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PREFACE

The Special English series from Collier Macmillan International 
introduces titles on a wide range of technical subjects that will be of 
interest to students of English as a second language. Each volume 
illustrates the special English of a particular trade or profession in both 
its spoken and written forms. It is not possible, of course, for books of 
this size to cover the subject matter exhaustively, so the authors have 
concentrated on those topics and activities that should have the widest 
appeal. The conversations which are the basis of each chapter or unit 
are deliberately written in the colloquial and idiomatic speech used by 
technicians and specialists as they go about their everyday activities.

It must be emphasized that these books are not primarily intended to 
teach the subject matter itself, although the technical content is accurate 
in every respect. Nor are they intended to teach the introductory stages 
of English. It is assumed that the reader is already familiar in his own 
language with the subject matter of the book, and has a good grounding 
in the basic grammatical patterns and vocabulary of English. He will 
use these books to improve his knowledge of English within the frame­
work of a technical vocabulary that is of interest to him either privately 
or professionally.

The authors in this series each have their individual approach, but all 
the volumes are organized in the same general way. Typically, each book 
is based on a series of situational dialogues, followed by narrative 
passages for reading comprehension. Exercises give the student practice 
in handling some of the useful and more difficult patterns, as well as 
lexical items, that occur in each unit. Tape recordings, of the dialogues 
and selected exercises, may be used either in the language laboratory or 
for private study. Each volume is provided with a glossary of tech­
nical terms, with i.p.a. equivalents as used in the Daniel Jones Pro­
nouncing Dictionary.

PETER STREVENS 
General Editor



INTRODUCTION

Special English: Computers is intended for students of English as a 
second language who wish to become familiar with the vocabulary of 
computers and computing. The book is intended for classroom work 
with a teacher, but it will also be found suitable for private study.

Each unit contains a dialogue, in colloquial conversational style, 
based on activities within the field of computing. The dialogue is 
followed by a group of exercises which give the student practice with 
the structures and new vocabulary items that have been introduced. 
Although these exercises may be written, they are primarily for oral 
practice, with the emphasis on repetition until the student is entirely 
fluent and can make the appropriate changes and substitutions quickly 
and accurately.

The exercises are followed by a reading passage with comprehension 
questions. Keys to the exercises are provided at the back of the book, 
together with a glossary of the technical terms connected with 
computing. These are marked in the text with an asterisk. The Inter­
national Phonetic Alphabet is used as a guide to pronunciation, and 
colloquial and idiomatic expressions are footnoted.

The tape recording that accompanies the book may be used by the 
teacher in the classroom or the language laboratory. For the student 
working alone, it will provide a model for pronunciation as well as a 
means of taking dictation for practice in spelling. The exercises have 
pauses for student response, but there are no pauses in the dialogues. 
This has been done on purpose to provide the maximum amount of 
recorded material. Most tape recorders are now equipped with a pause 
button, which will enable the listener to stop the tape after each sentence 
and repeat it aloud before proceeding to the next one. If pauses are 
required for language laboratory work, a copy may be made and the 
pauses inserted of a length to suit the requirements of the students. A 
demonstration tape, free of charge, is available from the publisher upon 
request.
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UNIT 1

WHAT IS A COMPUTER?

Dialogue

John Codewell is discussing a career in computing with the Personnel 
Officer of a large firm.

John: A computer’s a machine that thinks, isn’t it?
Personnel Officer: Well, yes. But it has to be told what to think; like 

any other machine it’s only a slave. I’ll give you a 
more exact definition. It’s an electronic machine 
that processes *data under the control of a *stored 
♦program.

John: What’s the difference between a computer and a
♦computer installation?

Personnel Officer: A computer installation really consists of three 
things: the *hardware, or machinery; the *software, 
computer programs telling the machine what to do; 
and the staff who work with the installation, some­
times called the *“liveware”. Take the hardware 
first. This comprises a number of separate machines 
linked together in a system.

John: Isn’t the main one the *central processing unit?
Personnel Officer: Yes, and the C.P.U. might be called the computer 

proper, because it contains all the * memory banks 
and logic and arithmetic units which actually do 
the calculations. But by itself it’s as useless as a 
brain without a body. The brain needs sense 
impressions to work on, and the C.P.U. needs data 
to process. Data simply means information. It’s 
fed into the machine via *input units, and the 
C.P.U. processes it and communicates results to the 
user via ♦output units.

John: What a lot of jargon!1 What are the input and
output units called?

1 jargon: words used in a specialized, often technical sense

1



A one-man computer

Personnel Officer: They’re called “peripherals”. There are slow 
peripherals—*card readers, *paper tape readers and 
*console typewriters for inputting data; and 
printers, card punches and paper tape punches for 
outputting results.

John: Why do you call them “slow” ?
Personnel Officer: Because they’re mechanical devices.
John: So I suppose magnetic devices—tape decks and so

on—are called “fast” peripherals?
Personnel Officer: That’s right. Tape decks work in much the same 

way as ordinary tape recorders, but there are even 
faster magnetic peripherals—*drums and *discs, for 
instance. All these can be used both for input and 
output. Then there are *visual display units.

John: Yes, I see. I think I’ve got the idea of the hardware.
But what about the software? What exactly is a 
“computer program”?

Personnel Officer: It’s a set of instructions telling the computer how 
to solve a problem, whether the problem is calcu­
lating a square root or working out Mr. Jones’ pay 
for the week.
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John: Surely the machine isn’t big enough to hold pro­
grams to solve every possible problem ?

Personnel Officer: No, not all at once. And here you’ve hit on one of 
the most important features of the modern com­
puter. A program can be stored in its memory just 
as long as it’s needed, and then removed, or, as we 
say, “deleted from store”. When it’s not needed it’s 
held in a library, usually on one of the magnetic 
devices.

John: So the software tells the hardware what to do and
computer personnel write the software ?

Personnel Officer: That’s what computer *programmers do, but there 
are many other categories of computer personnel. 
There are *operators to run the machines, electronic 
engineers to service them, * systems analysts to define 
the problems, not to mention2 the data preparation 
staff who punch up the cards and paper tape, and 
the people in administration, like myself.

2 not to mention: also, as well as

EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

What about the software ?

Use this structure to respond to the following statements:

Example: This is the hardware.
Prompt: software
Response: What about the software?

Now, you do it.

1. This is the hardware.
2. These are the fast peripherals.
3. These are the input units.
4. This is the programmer.
5. These are the mechanical devices.
6. This is the card reader.
7. This is the paper tape reader.
8. These are the drums.

software 
slow peripherals 
output units 
operator 
magnetic devices 
card punch 
paper tape punch 
discs
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EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: A computer installation consists of three things.
Prompt: The
Response: The computer installation consists of three things.

Now, you do it.

Statement: A computer installation consists of three things.
Prompts:
1. The
2. different
3. various
4. Any
5. parts
6. is made up
7. C.P.U.
8. contains

EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

I suppose magnetic devices are called “fast” peripherals ?

Use this structure to make complete sentences:

1. mechanical devices / “slow” peripherals
2. the whole thing / a computer installation
3. card readers / input units
4. programs / the software
5. the C.P.U. / the computer proper
6. the peripherals / input/output devices
7. circuits such as those / arithmetic units
8. drums and discs / magnetic devices
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Reading and Comprehension

A computer is an electronic calculating machine, but by itself it is of 
no more use than a car engine without a chassis, or a control panel 
without machines to monitor and control. It needs data to process and 
input units to feed it this data. It also needs output units to which it can 
send its results. Thus it is more meaningful to talk about a computer 
installation, consisting of a Central Processor, which is the computer 
proper, and a number of input/output units, or peripherals. And just 
as there are people of widely different skills and knowledge in a ship’s 
crew—engineers, deckhands, navigators, stewards, pursers and radio 
operators, for example—so too the personnel in a computer installation 
are specialists in many different fields. There will be systems analysts to 
analyse and define the problems the computer has to solve; program­
mers to write the instructions the machine must obey to solve the 
problems; data preparation staff to *punch the programs on to cards or 
paper tape, and operators to run the machine and monitor its progress. 
There will also be a messenger service and a magnetic library staff, 
together with a superstructure of managers and supervisors. All are 
necessary for the smooth functioning of a computer installation.

A computer room



6 COMPUTERS

EXERCISE 4: COMPREHENSION QUESTIONS

1. What does a computer process ?
2. What is another name for input/output units?
3. What are the people called who analyse and define problems for 

the computer to solve ?
4. Who writes the instructions the machine is to obey ?
5. What do data preparation staff do ?
6. What do operators do ?
7. Name two other categories of computer personnel.
8. Which part of a computer installation is the computer proper?

EXERCISE 5

Use the following words and phrases in sentences of your own to show 
that you understand their meaning and use:

1. data
2. input units
3. useless
4. slow peripherals

5. software
6. deleted from store
7. define
8. magnetic

A visual display unit



Babbage's differential engine

UNIT 2

THE HISTORY OF THE COMPUTER

Dialogue

John is looking round a science museum with his cousin Christine, who is 
taking a university computer course.

John: So this is where it all started—with Babbage’s Differential
Engine ?

Christine: Yes, he showed that a machine could do calculations by 
itself, using levers and gear wheels, provided you supplied 
it with a list of operations to follow.

John: It was a mechanical device, then? It must have been very
slow compared with today’s electronic machines!

Christine: Well, he never actually completed it. It isn’t only the develop­
ment of electronics that has made modern computers 
possible, though: at least two other things had to be thought

7
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John:

Christine:

John:
Christine:
John:
Christine:

John:

Christine:

John:

Christine:

John:

Christine:

John:

up first. One of them was the representation of data as holes 
punched in cards. I think that was discovered in France 
before Babbage’s machine.
Are you talking about Jacquard and his weaving looms? 
They were controlled by holes in cards telling them what 
patterns to produce, weren’t they ?
Oh, yes, that’s right. And Hermann Hollerith was the first 
man to use this principle—in the 1890’s, to process the 
U.S. census data.
You mentioned two developments. What was the other one ? 
It’s the idea of a stored program.
I’ve heard about that—who thought it up ?
Well, Babbage may have had it in mind, but it was only 
described in detail by mathematicians in this century. 
There was a paper on “Computable Numbers’’ by Dr. A. M. 
Turing in 1936. And there were other important papers by 
John von Neumann and his associates in the 1940’s.
As usual, though, I suppose the ideas of theorists had to 
wait for technological inventions to put them into practice ? 
Yes, that’s right. The early machines were based on *ther- 
mionic valves, so they were large and clumsy and got very 
hot. It was only when *transistors and *printed circuits and 
*magnetic cores were invented that computers became 
really useful.
By the way, what’s the difference between *analogue and 
*digital computers ? (
Digital computers depend on electronic devices which at 
any moment are in one of two states: on or off. So they can 
only answer “yes’’ or “no” to a question. But the analogue 
machine gives answers in degrees, according to the strength 
of an electric current. As the name suggests, they’re ’•‘simu­
lators. The *abacus is a digital-type device, and a slide-rule 
is an analogue.
It sounds as if analogue machines are closer to the way our 
brain works than digital machines.
Yes, I suppose so. But in practice they’re only used by 
scientists and engineers. Almost all commercial machines 
are digital computers.
Well, thanks very much. You certainly know your stuff; 
you could always get a job as a guide here, if you’re ever 
out of work!
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

What's the difference between analogue computers and digital 
computers ?

Use this structure to respond to the following statements:

Example: These are analogue computers, and those are digital 
computers.

Response: What’s the difference between analogue computers and 
digital computers ?

Now, you do it.

1. These are analogue computers and those are digital computers.
2. This is an abacus and that’s a slide rule.
3. This is the paper on “Computable Numbers” and those are von 

Neumann’s papers.
4. This is Babbage’s machine and these are other early machines.
5. This is the “on” state and this is the “off” state.
6. These are input units and those are output units.
7. This is the C.P.U. and these are the peripherals.
8. These are thermionic valves and those are transistors.

1 i H -v...... . ..............y-.”- .........................
I............ ......... .1».....xm*J. ............ . ........ 1..,....^

...i......r......I„.„t..... I...... ......... .

______..... J....... ........

............... U* -’.AA.....V .......

.......... ..... .......................... ....................... i.. ■

The slide rule—an analogue-type device
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EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: In practice they’re only used by scientists.
Prompt: engineers
Response: In practice they’re only used by engineers.

Now, you do it.

Statement: In practice they re only used by scientists.
Prompts:
1. engineers
2. theory
3. useful to
4. Theoretically

5. operated by
6. it should only be
7. must always
8. serviced

Punched cards



UNIT 2: THE HISTORY OF THE COMPUTER 11

EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

It isn't only the development of electronics that has made modern 
computers possible.

Use this structure to make complete sentences:

1. analogue machines / scientific advances
2. transistors / fast circuits
3. stored programs / automatic processing
4. this invention / computing
5. thermionic valves / arithmetic circuits
6. punched cards / data processing
7. electronic devices / this development
8. magnetic tapes / bulk storage

Reading and Comprehension

Major inventions are usually the result of technology catching up 
with the ideas of theorists. Charles Babbage (1792-1871) showed that 
it was possible to make a machine perform arithmetical calculations 
according to a predetermined series of instructions. But this discovery 
was of little value until thermionic valves and, later, *bistable electronic 
circuits had been invented. At the same time, with the growth of indus­
try and commerce in the nineteenth century, it became necessary to find 
a way of storing vast quantities of data in a form in which they could be 
easily retrieved and processed. Hermann Hollerith (1860-1929) used 
data stored in the form of holes punched in cards, an invention of the 
French weaver Joseph Marie Jacquard (1752-1834).

Theorists evolved the idea of the stored program; in the 1940’s these 
three lines of research came together and the earliest true computers, 
such as ENIAC and EDSAC, were built. Since then things have deve­
loped so fast that we now talk about “third-” and “fourth-generation” 
computers. Technology has caught up with theory and every year there 
are new discoveries and inventions; *integrated circuits, *thin film, 
*tunnel diodes and super-cooled memory banks are some of the latest.
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EXERCISE 4: COMPREHENSION QUESTIONS

1. What did Babbage’s machine do ?
2. What had to be invented before Babbage’s discovery became useful ?
3. What was Jacquard’s invention?
4. When were the earliest true computers built?
5. What have replaced thermionic valves ?
6. What became necessary in the nineteenth century, with the growth 

of industry and commerce ?
7. Which generation of computers do we now talk about?
8. Name some of the latest discoveries and inventions in computers.

EXERCISE 5

Use the following words and phrases in sentences of your own to show 
that you understand their meaning and use.

1. commerce
2. clumsy
3. depend on
4. in practice
5. bistable
6. theorists
7. developments
8. major
9. thought it up

10. machine time
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PEOPLE WHO USE THE COMPUTER

Dialogue

John is being interviewed by a computer consultant.

Consultant:

John:

Consultant:
John:
Consultant:

John:
Consultant:

John:

Consultant:

Our clients are companies that want to computerize, to 
switch over their information processing to machines. 
We study their business, and then tell them the best 
computer installation to buy for their purposes. Some­
times we tell them they don’t need a computer at all, only 
punched card equipment, or we tell them that they should 
simply hire time at a *computer bureau.
So a lot of your work is systems analysis? You find out 
the way information is passed from one department to 
another, and then work out how the same system can be 
computerized ?
Right!
Then you’re not the same as a service bureau ?
No, we don’t have any machines of our own. A service 
bureau has its own machines, and sells machine time to 
other users at so much per hour.1
Does a service bureau have any programmers ?
Only if it also does program writing on a contract basis. 
Some companies—software houses—specialize in that 
sort of work.
It sounds to me as if these companies—and yours—only 
want people with previous experience. Do you think I’d 
do best to start with a manufacturer or a computer user 
after all ?
I’d suggest a manufacturer, John. For one thing, a com­
puter manufacturer will give you all the basic training you 
need, free. Most of our staff began with manufacturers.

1 so much per hour: a certain amount per hour

13
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Computer users are another possibility, but they often try 
to recruit programmers from among their own staff.

John: What’s the difference between a programmer’s work with
a manufacturer and a computer user?

Help for the designer

Consultant: A computer manufacturer doesn’t only sell a collection of 
machines, he also sells a number of basic computer 
programs with them; things like *compilers, *utility 
routines and *applications packages. For instance, he 
might sell a package to handle the general run of pension 
fund calculations.2 But a computer user, whether it’s a 
bank or an engineering company, may find that its own 
pension fund is completely different from the general run; 
then it will want to have its own program written, rather 
than use the manufacturer’s package.

So if you’re working with a user, you’ll be programming 
for his particular problems, but if you’re working for a 
computer manufacturer, you’ll be writing programs that 
can be more widely used.

2 the general run of pension fund calculations: the form of pension fund calculations 
in general use
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

Then you’re not the same as a service bureau ?

Use this structure to respond to the following statements:

Example: We’re a computer consultancy.
Prompt: service bureau
Response: Then you’re not the same as a service bureau?

Now, you do it.

1. We’re a computer consultancy.
2. It’s a generalized package.
3. He is the operator.
4. Those are slow peripherals.
5. Here is a console typewriter.
6. It’s an applications package.
7. These are his needs.
8. They are service bureaus.

service bureau 
this scheme 
the programmer 
fast peripherals 
an electric typewriter 
a utility routine 
mine 
software houses

EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Example: Some companies specialize in that sort of work.
Prompt: this
Response: Some companies specialize in this sort of work.

Now, you do it.

Statement: Some companies specialize in that sort of work.
Prompts:
1. this
2. Those
3. We
4. kind
5. program writing
6. Software houses
7. do
8. concentrate on
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EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure from the conversation:

A computer manufacturer doesn't only sell machines, he also sells 
programs.

Use this structure to respond to the following questions:

Example: Does a computer manufacturer only sell machines? 
Prompt: programs
Response: He doesn’t only sell machines, he also sells programs.

Now, you do it.

1. Does a computer manufacturer only sell 
machines ?

2. Do they only want the manufacturer’s 
package ?

3. Do you only supply utility routines?
4. Does the client only need a program?
5. Do data preparation staff only punch 

up the cards ?
6. Do these users only have their own 

machines ?

programs

this special program 
applications packages 
computer time

the paper tape

their own programs

Reading and Comprehension

Every type of problem whose elements can be *quantified is capable 
of being solved by a computer. In factories and offices computer 
installations are taking over much of the manual and clerical work; in 
universities they are used not merely by chemists and physicists, 
biologists and economists, but also by members of the arts faculties to 
solve such problems as the authorship of ancient texts, or to hasten the 
translation of dead languages. The largest installations cost several 
million pounds, and even the smallest cost many thousands, so not all 
users can afford to buy their own machines. Instead they rent time 
from computer service bureaus, and if they cannot maintain their own 
programming staff, they get their programs written by software houses. 



UNIT 3: PEOPLE WHO USE THE COMPUTER 17

This is one of the trends of the future: large, central installations, 
perhaps with their own specialist programming staff, linked to remote 
users who can communicate their problems and get their answers over 
*transmission lines.

Already there are a great number of computer manufacturers, parti­
cularly in the United States, all offering machines with different per­
formance figures and adapted to different needs. It is to help customers 
make the best choice among these machines that consultancy companies 
have been formed; for the computer may well be the most expensive 
piece of equipment the customer will ever buy.

EXERCISE 4: COMPREHENSION QUESTIONS

1. What sort of problems can be solved by a computer ?
2. How much do the largest installations cost?
3. Where can users rent computer time?
4. What do software houses do ?
5. What do consultancy houses do ?
6. What sort of problems can computers solve in arts faculties ?
7. How are computer installations linked to remote users ?
8. Name some people in universities who use computers.
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EXERCISE 5

Complete the following sentences, using the appropriate words from the 
list below:

a. is capable
b. hasten
c. cost
d. can afford
e. rent
f. get
g. help
h. are taking over

1. The largest-------- several million pounds, and even the smallest
-------- many thousands.

2. They-------- time from computer service bureaus.
3. Consultancy companies-------- customers make the best choice.
4. Every problem whose elements can be quantified-------- of being

solved by a computer.
5. They are used by members of arts faculties to-------- the translation

of dead languages.
6. They-------- their programs written by software houses.
7. Computer installations-------- a lot of manual and clerical work.
8. Not all users-------- to buy their own machines.



UNIT 4

HARDWARE: THE CENTRAL PROCESSOR

Dialogue

John has taken a job with a computer manufacturer. The engineer is 
showing him round the machine room.

John: Just what is a memory bank?
Engineer: It’s made up of thousands of tiny rings linked by a *matrix 

of wires, on which they’re threaded. Each ring is a ferrite 
♦magnetic core—it’s made of ceramic coated with ferric 
oxide—which holds one *“bit” or *binary *digit of informa­
tion. It can be in one of two states: either “on” or “off”.

John: What does that mean exactly?
Engineer: It means it’s magnetized either in one direction or the other. 

The signals sent by the crossed wires determine which way 
it’s magnetized.

John: But why is each core threaded by several wires?
Engineer: Some of them are “read” wires—they simply transmit the 

present state of the core. Others alter the state. Others 
transmit the present state, and then regenerate it. Of course, 
you often don’t have cores in modern machines, you 
have circuits printed on thin film.

John: And a program can test whether a core is “on” or “off”?
Engineer: Yes. Combine a set of cores into groups—six of them, say— 

and you can represent a character like a letter or a number.
John: What about the *logic and arithmetic units in the C.P.U. ?

Are they different ?
Engineer: Yes, they’re special circuits. Some of them are called 

♦“gates”. They’re the means of implementing *Boolean 
logic. For instance, an AND gate means that if two input 
circuits both convey a signal, the single output circuit will 
also convey a signal. You’ve also got OR gates, *NAND, 
which means NOT AND gates, and several others. As for

19
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the arithmetic circuits, all decimal arithmetic can be 
converted to binary arithmetic, using a *radix of two 
instead of ten. Once you’ve done that, you can do any 
arithmetic operation by means of cores and circuits.

John: And what about the third part of the C.P.U., the *control
circuits? What are they for?

Engineer: Well, they control the order in which instructions are obeyed, 
and synchronize them with a *clock pulse generated inside 
the C.P.U. They also control the peripheral units and per­
form the Read and Write instructions issued by a program. 

John: So the C.P.U. is the real brain of a computer installation,
and the peripherals are only the limbs ?

Engineer: In general, yes. You can have logic and memory and control 
circuits in the peripherals—in fact, that’s what you had in 
*tabulators, before computers were used. But the trend with 
computers, as with human beings, has been towards 
specialization, so we separate the thinking part of the system 
from the active part.

EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

Why is each core threaded by several wires ?

Use this structure to respond to the following statements:

Example: Each core is threaded by several wires.
Prompt: why
Response: Why is each core threaded by several wires ?

Now, you do it.

1. Each core is threaded by several wires. why
2. A radix of two is used. when
3. The present state is altered by these wires. how often
4. Some circuits are called gates. why
5. The circuit is printed. what... on
6. The cores are magnetized. how
7. The clock pulse will be generated. where
8. The decimal value is converted. how
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EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: Once you’ve done that you can do any arithmetic 
operation.

Prompt: Now that
Response: Now that you’ve done that you can do any arithmetic 

operation.

Now, you do it.

Statement: Once you’ve done that you can do any arithmetic 
operation.

Prompts:
1. Now that
2. calculation
3. mastered
4. learnt
5. When
6. a difficult
7. a complex
8. will be able to

EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

You often don't have cores, you have circuits printed on film.

Use this structure to make complete sentences

1. tape decks / magnetic discs
2. punched cards / paper tape
3. decimal arithmetic / binary arithmetic
4. typewriters / display units
5. computers / tabulators
6. keys to press / switches
7. these units / special circuits
8. valves / transistors



Direct access storage facilities

Reading and Comprehension

The central processor is the heart, or rather brain, of a computer 
installation. It controls the input/output peripherals, stores data in its 
memory banks, and obeys the instructions of a stored program accor­
ding to a generated clock pulse. Since transistors, magnetic cores and 
printed circuits replaced the thermionic valves and complex wiring of 
the early machines, modern processors have become smaller; 
miniaturization of components makes desk computers and even wrist­
watch computers possible. This trend has been accelerated by the weight 
requirements of space rockets. The power of a processor, however, is 
partly a function of the number of binary bits of information it can hold; 
that is, the number of memory cells it has.

Although modern machines are becoming smaller, they are also 
becoming more and more powerful. Ten years ago the average commer­
cial machine might have only ten thousand or so memory cells; today’s 
machines may have several million. And because they are smaller, the 
electro-magnetic signals have a shorter distance to travel, which means 
that modern processors are also much faster. So third-generation 
computers, for this and other reasons, are often twenty times as fast as 
their second-generation predecessors.
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EXERCISE 4: COMPREHENSION QUESTIONS

1. What is the heart of a computer installation ?
2. Where is data stored?
3. What makes desk computers possible?
4. How many memory cells might a modern machine have ?
5. Why does their small size make modern processors faster?
6. How much faster are third-generation computers than second- 

generation computers ?
7. How has the development of space rockets affected the size of 

computers ?
8. What have replaced thermionic valves and complex wiring?

EXERCISE 5

Use the following words and phrases in sentences of your own to show 
that you understand their meaning and use:

1. memory bank
2. trend
3. binary digit
4. predecessors

5. gates
6. miniaturization
7. combine
8. binary arithmetic

Inside the centra! processor



UNIT 5

HARDWARE: THE PERIPHERALS

Dialogue

Engineer: Here’s the printer. The paper on the printer is called con­
tinuous stationery, because it’s one long sheet which can be 
separated into pages by tearing along perforated lines. The 
printed line has a maximum of one hundred and twenty 
characters in it.

John: Those tall cabinets with windows must be magnetic tape
decks. And this is a paper tape reader, isn’t it?

Engineer: Yes, but in fact it’s also a tape punch. With paper tape you 
often get the reader and punch in one unit, used both for 
input and output. As for cards, we haven’t got any readers

25
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John:

Engineer:

John:

Engineer:

John: 
Engineer:
John:

Engineer:

John:
Engineer:

John:
Engineer:

or punches in this installation, though they have in the one 
you’ll be using. Usually you only need one type of slow 
peripheral.
Is there any difference between cards and paper tape from a 
user’s point of view?
Well, for one thing, paper tape is cheaper. Then if you drop 
a spool, all you have to do is to rewind it; if you drop a pack 
of cards you may have to sort them into sequence order again. 
On the other hand, it’s much easier to amend a file of 
punched cards; you just insert or replace them by hand. 
You’ve got to cut paper tape and splice in the new pieces. 
So there are advantages on both sides.
Those units over there, something like gramophone record 
players—are they the magnetic disc transports ?
That’s right. These disc packs, or cartridges, can be replaced, 
so they’re called exchangeable discs. But there are much 
bigger discs on horizontal spindles. They’re called fixed 
discs because they can’t be removed and replaced.
What’s this long unit?
It’s a document reader.
You mean it can actually read hand-written documents— 
you don’t have to punch your data in a special code ?
That’s the idea;1 but at present you still have to write your 
characters in a stylized way.
Does it work by *optical character recognition ?
Yes—O.C.R. It senses characters photo-electrically. An 
*M.I.C.R. or magnetic ink character recognition device 
works—well, its name tells you how. There’s one other 
peripheral in this installation.
The console typewriter?
That’s right. It’s much the same as an ordinary electric type­
writer, except that it has a bigger character set.1 2 And it can 
be used for output as well as input; the operators type in 
instructions for transmission to the central processor, and 
the processor types back replies. You can also have similar 
typewriters, called *interrogating typewriters, at locations 
remote from the machine room and linked to the C.P.U. 
by transmission lines. They’re used for *realtime work.

1 that’s the idea: that’s right
2 character set: set of characters, i.e., type
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

All you do is rewind it.

Use this structure to respond to the following statements:

Example: What do I do if I drop a spool?
Prompt: rewind
Response: All you do is rewind it.

Now, you do it.

1. What do I do if I drop a spool ? rewind
2. What do I do if I want individual sheets ? separate
3. What do I do if I tear the paper tape ? splice
4. What do I do if I need the engineer ? call
5. What do I do if I drop the cards ? sort
6. What do I do if I remove a disc pack ? replace
7. What do I do if I need time at a computer bureau ? hire
8. What do I do if I want different data discs ? exchange

Magnetic tape 
drive



Exchangeable disc store

EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: Don’t you have to punch the data in a special code?
Prompt: way
Response: Don’t you have to punch the data in a special way?

Now, you do it.

Statement: Don’t you have to punch the data in a special code?
Prompts:
1. way
2. write
3. characters
4. stylized
5. Doesn’t he
6. like this
7. the programmer
8. Does
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EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

It’s not very different from an ordinary typewriter.

Use this structure to complete the following sentences:

1. Decimal arithmetic / rather / binary arithmetic
2. Logic units / entirely / control circuits
3. These stylized characters / altogether / handwriting
4. That magnetic tape deck / probably / this one
5. A computer consultant / very / a service bureau
6. Thermionic valves / completely / transistors
7. Punched cards / not so / paper tape
8. AND gates / a little / OR gates

Reading and Comprehension

Devices similar to today’s input/output units were invented and used 
many years before computers. *Data processing (D.P.) installations 
based on punched cards used to have *verifiers, interpreters, *collators 
and other machines capable of sorting, reading or punching. They also 
had tabulators—machines that could read a pack of punched cards, tally 
certain columns as it went along, and print out totals at the end. To do 
this it needed a program in the form of a replaceable *plugboard that 
was specially wired up for each job, and to this extent a tabulator was a 
primitive computer.

Today’s computers still make use of slow, or basic, peripherals such 
as card and paper tape units, and printers, but they also have a 
wide range of fast magnetic units such as tape transports, discs and 
drums. These magnetic devices are called *“backing-store” since they 
supplement the processor’s core store. Other new devices include the 
*graphical or *visual display units, based on cathode ray tubes; 
document readers and two-way typewriters. And in the new field of 
remote computer usage even such standard telecommunications devices 
as the telephone, telegraph and Telex lines can now be used for the 
transmission of data to a central processor.
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EXERCISE 4: COMPREHENSION QUESTIONS

1. Name some machines in data processing installations using punched 
cards.

2. In what form does a tabulator hold a program?
3. Name some basic peripherals.
4. Name some fast peripherals.
5. Why are magnetic devices called “backing-store”?
6. What new devices are based on cathode ray tubes ?
7. What standard telecommunication devices can be used for data 

transmission?
8. What machine might be called a primitive computer?

EXERCISE 5

Complete the following sentences, using the appropriate words or 
phrases from the list below:

a. could read
b. make use
c. called
d. needed
e. have
f. invented
g. devices
h. wired up

1. They also-------- a wide range of fast, magnetic units.
2. These magnetic devices are-------- “backing-store”.
3. To print out totals it-------- a program.
4. Today’s machines still-------- of basic peripherals.
5. Other new-------- include visual display units.
6. The plugboard was specially-------- for each job.
7. A tabulator was a machine that-------- a pack of punched cards.
8. Similar devices were-------- many years before computers.



UNIT 6

THE COMPUTER OPERATOR

Dialogue

John has been introduced to the operating staff.

Shift leader: Hallo, John. You’ve been punching the cards for Tom’s 
program, haven’t you? How did it go?

John: It wouldn’t have got on the machine at all but for the 
senior operator. He noticed I’d forgotten to supply some 
*parameter cards, so he punched them up himself and 
then ran the job.

Shift leader: We don’t just hit keys on a console typewriter, you 
know! We’re always correcting things like that. But I’d 
say the operator’s main job is to maximize *throughput, 
to see that as many jobs as possible are run successfully 
on the machine during his shift.

John: What about machine faults—when there’s a fault in the 
central processor, for instance? Can the operator do 
anything about those ?

Shift leader: Oh, yes. Of course, faults in the hardware can only be 
cured by the engineer, but it’s up to the operator to 
report them as soon as they occur and to switch over 
to alternative devices if possible: for example, a pro­
gram that’s failed on one tape deck could be re-run 
on another. Then sometimes the card reader will go 
wrong and chew up a few cards because they’re bent, 
or worn—that’s called a *card wreck.

John: Yes, that’s what happened to me. And sometimes the 
operator has to repunch the mutilated cards and refeed 
them, doesn’t he ?
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Loading the tape 
deck

Shift leader: Yes, but at other times that isn’t possible, so you have to 
reverse the last card that was read to tell the programmer 
which one it was. The cards have notches in them, so 
you can tell when they are reversed. The operator’s kept 
busy—just some of his duties are to reload the printer 
when *“Paper Low” is signalled, load and unload 
peripherals as messages are received from the machine, 
and watch to see if the peripherals are activated at the 
right time.

John: What about *multi-programming—running several pro­
grams at the same time? Doesn’t that increase the 
operator’s problems?

Shift leader: It certainly does. For one thing, it means he’s kept 
busier than ever attending to the peripherals. For 
another, he has to try and achieve a good *“job mix”. 
For instance, you have to try and ensure that you don’t 
run two programs at the same time which both use a 
card reader when you have only got one card reader 
available.

John: I’ve heard that the problems of operating big, multi­
programming machines are so complex that some people 
are writing programs called *“Operating Systems”, to 
solve them. Will they make operators obsolete?

Shift leader: They’ll certainly take away a lot of our functions—but I 
expect there’ll be new ones!
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

If s up to the operator to report them.

Use this structure to respond to the following statements:

Example: Who reports faults in the hardware?
Prompt: operator
Response: It’s up to the operator to report them.

Now, you do it.

1. Who reports faults in the hardware?
2. Who investigates problems in the 

company ?
3. Who alters mistakes in the punched 

cards ?
4. Who corrects errors in the software ?
5. Who refeeds cards in the card reader?

the operator

the systems analyst

the data preparation staff 
the programmer 
him

6. Who reports failures in the tape decks ? us
7. Who detects faults in the console

typewriter ?
8. Who repairs breakdowns in the new 

machine ?

the person using it

the manufacturer

EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: We don’t just hit keys on a console typewriter.
Prompt: They
Response: They don’t just hit keys on a console typewriter.

Now, you do it.

Statement: We don’t just hit keys on a console typewriter.
Prompts:
1. They
2. type instructions
3. only
4. remote terminal

5. send data
6. always
7. You
8. by means of
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EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

He's kept busier than ever attending to the peripherals.

Use this structure to make complete sentences:

1. (look after) the console
2. (load) the input/output units
3. (run) programs
4. (switch) tape decks
5. (service) the peripherals
6. (obey) the programmers’ instructions
7. (take care of) the installation
8. (watch for) program events

Reading and Comprehension

In the days of the early machines programmers used to do their own 
operating; they both wrote the software and operated the hardware. 
Soon the two functions became so complex that they had to be separated, 
and nowadays programmers may rarely see the machines on which their 
programs are run.

A computer operator’s job is both manual and intellectual. He needs 
to work fast and efficiently at manual jobs—changing magnetic tapes 
and discs, for instance, but he also needs to know a lot about the pro­
grams he is asked to run so that he can interpret the programmer’s 
instructions correctly. Program events are automatically *logged by 
the machine, but the operator has to report on the result of the run, and 
the reason for any failure. He has to recognize as soon as possible a 
malfunction in the machine and take appropriate action to *“fail-soft”. 
In a multi-programming environment he has to work out optimum 
job-mixes. In fact, in large installations his job has become so complex 
that special programs—operating systems—have been written to do 
much of it for him. Nevertheless, the profitability of an installation 
depends, in the first place, on the computer operators—even though 
most of them do not stay at this job long, but go on to do other types 
of work in the computing field.
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EXERCISE 4: COMPREHENSION QUESTIONS

1. When did programmers do their own operating ?
2. Name a manual part of the operator’s job.
3. Why does an operator need to know a lot about the programs he 

has to run ?
4. What sort of events are logged by the machine ?
5. On what does the operator have to report?
6. What does he do when he recognizes a malfunction ?
7. In what circumstances does an operator have to work out an 

optimum job-mix ?
8. What are the special programs called that do much of an operator’s 

job for him?

EXERCISE 5

Use the following words and phrases in sentences of your own to show 
that you understand their meaning and use:

1. signalled
2. manual
3. in fact
4. during
5. reload

6. mutilated
7. appropriate
8. environment
9. job-mixes

10. work out
Loading a disc
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A completed instruction sheet—this tells the operator how to run the 
program



Preparing the data

UNIT 7

DATA 
LOGICAL

Dialogue

John calls at the office of the Data Processing Manager.

D.P.M.: Ah, you must be John Codewell, from software production.
You’ve transferred to us for the week prior to your pro­
gramming course?

John: Yes, it’s so that I can get to know what “data” really is.
D.P.M.: It’s simply another word for the information, or an extract of

information, which is regarded as the raw material for some 
transformation or updating process. “Data” is also used for 
the product of that process. It’s like this: I could get a good 
picture of you as an employee in ordinary conversation. But 
if I am to deal in several ways with several hundred employees, 
I need information in a condensed and standard form; so 
your personnel card, which I have here, is drafted that way.

John: And that’s data on it ?
D.P.M.: Yes; your name, address, age, qualifications, staff number, 

date of joining, salary, etc.
John: I know about the binary nature of the computer’s electronics

and that the input is always a long string of binary digits. 
But how would it know from my record which group 
represents, say, my age?

D.P.M.: It’s all a question of the organization of the data, its *format
on the input media and an understanding by the programmer 
of that format, and of the implied structuring of the data. 
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But let’s start at the beginning. We can get the computer to 
accept its bits in groups of six.

John: Let me see, that would give 26, that’s—um—64 possible
groups ?

D.P.M.: That’s right. Now the elements used in communication by 
human beings are letters and digits, from which we construct 
words and numbers. Our set of sixty-four, therefore, will 
cover the twenty-six letters, the ten digits and twenty-eight 
special *characters—like the hyphen, the percent sign and 
the decimal point.

John: Yes; looking at my personnel card again, I can see that
there’s a group of such characters in each of the printed 
boxes.

D.P.M.: Yes, and each is a unit of information. We call them “fields”. 
A field will get added, compared, moved about and listed by 
the computer program; that’s to say, it’s the basic unit to 
which program instructions refer. But a section of program 
operates upon a larger grouping of data. We consider that 
groups of fields make up a *“record”.

John: Do you mean that we would write a program for processing
a record, and then use it on any number of records of the 
same kind?

D.P.M.: That’s right. Such a collection is called a *“file”. I shall now 
put your personnel record into its proper place in my file of 
personnel record cards.

John: Now let me just check. A file is a collection of records; each
record is made up of fields; a field consists of characters, and 
a character is represented to the computer as a group of bits— 
is that right?

D.P.M.: That’s the logical arrangement. You’ll also have to learn 
about its physical preparation. There are forty girls out there 
in the data preparation department, all busy punching data 
like this into cards for the computer, and eight more busy 
packing printed reports off to customers. They’re very 
important to us. After your course the writing of programs 
will seem all-important to you, but our customer’s require­
ment is to get his data processed quickly and cheaply. He sees 
the program and the computer just as a means to an end.1 

John: That’s a sobering thought.

1 a means to an end: a way of achieving an important aim
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

I know about the nature of the electronics.

Use this structure to respond to the following questions:

Example: Do you know about the electronics?
Prompt: nature
Response: Yes, I know about the nature of the electronics.

Now, you do it.

1. Do you know about the electronics ?
2. Have you been told about the characters ?
3. Have you been informed about the data?
4. Have you learnt about that machine ?
5. Have you got the idea of the console?
6. Do you understand the memory bank ?
7. Have you read about the disc packs ?
8. Have you found out about the paper tape?

nature 
stylization 
organization 
working 
operation 
construction 
replacement 
preparation

EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: We could write a program for processing a record.
Prompt: They
Response: They could write a program for processing a record.

Now, you do it.

Statement: We could write a program for processing a record.
Prompts:
1. They
2. design
3. use this information
4. The programmer

5. to process
6. update
7. should
8. might
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EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

Looking at this card I can see characters in the boxes.

Use this structure to make complete sentences:

1. this printout / numbers / columns
2. the output device / the holes / paper tape
3. the reader / the notches / cards
4. your layout chart / fields / records
5. the printer / paper / stacker
6. his listing / errors / format
7. that console log / gaps / schedule
8. the manual / sixty-four symbols / character set
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Reading and Comprehension

Computers in general are machines for converting information (data) 
from one form into another more useful form. Efficiency demands that 
data for the computer must be organized and structured.

The elements which we use in general communication are letters and 
digits, which we group into words and numbers. For convenience of 
handling on the machine, pieces of information relating to one trans­
action will themselves be grouped into a comprehensive document or 
record; the parts of this record are known as “fields”. For example, 
an electricity invoice record will contain fields like: date, name, address, 
meter readings, rates, total charge. When prepared for the computer, 
such records will be batched in collections called “files”.

The *registers which hold numbers within the arithmetic unit of the 
computer are composed of electronic circuits and are the most expensive 
way in which to hold data. Even within the computer the data (and 
programs) not in use at any instant are normally relegated to a memory 
of cheaper construction; revolving magnetic discs, for example, which 
are cheap but slower in access than networks of magnetic cores. Input/ 
output devices are really equipment connecting the computer to even 
larger and cheaper stores. Data not required from one day to the next 
can be transferred out of internal memory on to reels of magnetic tape 
and the cost of the transfer in time and equipment is worth it, because 
the computer is freed entirely for other work. If the volumes of data 
involved are low, it is even cheaper to store it on punched cards or 
punched paper tape.

Another consideration governs choice of input and output media, 
namely that the computer has to communicate with man. The line­
printer is the common device by which the computer makes data 
visible in bulk to human beings, but, for smaller quantities the console 
typewriter can be used. For data which is constantly changing or is 
in graphical rather than character form cathode ray tube displays are 
used.

The following table (probably outdated even by the time this page is 
printed) gives some typical characteristics of the various data media.
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EXERCISE 4: COMPREHENSION QUESTIONS

1. What elements do human beings use in general written communi­
cation ?

2. What is the name for a collection of records ?
3. What is the most expensive way of holding data in the computer?
4. Do magnetic discs give faster access to data than magnetic cores ?
5. To what media could data be transferred to free the computer for 

other work?
6. By what common device does the computer make large quantities of 

data visible to human beings ?
7. What device is used for output in graphical form?
8. Can magnetic tapes be accessed both serially and directly?
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EXERCISE 5

Use the following words in sentences of your own to show that you 
understand their meaning and use.

1. record
2. converting
3. relegated
4. access

5. communicate
6. visible
7. characteristics
8. registers

Checking a program



UNIT 8

ORDER CODES

Dialogue

John is on a programming course. It is lunchtime.

John: Can I drink my coffee with you, Hal? I do think you’re lucky 
to have programmed other computers before this one.

Hal: Yes, it does mean I only have to familiarize myself with another
code; you’re having to learn the art of programming as well.

John: Are *order codes very different for the various makes of com­
puter ?

Hal: They’re similar in that1 they take one *instruction at a time from
the stored program, obey it and then pass to the next. But the 
codes do vary considerably from one type of machine to another 
in format, especially the number of addresses in each instruction.

John: Ours has a *“function”, one “store address” and the number 
of a special *register.

Hal: Yes, you could call it a one-and-a-half address instruction
format. Designers will try to utilize an instruction length which 
corresponds to the word length which is most economical for 
storing data; then the same physical storage can handle either 
data or program.

John: Do all the sets include the same kind of functions, like “add” and 
“read”?

Hal: They vary considerably in the number of functions—from a

1 in that: in the way that
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dozen up to a hundred or more. In the large sets, though, 
many functions are just variations on a basic set. They will all 
have a set of arithmetic instructions: “add”, “subtract”, 
“multiply” and “divide”.

John: They couldn’t do without some kind of “read” and “write” 
instructions for getting new data in and putting results out, 
could they ?

Hal: That’s true, and then there’s a very important *subset for
making comparisons, like checking if an item of data equals 
zero or if two items of data are equal to each other. Most 
important of all are the instructions for changing the route 
through the program according to the result of such a test. And 
now we’ve mentioned the instructions that are common to all 
computers.

John: It’s these * branching instructions that make programming so 
interesting. The computer’s ability to skip and *loop back on 
instructions, and choose alternate paths, is what makes it so 
much more versatile than earlier mechanical means of pro­
cessing data.

EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

They couldn't do without “read” and “write” instructions, could they?

Use this structure to respond to the following statements:

Example: Sets are given “read” and “write” instructions.
Response: They couldn’t do without “read” and “write” instructions, 

could they ?

Now, you do it.

1. Sets are given “read” and “write” instructions.
2. Programmers use this code.
3. The machines need regular servicing.
4. New staff are given special training.
5. Modern machines are equipped with transistors.
6. The manager wants this information.
7. The operator can use alternative devices.
8. This client wants a special program.
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EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: The codes do vary considerably.
Prompt: These
Response: These codes do vary considerably.

Now, you do it.

Statement: The codes do vary considerably.
Prompts:
1. These
2. a lot
3. functions
4. The set’s
5. Its
6. may
7. might
8. differ

EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

I do think you’re lucky to have programmed other computers.

Use this structure to make similar sentences with the following words 
and phrases:

1. written / programs
2. learnt / machine codes
3. worked for / employers
4. used / computers
5. studied / instruction sets
6. practised with / systems
7. familiarized yourself with / order codes
8. mastered / functions



Assembly code

v i t«- Lun i i _

0113 ADS 1 PAGE
0114 ldx 1 PAGE
0115 STO 0 LINK
0116 STO 1 BIN
0117 CALL 0 BINDEC
0116 LDX 1 DEC + 1
0119 STO 1 HEAD+29
0120 LDCT 1 7
0121 LOW 2 0
0122 SUSBY LPO
0123 LDX 0 LPCONA+1

Reading and Comprehension

The store in many computers is organized as a collection of “words” 
each composed of binary bits. A word may take on the representation 
either of an instruction or a piece of data. Each word is referred to by 
its “address”. As an example we may have a store in an imaginary 
computer set up with the following values in the given addresses.

Figure 1

This does not look very meaningful but it is the circuitry of the control 
unit in the computer which gives these numbers meaning. In our imagi­
nary computer the five digits in each instruction are regarded as follows: 
digit 1 indicates the “function”, digits 2 and 3 a first address (A), digits 
4 and 5 the second address (B). The following table shows the possible 
functions and, for each, the use that is made of the two addresses.
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Figure 2

FUNCTION
Hl 
r'
fc.

H
pi"' /

I’’-

3
r into address A from deviceREAD next n .. ; :.... .

indicated by B.
WRITE the number from A using the device 
indicated by B.
MOVE the number in A to address B.
ADpjhe number in A to the number in B.

in B.
MULTIPLY the number in A by the number in B. 
DIVIDE the number in A by the number in B. 
JUMP to the instruction in address B (A is not 
used).
IF the number in A is negative JUMP to the 
instruction in address B, otherwise carry on as 
usual.

1

2

3
.......

5 SUBTRACT the number in A from the number

6
7
8

4.

9

pig
iti

r5r
'■

Now consider Figure 1. The instruction in address 03 is 51211. 5 is 
the function code, 12 is address-1 and 11 is address-2. Figure 2 tells us 
that the computer will interpret this as “Subtract the value in word 12 
from whatever value is in word 11. In the state shown in Figure 1 this 
subtracts 00021 from 00015 leaving —00006 in word 11. Our computer 
is designed to obey the instructions sequentially from word 01 onwards 
unless it meets a function 8 or 9 which can change the sequence.

The contents of words 01-09 in Figure 1 is, in fact, a program of 
instructions capable of reading in a string of numbers indicating 
people’s ages and outputting a corresponding string in which any age 
outside the range 21 to 60 is replaced by the value 99999. The words 
12-14 are used for storing useful constants. The contents of words 10 
and 11 change as the program progresses. If the reader has the 
patience he can follow the behaviour of our imaginary computer on 
this particular program; Figure 3 will help him. Column 4 shows how 
the significant values change as the program operates on age 00015. 
Work out what happens when other ages are read in. Columns 5, 6 and 
7 indicate which instructions in the loop are obeyed, for different age 
groups.
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Figure 3

■. a. / '

10.71
10.11
12.11
11.07

11.08 r ■ ■ *
14.10 MOVE 99999 to age
10 77 u/DiTt ~~~

00.01 «J".“

ICTION MEANING

READ next age from paper tai 
MOVE age to register 
SUBTRACT 21 from register 
IF register negative JUMP to i 
SUBTRACT 40 from register 
IF register negative JUMP to

WRITE age to paper-tape 
JUMP to 01

EXERCISE 4: COMPREHENSION QUESTIONS

1. What representations can the words of computer store take on ?
2. What are the three elements of the instruction format in our 

imaginary computer?
3. Name the usual arithmetic functions.
4. In the given order code, which instructions can interrupt the natural 

sequence of instructions?
5. What is the name for the number which references a word in 

storage ?
6. What gives meaning to the numbers making up the computer 

instruction ?
7. Are the nine instructions of our imaginary code adequate for 

writing programs?
8. Which of the instructions in the given set would be used to put 

several copies of a piece of data in several different storage words ?



UNIT 8: ORDER CODES 51

EXERCISE 5

Use the following words and phrases in sentences of your own to show 
that you understand their meaning and use.

1. jump instruction
2. address
3. format
4. function
5. storage word
6. order-code
7. basic
8. representation



UNIT 9

THE PROGRAMMER

Dialogue

Anna, a team leader, is talking to a trainee programmer.

Anna: Charlie, this *specification has just come in from the systems
analyst. I’d like you and Roger to tackle it together; he’s 
been with us for a couple of years and he knows the ropes.1 

Charlie: Good. I see it contains all the file descriptions and printer 
layouts.

Anna: Yes, but you’ll have to work out your own *algorithm and
design intermediate tables. I believe in plenty of time, so I’m 
allowing you and Roger six weeks to plan the job; you should 
have the general and the detailed * block diagrams complete 
at the end of that time. The better you organize the job, the 
less time you’ll spend later on getting the program to work.

Charlie: Have you set targets for all the stages?
Anna: Yes, I’ve represented it all here in this *PERT network. You

see, I expect you to start testing after one week of coding, 
although it will be three weeks in all before you have the 
coding completed.

Charlie: Why not finish all the coding before we test?
Anna: Well, on the priority for this job you’ll only get one test run

on the computer each evening. It won’t take a whole day to 
check each test run and make the corrections, so you’ll have 
to overlap testing with coding. Besides, tackling the program 
in *modules will make it easier to understand.

Charlie: When do you think we’ll be ready for a full system test?
Anna: I should imagine after about five weeks of testing. I hope

1 knows the ropes: knows what to do
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you’ll be prepared for some overtime at the weekend then, 
when the computer’s free, so that we can check out the system 
in one further week.

Charlie: And then we’ve finished?
Anna: Not by a long way;2 every program must be thoroughly

documented. You must write it up so that any programmer 
can pick up your *documentation, and determine from it 
how your program works; then he’ll be in a position to mend 
it if it goes wrong, or extend it when new facilities have to be 
incorporated.

Charlie: What happens to our program meanwhile?
Anna: Well, we’ll do some test runs for one week, and if that shows

it’s O.K., then we’ll run in *parallel for six weeks.
Charlie: That means processing the real data each week both on the 

existing punched card system and in the computer, doesn’t it ?
Anna: Yes. This will not only give a thorough proof of your program,

but it will also show if your operating instructions are com­
prehensible. We’ll only run live on your program3 when it’s 
completely satisfactory.

Charlie: Fine, and since it’s my first job, I’d like to give the report at 
your weekly progress meeting.

* Not by a long way: not nearly
3 run live: use for real processing unsupported by any other system
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

We'll only run the program when it’s satisfactory.

Use this structure to respond to the following statements:

Example: When will you run the program?
Prompt: satisfactory
Response: We’ll only run the program when it’s satisfactory.

Now, you do it.

1. When will you run the program ? satisfactory
2. When will you test the system ? assembled
3. When will you incorporate the new facilities ? prepared
4. When will you start the project ? scheduled
5. When will you examine the layouts ? designed
6. When will you use the computer? free
7. When will you process the data ? organized
8. When will you check out the system ? completed

EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: The better you organize the job, the less time you’ll spend 
coding.

Prompt: project
Response: The better you organize the project, the less time you’ll 

spend coding.

Now, you do it.

Statement: The better you organize the job, the less time you’ll spend
coding.

Prompts:
1. project 5. we’ll take
2. work 6. we
3. more thoroughly 7. checking
4. carefully 8. testing
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EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

/ expect you to start testing although your coding will not be complete. 

Use this structure to make complete sentences:

1. start documenting / testing / finished
2. describe an algorithm / print layouts / designed
3. work overtime / day runs / frequent
4. tackle it / training / thorough
5. write it up / program / proved
6. repair errors / documentation / perfect
7. run live / new facilities / incorporated
8. begin planning / targets / fully set



A card reader

The scope of the programmer’s job will vary with the size of the 
organization he works for, but generally programming requirements will 
come to him in the form of a “specification” prepared by a systems 
analyst. This will explain the results required and the data files available 
as input. If mathematical or special technical knowledge is involved, 
the systems analyst will propose formulae or algorithms which show the 
method for the solution of the problem. Some sample test data with its 
desired results help the programmer understand the method. The 
programmer will then consider how best the problem can be resolved 
in terms of the computer; and performance criteria supplied by the 
systems analyst will enable him to decide the most effective use of 
storage.

The programmer will examine the program *library to select any 
subroutines that are applicable to his program. When he has planned 
the overall strategy of the program, he will probably represent this by a 
comprehensive block diagram from which he can break the program 
into logical modules. Each module must then be coded and tested, 
using *trace routines to record the behaviour of particular pieces of 
program and *dump routines to show the contents of data storage at 
significant points in the program. When all the separate modules appear 
to be working properly, they must be linked into a complete system and 
the entire system is then strenuously tested. If the computer program is 
replacing some manual or punched card system, there will generally 
follow a period of parallel operation before the job runs live on the 
computer. During this period the programmer will probably write up 
a complete description of the program. This documentation will help 
other programmers to make repairs or extensions to the program 
that may be required later.
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EXERCISE 4: COMPREHENSION QUESTIONS

1. What makes the scope of the programmer’s job vary ?
2. How will the programming requirement come to him ?
3. Might the systems analyst propose formulae and algorithms?
4. What enables the programmer to decide the most effective use of 

storage ?
5. What will the programmer select from the program library?
6. From what will the programmer break the program into logical 

modules ?
7. What does he use to show the contents of data storage at significant 

points?
8. What will the programmer probably do during the period of parallel 

operation ?

EXERCISE 5

Use the following words in sentences of your own to indicate their 
meaning. Each sentence should include two of the words and each word 
must be used at least once among the eight sentences.

1. specification
2. documentation
3. corrections
4. layouts
5. checked
6. planned
7. processed
8. proved



UNIT 10

COMPUTER LANGUAGES

Dialogue

John is at a Computer Society Symposium on computer languages.

John: Hallo, Prem. I was talking to a chap this morning who actually 
used to punch the instructions in binary for the computer when 
he first learnt programming.

Prem: We’re so used to *autocodes and their automatic translation 
into *machine code that we often forget the tedious work they 
save us. Imagine remembering the numeric code for every 
function!

John: He said he used to have to lay his data out in a map of store 
and look up the address every time he referred to any data item.

Prem: And think what a game it must have been without *floating 
labels! Every time you moved some program about in store you 
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would have to alter the address in any instruction which 
branched into that piece of program.

John: Even a low level autocode must reduce program writing time to 
about a quarter of what it could be.

Prem: And, of course, the possible number of errors, and therefore 
testing time, is considerably reduced as well.

John: High level languages are even better. We do a great deal of 
commercial data processing at our installation, so we use 
COBOL extensively. It not only has time-saving advantages, 
but it simplifies documentation. It’s very much easier to 
understand another programmer’s routines when they are 
written in a language so close to English.

Prem: At our research establishment we’re concerned with calculation 
rather than with data handling, so we have standardized on 
FORTRAN. Personally, I prefer ALGOL for this work, but I 
expect that is because we used it exclusively when I was at 
university in Madras.

John: I was amazed at this morning’s talk to hear that there are so 
many different languages.

Prem: Well, if you’re prepared to write the necessary translation 
program in the first place, a language can be made up for any 
particular application. There’s a group of languages for formal 
algebraic manipulation, another set for simulation problems, 
another for machine tool control, another for processing 
information banks, and so on.

John: I guess you would say these are all problem-oriented languages. 
COBOL and FORTRAN are very much more general purpose 
and most computer manufacturers offer compilers to produce 
their own machine code from them. It’s surprising that someone 
hasn’t come up with a universal computer language.

Prem: There have been difficulties. One problem is that a language 
comprehensive enough to cope with all possible applications 
would need such a huge compiler.

John: What’s more, it’s difficult to see how its object code could be 
made absolutely efficient for every machine and every applica­
tion.

Prem: And from the arguing that went on this morning, I imagine 
there’s a good deal of prejudice. I mean, in the field of natural 
languages no one’s managed to find a language that the whole 
world can use; why, they can’t even find a common language 
for all my countrymen!
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

We’re concerned with calculation rather than data handling.

Use this structure to respond to the following questions:

Example: Is your firm concerned with data handling?
Prompt: calculation
Response: We’re concerned with calculation rather than data 

handling.

Now, you do it.

1. Is your firm concerned with data handling ?
2. Is that machine used by the programmer ?
3. Is the operator affected by card wrecks ?
4. Are the staff used to COBOL?
5. Is the equipment useful to computer 

bureaus ?
6. Is he prepared for simulation problems ?
7. Is the programmer slowed down by 

autocodes ?
8. Are they interested in magnetic discs?

calculation
the operator 
machine faults 
FORTRAN

computer consultants 
algebraic manipulation

numeric codes 
magnetic cores

EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: The possible number of errors is considerably reduced. 
Prompt: faults
Response: The possible number of faults is considerably reduced.

Now, you do it.

Statement: The possible number of errors is considerably reduced.
Prompts:
1. faults
2. mistakes
3. usual
4. very much
5 greatly

6. increased
7. Our
8. was
9. probable

10. amount

Part of a COBOL program sheet, and the first 
statement of the program punched up as a card
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EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

A language comprehensive enough to cope with all applications 
would need a huge compiler.

Use this structure to make complete sentences:

1. A memory extensive / hold all the records / several million words
2. A processor fast / cater for fifty remote consoles / integrated 

circuitry
3. A computer robust / be used for this work / solid state components
4. An installation versatile / handle all design work / these devices
5. A program comprehensive / produce the weekly payroll / a very 

thorough testing
6. A system complex / drive thirty peripherals / several operators
7. A machine powerful / offer multiprogramming / an operating 

system
8. A printer general / deal with several alphabets / a large character set

Reading and Comprehension

Let us call the natural language of a particular real computer code M 
(for machine code) and let us invent an imaginary machine A with 
code A. If a special translator program is written so that it can take a 
string of instructions in code A and turn them into a string of equivalent 
instructions in code M, then thereafter all programs can be written as 
though for machine A and, upon translation, they will work on machine 
M. This technique enables programmers to write in a code that is 
convenient to them and to the problem, rather than in the clumsy 
notation of the real computer (provided they have the appropriate 
translator program). Thus, some of the more tedious aspects of the 
programmer’s task are passed over to the computer. The simpler 
*pseudo-codes will allow data names instead of numeric addresses, 
meaningful function names instead of code numbers, and *name tags 
for branch points. At this level they are called “autocodes” and their 
translators are called *“assemblers”.
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With more sophisticated translators, computer languages can be 
developed in which the statements appear almost like English sentences, 
or in which calculations are expressed in formulae familiar to mathe­
maticians and engineers. Not only do they enable programs to be 
written more quickly and with fewer errors, but their purpose is more 
apparent. Such high level languages no longer reflect the nature of a 
particular machine, but can be oriented to particular problems. Some 
languages (e.g. ALGOL and FORTRAN) are aimed at general scientific 
problems and some (e.g. COBOL) at general commercial problems. 
These languages are quite independent of particular computers. Trans­
lation programs (or compilers) are provided for many different com­
puters. The desire to create languages which can make programs operate 
on various machines has led to language standardization, and there is 
wide acceptance of these standards on a national and international level.

EXERCISE 4: COMPREHENSION QUESTIONS

1. What does the translation technique described enable programmers 
to do?

2. What are the tedious aspects of the programmer’s job passed to ?
3. What are the translators of autocodes called?
4. In what form can statements appear in languages developed with 

more sophisticated translators?
5. Give three advantages of high level languages.
6. Name two languages aimed at general scientific problems.
7. At what problems is COBOL aimed?
8. Are language standards only accepted at national level?

EXERCISE 5

Use the following words and phrases in sentences of your own to show 
that you understand their meaning and use:

1. autocodes
2. labels
3. documentation
4. commercial languages
5. translation
6. problem-oriented
7. universal
8. standardized
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OPERATING SYSTEMS

Dialogue

John is talking to Hal, who now works on operating systems.

John: I’ve heard about multi-programming and *time-sharing, but 
what’s their connection with operating systems ?

Hal: First of all, do you know what* “simultaneous working” means?
John: Isn’t that the way a computer can carry out peripheral transfers 

and obey arithmetic or logical instructions at the same time ?
Hal: That’s right. The peripherals are much slower than the C.P.U.,

and it was realized early on that for most of a program run the 
processor is doing nothing but wait for a peripheral transfer to 
be completed. So simultaneous working was introduced. And 
soon you could have simultaneity between peripherals as well 
as between a peripheral and the C.P.U.; you could read a 
magnetic tape at the same time as you were punching a card, 
for instance. Now you can even run several programs at the 
same time—that’s called “multi-programming”.

John: But you’d still have the processor waiting most of the time, 
wouldn’t you ? What else can be done ?

Hal: You can *offline some of your peripheral activity.
John: You mean, read and write data on machines not connected to 

the central processor?
Hal: No, John, that was what “offline” originally meant. Here it

means that when a program says “read a data card”, it doesn’t 
matter if the record originally on the card has been transferred 
to a magnetic device. The operating system will trap all such 
instructions and the record will be read from the file held on a 
particular magnetic device.

John: So you’ll transfer all the slow peripheral files to magnetic tape, 
or a disc or drum, before you run the program ?

Hal: Yes, but you can only offline your input and output when
you’ve got a lot of backing store in the form of magnetic media.
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This is called the “file store’’ because it holds all the files which 
were originally held on slow media.

John: Do you get the same sort of process with the printed output?
Hal: Yes, you do. When a program says “print a line of results’’ the

operating system changes it to “send the line to a *monitoring 
file on *backing-store”.

John: And can a separate program then print the line from the moni­
toring file when the peripherals are under-used?

Hal: That’s it.
John: What else does a modern operating system do?
Hal: It cuts down typewriter *“chatter”—that’s what we call all those

messages you see being typed at the console. Most of them are 
routine.

John: But what happens if things go wrong—if it can’t find a file in 
the library, for instance ?

Hal: The operating system takes care of that too. The programmer
supplies parameters to tell it what to do in any circumstances; 
in other words, he gives his instructions to the operating system 
instead of to an operator. Time-sharing is another function of 
the operating system—working out an equitable sharing of 
*mill-time between background jobs and real-time users. And 
yet another function is helping the installation to “fail-soft” 
when there’s a hardware failure, or when a program goes *illegal.
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

The peripherals are much slower than the C.P.U.

Use this structure to respond to the following questions:

Example: Are the peripherals slow?
Prompt: the C.P.U.
Response: They’re much slower than the C.P.U.

Now, you do it.

1. Are the peripherals slow ?
2. Are transistors small ?
3. Are tabulators simple ?
4. Is this language useful ?
5. Is this program complicated?
6. Are fixed discs big ?
7. Are magnetic peripherals fast ?
8. Is this operator busy ?

the C.P.U. 
thermionic valves 
computer installations 
that language
the manufacturer's package 
exchangeable discs 
mechanical ones
that one
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EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: What happens if it can’t find a program in the library? 
Prompt: in store
Response: What happens if it can’t find a program in store?

Now, you do it.

Statement: What happens if it can’t find a program in the library?
Prompts:
1. store
2. in any programs
3. locate
4. the system
5. when
6. the operator
7. he
8. there

EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure from the conversation:

You can only offline your input when you've got backing store.

Use this structure to complete the following sentences:

1. transfer the slow files / magnetic tape
2. use a computer / the necessary software
3. control the peripherals / a control circuit
4. convert to binary arithmetic / a radix of two
5. make corrections like this / paper tape
6. make up a computer language / a translation program
7. work out a specialized program / all the details
8. represent a character / a group of sets of cores
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Paper tape reader and 
control

Reading and Comprehension

Computer installations are steadily getting bigger and more complex. 
Multi-programming, realtime working by remote users, the increasing 
number of peripherals in simultaneous use: these and other factors are 
making it almost impossible for a human operator to solve the problems 
that arise during a computer run. So another level of programming has 
been devised: operating systems, which are programs permanently held 
in the machine to control the running of other programs. But operating 
systems are so big that only part of them can be held in *core store at any 
given time. The rest is held in backing-store and called into core store 
in segments, as and when required.

Operating systems also make the running of a computer installation 
more efficient in other ways. They schedule the order in which 
jobs are performed, according to priorities; they reduce typewriter 
“chatter”; they help the system to fail-soft by monitoring mal­
functions, and they enable much of the input and output on slow 
peripherals to be performed offline. They reduce human error by doing 
many of the jobs that human operators used to do, and they increase 
the profitability of an installation by “maximizing the throughput”, or 
enabling more programming jobs to be run in a given time.
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EXERCISE 4: COMPREHENSION QUESTIONS

1. Are computer installations getting smaller?
2. Can a complete operating system be held in core store ?
3. Name three functions performed by operating systems.
4. What is the meaning of “maximizing the throughput” ?
5. How do operating systems reduce human error?
6. What can be performed offline by using operating systems ?
7. Name two factors that make it almost impossible for a human 

operator to solve the problems that arise during a computer run.
8. What governs the order in which jobs are performed?

EXERCISE 5

Use the following words and phrases in sentences of your own to show 
that you understand their meaning and use:

1. simultaneous working
2. offlining
3. backing-store
4. typewriter chatter
5. fail-soft
6. segments
7. monitoring file
8. sharing of mill-time



UNIT 12

APPLICATIONS

Dialogue

John meets Bill, who joined the company with him.

John: What are you doing nowadays, Bill?
Bill: I’m in applications branch; I’ve been working on a payroll job.

Things like pay, pension fund calculations, rating assessments, 
stock control and invoicing—anything that used to be done by 
accounts clerks—are the first jobs that new users hand over to 
the computer. It’s only later that they think of computerizing 
other things—like the *numerical control of machine tools.

John: What’s the advantage of using the computer for that?
Bill: Well, you can write a program telling a particular machine how

to make a thrust bearing, for example. The parameters given 
to the program define the dimensions of the bearing, where the 
holes are to be cut, the angles and so on. The program can be 
punched on paper tape and fed into a tape reader with a control 
unit which relays the instructions to the machine. The machine 
can then manufacture thrust bearings virtually without human 
intervention.

John: What about *process control? Is that another industrial 
application ?

Bill: Yes, it refers to programs which control the manufacture of
chemicals, for instance, or high speed steel alloys. Here you’ve 
got the principles of *cybernetics, particularly *“feedback”.

John: I see. A program stored in the computer receives information 
from the chemical plant and tells it to increase this or that 
ingredient, raise or lower the temperature, and so on.
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Bill: That’s it. Then you’ve got *linear programming—that’s finding
optimum values for a set of variables. You might have a fleet of 
lorries making regular deliveries to different locations; a linear 
program will tell you the best route for each lorry to take.

John: What’s a *PERT network, by the way?
Bill: It’s a kind of *flowchart on which you state all the activities

and events that will occur in a large project. You show which 
activities can only begin when others have been completed, 
and you give time estimates for each activity; finally you arrive 
at the *“critical path”, the route through the flowchart giving 
the shortest time in which the whole project can be completed. 
For big projects the flowchart is so complicated you need 
special PERT programs to evaluate them.

John: So PERT is a management tool? It gives managers the infor­
mation they need in the form in which they need it?

Bill: Yes, work’s already being done on things like *data banks and
*integrated management information systems. Eventually com­
puters will control all the operations of a company, not just 
accounting processes and individual machines.

Computer control of machine tools
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

The flowchart is so complicated that you need special programs.

Use this structure to respond to the following questions:

Example: Is the flowchart complicated?
Prompt: special programs
Response: Yes, it’s so complicated that you need special programs.

Now, you do it.

1. Is the flowchart complicated?
2. Is the machine different ?
3. Is the installation large ?
4. Is the payroll job complex?
5. Is the data extensive ?
6. Is the language specialized?
7. Are the peripherals numerous ?
8. Is the specification technical ?

special programs
this code
extra staff 
more instructions 
an experienced programmer 
these compilers
a different level of programming 
special algorithms

EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: You need special PERT programs for evaluating them.
Prompt: networks
Response: You need special PERT networks for evaluating them.

Now, you do it.

Statement: You need special PERT programs for evaluating them.
Prompts:
1. networks
2. We
3. calculating
4. have to have
5. application programs
6. these
7. it
8. will need
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EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure from the conversation:

What's the advantage of using the computer?

Use this structure to respond to the following statements:

Example: We’ll use the computer.
Response: What’s the advantage of using the computer?

Now, you do it.

1. We’ll use the computer.
2. We’ll transfer the records.
3. We’ll test the program.
4. We’ll use paper tape.
5. We’ll find the optimum values.
6. We’ll organize the data.
7. We’ll translate this material.
8. We’ll offline the peripheral activity.

Reading and Comprehension

Every day someone thinks of new commercial and industrial appli­
cations for computers. At first there were programs to do the work of 
clerks: invoicing, stock-keeping, payroll and pension fund calculations. 
Then computers were introduced into factories. The principles of 
cybernetics, particularly “feedback”, were developed and programs 
were written to control machines such as lathes, which produced 
machine parts according to fixed designs. These programs monitored the 
operation of the machines they controlled, reported faults, and, when 
necessary, switched off the machines or gave them another design to 
follow. This sort of programming is called “numerical control”. Soon 
computers were being used for even more sophisticated applications in 
both the scientific and commercial fields: for instance, flood control, 
weather forecasting, air traffic control, linear programming and ticket 
reservation. Some of these were based on new disciplines such as 
*queueing theory and *games theory. There have also been a large 
number of applications in the military and aerospace fields; the develop­
ment of the first atomic bomb was aided by a very powerful software 
tool called PERT network analysis. In fact there is no limit to the appli­
cations to which a computer can be put.
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EXERCISE 4: COMPREHENSION QUESTIONS

1. Name some types of clerical work taken over by computers.
2. What is “numerical control” ?
3. What software tool aided the development of the atomic bomb?
4. Where, besides offices, have computers been introduced?
5. Name three more sophisticated applications of computers.
6. On what new disciplines are they based?
7. Which principle of cybernetics in particular is involved in numerical 

control ?
8. In which non-commercial fields have there been a large number of 

computer applications ?

EXERCISE 5

Fill in the blanks with the appropriate words:

a. principles
b. sort
c. project
d. completed
e. limit
f. company
g. designs
h. programs

1. -------- can do the work of clerks.
2. This-------- of program is called numerical control.
3. The-------- of cybernetics have been developed.
4. Eventually computers will control all the operations of a-------- .
5. These lathes produce parts according to fixed-------- .
6. There is no-------- to the applications of a computer.
7. These activities can only begin when others have been-------- .
8. The whole-------- can be completed in this time.



UNIT 13

THE SYSTEMS ANALYST

Dialogue

A nna, assigned to a customer project, talks to the systems analyst.

Anna: Well, Jim, you’ve practically finished your assessment here, and 
I understand you’re ready for my team to begin some of the 
programs.

Jim: Yes, the customer’s computer arrives in twelve weeks’ time.
We’ve concentrated on the costing system, but that will involve 
computerization of both payroll and stores control.

Anna: I’ll be concerned with the programs, but I’ve read your draft 
report on the reorganization so that I’d be completely in the 
picture.1

Jim: That’s a good idea. Stores control was a straightforward change-
over from a mechanized system, but in the payroll job we had to 
redesign lots of the forms so that card punching would be 
simplified.

Anna: The printouts seem well standardized.
Jim: Yes, but we had to deal with twice that number of reports

previously. People create new forms, but they never bother to 
discard the old ones, even when their original purpose no 
longer exists!

Anna: Was your report well received by the customer’s management? 
Jim: Yes, we’ve introduced standard shop by shop costing in place

of the previous unit costing. But the shop foreman wasn’t happy 
until we recommended direct *data capture equipment.

Anna: I see you suggest we tackle the programs in a particular order.

1 in the picture: informed
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Designing a system

Jim: Yes, the changes are too drastic to put into effect overnight,
and the system is too big to run in parallel. We have to change 
over in stages and ensure that each stage is working satisfac­
torily before going on with the next.

Anna: There is some *float on some stages, but I suppose it’s essential 
that the introduction of the new costing system coincides with 
the financial year?

Jim: Yes, but since we helped the customer change over to deci­
malized currency in 1971, that’s one headache less for you.

Anna: I’m glad your boys have used *decision tables extensively in 
their specifications. These make the situation much clearer. 
With our new *preprocessor translation will be almost direct 
in many cases.

Jim: And when you attend our weekly meetings, your programmers
can sort out any points that aren’t clear in our documentation.
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

We had to redesign the forms so that punching would be simplified.

Use this structure to respond to the following questions:

Example: Why did you redesign the forms?
Prompt: punching / simplified
Response: We had to redesign the forms so that punching would be 

simplified.

Now, you do it.

1. Why did you redesign the forms ? punching I simplified
2. Why did you introduce standard

costing? accounting I easier
3. Why did you run in parallel ? the changeover I gradual
4. Why did you draw flowcharts ? the specification I clearer
5. Why did you reorganize the job ? the changeover I straightforward
6. Why did you hold weekly

meetings ? the programmers / in the picture
7. Why did you standardize the

printouts ? the paperwork I reduced
8. Why did you use decision tables ? the translation / direct

EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: You’re ready for my team to begin some of the programs. 
Prompt: start
Response: You’re ready for my team to start some of the programs.

Now, you do it.

Statement: You’re ready for my team to begin some of the programs.
Prompts:

1. start
2. group
3. They’re
4. work

5. waiting
6. us
7. the programmers
8. expecting



80 COMPUTERS

EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

The foreman was not happy until we recommended data capture 
equipment.

Use this structure to make similar sentences with the following words 
and phrases:

1. The customer / satisfied / ran in parallel
2. The programmer / advised / had written specifications
3. The payroll / mechanized / had consulted the unions
4. The equipment / installed / produced our report
5. The management / convinced / produced the results
6. The new system / introduced / decimalized the currency
7. The assessment / complete / had studied the organization
8. The report / well received / explained our plans
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Reading and Comprehension

Wherever there is repetitive work, thought must be given to the 
design and maintenance of a system to perform that work most effi­
ciently. Systems and analysts of systems existed, therefore, long before 
there were computers. However, it is the introduction of computers 
which creates the most dramatic changes to existing systems, and from 
which losses can accumulate most rapidly if the machine is improperly 
used. The systems analyst has therefore found himself in a key position 
since the introduction of computers.

He is essentially concerned with method. His job is to determine the 
objectives of the project under examination and to design the best 
method of reaching them. This generally means a close examination of 
the existing system, to discover its weaknesses and its redundancies. 
He must then consider if all the paperwork is necessary, if it conveys 
only the right information, by the most direct route, in the proper time, 
at the right frequency and with sufficient accuracy.

His redesign of the system must be appreciated by the people who are 
to operate it and to use its results. Scheduling the actual changeover to 
a new system is a skilled task, each step requiring careful preparation 
and planning. The truly successful system is one which is amenable to 
steady and controlled growth. This implies that the system must be well 
documented, but in particular there must be complete understanding 
between the systems analyst and the programmers who interpret his 
schemes on the computer.

The success or failure of computerization often depends on its archi­
tect, the systems analyst.

EXERCISE 4: COMPREHENSION QUESTIONS

1. What has created the most dramatic changes to existing systems?
2. Who has found himself in a key position since then ?
3. The systems analyst’s job is to determine the objectives of the 

project—and what else ?
4. What must be taken into consideration by the systems analyst?
5. What is required when scheduling the changeover to a new system ?
6. Which is the truly successful system?
7. What often depends on the systems analyst?
8. What is absolutely essential for a successful redesigning?
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EXERCISE 5

Fill in the blanks with the noun equivalents of the verbs in italics:

Example: Does the machine represent the design on the screen? 
Response: Yes, it’s an accurate representation.

1. Does the machine represent the design on the screen ?
Yes, it’s an accurate-------- .

2. Can this program calculate wages ?
Yes, it saves us doing the-------- .

3. Are we going to computerize the costing system?
Yes, and it’ll mean the-------- of the payroll, too.

4. Will it take long to correct the coding?
No, you’ll be able to make the-------- today.

5. When should we introduce the new costing system?
The-------- should coincide with the new financial year.

6. Do we need to translate this material ?
Yes, you’ll have to write a-------- program.

Article in stock ?
Article on order?
Permission to issue article obtained ?
Apply for permission to issue article
Issue article
Reserve article

Rule Rule Rule Rule Rule Rule Rule Rule
1 2 3 4 5 6 7 8

Y Y Y Y N N N N
Y Y N N Y Y N N
Y N Y N Y N Y N

X X X
X X

X X X X
X XReject request

A decision table



UNIT 14

REALTIME

Dialogue

John is lunching in the canteen with his cousin Christine.

John: What’s the difference between realtime working and ordinary
commercial programming?

Christine: Well, take a standard program for calculating the weekly 
payroll. Every day a factory worker clocks in and clocks 
out, and the next day all the details are punched on to cards. 
On one day of the week all these cards are collected in to a 
*batch and fed into the machine with a program to calculate 
wages. So some of the data was collected days ago—it’s 
“cold”.

John: And realtime programs process “hot” data?
Christine: Right. Think of somebody who’s booking a seat on a flight 

to Teheran on 21st August. When the booking clerk rings 
the central office, he wants to know straight away whether 
there’s a seat available—and that means that the central 
office have got to know all the reservations that have been 
made at all the branch offices up to that very moment.
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John:

Christine:

John:
Christine:

John:
Christine:

John'.

Christine:

John:

So you’d process every booking as soon as it came in, 
instead of waiting to batch up the reservations. Is that the 
kind of program you’re writing?
No. I’m using realtime for another purpose. I’m working 
in * “conversational” or *“interactive” mode. I’ve got my 
own typewriter, just like an operator, only mine is remote 
from the machine room; it could even be in another 
country. I type in a segment and the *test data; then I get 
the machine to run the segment and send me the results on 
my console. If it goes wrong, I can ask the machine to give 
me diagnostic information, make corrections to the pro­
gram while it’s still resident in the filestore, and try again. 
When there are a lot of users *online to the machine it’s 
called *“multi-access”.
Engineers use realtime working a lot, too, don’t they?
Yes. Design engineers use *light pens and *graphical display 
units. They sketch a rough design on a cathode ray screen 
and give the machine the scale and other parameters. The 
machine displays an accurate representation of the design 
on the screen. They modify it, get another display, and so on. 
It sounds to me as if realtime is the thing of the future.
It is! In no time at all everyone will be using computers, and 
most of them will want to work in realtime. Telephones, 
telex and telegraph equipment, for instance, will all be 
hooked in to central computer installations.
But isn’t it difficult to link existing communications networks 
to computers? What about the *interface? Isn’t there a lot 
more hardware needed ?
Oh, yes. You have to have extra transmission lines which 
can be simplex, duplex or half-duplex, depending on the 
direction of signals they can carry. You need *uniplexors 
and *multiplexors to act as buffers, and you even need 
devices called Modems—modulator-demodulators—to con­
vert the digital impulses from the computer to a form 
suitable for transmission along telephone lines, and vice 
versa.1 Then ....
Just a minute! I’m not following you2. Let me fetch you 
another cup of coffee, then you can tell me some more.

1 vice versa: (Latin) the other way round, the reverse
2 I’m not following you: I can’t understand what you are saying
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EXERCISE 1: STRUCTURAL PRACTICE

Notice this structure from the conversation:

Is that the kind of program you're writing I

Use this structure to respond to the following statements:

Example: This is a program for making reservations.
Prompt: write
Response: Is that the kind of program you’re writing?

Now, you do it.

1. This is a program for making reservations. write
2. This installation used realtime. operate
3. This is “hot” data. type
4. This mode is more “conversational”. test
5. This device is a light pen. use
6. This environment is multi-access. work in
7. This data is standardized. handle
8. This specification has just come in. code

EXERCISE 2: PROGRESSIVE SUBSTITUTION DRILL

Statement: In no time at all everyone will be using computers.
Prompt: remote terminals
Response: In no time at all everyone will be using remote terminals.

Now, you do it.

Statement: In no time at all’everyone will be using computers.
Prompts:
1. remote terminals
2. them
3. Very soon
4. everybody
5. we
6. may
7. working with
8. In the near future
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EXERCISE 3: FURTHER STRUCTURAL PRACTICE

Notice this structure:

It sounds to me as if realtime will be the thing of the future.

Use this structure to make complete sentences:

1. multi-access facilities / available on most computers
2. computer networks / a likely development
3. the remote console / a general requirement
4. the interactive mode / more widely used
5. graphical displays / the natural device for designers
6. data banks / at everyone’s disposal
7. programming / a career with prospects
8. computers / here to stay

Reading and Comprehension

Realtime working is one of the newest and most exciting develop­
ments in the computer field. It means that you ask the computer a 
question and get an answer within a matter of seconds; and the answer 
is based on the latest information in the machine’s data banks. This is 
to be contrasted with the processing of “cold data” in calculating, for 
instance, an income tax assessment several months after the end of the 
tax year. Realtime working has two basic requirements. The computer 
system must be able to accept data as soon as it is created, and use it to 
update its files immediately by means of a program called in from 
backing-store; and there must be devices, such as remote typewriters, 
by means of which users can interrogate the system and receive answers 
almost immediately. Airline ticket reservation is one obvious example 
of realtime. Another is when a pilot coming in to land needs to know 
the position of all other aircraft in the vicinity, as well as their flight 
paths and estimated times of arrival. And realtime working is invaluable 
in the development of scientific and commercial programs, that is, 
while they are being tested. The programmer works with the system in 
“conversational” or “interactive” mode; he can test parts of his 
program, alter it in store, and ask the machine for intermediate results, 
all in realtime, instead of having to wait for the program to be run 
overnight.



Realtime working in a hospital

EXERCISE 4: COMPREHENSION QUESTIONS

1. By what means does a computer update files immediately?
2. Name one example of realtime working.
3. Name the mode in which a programmer is working while he is 

testing programs at the computer.
4. How quickly can you get an answer from the machine?
5. How do realtime users interrogate the system?
6. What does a pilot coming in to land need to know?
7. Does the calculation of an income tax assessment involve realtime ?
8. Where is the program that the realtime user alters?
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EXERCISE 5

Insert the following words in the sentences:

a. get
b. run
c. got
d. sketch
e. use
f. works
g. based
h. clocks

1. Engineers-------- realtime working a lot.
2. Every day a factory worker-------- in and--------- out.
3. It means you-------- an answer within a matter of seconds.
4. I get the machine to-------- the segment.
5. The programmer-------- with the system in interactive mode.
6. The answer is-------- on the latest, up-to-date information.
7. They------- a rough design on a cathode ray tube.
8. I’ve-------- my own typewriter, just like an operator.

A printer/keyboard
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KEY TO EXERCISES

Unitl

EXERCISE 1

1. What about the software ?
2. What about the slow peripherals ?
3. What about the output units ?
4. What about the operator?
5. What about the magnetic devices ?
6. What about the card punch ?
7. What about the paper tape punch ?
8. What about the discs ?

EXERCISE 2

1. The computer installation consists of three things.
2. The computer installation consists of different things.
3. The computer installation consists of various things.
4. Any computer installation consists of various things.
5. Any computer installation consists of various parts.
6. Any computer installation is made up of various parts.
7. Any C.P.U. is made up of various parts.
8. Any C.P.U. contains various parts.

EXERCISE 3

1. I suppose mechanical devices are called “slow” peripherals?
2. I suppose the whole thing is called a computer installation ?
3. I suppose card readers are called input units?
4. I suppose programs are called the software ?
5. I suppose the C.P.U. is called the computer proper?
6. I suppose the peripherals are called input/output devices ?
7. I suppose circuits such as those are called arithmetic units ?
8. I suppose drums and discs are called magnetic devices?
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EXERCISE 4: suggested answers

1. Data.
2. Peripherals.
3. Systems analysts.
4. Programmers.
5. They punch up programs and data on cards and paper tape.
6. They run the machine and monitor its progress.
7. A messenger service and magnetic library staff.
8. The C.P.U. or Central Processing Unit.

Unit-2

EXERCISE 1

1. What’s the difference between analogue computers and digital computers ?
2. What’s the difference between an abacus and a slide rule?
3. What’s the difference between the paper on “Computable Numbers” and 

von Neumann’s papers ?
4. What’s the difference between Babbage’s machine and other early 

machines ?
5. What’s the difference between the “on” state and the “off” state?
6. What’s the difference between input units and output units ?
7. What’s the difference between the C.P.U. and the peripherals?
8. What’s the difference between thermionic valves and transistors ?

EXERCISE 2

1. In practice they’re only used by engineers.
2. In theory they’re only used by engineers.
3. In theory they’re only useful to engineers.
4. Theoretically they’re only useful to engineers.
5. Theoretically they’re only operated by engineers.
6. Theoretically it should only be operated by engineers.
7. Theoretically it must always be operated by engineers.
8. Theoretically it must always be serviced by engineers.
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EXERCISE 3

1. It isn’t only the development of analogue machines that has made 
scientific advances possible.

2. It isn’t only the development of transistors that has made fast circuits 
possible.

3. It isn’t only the development of stored programs that has made automatic 
processing possible.

4. It isn’t only the development of this invention that has made computing 
possible.

5. It isn’t only the development of thermionic valves that has made arithmetic 
circuits possible.

6. It isn’t only the development of punched cards that has made data 
processing possible.

7. It isn’t only the development of electronic devices that has made this 
development possible.

8. It isn’t only the development of magnetic tapes that has made bulk storage 
possible.

EXERCISE 4: suggested answers

1. It could perform arithmetic calculations by itself.
2. Thermionic valves and bistable electronic circuits.
3. A means of storing data in the form of holes punched into cards.
4. In the 1940’s.
5. Transistors.
6. It became necessary to store vast quantities of accounting data in a form 

in which they could be easily retrieved.
7. “Third-” and “fourth-generation” computers.
8. Tunnel diodes; integrated circuits; super-cooled memory banks; thin film.

Unit 3

EXERCISE 1

1. Then you’re not the same as a service bureau ?
2. Then it’s not the same as this scheme ?
3. Then he’s not the same as the programmer?
4. Then they’re not the same as fast peripherals ?
5. Then it’s not the same as an electric typewriter?
6. Then it’s not the same as a utility routine?
7. Then they’re not the same as mine ?
8. Then they’re not the same as software houses ?
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EXERCISE 2

1. Some companies specialize in this sort of work.
2. Those companies specialize in this sort of work.
3. We specialize in this sort of work.
4. We specialize in this kind of work.
5. We specialize in this kind of program writing.
6. Software houses specialize in this kind of program writing.
7. Software houses do this kind of program writing.
8. Software houses concentrate on this kind of program writing.

EXERCISE 3

1. He doesn’t only sell machines, he also sells programs.
2. They don’t only want the manufacturer’s package, they also want this 

special program.
3. We don’t only supply utility routines, we also supply applications pack­

ages.
4. He doesn’t only need a program, he also needs computer time.
5. They don’t only punch up the cards, they also punch up the paper tape.
6. They don’t only have their own machines, they also have their own pro­

grams.

EXERCISE 4: suggested answers

1. Any problem whose elements can be quantified.
2. Several million pounds.
3. From service bureaus.
4. They write programs for users who don’t maintain their own program­

ming staff.
5. They help users make a choice between different machines.
6. Problems such as the authorship of ancient texts, or the translation of 

dead languages.
7. They are linked by transmission lines.
8. Chemists and physicists, biologists and economists.

EXERCISE 5

1. c,c 2. e 3. g 4. a 5. b 6. f 7. h 8. d.
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Unit 4

EXERCISE 1

1. Why is each core threaded by several wires ?
2. When is a radix of two used?
3. How often is the present state altered by these wires?
4. Why are some circuits called gates ?
5. What is the circuit printed on ?
6. How are the cores magnetized?
7. Where will the clock pulse be generated ?
8. How is the decimal value converted?

EXERCISE 2

1. Now that you’ve done that you can do any arithmetic operation.
2. Now that you’ve done that you can do any arithmetic calculation.
3. Now that you’ve mastered that you can do any arithmetic calculation.
4. Now that you’ve learnt that you can do any arithmetic calculation.
5. When you’ve learnt that you can do any arithmetic calculation.
6. When you’ve learnt that you can do a difficult calculation.
7. When you’ve learnt that you can do a complex calculation.
8. When you’ve learnt that you will be able to do a complex calculation.

EXERCISE 3

1. You often don’t have tape decks, you have magnetic discs.
2. You often don’t have punched cards, you have paper tape.
3. You often don’t have decimal arithmetic, you have binary arithmetic.
4. You often don’t have typewriters, you have display units.
5. You often don’t have computers, you have tabulators.
6. You often don’t have keys to press, you have switches.
7. You often don’t have these units, you have special circuits.
8. You often don’t have valves, you have transistors.

EXERCISE 4: suggested answers

1. The central processor.
2. In memory banks.
3. Desk computers are made possible by miniaturization.
4. Several million.
5. Because the electro-magnetic signals have a shorter distance to travel.
6. They are often twenty times as fast.
7. The weight requirements of space rockets have accelerated the trend 

towards the miniaturization of components.
8. Transistors, magnetic cores and printed circuits.
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Unit 5

EXERCISE 1

1. All you do is rewind it.
2. All you do is separate them.
3. All you do is splice it.
4. All you do is call him.
5. All you do is sort them.
6. All you do is replace it.
7. All you do is hire it.
8. All you do is exchange them.

EXERCISE 2

1. Don’t you have to punch the data in a special way ?
2. Don’t you have to write the data in a special way ?
3. Don’t you have to write the characters in a special way?
4. Don’t you have to write the characters in a stylized way ?
5. Doesn’t he have to write the characters in a stylized way ?
6. Doesn’t he have to write the characters like this ?
7. Doesn’t the programmer have to write the characters like this ?
8. Does the programmer have to write the characters like this ?

EXERCISE 3

1. Decimal arithmetic is rather different from binary arithmetic.
2. Logic units are entirely different from control circuits.
3. These stylized characters are altogether different from handwriting.
4. That magnetic tape deck is probably different from this one.
5. A computer consultant is very different from a service bureau.
6. Thermionic valves are completely different from transistors.
7. Punched cards are not so different from paper tape.
8. AND gates are a little different from OR gates.

EXERCISE 4: suggested answers

1. Verifiers, interpreters and collators.
2. In the form of a replaceable plugboard.
3. Card and paper tape units, and printers.
4. Tape transports; discs; drums.
5. Because they supplement the processor’s core store.
6. Graphical or visual display units.
7. The telephone, telegraph and Telex lines.
8. The tabulator.
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EXERCISE 5

1. e 2. c 3. d 4. b 5. g 6. h 7. a 8. f

Unit 6

EXERCISE 1

1. It’s up to the operator to report them.
2. It’s up to the systems analyst to investigate them.
3. It’s up to the data preparation staff to alter them.
4. It’s up to the programmer to correct them.
5. It’s up to him to refeed them.
6. It’s up to us to report them.
7. It’s up to the person using it to detect them.
8. It’s up to the manufacturer to repair them.

EXERCISE 2

1. They don’t just hit keys on a console typewriter.
2. They don’t just type instructions on a console typewriter.
3. They don’t only type instructions on a console typewriter.
4. They don’t only type instructions on a remote terminal.
5. They don’t only send data on a remote terminal.
6. They don’t always send data on a remote terminal.
7. You don’t always send data on a remote terminal.
8. You don’t always send data by means of a remote terminal.

EXERCISE 3

1. He’s kept busier than ever looking after the console.
2. He’s kept busier than ever loading the input/output units.
3. He’s kept busier than ever running programs.
4. He’s kept busier than ever switching the tape decks.
5. He’s kept busier than ever servicing the peripherals.
6. He’s kept busier than ever obeying the programmers’ instructions.
7. He’s kept busier than ever taking care of the installation.
8. He’s kept busier than ever watching for program events.
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EXERCISE 4: suggested answers

1. In the days of the early machines.
2. Changing magnetic tapes and discs.
3. So that he can interpret the programmer’s instructions correctly.
4. Program events.
5. On the result of a run, and the reason for any failure.
6. He has to take appropriate action to “fail-soft”.
7. In a multi-programming environment.
8. They are called operating systems.

Unit 7

EXERCISE 1

1. Yes, I know about the nature of the electronics.
2. Yes, I’ve been told about the stylization of the characters.
3. Yes, I’ve been informed about the organization of the data.
4. Yes, I’ve learnt about the working of that machine.
5. Yes, I’ve got the idea of the operation of the console.
6. Yes, I understand the construction of the memory bank.
7. Yes, I’ve read about the replacement of the disc packs.
8. Yes, I’ve found out about the preparation of the paper tape.

EXERCISE 2

1. They could write a program for processing a record.
2. They could design a program for processing a record.
3. They could use this information for processing a record.
4. The programmer could use this information for processing a record.
5. The programmer could use this information to process a record.
6. The programmer could use this information to update a record.
7. The programmer should use this information to update a record.
8. The programmer might use this information to update a record.
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EXERCISE 3

1. Looking at this printout I can see numbers in the columns.
2. Looking at the output device I can see the holes in the paper tape.
3. Looking at the reader I can see the notches in the cards.
4. Looking at your layout chart I can see fields in the records.
5. Looking at the printer I can see paper in the stacker.
6. Looking at his listing I can see errors in the format.
7. Looking at that console log I can see gaps in the schedule.
8. Looking at the manual I can see sixty-four symbols in the character set.

EXERCISE 4: suggested answers

1. Letters and digits.
2. A file.
3. In registers composed of electronic circuits.
4. No, slower.
5. Magnetic tape, cards or paper tape.
6. The line-printer.
7. The cathode ray tube display.
8. No, only serially.

Unit 8

EXERCISE 1

1. They couldn’t do without “read” and “write” instructions, could they?
2. They couldn’t do without this code, could they?
3. They couldn’t do without regular servicing, could they?
4. They couldn’t do without special training, could they ?
5. They couldn’t do without transistors, could they?
6. He couldn’t do without this information, could he ?
7. He couldn’t do without alternative devices, could he ?
8. He couldn’t do without a special program, could he?
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EXERCISE 2

1. These codes do vary considerably.
2. These codes do vary a lot.
3. These functions do vary a lot.
4. The set’s functions do vary a lot.
5. Its functions do vary a lot.
6. Its functions may vary a lot.
7. Its functions might vary a lot.
8. Its functions might differ a lot.

EXERCISE 3

1. I do think you’re lucky to have written other programs.
2. I do think you’re lucky to have learnt other machine codes.
3. I do think you’re lucky to have worked for other employers.
4. I do think you’re lucky to have used other computers.
5. I do think you’re lucky to have studied other instruction sets.
6. I do think you’re lucky to have practised with other systems.
7. I do think you’re lucky to have familiarized yourself with other order 

codes.
8. I do think you’re lucky to have mastered other functions.

EXERCISE 4: suggested answers

1. Either instructions or data.
2. A function, a first address, a second address.
3. ADD, SUBTRACT, MULTIPLY, DIVIDE.
4. 8, an unconditional JUMP and 9, a conditional JUMP.
5. A word is referenced by its “address”.
6. The circuitry of the control unit gives the instructions meaning.
7. Yes, in fact a sample program is given.
8. The MOVE instruction used repeatedly.
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Unit 9

EXERCISE 1

1. We’ll only run the program when it’s satisfactory.
2. We’ll only test the system when it’s assembled.
3. We’ll only incorporate tb-3 new facilities when they’re prepared.
4. We’ll only start the project when it’s scheduled.
5. We’ll only examine the layouts when they’re designed.
6. We’ll only use the computer when it’s free.
7. We’ll only process the data when it’s organized.
8. We’ll only check out the system when it’s completed.

EXERCISE 2

1. The better you organize the project, the less time you’ll spend coding.
2. The better you organize the work, the less time you’ll spend coding.
3. The more thoroughly you organize the work, the less time you’ll spend 

coding.
4. The more carefully you organize the work, the less time you’ll spend 

coding.
5. The more carefully you organize the work, the less time we’ll take coding.
6. The more carefully we organize the work, the less time we’ll take coding.
7. The more carefully we organize the work, the less time we’ll take 

checking.
8. The more carefully we organize the work, the less time we’ll take 

testing.

EXERCISE 3

1. I expect you to start documenting although your testing will not be 
finished.

2. I expect you to describe an algorithm although your print layouts will not 
be designed.

3. I expect you to work overtime although your day runs will not be frequent.
4. I expect you to tackle it although your training will not be thorough.
5. I expect you to write it up although your program will not be proved.
6. I expect you to repair errors although your documentation will not be 

perfect.
7. I expect you to run live although your new facilities will not be incor­

porated.
8. I expect you to begin planning although your targets will not be fully set.
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EXERCISE 4: suggested answers

1. The size of the organization he works for.
2. In the form of a specification prepared by a systems analyst.
3. Yes, if mathematical or special technical knowledge is involved.
4. Performance criteria supplied by the systems analyst.
5. Subroutines applicable to his program.
6. From the block diagram.
7. Dump routines.
8. Write up a complete description of the program.

Unit 10

EXERCISE 1

1. We’re concerned with calculation rather than data handling.
2. It’s used by the operator rather than the programmer.
3. He’s affected by machine faults rather than card wrecks.
4. They’re used to FORTRAN rather than COBOL.
5. It’s useful to computer consultants rather than computer bureaus.
6. He’s prepared for algebraic manipulation rather than simulation problems.
7. He’s slowed down by numeric codes rather than autocodes.
8. They’re interested in magnetic cores rather than magnetic discs.

EXERCISE 2

1. The possible number of faults is considerably reduced.
2. The possible number of mistakes is considerably reduced.
3. The usual number of mistakes is considerably reduced.
4. The usual number of mistakes is very much reduced.
5. The usual number of errors is greatly reduced.
6. The usual number of errors is greatly increased.
7. Our usual number of errors is greatly increased.
8. Our usual number of errors was greatly increased.
9. Our probable number of errors was greatly increased.
10. Our probable amount of errors was greatly increased.
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EXERCISE 3

1. A memory extensive enough to hold all the records would need several 
million words.

2. A processor fast enough to cater for fifty remote consoles would need 
integrated circuitry.

3. A computer robust enough to be used for this work would need solid 
state components.

4. An installation versatile enough to handle all design work would need 
these devices.

5. A program comprehensive enough to produce the weekly payroll would 
need a very thorough testing.

6. A system complex enough to drive thirty peripherals would need several 
operators.

7. A machine powerful enough to offer multiprogramming would need an 
operating system.

8. A printer general enough to deal with several alphabets would need a 
large character set.

EXERCISE 4: suggested answers

1. To write in a code convenient to them and to the problem.
2. To the computer.
3. Assemblers.
4. Like English sentences or as formulae.
5. i. Programs are written more quickly.

ii. They have fewer errors.
iii. Their purpose is more apparent.

6. ALGOL, FORTRAN.
7. General commercial problems.
8. No, they are also accepted at international level.

Unit 11

EXERCISE 1

1. They’re much slower than the C.P.U.
2. They’re much smaller than thermionic valves.
3. They’re much simpler than computer installations.
4. It’s much more useful than that language.
5. It’s much more complicated than the manufacturer’s package.
6. They’re much bigger than exchangeable discs.
7. They’re much faster than mechanical ones.
8. He’s much busier than that one.
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EXERCISE 2

1. What happens if it can’t find a program in store ?
2. What happens if it can’t find any programs in store ?
3. What happens if it can’t locate any programs in store?
4. What happens if it can’t locate any programs in the system?
5. What happens when it can’t locate any programs in the system?
6. What happens when the operator can’t locate any programs in the system ?
7. What happens when he can’t locate any programs in the system?
8. What happens when he can’t locate any programs in there ?

EXERCISE 3

1. You can only transfer the slow files when you’ve got magnetic tape.
2. You can only use a computer when you’ve got the necessary software.
3. You can only control the peripherals when you’ve got a control circuit.
4. You can only convert to binary arithmetic when you’ve got a radix of two.
5. You can only make corrections like this when you’ve got paper tape.
6. You can only make up a computer language when you’ve got a trans­

lation program.
7. You can only work out a specialized program when you’ve got all the 

details.
8. You can only represent a character when you’ve got a group of sets of 

cores.

EXERCISE 4: suggested answers

1. No, they are not.
2. No, it cannot.
3. They schedule the order in which jobs are performed, reduce typewriter 

chatter, help the system to fail-soft and perform slow peripheral input 
and output offline.

4. Enabling more programming jobs to be run in a given time.
5. By doing many of the jobs that a human operator used to do.
6. The input and output on slow peripherals.
7. Multi-programming; real time working by remote users; the increasing 

number of peripherals in simultaneous use.
8. Priorities.
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Unit 12

EXERCISE 1

1. Yes, it’s so complicated that you need special programs.
2. Yes, it’s so different that you need this code.
3. Yes, it’s so large that you need extra staff.
4. Yes, it’s so complex that you need more instructions.
5. Yes, it’s so extensive that you need an experienced programmer.
6. Yes, it’s so specialized that you need these compilers.
7. Yes, they’re so numerous that you need a different level of programming.
8. Yes, it’s so technical that you need special algorithms.

EXERCISE 2

1. You need special PERT networks for evaluating them.
2. We need special PERT networks for evaluating them.
3. We need special PERT networks for calculating them.
4. We have to have special PERT networks for calculating them.
5. We have to have special application programs for calculating them.
6. We have to have these application programs for calculating them.
7. We have to have these application programs for calculating it.
8. We will need these application programs for calculating it.

EXERCISE 3

1. What’s the advantage of using the computer?
2. What’s the advantage of transferring the records ?
3. What’s the advantage of testing the program?
4. What’s the advantage of using paper tape?
5. What’s the advantage of finding the optimum values?
6. What’s the advantage of organizing the data?
7. What’s the advantage of translating this material?
8. What’s the advantage of offlining the peripheral activity?

EXERCISE 4

1. Invoicing, stock-keeping, payroll and pension fund calculations.
2. A type of programming to control machines such as lathes.
3. PERT network analysis.
4. They have been introduced into factories.
5. Flood control; weather forecasting; air traffic control; linear program­

ming; ticket reservation.
6. Disciplines such as queueing theory and games theory.
7. Feedback.
8. The military and aerospace fields.
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EXERCISE 5

1. h 2. b 3. a 4. f 5. g 6. e 7. d 8. c

Unit 13

EXERCISE 1

1. We had to redesign the forms so that punching would be simplified.
2. We had to introduce standard costing so that accounting would be easier.
3. We had to run in parallel so that the changeover would be gradual.
4. We had to draw flowcharts so that the specification would be clearer.
5. We had to reorganize the job so that the changeover would be straight­

forward.
6. We had to hold weekly meetings so that the programmers would be in the 

picture.
7. We had to standardize the printouts so that the paperwork would be 

reduced.
8. We had to use decision tables so that the translation would be direct.

EXERCISE 2

1. You’re ready for my team to start some of the programs.
2. You’re ready for my group to start some of the programs.
3. They’re ready for my group to start some of the programs.
4. They’re ready for my group to start some of the work.
5. They’re waiting for my group to start some of the work.
6. They’re waiting for us to start some of the work.
7. They’re waiting for the programmers to start some of the work.
8. They’re expecting the programmers to start some of the work.

EXERCISE 3

1. The customer was not satisfied until we ran in parallel.
2. The programmer was not advised until we had written specifications.
3. The payroll was not mechanized until we had consulted the unions.
4. The equipment was not installed until we produced our report.
5. The management was not convinced until we produced the results.
6. The new system was not introduced until we decimalized the currency.
7. The assessment was not complete until we had studied the organization.
8. The report was not well received until we explained our plans.
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EXERCISE 4: suggested answers

1. The introduction of computers.
2. The systems analyst.
3. To design the best method of reaching them.
4. The existing system with its weaknesses and redundancies.
5. Careful preparation and planning.
6. The one which is amenable to steady and controlled growth.
7. The success or failure of computerization.
8. Complete understanding between the analyst and the programmers.

EXERCISE 5

1. representation
2. calculation
3. computerization
4. correction
5. introduction
6. translation

Unit 14

EXERCISE 1

1. Is that the kind of program you’re writing?
2. Is that the kind of installation you’re operating?
3. Is that the kind of data you’re typing?
4. Is that the kind of mode you’re testing?
5. Is that the kind of device you’re using?
6. Is that the kind of environment you’re working in ?
7. Is that the kind of data you’re handling?
8. Is that the kind of specification you’re coding?

EXERCISE 2

1. In no time at all everyone will be using remote terminals.
2. In no time at all everyone will be using them.
3. Very soon everyone will be using them.
4. Very soon everybody will be using them.
5. Very soon we will be using them.
6. Very soon we may be using them.
7. Very soon we may be working with them.
8. In the near future we may be working with them.



108 COMPUTERS

EXERCISE 3

1. It sounds to me as if multi-access facilities will be available on most 
computers.

2. It sounds to me as if computer networks will be a likely development.
3. It sounds to me as if the remote console will be a general requirement.
4. It sounds to me as if the interactive mode will be more widely used.
5. It sounds to me as if graphical displays will be the natural device for

designers.
6. It sounds to me as if data banks will be at everyone’s disposal.
7. It sounds to me as if programming will be a career with prospects.
8. It sounds to me as if computers will be here to stay.

EXERCISE 4: suggested answers

1. By means of a program called in from backing-store.
2. Airline ticket reservation; giving information to a pilot when landing; 

the development of scientific and commercial programs.
3. He is working in conversational or interactive mode.
4. Within a matter of seconds.
5. By remote typewriters, for example.
6. He needs to know the position of other aircraft in the vicinity and their 

flight paths and estimated times of arrival.
7. The calculation of an income tax assessment does not involve realtime.
8. The programmer alters his program in store.

EXERCISE 5 

1. e 2. h,h 3. a 4. b 5. f 6. g 7. d 8. c



GLOSSARY

Note: Words included here have a special meaning related to computers and their use. 
Words not included may be found in a standard dictionary. Heavy type within the 
entries refers the reader to a separately glossed item.

abacus faebakos] A primitive calculating device, comprising sliding balls on a frame 
of wires.

address [a'dres] The identification of a core, or other elementary unit, in a computer 
memory. An instruction in a computer program is said to “address” a particular 
location in memory.

algorithm ['aelgariõam] A process represented by a sequence of instructions, similar 
to a mathematical procedure, designed to solve a particular problem. A program 
may be an algorithm, or may consist of a number of algorithms.

analogue computer ['aenalog kam.pjuita] A machine in which variables are rep­
resented by physical analogues or correspondencies, e.g. by the sizes of gearwheels, 
the strengths of electrical currents, or volumes of gas or liquid.

applications packages [aepli'keijanz ,paekid3iz] Sets of computer programs 
designed to handle the application of the computer to specific areas of human 
activity, e.g. the composing of printed documents, the control of water flow in 
rivers and reservoirs, weather forecasting, share registration, etc.

arithmetic unit [a'riOmatik ,ju:nit] The circuitry in the central processor which 
performs arithmetic operations.

assembler [a'sembla] A program which translates instructions in assembly code 
into machine code.

assembly code [a'sembli ,koud] Assembly code is a language in which the numerical 
form of a machine code instruction is represented by a mnemonic, e.g. “ADX” 
for the numerical code meaning “add variable to accumulator”.

autocodes ['o:toukoudz] Computer languages which may be similar to a natural 
language such as English, and are "problem-oriented" rather than “machine- 
oriented”. It is easier for a programmer to define a problem in such a language, 
but they need a compiler to translate them into machine cod''.

background job ['baekgraund ,d3ob] A job which is run on the computer without 
the intervention of the programmer, and at a time not specified by the programmer, 
simultaneously with the jobs of realtime users.

backing-store ['baekirj ,sto:J A type of store which is subsidiary to, but slower in 
access than, the computer’s main immediate access store, though in many 
software situations it can be regarded as part of the main store. The name 
is applied to magnetic devices such as discs, drums and tapes.
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batch [baetj] A set of jobs with similar features which will all be processed in a 
single computer run by the same computer program. Also, in the term batching 
of data, refers to the accumulation of data until there is a sufficient quantity to 
justify a computer run to process it (contrast with realtime working).

binary digit ['bainari 'did3it] A unit in the binary scale (see radix), with the value 
0 or 1. Often abbreviated to bit.

bi-stable electronic circuits ['bai'steibl ilek'tronik 'saikits] Circuits with two 
possible stable states.

bit [bit] See binary digit.
block diagram ['bbk 'daiagraem] In programming, another word for the commoner 

flowchart. In general it means a visual representation of a process in which each 
element of the process is represented by a box containing a description of the 
element; the boxes are linked by lines.

Boolean logic ['builian 'lod3ik] A deductive system which is concerned with classes, 
propositions and two-state circuit elements, represented by symbols and terms 
such as AND, OR, NAND, etc. Invented by the English mathematician George 
Boole (1815-1864).

branch [braintf] In computer programming, a jump to another instruction which is 
not the instruction immediately following the branch instruction in the program 
as written. Branches may be conditional, depending on the result of a test, or 
unconditional.

branch points ['bramtf .points] Places in a computer program where a choice is 
made between obeying different branches of the program, the choice usually 
depending on the input data.

buffers ['bAfaz] Staging-posts, intermediate states or locations where information 
transmitted from one device waits until it can be accepted or processed by another. 
Both a hardware and a software term.

card wreck ['ka:d ,rek] The result of the card-reader misreading a punched card, 
either because of a hardware malfunction, or because the card is old, or non­
standard. A wreck often means that one or more cards in the pack are mutilated, 

cathode ray screen ['kasQoud 'rei ,skri:n] The anode of a cathode ray tube: the 
screen on which an image is created by an electron beam.

central processing unit (CPU) ['sentral 'prousesiij ,ju:nit] The heart or brain 
of a computer installation, consisting of main memory, logic and arithmetic 
and control units, embodied in electronic circuitry.

character ['kaerikta] A unit in a language, such as the numerals 0 to 9, the letters 
A to Z, and various conventional symbols such as %, £, +, represented in the 
computer by a group of binary digits. The number of bits depends on the 
machine.

chatter ['tfaeta] The messages typed on a console typewriter by the machine and by 
the operator in the course of a computer run.

circuitry [’so:kitri] Hardware elements forming electric circuits.
clock pulse ['klok ,pa1s] Electronic pulses emitted within the computer to control 

the timing of all activities of the machine.
collator [ka'leita] A data processing device, invented before computers, which 

performed certain operations on packs of punched cards such as merging them 
into a single, ordered sequence.

compiler [kam'paila] A computer program that translates other programs written 
in high-level languages into machine code.

computer installation [kam'pjuta insta,leifan] A collection of machines, com­
prising a central processing unit and various peripherals.

computerization [kam'pjuitarai.zeijan] The transferring of the control of various 
activities (e.g. accounting) to a computer. Applies to all aspects of the installation 
of a computer.
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computer program [kam'pjuita .prougraem] A set of instructions, which may be 
written in one of a large number of computer languages, designed to solve a 
particular data processing problem. If the program is in machine code it may 
be obeyed directly by the machine when punched, e.g. in cards or paper tape. If it 
is in assembly code or a high-level language it will have to be translated into 
machine code by an assembler or compiler before it can be obeyed by the 
machine.

console ['konsoul] The interface between the machine and the human operator, 
by means of which the operator gives his instructions, and the machine informs 
the operator of the progress of a run. Nowadays the console is usually a type­
writer; in the past it often was a display of lights and switches.

conversational mode [konva'seijanal ,moud] A way of using computers in which 
the user communicates with the machine on a question-and-answer basis, for 
example debugging a program in realtime. Equivalent to interactive mode, 

core store ['ko: ,sto:] The memory store of a central processing unit, consisting 
in most present-day machines of ferrite magnetic cores.

critical path ['kritikal 'pa:6] The path through a PERT network which shows the 
least time in which a project can be completed; if any activity is delayed on the 
critical path, the completion of the whole project will be delayed.

cybernetics [.saiba'netiks] The science or study of the way in which a system, 
whether organic or artificial, is controlled by a central headquarters.

data ['deita] Information. Specifically, the values of variables on which a computer 
program is to operate on a particular occasion.

data bank ['deita , baerjk] A large number of files of data, usually held on a magnetic 
device and available to many different users, often working in realtime.

data capture ['deita .kaeptfa] The instantaneous recording of new data.
data processing ['deita 'prousesig] The analysis of data to arrive at required 

statistical results, as well as results for individual cases.
debugging ['di:'bAgig] This inelegant term is in constant use to describe the testing 

of programs under development by locating and removing the “bugs” or errors in 
them.

decision table [di'si3an ,teibl] The representation in tabular form of a series of 
tests to be applied to data. Decision tables are not only a convenient substitute 
for flowcharts in many cases, but can also be converted into programming 
language statements by special preprocessor programs.

diagnostic information [daiag'nostik infameijan] Information, such as the con­
tents of store locations, supplied at the end of a program run to aid in the 
debugging of a program under development. The information is usually printed, 

digit ['did3it] A numerical element. In the scale of ten the digits are 0 to 9, in the 
binary scale there are only two digits, 0 and 1.

digital computer ['did3ital kam'pjuita] A machine in which data is represented, 
not by physical analogues, but by discrete hardware elements such as magnetic 
cores.

direct access [di'rekt ’aekses] A type of magnetic storage in which the access time 
of any given items of data does not depend on their relative positions in the store, 
but is approximately the same whatever their position. Discs and drums are direct 
access devices; magnetic tape is not.

disc [disk] A magnetic storage device on which data is recorded on a number of 
concentric, circular tracks. A disc unit contains one or more discs. The discs may 
be either exchangeable, when they can be removed and replaced, or fixed.

documentation [.dokjuimen'teijan] The record of a problem and its solution on 
paper. Typical documentation might consist of: the analysis of the problem by a 
systems analyst; flowcharts of the program written to solve it; written 
descriptions of the program; and printed computer listings.
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dump [dAmp] Both a verb and a noun. A dump is the periodical transferring of 
information from the computer memory to a peripheral medium, or from one 
peripheral medium to another. Dumps from core store preserve the current state 
of a program and its data in case there should be a hardware failure before the 
next dump. Dumps from, e.g. a disc to a magnetic tape are to preserve the contents 
of the disc on another device in case it should become corrupted. Dumping is 
therefore of cardinal importance in file protection and preservation, and is also a 
way of saving expensive machine time in case the machine fails in the course of a 
long computer run.

duplex ['dju:pleks] A term used of a transmission line which allows information 
to pass in both directions, simultaneously.

exchangeable disc [iks'tfeindsabl .disk] See disc.
fail-soft ffeil .soft] The ability of a computer installation or a software system to 

continue working as well as possible, or with minimum degradation of perfor­
mance, even when there has been a major hardware or software failure.

feedback ['firdbaek] The transmission of the results of an operation back to its 
initiator, as soon as they become available. The term was originally used in 
cybernetics and referred, for example, to a chemical process monitored and 
controlled by a central system which issued instructions, from moment to moment, 
based on the results of its previous instructions, which were fed back to it. Feedback 
is an important concept in describing the behaviour of both human beings and 
machines.

field [fi:Id] An element in, or part of a record.
file [fail] A collection of records. A personnel file, for example, would contain 

information about all the individuals in an establishment. The information about 
each individual would constitute his record; such information might include his 
name, age, marital status, salary, grade and so on, and each of these items would 
constitute a field in his record,

fixed disc ['fikst ’disk] See disc.
float [flout] A term used in PERT network analysis to describe the spare time 

available for activities which are not on the critical path.
floating labels ['floutig 'leiblz] Labels used in autocodes may be termed 

“floating” because they may be attached to different groups of instructions on 
different occasions.

flowchart [’floufait] Both a verb and a noun. A flowchart is the representation 
of the solution of a problem by means of a diagram. The elements are linked by 
lines to show the sequence in which they are to be performed, and there will be 
special means of indicating conditional branches (see branch).

format ['foimaet] The layout of a data record specified by a systems analyst or 
programmer: for example, the composition of a print line, or the character 
positions occupied by each field in the record when it is held on a punched card or 
in a magnetic tape block.

function [’fArjkjan] The imperative part of an order in a machine’s order code 
e.g. “Add”, “Read”, “Branch if—”.

games theory ['geimz .Oiari] A field of mathematics concerned with the deter­
mination of optimum strategy in a conflict between two or more contestants.

gate [geit] A hardware term referring to a circuit in which a single output signal is 
derived from one or more input signals. Used in the performance of Boolean logic 
instructions.

graphical display unit ['graefikl dis'plei , ju :nit] Equivalent to visual display 
unit.

half-duplex ['ha:f ,dju:pleks] A term used of a transmission line which allows 
information to pass in both directions, but not simultaneously.

hardware [’hazdwes] The physical machinery in a computer installation.
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high-level languages [*hai 'levl 'Iaeggwid3iz] Computer languages which resemble 
natural languages such as English, or mathematical expressions. COBOL, 
FORTRAN and ALGOL are examples. Low-level languages (such as assembly 
languages) bear a close resemblance to machine code.

illegal [i'li:gal] A program “goes illegal” during a run when, through an error in the 
program, the computer is asked to perform an instruction which does not exist in 
its order code, or cannot be performed in its context.

immediate access store [i'mi:diat 'askses ,sto:] The computer memory, in which 
all locations can be reached equally quickly; the access time is one-thousandth of 
the time required to reach locations on backing-stores such as discs and drums.

information bank [infa'meijan .baerjk] Synonymous with data bank.
input [ input] The presentation of data or programs to a central processor 

via an input peripheral. Also used as a verb.
instruction [in’strAkfan] An order in a machine’s order code.
integrated circuit ['intigreitid 'sa:kit] A circuit produced by chemical means on a 

single physical element, such as a silicon chip.
integrated management information system (IMIS) [ intigreitid maenid3- 

mant info'meijan .sistam] A term which expresses an aim rather than an existing 
reality: the aim of designing a computer system which will not only handle all the 
data processing of a firm, but will issue periodic reports on which management 
decisions at all levels can be made.

interactive mode [intar'aektiv moud] Synonymous with conversational mode, 
interface [’intafeis] The connection between two hardware units: the meeting-place 

where the output from one unit is converted to a form acceptable as the input 
to another unit. The term is also used in software.

intermediate tables [inta'mi:diat .teiblz] Information built up in tabular form by 
a computer program to help in solving a particular problem. They are called 
“intermediate” because they do not form part of the final results.

interpreter [in'toiprito] A data processing device thatprints the English equivalent 
of a punched code on the card on which it is punched: or a computer program 
which performs, in terms of the order code of the machine on which it is run, 
instructions written in the order code or assembly code of another machine. 
Differs from a translator program, which translates one language into another, 
and so requires an extra machine run before the original program can be obeyed. 
But whereas a program only needs to be translated once, it has to be interpreted 
each time it is run; in addition, the running of an interpreted program is usually 
much slower than the running of a translated program.

interrogating typewriter [in'terageitiij 'taipraita] An input/output device by 
means of which a user, often remote from the computer installation, can monitor 
the progress of his program run, modify it, and receive reports from the machine, 

job mix ['d3ob miks] A selection of programs to be run simultaneously. The selection 
is made by the operating staff on the basis of certain criteria: e.g. that there should 
be a mixture of “peripheral-bound” programs with “mill-bound” programs or 
that no programs should be run together if they require the same, unique peri­
pherals.

label ['leibl] Has several different meanings in computer programming, e.g. the 
identifying name given to a group of instructions, or to a file of information. 
There are also end-of-tape labels, containing control information relating to the 
file. Also used as a verb.

layout ['leiaut] Equivalent to format.
library [’laibrari] Usually refers to a collection of data, programs or subroutines 

required in many different applications, and so needing to be available to every 
user. Such libraries are usually held on magnetic devices.

light pens ['lait ,penz] An input/output device by means of which images on a 
cathode ray screen can be detected, or modified.
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linear programming ['linia 'prougraemig] A field of mathematics whose aim is 
the best solution of a problem with a given set of variables and subject to a given 
set of constraints. Used, e.g., to calculate the quickest route for a lorry to take 
when making a number of deliveries.

liveware ['laivwea] Computer personnel.
log [log] The record of a computer run, often in the form of a sequence of messages 

output by a console typewriter. Also used as a verb.
logic unit ['lod3ik ,ju:nit] The circuits in the central processor which perform 

logical instructions such as AND and OR (see Boolean logic).
loop [lu:p] A sequence of instructions in a program which are performed over and 

over again until a certain condition is fulfilled. Also used as a verb.
machine code [ma'fim ,koud] The basic language of a computer, represented in 

printed form as groups of numbers and consisting of a set of orders. An order 
can be punched as a pattern of holes on a card, or as a group of magnetic polarities 
on a tape. When read by the machine this is converted into electronic impulses 
switching the magnetic cores either “on” or “off”. Other computer languages 
such as assembly code and autocodes must be translated into machine code 
before they can be obeyed by the computer.

magnetic core [maeg'netik 'ko:] A minute ring made of ceramic coated with ferric 
oxide, and threaded by fine wires. By passing electric currents through these wires, 
the core can be magnetized either in one direction or the other. Most present-day 
computer memories consist of many thousands of these rings, arranged in matrices 
(see matrix).

magnetic ink character recognition (MICR) [maig'netik ‘irjk 'kaerikta 
rekag.nijan] The encoding and reading of information recorded on paper by 
means of magnetized ink.

maintenance ['meintanans] The day-to-day servicing of hardware by operators 
and electronic engineers. Also, when applied to software, the updating and 
amending of computer programs.

matrix ['meitriks] In hardware, a frame, e.g. of magnetic cores, and in soft­
ware, often applied to tables in general; in mathematics, an array of numbers.

medium fmiidiam] The physical form in which data is held. Discs, drums and 
magnetic tapes are fast media; punched cards and paper tape are slow media.

memory bank ['memari .baegk] That part of the central processor in which data 
and programs are stored, and from which they are retrieved, as opposed to, e.g., 
the logic and arithmetic units where functions are performed.

microsecond ['maikrou .sekand] One-millionth of a second, 
mill [mil] An old term for the central processing unit, 
millisecond ['milisekand] One-thousandth of a second.
mill-time ['mil taim] That part of a computer run during which the central pro­

cessor is active, as opposed to peripheral time, i.e. the time consumed during a run 
by peripheral activity.

module ['modjuil] A convenient unit, either of hardware or software, which can 
be combined in different ways with other modules to form larger wholes.

monitor f'manita] To record and comment on the progress of an operation (usually 
a program run).

monitoring file ['manitarig .fail] The file in which the progress of an operation 
(usually a program run) is recorded. The file is usually stored on a magnetic device, 
from which it can be printed out.

multi-access ['mAlti 'aekses] The ability of a computer installation to allow many 
users to use the computer, often from remote locations, effectively at the same 
time.

multiplexor ['mAltipleksa] A hardware device linking a central processor to a large 
number of communications devices (such as remote consoles), which it services in 
turn.
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multi-programming ['mAlti 'prougraemirj] The running of more than one 
program at the same time.

name tags ['neim taegz] Labels attached to branch points.
numerical control [nju:'merikl ksn'troul] The control of machinery by means of 

computer programs, i.e. lists of instructions in a numerical code. The programs 
may be punched on to paper tape and read by a peripheral linked to a machine 
tool, together with a small processor which translates the program instructions 
into electrical impulses, which in turn control the tool.

offline foflain] Originally meant “not connected to the central processor”. 
Data processing units such as collators and interpreters were offline devices. 
Has since come to refer to an input or output instruction which is not performed 
as written at the time the program is run. Also used as a verb.

online fonlain] The reverse of offline in both its meanings. If a program prints a 
line when it is run, the printing is said to be onlined; if, when the program is run, 
the print instruction is trapped by the operating system and causes a record to be 
written on e.g. a magnetic tape, from which it is printed out on another occasion, 
the printing is said to be offlined.

operand ['oparaend] The variable on which a function operates.
operating instructions ['opareitig in'strAkJanz] The written instructions given 

by a programmer to an operator on e.g. how a program is to be run, what to do 
in the case of various program events, or in the case of a failure.

optical character recognition (OCR) ['optikal 'kaerikta rekag.nijan] The 
ability of a machine to read characters written in the natural alphabets, instead of 
being encoded into holes punched on cards, magnetic polarities, etc.

optimize ['aptimaiz] To make something work in the best possible way in a given 
set of circumstances. Can apply to a program, an algorithm, a system, etc.

order code ['oida ,koud] The list of functions or instructions which the hard­
ware of a computer is designed to obey.

output ['autput] The transmission of results by a computer to a physical medium, 
such as punched cards, magnetic tape, printed stationery, etc. Also used as a verb. 

paper low ['peipa ,lou] The condition of a printer, signalled to an operator on his 
console, when the printer is about to run out of stationery.

parallel running ['paeralel 'rAnirj] Running an old system and the new one designed 
to replace it at the same time, using the same data, to make sure the new system 
produces the same results as the old. Particularly applies to computerization; 
until a computer system is proved to work it is wise to continue to run the old, 
clerical system in parallel with the new.

parameter [pa'raemito] A variable whose particular value on a given occasion is an 
item of data: e.g. in a personnel record, age would be a parameter; if Mr. Jones is 
45, 45 is an item of data being the particular value of the parameter “age” for 
Mr. Jones’ record.

peripheral [pa'rifaral] An input or output device.
PERT [po:t] The acronym for Program Evaluation and Review Technique. A method 

of controlling and monitoring the progress of a large project by breaking up the 
project into activities and events, and assigning estimates of cost, time and man­
power to each activity in order to arrive at estimates for the total project.

plugboard [’plAgboid] Physical frames containing sockets into which plugs could be 
inserted—a means of programming tabulators.

preprocessor ['prii'prousesa] A computer program performing a specific function, 
such as the conversion of data from one form into another, before the data is 
processed by the main program.

printed circuit ['printid ’sa:kit] An electrical circuit printed or etched by chemical 
means instead of wired.

priority [prai'oriti] The relative importance of something in a group, e.g. of one 
program in a batch. Priority is usually assigned in the form of a numerical value. 
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problem-oriented ['probbm ,o:ri:entid] Usually applied to a computer 
language. A problem-oriented language takes into account the problems whose 
solutions, in the form of programs, are to be written in that language. The term is 
opposed to “machine-oriented”; a machine-oriented language, such as assembly 
code, is designed to accommodate itself to the hardware of a particular machine, 

process control ['prouses kon.troul] The control of manufacturing processes by 
computer programs. Similar to numerical control, except that it refers to processes 
(such as the manufacturing of chemicals) rather than machines.

processor ['prousesa] See central processing unit.
program [’prougraem] A list of instructions written in a programming language, 
programmer [’prougraemo] One who translates a problem into a sequence of 

instructions written in a computer language. To do this he often uses flowcharts 
and other software tools.

pseudo-code ['sju:dou ,koud] A programming language, whether assembly code 
or an autocode, which must be translated into machine code before a program 
written in it can be obeyed by a computer.

punch [pAnJ] A hardware device for punching holes in cards (a card-punch), or 
paper tape (a papertape punch). Also used as a verb.

quantify ['kwontifai] To give numerical values to the elements of a problem, 
queueing theory ['kjuiirj ,0iari] A form of probability theory used in the study of 

problems in which the demand for a service is irregular and which therefore re­
quires that waiting space and possibly priorities be determined.

radix [’raediks] The base or scale of a numerical system. The radix of the decimal 
system is ten; the radix of the binary system is two, and of the octal system is 
eight.

realtime ['rial'taim] The processing of an item of data by using it to update a file 
almost as soon as it is generated. Opposed to batch processing, in which data 
is collected over a period of time and is only processed when a sufficient quantity 
has been collected to justify a computer run.

records [’reko:dz] The units which compose a file.
register fredjista] A location in the computer memory which is designed to 

perform a specific function, or to temporarily hold the result of performing a 
function.

report [ri'po:t] Any set of printed results. Also used as a verb.
run [rAn] A computer run or program run is the obeying of a program. Also used as 

a verb.
running live ['rAnig 'laivj Putting a computer system into effect, using real data, 

as opposed to merely testing the system using artificial data.
scheduling ['Jedju:lirj] As applied to operating systems, means the resolution of 

priorities among a set of programs which are to be run simultaneously, or 
multi-programmed.

simplex [’simpleks] A term used of a transmission line which allows information 
to pass in one direction only.

simulation [simjuz'leijon] Use of a computer program to model the significant 
characteristics of some real situation, where live experimentation might be expen­
sive or dangerous.

simultaneous working [.simal'teinias 'wg:kiij] A means of using the central 
processor and a peripheral, or one peripheral and another, at the same time. 
This can be achieved by the way a program is written, by an operating system or 
the way a machine is designed, or by any of these in combination.

slide-rule ['slaid ru:l] A simple calculating device which works on an analogue 
principle; numerical quantities are represented by lengths on a ruler, and arith­
metic operations are performed on them by moving slides on the ruler.

software [’softwea] Computer programs, as opposed to hardware, the physical 
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machinery. Nowadays the term software is often restricted to the set of standard 
programs offered by a manufacturer together with his machine.

specification [.spesif i 'keijanj The analysis of a problem, defining what it is and how 
it is to be solved.

standardization [.staendadai'zeifan] The imposing of standards, e.g. on data 
formats, programming, systems, etc.

store address ['sto: a.dres] A number referring to a particular location in core 
store.

stored program ['sto:d ’prougraem] A program which is read into the computer 
store for the duration of a run, and deleted from store at the end of the run.

subroutine ['sAbru:ti:n] A set of instructions designed to perform a specific task, 
and capable of being obeyed over and over again by a program, or by more than 
one program. It is therefore ideally written as a self-contained module.

subset ['sAbset] A set which is part of another, greater set. The letters H to M are a 
subset of the alphabet.

systems analyst ['sistamz .aenalist] The individual who analyses a data processing 
problem and writes a specification which a computer programmer is to follow 
in the program he writes.

tabulator ['taebju:leita] A data processing machine which antedated the computer. 
Programs could be stored in it in the form of plugboards.

tag [taeg] Has several different meanings in computer programming. A tag can be the 
identification of a magnetic tape record, or a word attached to a group of 
direct access records giving the address of other records which follow them 
in sequence but are held in different locations. Tag can also be equivalent to 
label. Also used as a verb.

tally ['taeli] Noun and verb. A count, or to keep count of.
tape decks ['teip deks] The hardware units on which magnetic tapes are mounted 

for reading or writing.
test data ['test deita] Data, often artificially created, to test a program under 

development.
thermionic valve ['0a:mionik 'vaelv] An electronic device used both in computers 

and radios, e.g. for modifying or amplifying electromagnetic signals.
thin film ['0in ’film] A form of computer storage alternative to magnetic 

cores, with a very fast access time.
throughput ['6ru:put]' The volume of work done, or programs run, by a computer 

in a given period of time.
time-sharing ['taim Jcarig] The simultaneous use of a computer installation by a 

number of realtime users, often working in parallel with background jobs.
trace [treis] Noun and verb. A trace is a means of charting the progress of a program 

run by, e.g. printing out the contents of specified core locations at certain points. 
An aid to debugging which, though valuable, is a last resort, because it is more 
costly in machine time than using human intelligence and intuition.

transistor [traen.zista] A solid-state semi-conductor which in most applications, 
e.g. in computers and radios, has replaced the thermionic valve. It is smaller, 
more robust and requires less power.

transmission lines [traens'mijan .lainz] The communication channels between a 
computer and a remote input/output device (e.g. telephone and telegraph lines), 

tunnel diodes ['tAnal 'daioudz] A diode is a two-terminal switching device; a 
tunnel diode has special properties first discovered by the Japanese scientist Esaki, 

typewriters [’taipraitaz] All computer typewriters are “two-way” or “interroga­
ting”, because not only can the user type his messages to the computer on them, 
or input data, but the computer can type back messages or results to the user. A 
“console typewriter” is one used by the computer operator and thus forming part 
of the computer installation.
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uniplexor [’jutnipleksa] A hardware device linking the central processor to a com­
munications unit such as a remote console.

update ['Ap'deitJ To amend a file by incorporating fresh data.
utility routine [ju:'tiliti ru:,ti:n] A standard library program of frequent use in all 

computer systems, such as a program for printing out the contents of a magnetic 
tape.

verifier ['verifaia] A data processing machine which checks the punching of data 
on cards.

visual display unit (VDU) [ visual dis'plei , juinit] A cathode ray tube used for 
displaying data either in character or diagrammatic form.

word [wa:d] In computer usage, a basic conceptual unit in a central processor 
consisting of a group of binary digits. The number of digits varies from machine 
to machine. Some machines have a fixed word length, which means that every 
instruction in its order code must be of that length; others have a variable word 
length.
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American terms

There is little difference between the special computing terms used in 
England and in the USA. This is mainly because the use of computers 
began earlier and has become far more widespread in America than in 
Europe; and most literature on computers and computer techniques has 
been written in America. Therefore, Britons have been willing to adopt 
American terms; they even use the American spelling “program” when 
referring to computer programs, though the word “programme”, which 
is used outside the computer field, already existed.

Of the words in this book the average American would use “CPU 
time” in place of our “mill time” and would speak of a “vacuum tube” 
where we talk of a “thermionic valve”.

Each computer manufacturer tends to favour his own expressions, 
and one may therefore find a greater difference between the language 
used in one installation and another than between computing terms 
encountered on one side of the Atlantic and the other.
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