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Abstract

This paper describes a project that is studying an expert system (ES) development method
tailored to meet the requirements of small and medium sized enterprises (SMEs). It is
posited that many such organisations cannot use ES technology because of its high entry
price and because the available tools and methods were developed for and by large
organisations. Within this context our development method encompasses the entire life
cycle of an ES from initial conception to implementation through to maintenance and
updating. The central premise is that the method should be "client-centred," emphasising
"what" the client can see rather than being "technology-centred," emphasising "how" the
knowledge engineers work. Discussion includes how this methodology addresses many
criticisms of current ES development methods including rapid prototyping and KADS.
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INTRODUCTION

This paper describes the aims, objectives, and findings of a collaborative research project
funded under the IEATP between the Department of Surveying and the Information
Technology Institute at Salford and headed by the Royal Institute of Chartered Surveyors.
It is concerned specifically with the Evolutionary Development of Expert Systems in "Real
Life" (EDESIRL).

The project has started from the observation that many current expert system (ES)
development methods are "technology centred" and are not suited for use by small and
medium sized enterprises (SMEs  defined by the DTI as an organisation with less than
501 hundred employees). While a few off-the-shelf ESs are available, most were designed
for and by large companies and are thus not suitable in the different contexts of SMEs.
Moreover, few SMEs can capture their expertise in an ES due to the relatively high price
of hardware, software, and consultancy.

The project also recognises that there has been a proliferation of ES development
methods, but no single method can be appropriate in all situations. We therefore suggest a
contingent approach that enables practitioners to use their own techniques and tools
within a guiding framework. Our approach is similar to those being generated by research
into information systems development [Avison & Wood-Harper, 1991].

The EDESIRL project involves approximately twenty-five SMEs and is investigating the
requirements of SMEs that want to develop ESs. It intends to provide easier entry to the
ES arena for SMEs by providing a contingent development approach tailored to their
needs. This will help the spread of good practice and professional expertise throughout
SMEs in Europe.

 A "method" is understood as a system of principles and techniques brought together in
fulfilment of a unifying goal: the production by SMEs of usable ESs that fulfil a beneficial
role in the organisation concerned. In this project the context is that of the construction
industry, particularly surveying.

The EDESIRL project has the following goals:

• to generate a model of the dynamics of the evolutionary development of ESs

within SMEs,

• to develop a method to guide evolutionary development of ESs for SMEs, and

• to propose techniques based on the method,
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There are two main elements to the method:

• A life-cycle method (LCM), concerned with managing the whole life of the ES,
from its initial conception, its development, its bringing into use, its development in
use, and eventually its demise as a useful tool.

• A knowledge acquisition method (KAM), that involves obtaining a structured and
understandable expression of the expertise that can be encapsulated in the
computer to form the ES.

Though this project is developing tools to aid the method, the techniques and the
functionality of the tools are of primary importance. Moreover, we do not intend to
"reinvent the wheel"; thus, when an existing tool exhibits the required functionality we
shall use it providing we can integrate it sufficiently with other software.

This paper discusses the LCM and the KAM. It then outlines the functional requirements
of intermediate representations, and concludes with  proposals for future work.

LIFE CYCLE METHOD

The LCM developed by this project began with Basden's Client-Centred Approach (CCA)
[1989]. The CCA has been used successfully in industry and is not merely an ad-hoc
collection of experience. It is based on several principles:

• the importance of spending time and effort at the early stages of an ES project in
defining roles, benefits, objectives, and so forth;

• the importance of a holistic approach throughout the project, including the
consideration of usability and saleability from the start;

• the recognition that functioning software is useful both as a discussion point, and
for deriving a specification;

• the need for a staged approach to project progression so that clients can plan
resource provision;

• the need for an iterative approach to knowledge acquisition and representation
because of the well known problems of devising a specification in ill-structured
areas;

• the close involvement of the client and other stakeholders throughout the process;
• the need to speak the client's language;
• and the usability of the methodology by lay people (i.e., those within a SME who

may have some experience of using spreadsheets or databases but are not IT
professionals).

"Client" means the person or organisation for whom an ES is being built; the client owns
the problem that motivates an ES project and provides or authorises resources for the
project. "Stakeholder" refers to any person who is or will be affected by the creation and
use of an ES, and there can be many of these including:
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• clients as above,
• knowledge engineers,
• primary users who press keys or mouse buttons,
• those who supply information to enable the primary users to operate the ES,
• those who use information derived from it,
• managers of the primary users,
• those responsible for software and hardware support,
• experts from whom the expertise is acquired to building an ES,
• customers of organisations,
• suppliers to organisations,
• and the wider society and environment.

To this end the method proposes a seven-stage structure to ES projects, from initial
conception through to the ES embedded in use within its proper organisational and human
context (see Figure 1). The middle stages concern the conventional activities of
knowledge acquisition, representation, and validation.

Though it is a staged structure, the
CCA overcomes problems
normally associated with linear
structures because it allows for
evolutionary development.
Moreover, it overcomes problems
normally associated with rapid
prototyping.  These problems have
been identified by Berry and
Broadbent [1986] and Diaper
[1989] as follows:

• Systems may satisfy the expectations of knowledge engineers and domain experts
but not necessarily those of the users.

• Prototyping can lead to uncontrolled growth of systems causing difficulties in
maintenance.

• Because elicited knowledge is often translated directly into code, there is no
complete and explicit statement of knowledge included in systems. This also makes
maintenance very difficult.

• Over reliance on iteratively refining ESs can make them unable to solve problems
occurring only rarely in the domain [Roth & Woods, 1989].

ED2

ED1
Figure 1.
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• The final "delivery" system is often a tidied up version of the prototype that was
being worked upon when either the project's time or money ran out.

• Because of its cyclical nature prototyping is very difficult to audit.

However, although Diaper recognises that "people" should be at the centre of a method,
he does not identify the cause of the above problems, namely that they are derived from
being technology centred [Basden, 1989]. Both linear and rapid prototyping
methodologies are described in terms dictated by the technology (e.g., elicit, represent,
debug), and many omit to establish an initial holistic view of the project. Thus, the
stakeholders are not fully involved and the above problems result.

The criticism of being technology centred also may be levelled at KADS, which abounds
with technical jargon describing activities in terms of layers of knowledge and models.
Such an approach will inevitably exclude the stakeholders unless they are willing to
undergo extensive training.

The EDESIRL project uses the CCA to address these problems by maintaining a client-
centred rather than a technology-centred focus. In the CCA the stages (see Figure 1) are
named not after activities ("how") but after deliverables ("what") that the client can expect
throughout the project. This ensures that a holistic client-centred view is established
initially, resulting in closer co-operation with all stakeholders throughout the project rather
than just at the early and the late stages.

While it might appear that these stages are an artificial way of breaking up incremental
development, they have their own distinct purposes, techniques, and deliverables.

The Holistic Picture

The purposes of the first stage are as follows:

• to perform a feasibility study that includes business benefit, limitations and risk;
• to scope the ES domain;
• to identify all stakeholders;
• to obtain a holistic picture of a problem by involving stakeholders;
• to obtain their commitment to the project;
• to help the client plan resource provision; and
• and to provide retrospective documentation of top-level decisions.

Because our approach is contingent, various methods can be employed here, including
aspects of Checkland's Soft Systems Methodology [1989] or Mumford’s ETHICS
[Mumford, 1986]  The deliverables at this stage are documents giving a clear, holistic
picture of the objectives of the proposed ES, its human and organisational environment, its
benefits and limitations, its acceptability, its interface, its eventual market niche, and its
knowledge sources. An analysis of potential threats to the success of the project, using
Boehm’s spiral method [Boehm 1986 & 1989] are prepared along with a project plan
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including resource allocation. However, we recommend an alternative view of the spiral
model as discussed below and in greater detail in Watson [1992].

Skeleton System

This shows a sequence of screens to give stakeholders a "feel" of the system’s overall
functionality. It contains little domain knowledge, but serves the following purposes:

• to gain a clear picture of the overall functionality of the proposed ES including its
inputs and outputs,

• to ensure stakeholders understand what ESs can be expected to do,
• to help knowledge engineers obtain an initial understanding of the domain and of

the types of information that is handled, and in what sequence, and
• to obtain resource commitment.

The deliverable is an embodiment of the conventional top-level functional description, but
since it is active, the stakeholders (who may have little idea of what to expect from ESs)
get a better "feel" for the system than they would from a paper specification. Some domain
conceptualisation occurs as a result, which can form the basis for the next stage. The
project has prepared a software tool to guide this stage.

Demonstration Systems

In the third stage a significant amount of knowledge is acquired and encapsulated in an ES
that can be demonstrated. Most domain conceptualisation and structuring is completed, as
is the functional specification and design. There may be several demonstration systems;
their purpose is as follows:

• to keep the client informed and involved;
• to provide the knowledge engineers with an understanding of the types of

knowledge in the domain;
• to decide upon suitable representations and software, and
• to provide a go/no-go decision point: Will the ES as proposed bring relevant

benefits? Can the knowledge be encapsulated in an ES?

The methods employed in this stage are  knowledge acquisition (as described below in the
KAM), knowledge representation, and validation but as a cyclical rather than as a linear
process. (The method adopted successfully on the ELSIE project [Brandon, et al., 1988]
employed several experts for knowledge acquisition and others for validation.). The
holistic picture obtained during the first stage ensures that individual parts of the structure
are always related to the whole, but this picture may evolve, once experts and several
primary users start to use the system.
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Working System

While the final Demonstration System gives reasonable results in unexceptional conditions,
the Working System gives "correct" results in "all" situations in which the ES is expected
to be used. The techniques employed are the same as in the third stage, but validation
assumes ever greater importance as the project continues. Sometimes parts of the
knowledge base must be reworked during this stage, owing to an over-simplified picture
having been obtained earlier. This becomes clear as experts use the ES and highlight
deficiencies. In our experience it is seldom possible to predict all such requirements and
knowledge structures in advance.

Usable System

The Working System gives correct results but is too cumbersome in its use to bring
business benefit. This stage ensures that the ES is usable, by considering usability features
such as "what-if," explanation facilities, easy methods of data entry, and integration with
other systems. It is advised that knowledge acquisition and validation are used to decide
what usability features are needed. Too often usability features are approached as a set of
features to be added to a system to make users happy. However, we suggest that the
determination of the type and structure of these features is worthy of knowledge
acquisition.

The deliverable is a Usable System. Note that this stage may actually overlap with stages
three and four to some extent. For instance, usability features like "what-if" and "dump-
and-restore" can be useful to streamline the validation process. These should be included
at carefully chosen points so that the client receives visual indication of progress instead of
reports that, "The accuracy has increased from eighty five to ninety per cent." This stage is
deliberately placed after stage four to emphasise the overriding importance of getting the
core knowledge right. This is discussed in more depth in Watson et al.[1991].

Saleable System

The purpose of this stage is to prepare the ES for wide distribution to those who might be
less sympathetic to it. This involves attending to details of the interface, the wording of
screens, a help system, tutorial, user documentation, installation procedures, and preparing
for the launch and subsequent activity. The deliverable is the final ES.

Note that giving too much effort prematurely to saleability features is a common mistake
since developments can render them redundant. However, saleability and such things as
documentation should be kept in mind throughout the project, and we intend that user
documentation should follow the ES in parallel stages from Skeleton to Saleable.
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Embedded in Use

The seventh stage brings the ES into regular beneficial use. This involves training users,
providing help-lines and so forth, but it also means earlier planning of organisational
changes required for effective use of the ES. The timing of changes will have been
determined during the first stage. The deliverables at the seventh stage are the business
benefits that accrue from using the ES.

KNOWLEDGE
ACQUISITION METHOD

The method the EDESIRL project
uses differs from many other
knowledge acquisition methods in that
it is based on an explicit model of
experience and understanding (shown
in Figure 2, and discussed in detail in
[Attarwala & Basden, 1985]). This
model has been used on several
successful ES projects [Jones &
Crates, 1985; Hines & Basden, 1986;
Brandon, et al., 1988]. It states that it
is insufficient merely to elicit problem solving heuristics because these are subjective and
context sensitive, being composed of underlying understanding (U) and Context
Dependent Problem Solving (CPS). CPS includes:

• the problem solver,
• the problem context, and
• the problem solving method.

The knowledge acquisition process should separate the U from the CPS element. This is
achieved through three activities:

• obtain expert problem solving heuristics (using well known elicitation techniques);
• seek the U that lies behind the heuristics,
• ask the question, "Why?" in several ways; and
• make explicit the CPS that is implicit in the heuristics, by asking the questions,

"What else?" and, "When not?" in several ways.

These activities are not necessarily performed in the above order; they are performed as
necessary, with the second and third activity forming the bulk of the work. This method
has been found to overcome several problems endemic with ESs. It reduces fragility of the
knowledge base and improves knowledge base maintenance and explanation of results due

Theory
Formation

(TF)

Understanding
(U)

Context
Dependent

Problem
Solving
(CPS)

Experience
(E)

Figure 2. A Model of Experience & Understanding
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to in-built understanding. It also turns disagreement between domain experts into high
quality knowledge.
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INTERMEDIATE KNOWLEDGE REPRESENTATIONS

Because of the problems inherent with prototyping, the requirements of maintainability
(i.e., ED2), and quality assurance, this project is researching intermediate knowledge
representations. Many researchers advocate using an explicit and complete representation
intermediate between the expert's knowledge and the implemented system code
[Alexander et al., 1986; Wielinga & Breuker, 1986; Berry & Broadbent, 1986; Butler &
Chamberlin, 1987; Edwards, 1987; Johnson, 1987 & 1989; Recogzei & Plantinga, 1987;
Young, 1987; Diaper, 1987, Watson et al., 1989; Kalos, 1992].

The functional requirements of an ideal intermediate knowledge representation are as
follows [Watson, 1989]:

• logically testable for consistency;
• speed of production of the intermediate representation;
• clarity to experts, so they can validate it;
• direct usability as system documentation to assist ED2;
• high expressive power (flexibility);
• translate into program code ideally by automatic means; and
• integration with a LCM.

Representation

The Perfect
Intermediate
Representation

Formal
Notations
(e.g "Z")

Rapid
Prototyping

Paper
Models

Conceptual
Graphs

The KnAcq

Inference
Nets

✔✔✔
✔✔

✘

✔✔✔
✔✔

✔✔✔
✔✔

✔✔✔
✔✔

✔✔✔
✔✔

✔✔✔
✔✔

✔✔✔
✔✔

✘ ✘ ✘
✔✔✔
✔✔

✔✔✔
✔✔

✔✔
✔✔

✘ ✘
✔✔✔
✔✔

✔✔✔
✔✔
✔✔

✔ ✔✔

✔✔✔
✔✔

✔✔
✔✔

✔✔ ✘ ✘
✔✔
✔✔

✔✔
✔✔

✔✔✔
✔✔

✔✔
✔✔

✔✔✔✘ ✔ ✔✔✔ ✔✔

✔✔✔
✔✔

✔✔✔
✔✔

✔✔✔
✔✔

✔✔✔ ✔ ✔✔✔ ✔

✔✔✔
✔✔

✔✔✔
✔✔

✔✔✔✔✔✔
✔✔
✔✔

✔✔
✔✔

Functionality

✔✔✔

Table 1. A Functional Comparison of Intermediate Representations
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Table 1 presents the functional requirements of the ideal intermediate representation and
compares this with several alternatives:

• Formal notations (e.g., "Z") score highly on testability and documentation, but
their ability to represent different knowledge types (their flexibility) and their
clarity to domain experts is poor.

• Prototyping is not a representational formalism, but it is included in Table 1
because many researchers and methods support it. It scores highly for speed (hence
Rapid Prototyping) and flexibility (because there is no syntax, it is infinitely
flexible).

• Paper Models have been used by many researchers and are treated here as a
generic term for any method of representing domain knowledge on paper. This
could either show simple overviews or considerable detail. Because, these are on
paper they cannot be logically tested. They usually can be created quickly and are
also infinitely flexible; however, they are not usually supported by procedures for
creating program code from them, and consequently they do not form reliable
system documentation. However, they can be supported by life cycle
methodologies.

• Conceptual graphs [Sowa, 1984], which evolved from Entity Relationship
diagrams [Chen, 1976], can be tested, are sufficiently flexible, make good
documentation of the knowledge in the system, and can be understood by domain
users (with some tuition) [Watson et al., 1989; Watson, 1989]. However, their
construction is time consuming, and they are not supported by a LCM.

• The KnAcq is representative of knowledge acquisition methods and tools that
are technology-centred [Mott & Brooke, 1987; Brooke & Jackson, 1991]. The
KnAcq is testable, expedient and can generate program code for several
commercially available ES shells. However, it only handles certain types of
knowledge, is not supported by a life cycle method, and can only serve as
documentation for the knowledge in the ES.

• Inference nets were used successfully on the ELSIE project [Brandon et al., 1988],
and domain experts find them flexible and easy to understand. However, on the
ELSIE project they were then simply an example of another paper model, and
were therefore slow to create, untestable, and not directly translatable into code.
We have subsequently implemented a prototype tool for testing sets of inference
nets [Watson & Norman, 1992], and have implemented an object oriented
architecture (called the Agenda Manager) that supports the implementation of
inference nets into the ES shell Kappa-PC.
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DISCUSSION

The description above is of the method as it is now, and the EDESIRL project's purpose is
to research and develop this. In particular, attention will be focused on the following
issues:

Risk

Some project management techniques such as Boehm's spiral model [Boehm, 1986 &
1989] and that used by KADS [Breuker & Wielinga, 1985; Bright et al., 1991] are
couched in terms of risk. Risk handling is implicitly incorporated in the CCA in three
ways:

• obtaining a holistic picture of the project at the start reduces the risk of failure;
• the iterative, but managed, approach to building the ES reduces risk due to

changing requirements; and
• the KAM uncovers underlying understanding and context that minimises the risk of

ES fragility [Hart, 1988].

While we do not believe that KADS is always suitable for smaller organisations (this view
is accepted by Professor Wielinga of the KADS II consortium), their project management
techniques, and in particular their handling of risk, are appropriate. Their project
management method is based upon Boehm's spiral model and provides a useful tool for
managing the complexity and unpredictability of an ES project of any size [Bright et al.,
1991].

However, criticism of the depiction of a project's development as a spiral (i.e., implying to
clients that the project is going round in circles) has caused us to represent development as
a helix.

Threats
Plan
Develop
Assess

GOAL

Figure 3. A Helical Model of Risk Management Based on the Spiral Model
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At one level this is just a cosmetic change, but we feel it important that the client sees that
the project is progressing towards a goal as shown in Figure 3. We recommend for smaller
projects that one cycle of assessment, risk analysis, planning and development is carried
out for each stage of the CCA. Larger projects could include more cycles per stage as
necessary. The helical model is described in more detail in Watson [1992].

Metrics

Neither part of the method discusses metrics (measuring the accuracy, acceptability,
impact, costs, etc. of the ES) because the method is designed to accommodate any metric
approach or method. However, it is recognised that work is required in this area, and it is
noted that another IEATP project is specifically involved with ES Metrics, which we do
not intend to duplicate.

Quality Assurance (QA)

QA is a vogue topic, so it may be surprising that it is not explicitly included as an issue in
the method. The reason is perhaps historical in that the roots of the method lie in the era
just before the upsurge in interest in QA. The whole aim of the method, however, is
identical with that of many QA approaches, and it has been based on similar principles. In
particular we believe that the uses of an intermediate representation that can be tested and
translated into code by a verifiable process assists QA. Also of importance is the validation
(or endorsement) of the knowledge included in an ES by a recognised authority (e.g., a
professional institution). In support of this a recent study of the users of the ELSIE system
showed that its endorsement by the Royal Institution of Chartered Surveyors was the key
factor that influenced people to buy the system [Castell, et al., 1992].

Documentation

This comprises three separate types, each of which is fully specified at each stage:

• Project documentation includes the details of the feasibility study, and all decisions
taken during each stage of the project and management cycles.

• System documentation includes the scope and functionality of the system, archived
elicited knowledge, the intermediate representation and functional design
specification, and the system code itself.

• User documentation includes all topics one would expect in a comprehensive user
manual. The project is preparing a template to represent "best practise" in this
area. Owing to the importance of user documentation and the frequency with
which it is inconsistent with a product, the method includes explicit guidance on
documentation being produced as the ES is built.
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ED2

The EDESIRL project has developed a maintenance method for ED2 which is compatible
with that used in ED1 and is based on the same principles as those of ED1. We were
fortunate in having two commercially available ESs to study, and a forthcoming paper will
describe our findings [Watson et al., 1992]. The ESs developed during this project also
will undergo some ED2 before the end of the project.

It is important to recognise that maintenance considerations should be built into an ES
during ED1. These include good project and system documentation, clear functional
design and modularity, and the continual involvement of clients, experts, and users.

CONCLUSION

This project is exploring our understanding of the development of ESs within SMEs. We
believe that two underlying problems of currently available methods and tools are that they
are "technology centred" and prescriptive. The approach that forms the basis for this
project has been shown to work in practice, having been used in the building of three
successful ESs to date, and explicitly addresses these problems. It comprises two parts:

• a Client-Centred life-cycle method that places clients at the centre of the
development process and informs them in terms of "what" they can see rather than
"how" it was achieved;

• an approach that is "contingent," thereby enabling people to use techniques and
tools that they trust within a guiding framework; and

• a knowledge acquisition method that obtains the understanding that informs
heuristics.

However, the method requires development. Areas such as tool selection, metrics, and
quality assurance, must be incorporated. The method seeks to combine the strengths of
both the software engineering linear approach and the iterative approach of AI while
overcoming many of their weaknesses. Finally, the principles of the method must be fully
applied to ED2, while the information gathered from studying ESs in use must be re-
incorporated into ED1.
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