of discrete characters. However, a digital computer can be made to
produce analog results by equipping it with devices to convert input from an
analog to a digital form and output from a digital to an analog form.

ELECTRONIC COMPUTERS

In recent years modern developments in technology and electronics have seen
the advent of data-processing devices that are replacing the electromechanical
calculating machines. It is this area that most people associate with computers.
The term electronic computer bears reference to the technology adopted; the
machine consists of electronic circuits and components through which pulses of
electricity flow, which represent data to be processed.
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The first automatic computer called an Automatic Sequence Controlled
Calculator, which is alleged to have been built at Harvard University, was put
into service in 1944. It put into practice many of the concepts formulated by
Charles Babbage one hundred years or so earlier and made use of
electromechanical techniques. The first all-electronic computer, ENIAC
(Electronic Numerical Integrator and Calculator), was built at the University of
Pennsylvania in order to solve problems of ballistics and aeronautics for the
United States Army in 1946.%2 General-purpose electronic computers began to
appear in the United States in 1948, and by 1960 their use was well established.
UNIVAC 1 (Universal Automatic Calculator) was the first commercial digital
computer produced in the early 1950s.%%

Electronic technology relating to computers is classified by reference to a
specific ‘generation’. This is a means of classifying the computer’s technical
characteristics.®

First Generation  These particular types of machine were operating during the
years 1954 to 1959. They worked by means of circuits consisting of wires and
thermionic valves. Compared with present-day computers they were large in size
and tended to fail frequently due to the heat that was generated. Processing was
in the millisecond speed range (one-thousandth of a second) with a comparatively
low internal storage. All models tended to have individual characteristics and
lacked any relationship one with another.

Second Generation  The circuits of wires and the thermionic valves of the first-
generation machines were replaced by printed circuits, diodes and transistors and
such machines operated during the years 1959 to 1964. The advances in
technology enabled smaller machines to be built with a subsequent reduction in
the generation of heat. This increased the degree of reliability since transistors
and solid-state components do not have such a high failure rate as thermionic
valves. The internal storage capacity was also increased in size. The processing
time was increased to a microsecond (one-millionth of a second) with the
addition of direct access storage (see chapter 3).

Third Generation In 1964 the technology of microminiaturisation was
introduced and computers were built with micro-integrated circuits, which
comprised integrated components rather than individual components with
soldered connections. The introduction of these integrated circuits resulted in
higher processing speeds of a nanosecond (one-thousandth of a microsecond).
Even smaller units can be produced resulting in a higher capacity internal
storage with additional facilities for multiprogramming and remote
communication (see chapter 3).

MINICOMPUTERS

A further development in computer technology is the minicomputer and its
associated peripherals. These have been made possible by the advances in space
research and telecommunications coupled with the miniaturisation of
components. The development and mass production of integrated circuits have
made possible the manufacture of smaller machines at greatly reduced costs.
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The minicomputer is a digital computer that uses short 16-bit words (see
chapter 3) to represent data and computer instructions.” Minicomputers are
portable and work especially well with conversational terminals and graphic
displays. They can also serve as special-purpose computers in control,
instrumentation and communications.

The advantages of using a minicomputer may be summarised as follows.?

(a) The minicomputer may be installed at a cost that is considerably lower than
a main-frame computer of equivalent power.

(b) The minicomputer may be installed easily in any position where there is a
power point.

(c) The operation of the minicomputer does not require organisational
structures or specialist staff.

(d) The minicomputer can be used either as a terminal to a larger machine or
locally as a processor in its own right.

The initial development of the minicomputer took place in the late 1950s out
of a need for low-cost process control computers. It is the low cost of a
minicomputer and its processing power that has created such an appeal.
Osborne® asserts that ‘the future of the computer industry belongs to the
minicomputer, the prefix “mini” no longer applies to computing power but
rather to small physical size’. The demand for minicomputers has created an
inroad into the computer market and it is competing keenly with its larger
counterpart, the main-frame computer.
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3 COMPONENTS OF AN
ELECTRONIC DIGITAL
COMPUTER

Before we examine the components of an electronic digital computer let us
consider how we ourselves would set about solving a problem. The functions of
solving a problem can be broken down into a number of features.!

(a) Control — We must first of all plan and concentrate on what we must do; in
other words control the way in which we are to solve the problem.

(b) Memory — The information we have stored in our brain will furnish certain
facts, and our experience provides us with a means of solving the problem.

(c) Processing — From the information we have stored and that that we receive
we must exercise our brain and process the data in accordance with the
method we have decided to use.

(d) Input — Any information we receive is through our sense organs — our eyes,
fingers, ears, nose and mouth. This then may be considered to be the way we
receive data or the input to our problem.

(e) Output — Having worked out an answer, we would possibly record it for
future reference. This is the output to our problem.

An electronic digital computer is composed of components that perform the
same basic functions described above. These components are to be found in a
central processor and peripheral units as follows.

Units in the Central Processor
(1) Control unit

(2) Memory unit

(3) Arithmetic unit (processing)

Peripheral Units
(4) Input devices
(5) Output devices

These components are known as the hardware of a computer (figure 3.1). We
can liken the central processor to our own brain, which has the ability to
‘control’ actions, perform ‘arithmetic’ calculations or logic and ‘memorise’ facts.
The units performing these functions are to be found in the central processor.
The human brain has a limited capacity for memorising facts and information
such as complicated formulae and other data has to be obtained from reference
books. In the same way information is usually supplied to the computer from
external sources. Data for the immediate problem to be solved are transferred to
the memory unit of the central processor by devices not under the direct control
of the computer. These are known as peripheral units. These units, when
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Figure 3.1 Components of an electronic digital computer

connected to the central processor, have an input or output function for putting
data in or taking data out of the computer.

THE CENTRAL PROCESSOR

The main-frame component of the digital computer is the central processor,
which houses the control, memory and arithmetic units.?*3

The Control Unit

An important part of the central processor is the control section, which is the
master dispatching station and the clock of the computer. It directs the rhythmic
flow of data through the system and controls the sequence of operations. To do
this it interprets the coded instructions contained in the program and initiates
the appropriate commands to the various sections of the computer. These
successive commands, in the form of control signals, flow along circuits opening
and closing switches and thus direct the flow of data in accordance with a
program of instructions. The control unit automatically times and collates all

the activities and ascertains that the computer is operating as a fully integrated
system.

The Memory Unit

Another part of the central processor is the memory or storage unit.* This
comprises a large number of character locations where data and instructions can
be stored.
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The size of the computer is described in terms of the size and speed of its
memory and is defined by the number of characters it can hold. Information
must be expressed in the form of binary digits, referred to as bits. A row of bits
held in store is called a word. A word, then, is a set of characters which occupies
a storage location. It is treated by the computer circuits as a unit and transported
as such. A character location is called a register, which is found by a unique
numerical reference called an address.

It is important to know which form of reference is implied since memory may
be laid out as characters, bytes, or word-orientated, depending on the
manufacturer’s own concept of how the machine can best be used.? For
example, in an ICL word-orientated machine a ‘word’ contains 24 bits and space
is expressed in terms of ‘K’ (1024 bits). A computer having a size of 32K would
have space for 32 768 bits.

The function of memory is to act as an immediate access storage. It is the
size of this unit that limits the performance of the computer and it should be
big enough to take program instructions, data to be processed, and the results
of processing.

The unit comprises a magnetic core storage that has no moving parts
(figure 3.2). It is made up of a square grid of wires similar to that in a pane of
Georgian wired glass. Each intersection of wires is encircled by magnetised
rings 1.5 mm in diameter. Pulses are sent down horizontal and vertical wires to
change the magnetic state of any core from positive to negative, or vice versa.
The magnetic state of each ring represents a binary digit. In practice each ring
must be threaded with an extra wire to restore its original polarity and thus
maintain its original state.

The Arithmetic Unit

The portion of the central processor that carries out the arithmetic and logical
operations is called the arithmetic unit. The first thing to remember is that we
are dealing with an electronic device, which means it has only two stable states,
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such as on/off, current/no current and the like.® The following components
generate conditions of a bistable nature.

(a) Pulses — Electric pulses, on a time scale, create a recognisable state of the
presence or absence of a pulse.

(b) Switch — The position of a switch may be open or closed.

(c) Valve or transistor — The condition of a valve or transistor may be
conducting or non-conducting.

(d) Voltage — A state may be registered by high voltage or low voltage.

(e) Magnet — Anything magnetised to saturation can represent a signal in one
direction, and a second signal in the other direction. In the case of cores in
memory the rings are electromagnetised and the polarity can be changed by
electric pulses along the wires.

An ‘on’ state can represent 1 and an ‘off” state can represent Q in binary terms.
The bistable nature of the electronic digital computer can be utilised to perform
certain operations of arithmetic.

The binary system has two characters using 0 and 1. The x factor of 2 is
represented by moving one place to the left. In binary four hundred and
seventy-six woud be represented as follows.

Factor 256 128 64 32 16 8 4
1 11

2 1
Number 1 1 1 0 0 0

Represents 256 +128+64+0 +16+8+4+0+0=476

In contrast the decimal (denary) system has characters using figures from 0 to
9 inclusive. The x factor of ten is represented by moving one place to the left. In
decimal terms four hundred and seventy-six is represented as follows.

Factor 100 10 1
Number 4 7 6

Represents 400 + 70 + 6 =476

Whatever the complexity of a mathematical problem it can be solved by the
application of the basic rules of arithmetic — addition, subtraction, multiplication,
division and exponentiation. The function of arithmetic is accomplished by
internal processes that suit binary calculations.

The manual calculations involved in reducing a problem to these basic rules
of arithmetic are too lengthy, and more advanced mathematical techniques must
be used to speed things up. It is the speed of the computer and its ability to cope
with a large amount of simple arithmetic in a short space of time that makes it
particularly commendable.

Although the processing is performed in binary calculations the computer
techniques will be better understood in decimal terms, as illustrated below.

Addition

This is simple and straightforward and needs no explanation.
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Multiplication
This is accomplished by repeated addition.

Example
(i)2x5=100r2+2+2+2+2(five times)
(ii))7x9=630r7+7+7+7+7+7+7+7+7 (nine times)

Division
This is accomplished by repeated subtraction.

Example
(iii) 24 +8=24 -8=16
16 — 8 =8 }subtracted three times
8—-8=0

Thus
24 divided by 8 = 3

Subtraction

This is accomplished by employing the process known as complementary
subtraction.? The process might seem to be a round-about method and a little
complicated. However, it is very useful since the complement of a binary
number is expressed by complementing the digits and adding 1 to the result. The
true complement of the binary figure range 101101 is therefore 010011 as
indicated.

Number 101101
Complement digits 010010
Add 1 1

True complement 010011

The complement of a denary number is that number which must be added to it
to give zero total. The decimal complement is those digits in the zeros
concerned.

The process of complementary subtraction is as follows. If we wish to
subtract B from A, which is 4 — B, add the decimal complement of B to 4 and
disregard the most significant figure.

The decimal complement of 49 is 51, which is

49 +51=100
The decimal complement of 236 is 764, which is
236 + 764 = 1000

The most significant figure in each case is 1.
Example (i)
126 - 49 =x
18



Complementary subtraction

x =126 + 51 (see above)
x =177 less the most significant figure

x=177
Therefore

126 — 49 =77
Example (ii)

496 — 236 =x

Complementary subtraction

x =496 + 764 (see above)
x = 1260 less the most significant figure

x =260
Therefore
496 — 236 =260

In decimal terms this method appears to be complicated and round-about. It is,
however, quite a simple operation for the computer when one considers how the
true complement of a binary figure is obtained.

BACKING STORE

Certain information can be held on storage devices as an extension of the
computer’s memory.® Information that is required for immediate access when
solving a particular problem is held in the core store located in the central
processor. Only a small proportion of information is required at any one time
and it is practical to have the mass of data stored outside the central processor
because of its limited storage capacity. Information needs may be stored either
in the form of results of processing or for future reference on backing storage.
The devices forming a backing store supplement the internal store of the
computer. They are both input and output in the functions they perform. This
is because information that is stored on the device may be fed into the computer
as an input unit to assist processing. The results of the data processed by the
computer may also be recorded on the device as output for future reference.

These devices constitute part of the memory of the computer and the
selection of data is basically of two modes — serial access and random access,
which is characterised by the way in which the data are located. Let us consider
a memory with twenty-six character locations each of which has a unique
address numbering 1 to 26. Each location contains a letter of the alphabet
starting with ‘A’ in location number 1 and finishing with ‘Z’ in location number
26.
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Problem  Find the words by using the contents of the following addresses in
the order given.

19,5,18,9,1,12 and 18,1,14,4,15,13

Process of Serial Access

To use this process we must start at memory address number 1 and proceed to
memory address number 26 picking up the contents of each location on the way
as they appear in the order in which they are referenced. On the first run-
through the contents of memory address number 19 only can be picked up,
which is ‘S’. The second run-through will pick up the contents of memory
addresses numbers 5 and 18. The contents of memory address number 9 will be
picked up on the third run and the contents of addresses numbers 1 and 12 on
the fourth run. This procedure must be carried out for every reference. Any
references that are in a numerical sequence can be picked up on the same run-
through. This process is synonymous with the preparation of a bill of quantities
when billing direct from the take-off.

Process of Random Access

This process is much quicker since we can take a more direct approach in order
to locate each character. The contents of memory address number 19 can be
located first by making an immediate direct reference to that location. In the
same way the contents of memory address number 5 can be located immediately
afterwards. This procedure is continued until all the references have been made
in the order in which they appear. Such references should yield the following
information.

Address 19,5,18,9,1,12 18,1,14,4,15,13
and
Contents S ERITIAL RANDOM

The backing storage devices are magnetic in character and the main types are
a drum, tape or disc-type units. This method of storage is non-volatile. This
means that information is not removed when power is switched off, as in the
case of electric devices.

For long computations it is useful to store intermediate results from time to
time, in the event of a fault. To switch off the power would interfere with the
information on volatile storage devices. On these devices, after any fault has
been cleared, the computation can restart from the last set of intermediate
results. On volatile storage devices the processing would have to start right at the
beginning.

Magnetic Drums®  This is one of the earlier types of storage unit, which
comprises a heavy cylinder covered with a layer of magnetised sensitive material.
This type of storage device is a random access store. The surface of the cylinder
is divided into a number of narrow tracks on which data are recorded (figure 3.3).
Each track has a reading and writing head associated with it. The cylinder

20



Read-write head

— Coils

—_—
E
—

Read -write

/——-\\
A

Magnetised surface

Figure 3.3  Backing store — magnetic drum

rotates at something between 2000 and 10 000 revolutions per minute and by
careful timing the read/write heads can select the required ‘bits’. If the drum is
rotating at 3600 revolutions per minute each bit is positioned under the head
3600 times per minute or 60 times per second. The bit therefore can be stored or
read in 0.0167 seconds (16 milliseconds). For a speed of 10 000 revolutions per
minute the storing and reading time will be 6 milliseconds. On an average the
input/output is in the region of 200K characters per second.

The main advantage of this type of storage device is its low cost. The main
disadvantage is its comparatively slow speed: other devices work at speeds of
fractions of a millisecond.

Magnetic Tape*  Information can be conveyed to and from the computer by
means of a magnetic tape unit. This device is a serial access store. Data are stored
on a continuous flexible linear recording medium impregnated or coated with
magnetic sensitive material of high quality and held on reels (figure 3.4). The
reels of tape are supplied in lengths from 365 m to 1100 m, and in widths from
12.5 mm to 25 mm. There are up to ten channels running side by side on a strip
of tape on to which information is recorded. The density of recorded
information is in the region of 250 to 360 characters per millimetre.

Although the magnetic tape units are permanently linked to the computer the
reels are interchangeable. This means that a library of tapes can be built up and
loaded on to the unit for processing by the computer as and when required. The
tape units vary in speed according to the model and operate at between 10 000
and 160 000 characters per second. Generally the speed of a small to medium-
sized computer would operate at a storing or reading time of 3 milliseconds per
character, which is about 20 000 characters per second.

Information is set out on the surface of the tape in a sequential order in
records. A record is the information about one particular item in the file. This
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could be likened to the dimensions and description of an item of take-off. A
number of records grouped together is called a ‘block’. A block of information is
that which is read for processing at any one time. Between the blocks of
information is a gap known as an interblock gap where no recording is made.
This is usually a standard 19 mm long. The object of this gap is to act as a brake
to prevent the computer initiating further operations until the current
information has been processed.

Magnetic Disc Packs®  Information is recorded on to the magnetised surface of
a disc, something like a gramophone record, which is notionally divided into a
number of concentric tracks. Each disc may contain 100 or 200 tracks or
concentric rings that hold a fixed number of characters. A typical device consists
of around six discs on a common spindle. This gives ten recording surfaces, since
the top and bottom surfaces of the pack are not recorded (figure 3.5). This type
of device is a random access store.

All tracks in the same relative position on each of the ten recording surfaces
are collectively known as a cylinder. A disc pack therefore has a number of
concentric cylinders of data. The discs are very often interchangeable, which
offers great flexibility in their use, although some computer users have disc
devices that are fixed.

The pack shown holds about 9.2 million characters and rotates at a speed of
2400 revolutions per minute. This means that information is transferred at
around 200 000 characters per second or 25 milliseconds per character. The
seek time varies between 30 and 160 milliseconds.

The device is useful where very large files are to be held ‘on line’ to the
computer. In general they are too large and expensive for average commercial
use. They do, however, have a very large data-holding capacity of something in
the region of 300 million characters or more.
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On-line and Delay-line Storage

The peripheral equipment or devices in a computer system that are under the
control of the central processor are said to be ‘on line’.

The availability of data and their immediate processing may be a problem in
some systems. Information may be made available at a time when the computer
is not quite ready to process it — how often does one make an appointment with
a doctor or a dentist, and turn up on time only to find him delayed by previous
appointments? The facility for keeping data circulating in the form of pulses in
specially designed circuits is called delay-line storage.> This form of storage is
not permanent since when the circuit is switched off the pulses cease. The
storage techniques allow the data to travel through some medium such as
mercury, which causes a reduction and distortion in the pulses. As the delayed
pulse emerges from the delay-line medium it is passed through an amplifier and
is reshaped and enters the system as a delayed pulse for processing (figure 3.6).

Pulse time

(i) (ii) (iii)
Figure 3.6  Delay-line storage
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(i) Pulses A and B are identical in timing.
(ii) Pulse B passes through the delay-line medium, is reduced and distorted.
(iii) Delayed pulse B emerges and is amplified and reshaped.

COMPUTER CONFIGURATION

An electronic digital computer is made up of several devices that basically serve
one of five functions. Each type of device has its own characteristics, which may
differ slightly from a similar device serving the same function, as outlined earlier
in this chapter.

Interconnections between the computing units are made with shafts, wires or
even pipes, depending on how the units work. The arrangement of
interconnected units is known as the ‘configuration’ and the preparation of
pieces of equipment for operation to solve any particular problem is known as
the ser-up. We may think of a computer installation as containing a stock of
devices of each type, from which sufficient numbers are drawn to solve any
particular problem. The configuration for solving a complex problem may be
dealt with in one of two ways, by arranging the units to act either
simultaneously or sequentially.3-©

Either: different units are interconnected, each being programmed to process
a particular, and therefore a simplified aspect of the problem. The coalescence
of results by the simultaneous actions of the device produces a solution. A
computer with this type of set-up is known as a simultaneous computer. It is a
characteristic of a simultaneous computer that several specimens of a particular
type of computing unit are needed, in fact as many as the number of times that
the problem calls for a particular computing operation. A further characteristic
is that a given interconnecting path in the set-up carries signals representing
successive values of the same operation. It never carries values of different
operations.

Alternatively: the problem may be broken down into simplified stages of
processing. Each stage is processed by the same units performing different
operations. For instance, one arithmetic unit might be provided to solve all the
various calculations needed in the solution of the problem. Interconnecting
paths in the set-up carry signals of different operations at different times, for
each stage of the processing. A computer with this type of set-up is known as a
sequential computer — this is the more common approach.

COMPUTER PROCESSING TECHNIQUES

The problem of data processing by computer may be solved in a number of
different ways depending on the means of access to the computer.’ The methods
of processing involve various techniques, the uses of which are influenced by the
hardware and software available. The range of techniques may be summarised as
follows.

(a) Batch processing
(b) Real time processing
(c) On-line processing
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(d) Off-line processing
(e) Multiprogramming
(f) Simultaneity

(@) Batch Processing  involves the grouping of related data for processing. The
data are processed in a predetermined sequential order in groups called batches.
This means that the data are collected in batches and processed by using programs
to solve a particular problem to which the data relate. Each computer run may
involve the use of files that may be on magnetic tapes or discs and that are
removed after the processing has been completed. It is not possible to gain

access to any record until the relevant file has been specially set up for the
purpose. If the data are required to be processed and files interrogated as events
occur other facilities are necessary.

(b) Real Time Processing  is a non-sequential method designed to meet

certain information demands requiring immediate processing, and is concerned
with computer communications involving the interrogation of data on files. For
instance, a manufacturer may wish to know the state of his stock, or an airline
the availability of seats on a particular flight; banks use this method of processing
to service enquiries regarding bank statements and the like. The system satisfies
the need of many businesses to gain access to current information. Processing
takes place in the time available to make decisions that affect events and

involves a ‘while you wait’ situation. A more complex configuration is required
for real time processing, which creates a need for random access storage and
on-line equipment (see on-line processing). A powerful centrally located computer
with a high capacity direct access storage in the form of fixed disc units is
required. This type of processing is expensive and because of its complexity
certain problems are created regarding reliability and recovery from error.

(¢) On-line Processing  relates to those operations performed by devices
connected to and under the direct control of the central processor. Batch
processing is normally associated with hardware that is directly connected to the
central processor and is located in the computer room. Peripheral equipment
that is on line means those devices that are connected to the central processor
for the purpose of processing. There are a number of devices that can be
connected to the computer over the normal Post Office and telegraph lines or
private lines. These enable the computer facilities to be made available at almost
any distance from the central processor itself — they are known as communication
terminals.

The more common devices are as follows.

(i) The ordinary G.P.O. telex machine is used over a dialled telegraph network
normally from one telex machine to another. The operator simply dials the
number of the computer and transfers the data via a keyboard. Printed
answers are received from the computer.

(ii) A variation on the same principle, but designed for use over private lines, is
the much cheaper teletype machine. This is just as effective as the telex
machine and can also be used for transmitting via paper tape into the
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computer and can receive punched paper tape as an output in addition to
printed output.

(iii) Another device known as the visual information projection device or visual
display unit (V.D.U.) has a cathode-ray tube very much like the ordinary
television set but it is equipped with a keyboard. The operator can see on a
screen what is being transmitted. Information can be received back visually
in readable form on the screen.

Although on-line processing relates to those operations performed by
machines directly connected to the central processor the term is usually
associated with a method of processing that uses a terminal at a remote location.
The operations are usually performed in real time. However, it is possible to use
on-line equipment for batch processing. Data keyed in at the keyboard at a
remote location can be entered either directly into the computer without any
further human intervention, or recorded on paper or magnetic tape and stored
for processing at a later time. This method is known as remote batch processing
or remote job entry.

(d) Off-line Processing  is carried out by machines that are not under the
direct control of the central processor and the processing is not directly
associated with the operations of the central processing unit. Human
intervention and control are required between data entry and ultimate
processing. Certain data-processing tasks may be performed by auxiliary
equipment although this is relatively slow compared with the operations of the
central processing unit. The following examples illustrate some of the off-line
operations that may be suitably performed by this type of configuration.

(i) Cards may be sorted into a master file sequence when it is not required to
sort the data by a computer program. The operation would be carried out
by a mechanical sorting machine.

(ii) Data may be transferred from one media to another in order to facilitate a
speedier transfer of the data to the computer memory. For example, data
on punched cards may be transferred to magnetic tape. The operation
would be carried out by a card reader and a control unit connected to a
magnetic tape unit.

(iii) Data held on magnetic tape may be transposed into a printed report. This
is a much more economic operation than that through the central
processing unit which involves the transfer of the data to core store and
their subsequent print-out using an on-line printer.

These tasks may be more suited to off-line processing thereby enabling the
computer to be more fully utilised by relieving it of the slower time-consuming
operations.

(e) Multiprogramming is a technique involving the interleaving of two or more
different programs for simultaneous processing. Computer power may be made
available on a wider basis enabling users to gain access by means of data
transmission services. Real time computer systems may provide facilities
simultaneously, which serve a number of users with randomly occurring
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requests. The system may be used to serve multiple organisations with many
users in the same organisation sharing the same machine or it may serve many
smaller users.

A coordinating supervisor program is required to control the interchange
between programs. This usually forms part of the executive routine and on large
computers is held in memory ready for processing. Only one program may be
executed at any one time. The operations are controlled to allow programs to be
switched. For instance, if processing is interrupted on a program run by the need
to attend to a peripheral operation, the central processing unit will switch to
another program in the meantime. A situation is created whereby one program is
always active with other programs either awaiting the completion of peripheral
operations or awaiting the availability of the central processor. This method of
using the computer on a time-sharing basis is known as multiprogramming.

(f) Simultaneity is a technique involving the overlap of the input and output
operations with the calculating processes to form concurrent operations. In a
number of instances simple calculations may be required on a large quantity of
basic data. The central processing unit is involved for a very small proportion of
the processing time since each calculation is simple and the speed of processing
is more directly related to the input and output operations. If the central
processor is rendered idle during the relatively slow operations performed by the
input/output devices the advantage of working at electronic speed is not
achieved. This situation may be avoided if the central processor and its
peripherals work concurrently. For example, the peripherals signal the central
processor whenever they are available for data transfer. Basic calculations
performed by the central processing unit may be interrupted to enable it to deal
with the peripherals and may be renewed after attending to their requirements.
By this method the central processor and its peripherals work concurrently.

INPUT DEVICES FOR NEW DATA ENTRY

The computer is not able to receive data in their original form; they must be
converted into a form that is recorded on a medium recognised by the machine.
Since the computer is in a bistable state when active, the data that are fed into it
must also be of a bistable character. The following is a summary of the possible
media that the computer will recognise.

Punched Cards**®  Information is punched in a coded form on cards
containing forty, sixty-five or eighty vertical columns. Each column has twelve
possible positions in which a hole or holes may be punched (figure 3.7, which
shows one of three national codes in use). Ten of the positions represent the
numbers 0 to 9 and additional positions provide combinations which form other
characters.

The peripheral device used on line with the computer for introducing
information on punched cards is the ‘card reader’. This device senses the pattern
of holes in each column of the card and converts them into electric pulses. Data
are read into the computer at an average speed of 800 cards per minute although
devices can be used at speeds ranging between 400 and 1200 cards per minute. It
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Figure 3.7  Punched card

is difficult to assess the actual amount of input since the number of characters
per card will vary. The average speed of reading is about 900 to 1000 characters
per second.

In order to read a punched card in alphanumeric terms it must be passed
through a device called an ‘interpreter’. This machine senses the pattern of holes
and prints the characters at the top of the card.

Copies of punched cards may be obtained by using a device called a
‘reproducer’. This machine is useful where extra copies are required or where old
cards have become worn and unserviceable. One advantage of this medium is its
flexibility: cards can be renewed and replaced in any sequence. This leads to one
big drawback since it is easy for cards to go astray.

Punched Paper Tapez’6 Information is punched in a coded form on to a
continuous strip of paper tape in rows of five, six, seven or eight (figure 3.8).
Each character is formed by holes punched across the width of the tape. The
device used for paper tape input is a ‘paper tape reader’, which detects the
pattern of holes in a similar manner but a little faster than the punch card
reader. This type of medium has the advantage of having a variable field length
and therefore is more flexible than the punched card, which has a fixed field
length of eighty columns.

Both punched cards and punched paper tape should be completely accurate,
otherwise results would be unreliable and useless. The process for ensuring the
correct transcription from the source documents to this medium is called
‘verification’. This process is performed by a second operator punching the
same information to enable any discrepancies to be detected when the relative
positions of the holes are compared.

Figure 3.8 Punched paper tape
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Other Forms of Input Media

The following is a brief summary of possible media in addition to punched card
or paper tape.

Magnetic Ink Characters®  This medium is used by banking systems and
consists of stylised types of numeric characters such as those found at the
bottom of cheques. The characters are formed with ink containing particles of a
magnetic substance that can be detected by an automatic device known as
‘Magnetic Ink Character Recognition’ (M.I.C.R.) — up to 1600 cheques per
minute can be read.

Optical Readable Characters® A form of optical reader can be used to read the
special shape of each character printed on the input media. The device translates
the data into electric pulses, which in turn are transmitted to the computer for
processing.

Visual Display Unit (V.D.U.)"  Data as they are input are displayed on a
cathode-ray screen like a television screen. This particular form of input display
is used for medical record schemes and architects’ computer-aided design.

Communication Terminals®  Certain devices known as ‘communication
terminals’ can be connected to the computer over the normal Post Office or
telegraph lines. These enable facilities to be available at almost any distance
from the central processor itself. By the use of a remote data communication
terminal data keyed in at the keyboard at a remote station can be entered either
directly into the computer, without any further human intervention, or
transferred to paper or magnetic tapes as delay-line storage. This type of device
can be extremely useful if installed in a quantity surveyor’s office, enabling him
to have a direct contact with a computer (see chapter 11).

OUTPUT DEVICES FOR RESULTS

The results of processing data are ‘output’ from the computer. This output may
vary in its form and may appear as characters printed on sheets of paper or
coded on punched paper tape or card. Devices that make the results of processing
available in a form easily read are different t6ypes of printer. These may take on
any one of the following characteristics.?>

Single-character Printers  This type of machine prints single characters at a
time in a similar manner to a typewriter. The maximum output is approximately
ten characters per second.

Line Printers  The feature of this type of machine is its ability to print whole
lines of 120 character positions simultaneously. This is the most common form
of legible output. There are a number of different types of machine each having
its own printing action. Some machines are faster than others and output varies
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between speeds of 300 to over 2000 lines per minute. The normal speed is about
650 lines per minute.

Optical Printers  This type of printer uses a process that has similarities to the
‘xerographic’ method of document reproduction. A cathode-ray tube is used to
project a line of print on to a revolving drum with a light-sensitive surface. The
images so produced are transferred to paper by means of a powder dusted on to
the drum and fixed to give a permanent image by a heat process. The advantage
of this type of printer is its ability to reproduce any shape, and it is not limited
to the fixed set of characters found on normal printers. It can be used to print
diagrams and charts or any image that the cathode-ray tube can produce, and is
useful for printing architects’ drawings from a computer-aided design system.
Use is also made of laser beams and graph plotters.

Console Typewriter A device used to monitor the progress of computer
operations is the console. It is not often thought of as a true peripheral device
but is in fact a means by which the operator communicates with the computer
by keying in instructions on the keyboard. The device might be programmed to
request information from the operator or to report the progress of operations
back to the operator by typing out messages. It can also be used as an auxiliary
printer for short reports to the management and thus it is truly an input and
output peripheral device.

Coded Output  Other types of output device may produce media similar to the
input media already mentioned, such as punched cards or punched paper tape.

In the earlier types of calculator, numerical information was punched on to an
input card for feeding into the computer. After processing, the card emerged with
added punched information as output. Nowadays separate cards are punched as
output. As an output media punched cards are not very popular because of the
relative speed of punching, which varies between 100 and 400 cards per minute.

In certain instances where a small computer has a limited storage punched
cards may be the only alternative means of storing data for processing. There are
disadvantages in using cards in this way since there is a limited amount of data
(a maximum of eighty characters) that can be stored on any one card,
therefore a large number of cards would be required for the mass of data that
need to be stored.

The production of punched paper tape as an output medium operates in a
similar fashion to that in the input section, with the exception of the reader,
which is replaced by a punch. This method of ouiput is used as a means of
creating data to be subsequently transmitted directly over telegraph or
telephone lines from communication terminals to the central processor.

REFERENCES

1. A. Vorwald and F. Clark, Computers from Sand Table to Electronic Brain (Lutterworth,
Guildford, 1966).

2. T.F.Fry, Computer Appreciation (Butterworth, London, 1970).

3. H. Jacobowitz, Electronic Computers Made Easy (W. H. Allen, London, 1967).

4. E. M. Awad, Automatic Data Processing (Prentice-Hall, Englewood Cliffs, N.J., 1970).

30



5. R. G. Anderson, Data Processing and Management Information Systems (MacDonald &
Evans, London, 1974).

6. S. H. Hollingdale and G. C. Tootill, Electronic Computers (Penguin, Harmondsworth,
1966).

7. B. Auger, The Architect and the Computer (Pall Mall, London, 1972).

‘Data Transmission’, The Computer Users’ Yearbook, ed. P. Grant (Computer

Users’ Yearbook, Brighton, 1974).

31



4 OPERATING THE COMPUTER

It must first be appreciated that the computer does not and cannot solve
problems — it merely carries out instructions. If the solution to any problem

is achieved by blindly carrying out these instructions, so much the better. In
order then to make the computer do its work there must be a set of instructions
prepared for the purpose of solving a problem. These instructions are fed into
the machine to direct the automatic processing. A plan for the solution of a
problem must include procedures telling the computer exactly how to handle
each incoming bundle of facts, how to process them and what to do with the
results after they have been processed. This procedure is known as programming,
and the person who prepares the instructions is known as a programmer.

The computer cannot think or even take decisions, although it may appear to
do so on occasions. In reality alternatives have to be seen by the programmer.
Any long involved calculation or routine might proceed in one of a number of
directions depending on some intermediate result. The programmer may not see
the result but can foresee the possibilities. It is important that all contingencies
be covered, since the computer is incapable of even the smallest extension to its
instructions. Any unforeseen situation that has not been covered by any
instructions will cause the machine to either stop its run or impart spurious
results. All problems must be closely analysed and the procedure clearly and
logically set out. Programming, then, is the exercise of a rational thought
process. It is more of an art than a science since there may be a multiplicity of
ways of instructing the computer to solve a problem. No two programmers are
likely to come up with exactly the same program.

The technique of programming, like the preparation of a bill of quantities, is
broken down into a sequence of logical operations. The first major steps to be
taken involve (a) the analysis of the problem and (b) flowcharting as an aid in
establishing the facts and rationalising a method of approach (figure 4.1).

ANALYSIS

The first step is really one of defining the logic. Given a problem, the
programmer will set it out in precise terms and decide the general way in which
he proposes to obtain a solution. In order to do this the main activities must be
established and put in a logical sequence. These must be broken down into more
simple steps that comprise a series of procedures each forming a complete cycle.
For example, the main activities necessary for the preparation of a bill of
q