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Thirty Years of Information Engines

G. G. Scarrott

ICL Research and Advanced Development Centre,
Stevenage SG1 2DX, England

Abstract

The era of information engineering was initiated some thirty years’ ago by the demonstration of the first stored program electronic computer.
At that time there was intense innovative excitement among the pioneers which, however, became somewhat jaded in the subsequent
decades as computers became a business and the business acquired its doctrinaire echelons of orthodox systems experts.

More recently, the excitement has begun to return as the triumphant progress of LSI technology has reopened the frontiers of systems
engineering so that it is now appropriate to review the evolution of computers with the object of gaining an appreciation of where we are now,
by what route we arrived, and what can be expected to happen next. The paper includes brief reference to research into new systems
concepts, relevant to such a forecast that are now moving into the market place.

1. Introduction

It is generally understood that the era of information engines started
about thirty years’ ago with the demonstration of the first stored
program electronic computer. At that time, there was intense
innovative excitement among the pioneers which, however, be-
came somewhat jaded in the subsequent decades as computers
became a business and the business acquired its doctrinaire
echelons of orthodox high priests.

More recently, the excitement has begun to return as the
triumphant progress of large scale integrated device technology has
re-opened the frontiers of system engineering. I therefore propose
to outline the evolution of computers with the object of gaining an
appreciation of where we are now, how we arrived, what can be
expected to happen next and some new system concepts relevant to
such a forecast that are now moving into the market place.

A clearly discernable feature of the evolutionary process hasbeen a
somewhat fitful trend towards regarding computer system design as
an engineering discipline in the conventional sense, characterised
by an understanding of design objectives, concern with cost
effectiveness, and control of implementation techniques by a subtle
combination of theory and practice. Thus, the scope of this paper is
probably best described as “the evolution of information engines”
— perhaps an unfamiliar phrase but it has the advantage that it not
only covers “computers” as we have come to understand the term
but also includes foreseeable developments which have not yet
occurred.

2. Technological evolution

Let us consider the technological evolution of a typical product in
the four phases: birth, adolescence, maturity and senility. When
the new product first appears the technology for making it is
primitive but, if it serves a useful purpose at all, pioneering users
exist whose needs for the new product are so pressing that they are
willing to adapt their practices to take advantage of it.

Thus, in the beginning most of the discussion is concerned with
“how” to make and use the product and there is very little
discussion of “what” purpose the product should serve or “what”
should be its technical specification to serve such a purpose. In the
adolescent stage, the main population of users begins to appear.
Many of these do not have such a clearly recognised need and,
indeed, some of them may be only following fashion. As a result of

this, discussions regarding the new product begin to tackle the more
fundamental issues of “what”.

Nevertheless, the technology is still immature so that the adoles-
cent stage can be roughly characterised by the fact that “how” and
“what” debates occur about equally, often with regrettably little
cross-fertilisation between them. When the product is mature, the
technology is fully developed and the market is saturated. All
concerned know perfectly well that any relevant product specifi-
cation can be made so that the crucial questions are entirely
concerned with framing a specification which will attract enough
users to justify the business. Thus, at this stage, “what” is
dominant. Finally, when the product becomes senile it goes out of
use and its social purpose is met by other products.

Diagram 1 summarises this maturing process as applied to steam
engines, aircraft engineering and information engines. It suggests
that information engines are still in the adolescent stage.

NORMAL

HOW?
MATUR ING
?
PROCESS WHAT?
1700 1800 1900 NOW
STEAM h ° h }
ENG INES
1900 1950 NOW 2000
AIRCRAFT P P R PR fooooanece Jeeevenn foveen
1950 NOW 2000
INFORMAT | ON? e Y -

ENGINES

DIAGRAM 1 - TECHNOLOGICAL EVOLUTION

DIAGRAM 1



The first useful electronic information engine was developed during
the second World War. Since that time, the physicists and elec-
tronic engineers have done a splendid job introducing solid state
devices and large scale integrated fabrication techniques which
have removed out of sight many of the technological constraints
which shaped the early information engines. However, the refine-
ment of technology has not yet been complemented by an under-
standing of the natural properties of information adequate to guide
the deployment of our new found technological mastery so that a
first approximation to an understanding of the present situation in
information engineering would be to liken it to the situation in the
evolution of steam engines in the early nineteenth Century after
techniques for casting, forging and machining had provided the
“means” but before theoreticians such as Carnot and Rankine had
illuminated the “ends” for steam engine design.

3. The present situation in information

engineering

Against the foregoing background of general technological evolu-

tion, it is useful to summarise the present situation:-

(i) Centralised Data Processing is common.

(ii) Small decentralised data processing systems are proliferating.
These contrasting styles of operation are already being
widely discussed.

(iii) Interactive use is costly and fragile.
(iv) Complexity is difficult to control. The complexity of an
assembly of hardware or software is essentially measured by
the quantity of information required to describe it. Complex-
ity is not the same as multiplicity. Thus, for example, if we
look at a semiconductor storage chip through a microscope
we will see many thousands of components arranged in a
highly systematic pattern. Such a storage chip represents high
multiplicity but low complexity. On the other hand software
comprises almost pure information so that it is characterised
by pure complexity. Indeed, human limitations in the
handling of complexity now control the range of purposes for
which information engines can be effectively used.

Processors originally designed for arithmetic are mainly used

for other purposes. We have known this for a long time but

done very little about it.

(vi) LSIis used to reduce cost and improve reliability. These are
proper objectives but LSI has not yet been used to improve
basic system designs which have changed very little over 30
years.

(vii) Device companies are beginning to enter the systems busi-
ness by offering naked hardware without much software

support.

)

4. Constructional technology

So much for the present situation, what is going to shape the future?
It is easy to summarise the technological situation. The essence of
the matter is that planar micro-fabrication techniques have
rendered the constructional units for processor, fast store, and first
level backing store so similar that all three elements can now be
assembled in any mixture that we need. There is no longer any
over-riding constructional reason for continuing the traditional
practice pioneered by Von Neumann of concentrating each type of
element, main store, backing store and processor in a separate box
and interconnecting the boxes via bottlenecks. Thus, technological
advance permits us to design our systems to meet our up to date
understanding of the users’ requirements but it does not tell us how
to do this. Only a deep understanding of the interface between the
system and its human users can do this.
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5. Essential requirements

Itis not so easy to summarise the requirement situation. It is no use
trying to analyse the tangled web of computer applications — that
way leads only to confusion. Neither is it useful to rake over current
systems implementation practice since that has been done many
times already. We must start at the beginning. To achieve an
understanding of the nature of information and its role in human
affairs, adequate to guide the design of an information system, the
study should be regarded as a branch of biology rather than mathe-
matics or electronics.

We must recognise that the human race is a species whose original
survival and present dominance is based on the chance discovery
by our remote ancestors of a new field for biological competition —
the creation and operation of social groups dynamically adaptable
to the environment by large scale interchange of information
between individuals and groups.

We still do this on a grand scale. The hunting and agricultural
teams have now become “companies” and the day to day operation
of the social co-operation mechanism is called “business”.
Nevertheless, in our business operations we compulsively adopt
organization techniques and associated information handling
techniques which served our ancestors for a million years, so that
when we introduce a computer system we ignore such inflexible
human habits at our peril. However, when computers were first
introduced into business the constraints imposed by primitive
electronic technology necessitated that to a great extent the user
adapt his practices to the computer rather than vice versa. For
example, the centralisation of information processing and its
collection into artificial batches represented such a forced adap-
tation. These practices have continued to the present day and have
led to many frustrations which have contributed to the somewhat
ambivalent image of the computer and its professional attendants
as essential but awkward.

We can now recognise that the commercial centre of gravity of
information engineering is concerned with “Data Base Manage-
ment” where the meaning of the phrase should properly be derived
from the human realities. The purpose of a “data base” is to assist
communication between the members of a co-operating group of
people by maintaining a continuously up-to-date information
image of the current state of the group and its relevant environ-
ment. This purpose can be served only if all the individuals
associated with the data base, those who put information in as well
as those who access it, feel that the data base is of sufficient value to
the group and to each individual to justify its cost. In present
practice, a typical data base is not always up to date, it permits its
users to ask only stereotyped questions and even to achieve this
necessitates a mountain of software which imposes an un-
acceptable parasitic load on the available computer power and
poses a formidable software maintenance problem.

6. Natural properties of human information

It is now possible to see clearly that an effective solution to such
problems can be devised only by cultivating an attitude of humility
in the design of our information systems. We must first recognise
that there is an underlying unity in the tangle of computer applica-
tions and that it is derived from their common factor — people.
Information structures appear at first sight to be arbitrary and ad
hoc — invented on the spur of the moment for each specific
purpose. However, such structures are heavily influenced by habits
which have been evolved over a long period to create and maintain
co-operative social groups. One such habit, the use of tree type data
structures, obviously derived from the wide use of tree type social
organization structures, is well known to the designers of high level



languages but has seldom been reflected in computer design.

A consequential and less obvious habit arises from the fact that for
every real situation there are many alternative ways of organizing
the associated information in relevant tree structures so that as the
situation evolves new tree structures unrelated to those already
established tend to be created — grow in importance and then fall
out of use. Thus, at any time, many alternative organization.
structures can be said to have meaning to the people whose co-
operation gives rise to the information and it is not practicable to
represent all such structures by indexes in their data base.

A third information handling habit arises from our instinctive
preference for the interactive mode of information transfer.
Although the human species can legitimately be regarded as an
information handling specialist and we commonly handle large
quantities of information, we can best deal with it in small packets
with frequent opportunities for checking and clarification. Accord-
ingly, when we access a data base we reserve the right to alter our
question in response to the information obtained. Similarly, we find
it impossible to create a large program free of errors, so that every
program needs to be debugged before it can be used and, indeed,
during use. Cunously, some computer professionals tend to take a
puritanical view of programming errors. However, the prevalence
of errors is simply the human preference for the interactive mode
asserting itself and eventually we can expect that a typical infor-
mation system will be designed from the beginning to be controlled
in the interactive mode.

With this view of the social nature of information, we can deduce
some more natural properties:

(i) Most information in the world is not numeric.

(ii) A growing proportion of information processing is not

arithmetic.
(iii) Logical operations can be used for all purposes including
arithmetic processing.
This has long been known as a mathematical proposition but its
practical relevance has only recently been rediscovered and,
indeed, we have exploited it in our Distributed Array Processor
project. These natural properties of information are summarised in
Diagram 2.
Diagram 2

Natural properties of information

1. “Information” bonds society.

2. Information handling habits have been shaped by long use of
information to operate social groups, e.g. hunting, agriculture,
business.

3. Organization structure of information reflects the structure of
the human group which it serves.

4. Hence, Organizational structure of information is normally a
blend of order and disorder.

5. People communicate information in small packets with oppor-
tunity for checking (interactive mode).

6. Some information processes naturally occur in batches, e.g.
payroll.

7. Most information in the world is not numeric.

8. Growing proportion of information processing is not arithmetic.

9. Logical operations can be used for all purposes including
arithmetic processing.

7. A technological forecast for information

engineering

If we extrapolate from the present situation taking into account the

analysis of requirements and available technology which I have
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outlined, a forecast for the next decade of information engineering
is almost obvious. The prime objectives for system design will be
data management and keeping complexity under control. The
essential technique for ensuring that complexity is manageable is to
arrange that the quantity of information handled by the designers or
users at one time is within human capability. Thus, the design of
both hardware and software must be modular. The modules must
not be too large and they must be separated by clean and tidy
interfaces such that errors in one module cannot sabotage others.
Above all, it will be recognised that universal geniuses do not exist
so that the complexity problem cannot be brought under control by
seeking more competent people or appointing a new project
manager. o

A typical system will be designed to be used interactively by people
who are primarily interested in carrying on their own business and
have no interest in the technicalities of data processing. Batch
processing will be confined to operations which naturally occur in
batches, e.g. payroll.

At the present time attempts to assess the power of a computer
system are somewhat confused by empirical and highly artificial
units such as the Post Office Work unit or MIPS. We shall come to
recognise that the natural measure of the power of a system is
simply the number of people in the organised social group which
the system can serve. Systems will be avzilable which will be cost
effective serving only a few tens of direct users and they will be
purchasable at a cost which will not require user board approval.
Such small systems will perform functions which can be clearly
understood by the user who will be able to interconnect and
redeploy his information engines to meet his constantly evolving
needs.

Intrinsically symmetrical communication techniques will be
adopted to make this possible. The proliferation of such small
systems will take away some of the load of a typical centralised
data processing system so that the data processing manager will
change his role. Instead of taking direct responsibility for all
information processing, he will ensure that the small systems
distributed over the users’ organisation are compatible with one
another and can be used to extract corporate information in
addition to serving their primary role as departmental information
systems.

8. Some ICL research projects

For several years the work of RADC has been selected to prepare
for the situation which I have described. We have put most of our
efforts into four projects: Variable Computer Systems (VCS),

Content Addressed File Store (CAFS), Distributed Array Pro-
cessor (DAP), and Interactive Man/Machine Communication by
Speech.

8.1 Variable Computer System

The conceptual origin of the Variable Computer System project
was the recognition that the natural way that people access
information is not by the use of a fixed reference framework as in
the von Neumann machine but by the use of a reference map which
can be created and continuously maintained up-to-date by the user
to suit his purpose. The objectives of the VCS project were two
fold:

1. To demonstrate a working system incorporating low level
navigation facilities by means of which a user can create and
maintain up-to-date a secure reference map showing the
organizational structure of his information and its mapping on
physical storage.

2. To take advantage of systems incorporating fast microprogram
storage by permitting the target machine to be adaptable on



demand to the high level language in which the source program

is written.
We now know that the first objective is similar to the capability
systems designed at the Universities of Chicago and Cambridge.
The provision of a secure map makes impossible many of the pro-
gramming errors, the unmonitored accumulation , of which,
accounts for the severe difficulties commonly encountered in the
development and maintenance of complex software. .
The VCS System has been demonstrable in the Research Depart-
ment since 1974 and recent work has shown how it could be
implemented on standard Company hardware (the MICOS 1
Processor in the 2903).
We have compared the performance of the VCS/MICOS 1
System obeying COBOL programs with the performance of
1900/MICOS 1 (2903) on the same COBOL programs and find
that VCS offers:

(i) a reduction in COBOL compiler size in the ratio of 6:1;

(ii) a reduction in COBOL object code size of up to 3:1;

(iii) an increase of COBOL execution speed in the ratio up to
1:1.8;

(iv) a more powerful operating system (in the sense of providing
more facilities) which is at the same time more flexible (in the
sense of adapting rapidly to different modes of use), with about
the same storage requirements;

(v) reduction in main store quotas per job as a result of code
sharing and automatic adjustment to working set size.

The complete technique of creating, maintaining, using an infor-
mation map can be summarised as “access by navigation”. This
navigation technique is of necessity used in all existing computer
systems but in most of them the map is specified completely only in
the source version of the program and is irreversibly confused at the
time when it is most needed, that is, after compilation. The VCS
system preserves the information map explicitly at run time so that
accidental deviations from authorised paths on the map can be
immediately monitored and controlled. The intrinsic security
which these mechanisms permit operate within as well as between
programs and serves all the software including the system software,
at trivial cost.

Evidently, the use of the navigation technique requires that the
work involved in creating and maintaining the map be small
compared with the work' representing the primary purpose of the
information system. This was the case for the tasks for which
computers were first used. However, of late it has been increasingly
recognised that Data Management can be expected to become the
most significant use of information systems. A data base, by its
very definition, represents in information terms the activities of
people whose interactions cannot be totally predictable. It follows
that the maintenance of the information map of a data base involves
a very great deal of work to ensure its continued integrity and
accuracy as a true representation of the network of agreements,
promises and achievements which bind a co-operating group of
people. This situation has become widely recognised by those who
have been trying to devise standardised navigation techniques for
Data Management. Indeed, this recognition no doubt accounts for
the controversial nature of standardisation proposals such as
CODASYL. This problem is a fundamental consequence of an
intrinsically unpredictable component of the natural behaviour of
human information so that it is unlikely ever to be overcome within
the limitations imposed even by an efficient and secure navigation
technique such as used in the VCS system.

It is therefore also necessary to provide a complementary tech-
nique to retrieve information by search in those circumstances
when the work involved in maintaining the map up-to-date is either
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excessive or in some cases, intrinsically impossible. There is
therefore an unanswerable requirement for a cost effective tech-
nique for accessing information by searching for it. The CAFS
project to which I have already referred was undertaken to explore
ways of providing such a facility and using it in combination with
the navigation technique.

8.2 Content Addressable File Store

Over the past few years, we have, in the ICL Research Centre, built
such a searching device based upon the use of disk files and we have
conducted extensive experiments on methods of using such a
facility to meet difficult requirements such as for Telephone
Directory Enquiries systems, bibliographic information retrieval,
and management information systems. The primitive operations
carried out by the searching engine are illustrated in Diagram 3.
A selection function is formed from a description of the required
data unit issued by a terminal message or by a program. The
encoded selector is passed to a backing-store controller equipped
with scanning hardware which comprises key-matching channels
operating simultaneously on a stream of data, and a special
processor which evaluates Boolean or threshold expressions using
the comparator outputs as arguments. A wide range of common
types of selection function can be represented in a very direct
manner in the two-level evaluation hardware.
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It is possible for more than one independent search task to be active
on the same data stream, the major constraint being the number of
key channels available. The latter plug into a standard highway
system, and may be thought of as a variable resource analogous to
mainframe storage. Each channel is capable of detecting relevant
data fields by matching against embedded identifiers, and com-
parator masking is available to permit part-fields to be isolated.
Retrieval of data from “hit” records can be achieved selectively by
collecting the contents of designated fields. It is therefore possible
to compose virtual “reply records” comprising only that data
required by the calling process, arranged in a specified sequence.
Alternatively a count of “hits” may be all that is required, in which
case, no data as such is recovered. This editing of results is
particularly valuable in minimising central resource loading in
interactive situations and is generally beneficial in view of the size
to which multi-purpose records can grow.
The hardware control facilities are completed by normal physical
device controls, including write channel administration. Overall
organization is effected by a miniprocessor which is also available
to provide a further level of data sieving and composition. The
overall balance of search hardware is therefore seen to comprise a
filtering mechanism in which the full backing store transfer rate is
handled only by very simple, repetitive hardware, with progressive-
ly more complex operations being performed on successive ab-
stracts of diminishing volume, culminating in procedures executed
in the mainframe. Thus, the sum of the products of data rate and
complexity of operation is minimised and, in particular, the
mainframe mill and backing store channel load can be reduced by
several orders of magnitude compared with conventional serial file
processing.
The storage medium can be serial or block-accessed, such as tape
or disk. The most generally useful device is the magnetic disk. Ona
typical high-capacity disk handler many heads are available that
require only the addition of some fairly inexpensive electronics to
provide a greatly increased read-out rate. Such a high rate would
flood all but the most powerful central processor but the pro-
gressive abstraction scheme of the special scanning equipment
described above renders high speed searching entirely feasible.
Our studies of the use of autonomous file searching devices have
shown that it is quite practicable to implement a relational model of
a data base. Indeed, we have found it possible to refine the
relational model beyond the published work of Codd and his
associates.
As I have explained, this project originated in a conscious attempt
to identify the facilities required for a Data Base Management
system and to provide them by taking advantage of up-to-date
technology. We have now reached a stage in which we have studied
a variety of specific manifestations of the generalised data base
problem and we have not yet discovered any reasons for changing
our view of the intrinsic nature of the data base management task.

8.3 Distributed Array Processor

Our third project is the Distributed Array Processor which was
initiated about five years ago in direct response to the recognised|
requirements of weather-forecasting and meteorological research.
Since that time, the scope of the work has been broadened to
include a very much larger range of problems, e.g. in plasma
physics and associative information retrieval.

The great majority of present computer systems can be regarded
legitimately as direct descendants of the Von Neumann machine in
the fundamental sense that they are characterised by four features:
1. The processor is primarily designed for arithmetic operations

with logical operations regarded as a by-product.
2. The store and the processor are separate.
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3. The store processor combination can obey only one instruction
at a time each requiring not more than two operands.

4. The essential objective in programming such a machine is to
represent the overall task by a serial string of such instructions.

These primary features have been somewhat blurred in some
powerful machines by tactical measures such as pipe-lined
operations on ordered strings of operands but the fundamental
principle that strings of individual instructions are obeyed sequen-
tially is still valid. Hence, the connection between store and the
processor inevitably imposes a well-defined upper limit to the rate
at which the whole assembly can operate. In short, it is a bottle-
neck.
With the introduction of semiconductor storage and large scale
integrated circuits, the original reasons for separating processor
from storage are no longer valid. Furthermore, most of the
information in the world is not numeric and consequently a growing
proportion of computer operations are not arithmetic, so that we
should now regard arithmetic processing as a specialised use of
more general and fundamental logical operations. Accordingly, to
deploy up-to-date technology to meet a broad spectrum of users’
requirements, it is now appropriate to revise all four features of
established system design practice. In the DAP all these changes
have been made.
The conventional semiconductor store is inevitably made in many
elements each typically storing a few thousand bits. In the DAP
each element has its own very simple processor primarily designed
to carry out logical operations on one bit operands. It writes its
results into its own storage element and can use as input,
information from its own store, its immediate neighbours or
elsewhere via row or column highways in a matrix of storage
elements. Thus, the DAP offers the following fundamental ad-
vantages over current methods.

1. The simple processing elements are easy to design and build,

and are flexible in use.

The physical distance between each processor can be very

short.

There can be many such store element/processor element

connections operating simultaneously.

. Real problems are commonly parallel by nature. The DAP
provides a parallel processing capability which can match the
structure of the solution to that of the problem.

The DAP-FORTRAN language gives a concise and straight-
forward way of expressing parallel operations and has already
been used to program several applications on the pilot DAP.

. Since the processing elements are primarily designed to carry
out logical operations, a valuable speed up factor compared
with present practice is achieved on all operations, data
manipulation as well as arithmetic operations. A typical present
computer system tends to spend more of its time on data
manipulation than arithmetic so that the DAP offers a sub-
stantial performance advantage on a wide range of applica-
tions.

2.
3.

All the processing elements obey a common program but each
element can be instructed or instruct itself to ignore any command
in order to provide sufficient flexibility to enable the apparently
rigid matrix to be adapted to the parameters of real problems.

The complete assembly can be regarded as a store which has all the
properties of a traditional store but with the extra facilities which
have been described. It can therefore store its own instructions in
the normal way. Moreover, the DAP store can be incorporated as
part of the store of an existing host computer of conventional design
which is responsible for putting the problem into the DAP part of its
own store and getting the answers out. In this way, it is possible to



take advantage of the power of the DAP to tackle difficult
processor intensive parts of real problems without requiring
complementary development of a new operating system.

The proposal was conceived in 1972 and a pilot 32 x 32 has been
working since early 1976. It has now become clear from the use of
the pilot that the DAP can be applied to a wide range of information
processing tasks and, indeed, that intrinsic serialism in real
problems is quite rare. Table 1 shows performance estimates for
examples from the indicated application areas. A 64 x 64 DAP has
been ordered by the Computer Board for use in Queen Mary
College and ICL is now actively selling the DAP as an enhance-
ment to its normal system products.

In the longer term, the DAP can be regarded as a new system
component, a store with built in processing capability, which is
likely to have far reaching effects on the evolution of systems
engineering practice such as for example, the efficient imple-
mentation of distributed systems.

ARITHMETIC ‘DOMINATED COMPUTATIONS

13 x YBM 360/i95
14 x IBM 360/91
6 x IBM 360/195
10 x CDC 7500

Meteorology
Magneto Hydrodymamics
Structures

Simulations

DECISION DOMINATED COMPUTATIONS

Table Look Up
Pattern Matching

3 x CRAY 1
300 x IBM 360/195
1200 x IBM 370/145

Operations Research

TABLE 1: 64 x 64 DAP performance estimates on selected
problems.

8.4 Man/machine interaction by speech

Our fourth major activity is concerned with Man/Machine
Interaction by Speech. A clearly recognisable human habit in the
communication of information is the preference for the “conver-
sational” mode. It can be regarded as a behavioural adaptation to
the imperfections of human communications since each individual
message can be supplemented on request by repetition or clarifi-
cation.

To carry on a conversation each participant must be able to reply
quickly, before the last speaker has forgotten what he said and why.
The CAF'S system permits such rapid interaction using a keyboard
and video display for man/machine communication. Now that we
have a machine which can respond fast enough to be a credible
conversational partner the ultimate objective is man/machine
communication by speech to permit conversational working in the
full sense of the word. This is a most difficult problem. The process
of human speech communication by natural language is not fully
understood and, certainly could not be reproduced by a machine.
Our objective is to develop techniques which will enable practical
speech communication with an information system to be effected
retaining the major advantages of using speech, its ease of use, and
efficiency as a means of information transfer.
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It is perhaps useful to consider the requirements for a speech
input/output system. It should be based upon the use of an ordinary
telephone to avoid expensive terminal equipment and to make po-
tential access to a very large number of users. It should incorporate
standard digital technology which, on account of its intrinsically
high speed compared with the information rate of speech, can be
multiplexed to achieve low cost per channel. The use of digital
techniques brings the usual advantages of reliability, repeatability
and maintainability to what has traditionally been the province of
analogue techniques.

The recognition device should be adaptive so that it compensates
for peculiarities of the speaker and the individual telephone. In
addition to the vocal adaptation the overall system should be
designed to simplify the recognition problem by taking advantage
of context. At each stage of successful communication in a
conversation, the possible repertoire for the next communication is
often known to be restricted and there is every reason to take
advantage of this fact. By such means it is possible to match a
simple machine to a human user capable of great subtlety without
excessively annoying the user. Indeed, it is possible to a limited
extent to make the machine detect whether a user is experienced, or
casual and untrained and structure the interaction accordingly.
Speech output is an easier task for a machine than speech input and
is likely to be of commercial significance sooner. We now have
ready for exploitation a speech synthesiser, a powerful technique
for speech output that can be implemented either in multi-channel
or single-channel form. This development has great potential and
will enable computer based information services (interactive and
non-interactive) to give direct spoken information to the public. For
example in a directory enquiry system, about 10 seconds of
operation connect time is spent in relaying the telephone number to
the enquirer. The use of a speech output device for doing this job
would save an estimated £2 million a year in the UK.

Our research activities in the speech interaction field have
inevitably caused us to be more aware of the intrinsic nature of
information as a by-product of human life. This has been most
valuable and will help us to develop techniques for handling the
more complex input/output that will be a system requirement of the
future.

9. Summary and conclusions

1. A typical information engine will be conceived as a subsystem
to a natural human information system. This needs a little
explanation. What do we mean by system and subsystem? In
conventional usage we think of a computer as a system and its
peripherals as subsystems. We used to think we could make a
computer any way we liked but a peripheral device must be
constrained to plug-in to the computer. We can now recognise
that the computer itself is a subsystem in this sense, whose
existence can be justified only if it is consciously designed to
serve people whose behaviour is unnegotiable. All this will
necessitate a new attitude of constructive humility to be adopted
by information engineers.

. We must exploit the order which users instinctively impose on
their information and respect the disorder which arises from the
fact that human affairs are not totally predictable. We are
already well practiced in exploiting order since the design and
use of high level languages is essentially directed to this end.
However, we can expect to gain much advantage by providing
the means for exploiting order at the lowest practicable level in
our information system so that they can offer advantages for
much of the system software as well as for the ultimate user.
In present practice, disorder is not respected and is too often



regarded incorrectly as a failure of overall system design.

. Technological advance permits such a system to be designed

but does not guide how to do it. Some relevant techniques have
been demonstrated in ICL Research.

. Profound changes in information system practice are inevitable

as a consequence of 1, 2 and 3.

. However, the timing of such changes is difficult to predict since

large scale events are controlled by a commercial stick/slip
mechanism. This arises from the fact that all large scale
decisions are quite properly made to maximise return on
investment. The total situation evolves by the accumulation of
understanding of objectives together with ripening technology.
When such reasons for changes are less than decisive no
changes occur at all since the right business decision is to obtain
some more return from existing investment. When eventually
the reasons become decisive a band-wagon effect occurs so that
the changes occur more quickly than might be expected. In my
judgement the “slip” is likely to occur in the next decade.

. Genuinely modular system design will be increasingly practised

and will lead to defacto standard functional specifications for
modules.

. A typical module will comprise a combination of hardware

possibly including active storage modules derived from the
Distributed Array Processor and software whose overall
functional specification will be clearly understood by the user in
ordinary human terms.

. The user will be able to control the deployment of such modules

to match his evolving requirements.
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