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For the implementation of successful expert systems, knowledge engineering techniques should be combined with a
participative approach to design. This study is based on the work of three Alvey community clubs which were set up to
Jacilitate the transfer of expert systems technology into industry. They involved both industrial and academic
organisations. The aim was to produce expert systems in the areas of planning, insurance and data processing, and to
increase awareness of artificial intelligence techniques. The clubs were successful in translating Al theory into
worthwhile applications, and also helped establish a community of firms interested in applying Al to genuine business

problems.
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1. INTRODUCTION

The theme of this paper is technology transfer: the
process by which theory is translated into worthwhile
industrial applications. Governments in several countries
have attempted to facilitate this process. In the UK, this
has included setting up collaborative research projects
between academia and industry, funded partly by
government research councils. This research was co-
ordinated by the Alvey Directorate and covered several
fields such as Systems Architectures, Software Engin-
eering, CAD, Man-machine Interface, VLSI, and In-
telligent Knowledge Based Systems. This paper is based
on the work of three Alvey Expert Systems Community
Clubs.

The expert systems clubs were part of the Alvey
initiative and were set up to stimulate the application of
expert systems techniques to industry. The aim was to
encourage firms with a common interest to work jointly
to apply the new technology to problems in their areas.
The goal of each club was to develop one or more
demonstrator expert systems in their field of interest.
Costs were met jointly by member firms and the
government. Thus members could share the experience
of building a system for a fraction of the cost of building
one independently.

Expert systems clubs included industrial and academic
members, as well as software houses who were contracted
to build the systems. Industrial members paid to join the
club, whilst academic members contributed expertise to
the development effort. Delegates from industrial mem-
ber firms also contributed greatly in terms of time and
expertise in organising and running the clubs. The clubs
were therefore a truly collaborative effort.

In setting up the clubs, it was hoped that member firms
could gain experience in developing expert systems and
awareness of the techniques and methods used. They
would also become familiar with the available hardware
and software used for AI applications. Furthermore,
software houses would be encouraged to formulate
development methodologies. Through their involvement
with the clubs, all members could gain an appreciation of
the difficulties associated with implementing expert
systems. Finally, it was hoped that members would be in
a position to decide whether or not expert systems would
be relevant to their own organisations.

The three clubs studied here were Aries, the Insurance
club, Dapes, the Data Processing club and Planit, the

s

Planning club. The aim of the present study was to
evaluate the work of the clubs, with particular emphasis
on the design methods used for building the systems. The
results should improve the theory and practice of expert
systems design as it relates to industrial applications. The
findings of the study are reported in this paper.

2. METHODS

Information in this study was collected from a variety of
sources. Interviews were conducted with steering com-
mittee members, member firm delegates and with
representatives of the contractors. Further information
was obtained from club meetings and working group
presentations.

Since the main function of the clubs was awareness,
the contractors took great trouble to explain their
results, especially in the later stages of the projects.
Another useful source of information was the clubs’
documentation. Here again the standard was probably
higher than it would have been in a normal computer
project, as a result of the emphasis on education and
awareness.

3. RESULTS
3.1 Expert System Design Methods

The design methods used in the three Alvey clubs studied
provide valuable guidelines for the introduction of expert
systems into industry. They are described below. How-
ever, the differences between designing for a club as
opposed to a business organisation are important and
will be discussed later in the paper
The methods used by the clubs were basically an
extension of conventional systems techniques, with an
emphasis on prototyping. An iterative life cycle (Fig. 1),
as opposed to the more linear cycle of conventional
systems (Fig. 2), was essential. Formal methods of
project control also proved to be worthwhile.
Design included the following stages:
Choice of problem area
Knowledge acquisition
Intermediate representation (not used for all
systems)
Implementation
Testing
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Figure 1. Planit Club prototyping methodology.
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Figure 2. Conventional methodology.

All three clubs produced prototypes before going on to
produce their final demonstrator systems. This approach
has several advantages. Knowledge engineers may have
a limited understanding of the problem domain at the
start of the project. Building a prototype allows them to
become familiar with the domain and to experiment with
different knowledge structures. The expert can be tested
to make sure he has the appropriate knowledge and is
both willing and able to communicate it to the knowledge
engineer.

In business applications, prototypes may be used to
demonstrate the strengths of expert systems techniques
to senior management as well as to the expert. In this case,
more than one prototype may be needed, to demonstrate
different aspects of the proposed system. Several club
members stressed the importance of gaining management
support at an early stage in the project: a prototype can
help to ensure such support is forthcoming.

Methods of prototyping varied between the clubs:
both rapid prototyping and structured prototyping
methods were used. In rapid prototyping the knowledge
engineer elicits knowledge from the expert and builds it
directly into the system. The expert then tries the system
and points out any faults or omissions, which are then
corrected (Fig. 3). The process is repeated until the

Get more
knowledge

Represent Review

Test
modified
system

Figure 3. Rapid prototyping.

prototype reaches the desired stage. One advantage of
this method is the high speed of development. It was
found to be a successful technique for the development
of small systems.

Structured prototyping, which involved the use of
some form of intermediate representation, was the
method most commonly preferred in the clubs. With this
method, the prototype is built initially in the form of a
‘paper model’ which can be tested before proceeding to
the machine based implementation.

The use of an intermediate representation has several
advantages. The most appropriate knowledge structure
for the domain can be investigated because the paper
model does not impose artificial restrictions: the main
limitation is the knowledge engineer’s imagination. This
contrasts with the use of rapid, machine-based proto-
typing, where the knowledge has to fit into available
structures such as production rules or frames. When an
intermediate representation is used, hardware and soft-
ware decisions can be left until the knowledge structure
becomes clear, thus minimising the chance of costly
mistakes. Furthermore, the same paper model can be
used to implement the system in several different
environments, for example to compare the merits of
different shells or tools as was done in the Dapes club.
An added advantage is that the model serves as a
continually updated functional specification, providing
documentation during the course of the project.

The experience of the clubs suggests that for larger
industrial applications, particularly where several experts
are involved, the use of structured prototyping and
intermediate representations is likely to be essential.
However, rapid prototyping may be the quickest and
easiest way to get started on smaller and more straight-
forward systems. It could also be used to get a quick feel
of part of a larger problem domain. Both methods of
prototyping were used successfully in the clubs, and both
are likely to be used in future applications of expert
systems techniques.

Knowledge acquisition is the process of getting domain
knowledge out of the expert and into a form suitable for
use in the system. The clubs found that different problems
required different methods of knowledge acquisition.
Structured interviews formed an important part of the
process for the Aries club. Their systems were for
assessment of fire risk on clothing premises and for
equity selection. Knowledge engineers did background
reading in the equity selection area in particular, because
the expert was busy and could not afford to waste time
on basic explanations. Two knowledge engineers with
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complementary skills carried out each interview, which
was also tape recorded. They discussed the interview as
soon as possible afterwards in order to make the best
possible use of the gathered information. The knowledge
was then organised and added to the intermediate
representation (Fig. 4).
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Figure 4. Expert system life cycle.

The Dapes club used rapid prototyping as a method of
knowledge acquisition for their early systems in the
domain of computer network control. Knowledge was
elicited as the expert reacted to the prototype versions of
the system, pointing out faults or omissions. This
approach was also used for one of their final dem-
onstrator systems, a help desk system for reporting and
advising on faults in a computer network.

Dapes also investigated more formal methods, such as
the use of intermediate representations, for their other
demonstrator, a system for computer network fault
diagnosis. The methodology used was influenced by a
ESPRIT project (KADS: P1098).! The knowledge
engineer made a list of all the physical objects in the
problem domain, and found as many ways as possible to
categorise them. This process helped to give clues as to
how the knowledge should be structured. In identifying
concepts and problem solving strategies he would get the
expert to ‘walk through’ imaginary cases. He also
watched the expert on the job solving real problems.
Different information was gathered by each of these
methods. The expert tended to be more logical with

imaginary cases than when he was doing the job for real.
Also, the knowledge engineer could not ask for explan-
ations when the expert was busy working, he could
merely write down what the expert had done. The expert
was available for knowledge elicitation for about half a
day per week, although he could be contacted at other
times if needed.

The third club, Planit, developed a new method of
knowledge acquisition for domain areas in which
expertise is diffused among several people. This was the
case with their problem domain, planning. The club had
no specialists in this particular area, although many of
the members did have planning expertise in addition to
their skills in other areas such as engineering. The club
therefore set up working groups to find out how club
members went about planning in three areas: project
planning, process planning and job scheduling. The
groups defined the planning process and developed a new
and original understanding of it. These findings were
extremely valuable in their own right, and also formed
the basis for the club’s interactive planners’ assistant.

Two categories of tool were used predominantly in the
implementation of the systems described here.® Most
commonly used were powerful expert system devel-
opment toolkits, such as KEE (Intellicorp) or ART
(Inference Corporation). These hybrid toolkits offer
several forms of knowledge representation and inferenc-
ing mechanism, along with sophisticated user interface
facilities. They are flexible to use and allow access to the
underlying programming language so that desired
features can be hand crafted if necessary. KEE and ART
were confirmed to offer excellent development environ-
ments. However, both Aries and Planit found KEE to be
rather slow for operational use. Extra memory helped
alleviate this problem but did not solve it completely.

Expert shells were also used for development purposes
by the Dapes club: the shells chosen were Expertech’s XI
and XI-plus, and KES 2 (Software Architecture and
Engineering). If the problem domain can be handled
adequately by a shell, then development will be quicker
and easier than if a large toolkit were used. This is
because shells generally provide a limited set of facilities
in a highly accessible fashion. They are also cheaper than
toolkits and run on readily available hardware such as
IBM PCs. Dapes compared ART and KES by imple-
menting the same system, based on an intermediate
representation, on both tools. Although the ART version
incorporated more advanced features, both environments
were capable of supporting useful systems.

Aries and Planit delivered their systems on smaller,
PC-based shells rather than on large toolkits. This was
because the shells and the hardware to run them were
adequate and less expensive than toolkits. For an expert
system to gain widespread industrial acceptance, it must
run on hardware that is available to industry. Porting
systems from toolkits to PC-based shells was done from
the intermediate representations rather than by re-coding,
and was found to be quicker and easier than the initial
development.

Testing is an important aspect of expert system design.
Because of the heuristic nature of the knowledge, it is
important to test it under as many and as varied
conditions as possible. Test cases were used by the clubs
during development. These could be run automatically
after changes had been made to the system, to make sure
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that the changes did not cause the system to give
incorrect answers. Systems were also tested by allowing
the expert to interrogate them, comparing the resulted
generated by the system with those expected. Exhaustive
testing, as would be required for fully operational
systems, was not carried out on these demonstrators.

3.2 Implementing Expert Systems

Alvey clubs gave firms the chance to experience the
development and implementation of one or more expert
systems in their field of interest. They were therefore able
to gain an awareness of the problems involved, and how
they might be overcome. The following section covers
some of these issues.

3.2.1 Choice of Problem Area

At the time the Alvey clubs were formed, expert systems
were a solution in search of a problem. This situation is
the reverse of what would generally be expected.
However, some of the methods used in selecting suitable
applications would be equally useful in determining
whether or not a given problem could be solved using
expert systems techniques.

Guidelines on the choice of suitable problems were
provided by the contracted software houses, and were
similar to those in general use.? These guidelines were
successful in allowing the choice of several problems
which formed the basis for the systems built by the clubs.

Additional criteria were also used which were specific
to systems built in precompetitive research environments
like the Alvey clubs. The problem should be interesting
to club members, it should not be commercially sensitive,
it should be in an area familiar to them and should be of
medium complexity. Outside the context of an awareness
club, perhaps the most important criteria for choosing a
problem is that its solution should meet a genuine
business need. However for the clubs, the solution of
genuine business problems was a bonus.

One result of the clubs’ emphasis on awareness was
that because the systems were not primarily intended to
solve genuine business problems, the environment in
which they were developed was artificial. Potential users
had little, if any, involvement in the decision to build an
expert system. The importance of user participation in
the design of computer systems, and expert systems in
particular, has been stressed.® Without such partici-
pation, maximum benefit from the new systems may not
be obtained.

The clubs were unable to take a participative approach
to the design of their systems as they never intended the
systems to be fully operational within the timescale. Thus
there were no real users to involve in the design process.
Systems were, however, tested out in development sites
by the people for whom they would have been intended.
Some met with an encouraging reception and were later
developed further by individual club members to custom-
ise them for operational use. For others the reaction
from users was mixed. Although the systems appeared to
do everything they were intended to do, doubts were
expressed as to whether they would ever be used for real.
One contractor was disappointed that the host site
rejected the system developed for them. This rejection
occurred despite so much time having been spent on the

system, and the fact that it was a marked improvement
on the pre-existing system, in the contractors’ opinion.

These experiences highlight an obvious though some-
times ignored aspect of system design: the chances of
producing a successful system are greatly reduced if
potential users do not want it. For this reason it is
important to determine their requirements right at the
start of the project. Had this been done in the case of the
systems described here, they may have been built
differently, or not at all. However, this was not possible:
it was never the intention of the clubs to produce
operational systems. Rather, the success of these systems
was seen in their contribution to expert systems awareness
in the UK.

3.2.2 Finding an Expert

In choosing a host site for their development work, the
clubs took into account the availability of suitable
experts. There were few problems in this respect. Time
was a problem for at least one club; the most useful
expert is often also the busiest. There were also problems
with commercial sensitivity which were directly related
to the nature of the clubs and would be less likely to
occur in a normal business environment.

Although single experts were the norm, Planit used
working groups to take the place of the expert. The use
of several experts is to be recommended since it avoids
the risk of producing an idiosyncratic system and
reduces dependence on individuals. Despite overheads
such as time required with more experts, Planit found
their knowledge engineering process to be valuable and
enlightening.

3.2.3 Finding Knowledge Engineers

Finding suitably qualified knowledge engineers for
business applications is difficult, although this was not a
problem for the clubs. Until recently, a large number
were involved in the various Alvey projects. The clubs
gave firms the opportunity to experience expert system
development without the costs of hiring or training
specialized personnel. Club members become familiar
with the work of their contractors. They also learned
enough about expert systems to decide whether they
would want to hire knowledge engineers from software
houses or develop their own ‘in-house’ capabilities.

The attributes needed in a knowledge engineer were
described by Alvey contractors. An ability to learn and
understand new subjects, along with good communi-
cation and social skills, is important. It also helps if the
knowledge engineer has a reasonable degree of maturity
and practical experience: new graduates are not suitable
in this respect. Flexibility of outlook and creativity are
required in structuring the knowledge. Systems analysts
who have become entrenched in a particular design
methodology may therefore be unsuitable as knowledge
engineers, although in other respects the qualities
required are similar. A knowledge engineer should also
be familiar with computers, although programmers are
often unsuitable because of their procedural style of
thought.

Knowledge engineering is acknowledged to be a
bottleneck in the process of implementing expert systems.
It is both time consuming and expensive. It is therefore
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wise to have a knowledge engineer who will recognise
when expert systems techniques are not appropriate. The
costs of large systems are prohibitive unless the problem
is important to the business and cannot be solved by
conventional methods.

3.2.4 Validation, Update and Maintenance

This is the least developed area of expert systems
research: many systems simply have not reached this
stage. The systems produced by the clubs also fell into
this category although club members were interested in
the question and expressed a desire to know more.

The clubs found that several different tests can be
carried out in validating the system. Results from the
system under development can be compared to those
predicted by the intermediate representation to ensure
correct coding. Results from the system can be compared
to those of an expert without the system, to check that
the reasoning and results generated by the system are
correct. Another test is to compare results from the
system operated by a typical user with those when it is
operated by someone familiar with it, such as the
implementor. This shows up problems in the user
interface and in expression of questions and explanations.
Other comparisons are also possible, such as user with
system against expert with or without the system, or
expert with system against expert without the system.

In the clubs more emphasis was placed on methods
than on the results of testing. Test examples were
provided by the experts and run after the system had
been changed. For example, two thirds of the test cases
might be classic examples, and the other third unusual in
some way. Testing was a time consuming process. One
club had automatic testing modules built into their
system. However, they found that often it took as much
effort to rebuild the automatic test after a change as it did
to rebuild the system. For this reason, automatic testing
was abandoned.

Update and maintenance are fundamental problems
that could not be fully covered by the Alvey clubs. One
important question concerns responsibility for updating
the system. Should it be done by the expert, the users, the
designers or someone else? One suggestion was that the
system should be treated in the same way as a database:
users could be given permission to update certain facts in
the knowledge base, but should not be allowed to make
changes which would have far reaching effects within the
system.

4. DISCUSSION

This study confirms that the three Alvey clubs have been
successful in their aim of deploying expert systems in
their fields of interest. Member firms have gained a
practical awareness of expert systems which would not
otherwise have been possible without their own expert
system development projects. Contractors have also
benefited from the opportunity to carry out projects in
this new area. It can be concluded that the clubs have
stimulated a greater awareness of expert systems design
in the UK, as was intended.

However, many challenging problems in the area of
expert systems remain to be solved. There are important
differences between systems built as awareness exercises

and those built as operational applications.® Moreover,
these differences appear to be largely irreconcilable
within the context of precompetitive research. As a
result, the methods of development used in the Alvey
clubs are limited in their approach to certain aspects of
design. Areas which need extension are discussed below.

The lack of user participation in the design of these
systems has already been mentioned. Adverse conse-
quences which could have been a result of this included
the rejection by host sites of systems which had been
designed for them. It is possible that if there had been
greater user involvement in the design of the systems, as
opposed to the largely administrative interactions which
sometimes took place, the systems might by now be
operational. A model for the successful use of this
approach is Digital Equipment Corporation’s design of
the XSEL system.

Organisational aspects of design were not included in
the scope of these projects. However, if expert systems
are to become more widespread in industry then these
aspects should not be ignored.” Introduction of such
systems will mean changes in the jobs of the people who
are to use them, which could lead to more widespread
changes within the organisation. The implications of
such changes must be considered and managed. This
requires involvement from personnel skilled in the
management of change. It should not be simply left in
the hands of the computer department who are probably
more interested in technical than organisational matters.

5. CONCLUSIONS

The aim of the Alvey clubs was to stimulate the
application of expert systems technology in British
industry. They have certainly been successful in spreading
awareness among their immediate members. Firms have
started to customise the systems developed by the clubs
to suit their own needs. Others have begun to design their
own systems: one or two even have systems in regular
use. However, it is likely that further work will be needed
before expert systems become a mature technology. In
particular, the work of the clubs could be complemented
by additional work on user participation and on
organisational aspects of design.

Technical difficulties are seldom a cause of failure in
expert systems projects for business applications. The
club experience confirms this view: they suffered no
insoluble technical problems. Some systems were, how-
ever, rejected by users, a problem that could also occur
in single organisations if attention were not given to user
requirements at an early stage in the project. Lack of
management support can also be a cause of failure,
though the clubs did not suffer from this problem.

The successful design of expert systems for business
applications requires at least equal attention to be given
to organisational as to technical aspects of design. This
can be achieved by combining knowledge engineering
techniques, such as those used by the Alvey clubs, with a
participative design approach. This approach allows
future users to be responsible for the development and
testing of their system. User needs can be analysed
systematically by a user design group consisting of users,
experts and knowledge engineers. The ETHICS meth-
odology used by Digital Equipment Corporation for the
development of XSEL has proved to be suitable for this
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purpose in the design of both expert and conventional

computer systems.®
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Announcements

15-18 Jury 1991

Multi-Media Information: The Second Inter-
national Information Research Conference

Churchill College, Cambridge

Sponsored by the British Library Research
and Development Department and the Uni-
versity of Pittsburgh School of Library and
Information Science

The Theme

Many of the IT systems currently in use owe
much of their character to earlier research into
the handling of purely textual and numeric
data. With the advent of technologies such as
CD-I (compact disc interactive), DVI (digital
video interactive) and those allowing the
digitisation of large archives of data, there are
now opportunities to meet the pressing need
to merge many types of data: text, numeric
data, graphics, sound, and still and moving
images.

Research in the early 1980s resulted in the
‘hypertext’ concept, which affords the user
the ability to construct and read text in non-
linear fashion. By extending the hypertext
principle to other modes, ‘hypermedia’ sys-
tems have been developed. The earliest com-
mercial applications stemmed from the tele-
vision industry, with the increasing sophisti-
cation of interactive video, and from the
education/training industry with computer-
based packages. The variety of products now
available on optical disc indicates that pub-
lishers are also becoming aware of the po-
tential of electronic publication using multi-
media.

Adding temporal data types to a database
system raises a number of fundamental tech-

nical problems. The traditional mechanisms
for storage, retrieval, delivery and presentation
of these types are not easily integrated with
current computer technology. Significant
progress must be made in all of these areas
before sound and motion pictures can be
processed with the same ease and simplicity as
we now handle text.

The Audience

Research into multi-media is of interest to
anyone concerned with the creation, storage,
retrieval and dissemination of information in
science and technology, arts and humanities,
education and training, entertainment, cre-
ative leisure, the work environment, and the
home environment.

This conference is aimed at promoting
serious discussion between researchers, pro-
viders and users of information including
those working in computer, communication
and library sciences. The conference will
consist of formal papers and syndicates with
ample time for discussion. There will also be
an exhibition with the facility for poster
sessions.

To ensure effective interaction between
delegates, the number of participants will be
restricted to 100. The conference proceedings
will be published as soon as possible after the
event.

Are You Interested?

Would you like to give a presentation on:

@ the theory or concept of multi-media
information

@ organising information for multi-media use

@ the impact of the technologies on the
research process

o future applications in commerce, industry,
science and education

@ policy implications for decision makers and
researchers ?

If so, please send a detailed abstract
(100-200 words) upon which your 20-minute
presentation would be based, by 16 January
1991. All authors will be notified of acceptance
or rejection by late February 1991, and those
whose papers are accepted will be given a
discount of £100 on the delegate fee.

Would you like to take part in the exhibition
or present a poster session? If so, please
register your interest as soon as possible.

Would you like to attend the conference as
a delegate?

The Venue

The conference will be held at Churchill
College in the university city of Cambridge,
easily accessible by road, rail and air. The
College, built in the 1960s as a memorial to Sir
Winston Churchill, was the first major work
of modern architecture in Cambridge. It has
excellent conference facilities with accommo-
dation in single study-bedrooms and is set in
grounds of some 42 acres.

Enquiries

For further information on any aspect of the
Multi-Media Information Conference, please
contact:

Ms Karen Merry, Multi-Media Information
Conference, the British Library R & D
Department, 2 Sheraton Street, London W1V
4BH, U.K. Tel: 071 323 7050; fax: 071 323
7251.
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