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Abstract

Knowledge Acquisition is a critical and time-consuming phase
in the developmeni of Knowledge Based Systems. The AC-
Knowledge project aims to improve the efficiency of the knowl-
edge acquisition process. The approach is to analyze and eval-
uate a variety of existing knowledge acquisition techniques, in-
cluding machine learning methods. Taking into account their
complementarities, we integrate these techniques into a Knowl-
edge Engineering Workbench that supports the Knowledge En-
gineer in his various tasks. This approach is lested on real life
applications, simple ones (e.g. analysis in melal fractures) and
more complex ones (e.g. failures in the Spanish data commu-
nications network).

Key words: Knowledge Acquisition (KA), Integration of KA
techniques, Knowledge Engineering Workbench, Integration
of Knowledge.

1 Introduction

Currenuly, much work in the AT community is related to the
development of Knowledge Based Systems (KBS). We al-
ready know that the real bottlenecks in the development of
such systems are the acquisition and modelization of the ex-
pert’s knowledge. Knowledge acquisition refers to the initial
phase of KBS development where the Knowledge Engineer
gathers, analyzes and models the expert’s knowledge. The
efficiency of knowledge acquisition and the quality of the
resulting model of expertise are crucial for the subsequent
development phases.

Much work aims at supporting the knowledge engineer in this
knowledge acquisition process. Some interview techniques
have been developed, some of them together with a software
support. But most of them only address particular problems
and are not general enough to cover the entire process.
During the European Knowledge Acquisition Workshop 89
(EKAW), one of the conclusions drawn was that the scientific
community should concentrate more on putting these tools
together and studying their synergy rather than developing
new and more sophisticated tools. It was also mentioned
that the two fields of “Knowledge Acquisition” and “Machine
Learning” should be more closely related.

This is perfectly in line with the work that was going on in the
ACKnowledge project' [1]. We believe that the efficiency of

! The ACKnowledge (ACquisition of Knowledge) Project is a 3 year project
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the Knowledge Acquisition (KA) process will be improved
if we take advantage of the complementarity of existing
techniques. We are thus developing a framework that allows
the fruitful combination of a large range of existing KA
techniques, including machine learning techniques.

The mere inclusion of these techniques into a single system
constitutes the first step for the construction of a Knowledge
Engineering Workbench (KEW). But this is not enough.
If we want our workbench to be useful, we also need some
knowledge about the usability of these techniques., With this
new knowledge about the nature and applicability of the tech-
niques, the KEW will actively assist knowledge engineers in
their tasks, carrying out some parts of the work by itself, and
providing the user (knowledge engineer) with some advice
and guidance.

In this paper, we first describe in detail our vision of the
KEW, the functions it must provide and its general archi-
tecture. We then explain the knowledge integration process,
central theme in our approach. Relation to other work in the
domain is described. Finally, we give some information on
the real-life applications used for the validation of KEW.

2 The Knowledge Engineering Workbench

In this section, we describe several aspects of the workbench
that we are developing in the project.

2.1 The KEW Vision

As we said above, the goal of ACKnowledge is to construct
a workbench, that incorporates different knowledge ac-
quisition tools within a single integrated system. No new
knowledge acquisition tools will be developed within AC-
Knowledge. However, new implementations will be needed
to provide a coherent integration of techniques. Moreover,
the workbench will have an open architecture which will
leave room for the addition of new tools to the system.

The construction of such a workbench meant that the project
had to develop a conceptual framework adequate for charac-
terizing, in a systematic and principled way, the function of
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Figure 1 Basic knowledge acquisition cycle

various techniques and tools. The workbench must be able
to deal with a wide range of tools, input and output types,
and user interactions.

Ideally, the user obtains a certain type of information with
one tool and other kinds of information with other tools. Fur-
thermore, we wanted the information acquired by one tool
to be usable by other tools. This required research into the
maintenance of knowledge base coherence and methods to
effect transformations between various knowledge repre-
sentations. Part of this research is presented in section 3.

The knowledge engineer must consider the knowledge ac-
quisition process as an incremental process [2]. At each
iteration of the process, information acquired so far is eval-
uated. Based on the result of this evaluation, an appropriate
technique is selected and applied to obtain new information
from sources of domain knowledge such as human experts
and documents. This information is intended to refine and
enrich the current version of the integrated knowledge base.

Further decomposition of one iteration of the KA process
reveals the following basic operations:

« select: identify which part of the acquired knowledge to
evaluate.

« check: check the selected piece of knowledge in order to
find defects in quality®.

» problem identification: identify and select which of the
defects to pursue at the current stage of the KA process.

« technique selection: find the adequate KA technique for
fixing the problem.

» technique application: apply the KA technique to the
piece of knowledge selected in the first step.

 result assimilation: find out how results of the tech-
nique application can be assimilated into the entire ex-
isting knowledge.

Obviously from the above decomposition, the control of the
KA process is mostly cyclic as described in figurel.

2.2 Levels of KEW support in the KA process

We envisage workbench support to the KA process at four
different levels:

2By qualities we mean properties like completeness, correctness, compre-
hensibility, modularity, etc...

« The first level provides the knowledge engincer with a
support for his clerical activities. Editing examples for
KA tools, reporting on the current status of the KA process,
and all this kind of activities are gathered in this level.

» The second level concerns the execution of the various
KA tools included in KEW. Data inputs and presentation
of outputs of these techniques are also considered at this
level.

» The third level gathers the support functions that allow the
user to assimilate the results obtained with one particular
tool to other knowledge obtained previously. Section 3
explains this assimilation of knowledge in more details.

» The fourth level is the control part of KEW that will
provide the user with advice and guidance. For instance,
it will give information about what technique or sequence
of techniques is best adapted to the current phase of the
KA process.

Each of these levels enriches the preceding ones: If one
considers the environment including the functions of the first
level only, the knowledge engineer has basically a tool for
his project management. With the second level, tools become
available either for his interviews with the expert or for his
analysis of these interviews. By adding the third level, the
synergy among all the tools appears and a real integration of
the knowledge obtained from these various tools is possible.
Finally, the fourth level gives intelligence to the workbench.
The knowledge engineer is not in front of a range of tools
without really knowing which one to apply: instead, he
receives advice on what the possibilities are at this stage.

2.3 The KEW Architecture

The above analysis of the KA-process has been used as a
basis for the KEW system architecture, which is shown in
figure 2.

Central to the architecture is the Common Information
Repository (CIR) which stores all information needed dur-
ing the Knowledge Acquisition process: partial or inter-
mediate piece of knowledge, such as protocol transcript or
structured cases; project management documents; and the
Integrated Knowledge Base (IKB) which is the final and
complete knowledge base that the KA process aims to pro-
duce. Different Knowledge Acquisition tools (KA-tools)>
support the KEW user during his basic KA-tasks. One such
task yields a Tool Specific Knowledge Base (TSKB) whose
content is to be assimilated later on into the IKB using ap-
propriate Knowledge Assimilation (K-assimil) mechanisms.
“Tool Specific” means that the knowledge is represented us-
ing a language that is specific to the KA-tool. Knowledge
assimilation mechanisms will be detailed further in section
3. The reasoning component embodies an interpreter of the
IKB knowledge representation and allows the user to per-
form reasoning on the knowledge currently contained in the
IKB for testing or simulation purposes.

The User Interface (UI) allows the user to browse through
the CIR and access its constituents (via the CIR server), to

3 The list of the tools included in KEW is given in figure 4.



use the KA-tools (possibly under the control of the Advice
and Guidance module), and to reason on the knowledge
acquired so far.

An Advice & Guidance (A&G) module provides assistance
in decomposing the overall KA-process into KA-activities
and further on into basic KA tasks, in selecting the appropri-
ate KA-tool for the current KA task. This module includes a
planner component which instantiates the generic KA-cycle
presented in section 2.1 and which feeds an agenda contain-
ing remaining operations of the current KA-cycle plan, and
activatable operations ordered with respect to their relevance.
The agenda content is derived by using knowledge about the
KA process (KA activity breakdown, constraints due to do-
main/application characteristics), knowledge of generic mod-
els (models of problem solving methods, domain structures
and content,...), knowledge of the KA-tools themselves (func-
tionalities, input constraints...) and knowledge on the results
of KA activity (evaluative knowledge: consistency, cover-
age, generalization). This knowledge is stored in the Knowl-
edge Engineering Knowledge Base (KEKB). More details
about this component can be found in [3].

l:ljm-w s ]

Figure 2 KEW architecture

3 Knowledge Assimilation

Knowledge assimilation is a key issue addressed in the
project [4], [5].

As mentioned in section 2.3, the KA process generates a
collection of Tool Specific Knowledge Bases, resulting from
the different KA technique sessions. Due to the multiplic-
ity of KA techniques those TSKBs will have heterogencous
knowledge representation. In order to assimilate the contents
of those knowledge bases, we need functions which trans-
form expressions written in the technique specific knowledge
representation formalism into a common knowledge repre-
sentation formalism. This first transformation step produces
Temporary Knowledge Bases (Temp KB) that are images
of TSKB represented in the common formalism. Functions
are also required which integrate Temp KB into the central
Integrated Knowledge Base.
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The contribution of both knowledge transformation (K-
transf) and knowledge integration (K-integr) functions with
regard to the knowledge acquisition process is shown in
figure 3:

Figure 3 Role of knowledge assimilation mechanisms

The common information repository has been partitioned in
two areas:

« The non shaded arca contains heterogencous knowledge
bases that contain data used and produced by knowledge
acquisition tools.

« The shaded area is called Core Knowledge Base (CKB)
and contains knowledge bases expressed using the com-
mon knowledge representation language.

Transformation functions produce temporary knowledge
bases as part of the Core Knowledge Base, by transforming
the contents of tool specific knowledge bases into common
knowledge representation structures. Integration functions
then merge the different temporary knowledge bases into the
integrated knowledge base.

In the following sections we analyze the main issues involved
in knowledge transformation and knowledge integration.

3.1 Knowledge transformation

We have based our analysis of knowledge transformation on
the type of data used and produced by the KA tools that
are to be integrated within KEW. Figure 4 enumerates those
techniques and their corresponding data types.

The diversity of knowledge representations is quite strik-
ing. As one may guess, some knowledge transformation
are straightforward, due to the similarity (formally and func-
tionally) of the expressions. For example, entailment rules
produced by the repertory grid are easily transformed into
CKB production rules. Transformation mechanisms mainly
involve syntactic manipulation.

On the other hand, when knowledge representations are very
different from one another (mapping between entities defined
within the two representation formalisms is not trivial), ad-
ditional knowledge is required to bridge the semantic gap.
Usually, this implies user interaction.

More generally, we distinguish two aspects of knowledge
transformation: The syntactic aspect and the semantic aspect.

The syntactic aspect of knowledge transformation refers to
how terms and constructs from one language are transformed



KA Techniques Knowledge representations
protocol editor fragments of text
conceptual model
concep! editor hiearchies of concepts
laddered grid hierarchies of concepls
repertory grid cases
grids
ralings

entailment rules

similarity based learning tool struclured cases
frame hierarchies

classification rules

case based reasoning tool cases
attributes
relations

causal net

hierarchies of concepts
identifiers

case sorl tool

frames
production rules

core knowledge base editor

relations

Figure 4 Varous KA techniques and their specific knowled
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in the other language. At this level one is concerned mainly
with symbol manipulation. For languages based on the
same paradigms, knowledge transformation consists mainly
of syntactic transformation.

The semantic aspect of knowledge transformation refers to
what primitives from one representation means with regard
to the other representation. In a more practical view, se-
mantical aspect of the transformation concerns the way basic
primitives of the original representation scheme will be in-
terpreted by the target representation scheme. For example,
will a knowledge source be transformed into a set of rules
or into a procedure within the common knowledge represen-
tation language?

Purely syntactic transformation is automatic and does not
require the interaction of the user, whereas semantical con-
siderations often require user interaction to guide the trans-
formation.

Once a piece of knowledge resulting from a KA technique
session has been expressed in the common knowledge rep-
resentation language (via the appropriate knowledge trans-
formation application), it is ready for integration into the
integrated knowledge base.

3.2 Knowledge integration

We define knowledge integration as the operation of merging
two different pieces of knowledge to form a unique and
coherent knowledge base.

The main requirements for knowledge integration are that
the semantics of pieces of knowledge 1o be integrated be
preserved and that some quality criteria be fulfilled. This
requirement means that if two KA tools are to use the same
piece of knowledge (refer to an unique object in the real
world), it should have the same meaning within each tool
framework.
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Within KEW, we have tackled this requirement by designing
an algorithm for integration [4]. The algorithm involves four
steps:

« Ordering: Ordering the knowledge pieces into an inte-
gration order;

« Recognition: Identification of the knowledge in the initial
base relevant to the knowledge to be integrated;

« Elaboration: Modification of the new knowledge accord-
ing to expectations provided by relevant knowledge in the
KB;

« Adaptation: Modification of the knowledge base to ac-
commodate the elaborated information,

4 Relation to other work

The KBS development process can be looked at from three
viewpoints: activity-oriented, result-oriented and internal
view, These views enlighten particular aspects of the process
that must be considered for building a support tool [2].

The activity-oriented view is similar to the KBS life-cycle
view. The KBS development process appears as a set of ac-
tivities ordered in time. Examples of such activities are: task
analysis, static domain analysis, expertise modeling or larget
knowledge base construction. Activities give a macroscopic
view of the knowledge engineering process.

Activity support tools are dedicated to one or more activi-
ties. Expert system building tools such as KEE, ART (6] or
Knowledge-Craft [7] belong to this class of tools. Obviously,
all the tools supporting a KBS development methodology are
also activity support tools (e.g. KPT [8] and more recently
Shelley [9] both supporting the KADS methodology [10]).

KEW covers the activity-oriented view because it gives
global guidelines for structuring the KBS development
process. It provides the knowledge engineer with advice on
which activities are to be performed and in which order. It
also indicates which techniques are available for achieving
a particular activity.

The result-oriented view is concerned with the results to be
achieved during the development process. Lexicon, concep-
tual model or knowledge base are examples of such results.
In this view, we are mainly concern with the contents and
representation of these results. Indeed, the same result can
be represented in different ways. For instance, a knowledge
base may be represented with rules, classification trees or
logical expressions.

Model/result driven tools guide the user with models of the
results to be obtained in the KBS development. Teiresias
[11], Roget [12], Opal [13] or Mole [14] belong to this class
of tools. For instance, the model of rules to be obtained at
the implementation level is known in Teiresias.

In KEW, the result-oriented view is used as the basis for
representations that KEW has to maintain during the KA
process. In particular, KEW is equipped with models of
results that should be achieved during certain stages of the
KBS development.
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Figure § Classification of knowledge engineering support toals

The internal view is a microscopic view of the process in
the sense that it shows its internal structure. It highlights
the elementary tasks that compose the global process and
how they interact in order to achieve activities and results.
Examples of such tasks are vocabulary construction, concept
editing inference modeling.

Intelligent support tools use some knowledge about the
knowledge engineering internal process itself and are able
to perform parts of that process autonomously. Blip [15],
Agquinas [16] or PROTOS [17] belong to this category. For
instance, Blip provides support by using knowledge about
generalization and integration processes in KB construction.

From this internal view, the KA process can be split into ele-
mentary tasks that allow the identification of the appropriate
KEW components to be activated.

Figure 5 shows a summary of the mentioned tools classifica-
tion.The originality of KEW is that it is based on a synthesis
of the KA process views. This is a good ground for obtaining
a more complete and generic workbench.

5 Applications

In our project, we are testing and validating our KEW on
several applications. We have chosen real life applications
in order to make a valuable evaluation of our KEW.

5.1 Simple applications

We first investigated the area with several “simple" applica-
tions, in order to provide data for testing our first prototype.
This first prototype was a collection of KA tools running in
the same environment but without any integration (level 2
of section 2.2).

Different partners provided the consortium with such applica-
tions. We have worked on various domains such as analysis
of metal fracture, object recognition and the “Tomato Plant
Pathology domain™ [18].

The analysis of fracture damages in steel constructions is
used for instance in shipping where there is a wide range of
equipment prone to such failures.
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Due 1o its large set of cases, the application on recognition
of objects (viz cars/trucks etc.) in 2D images was especially
suitable for the machine learning component of the KEW.

The diversity of these applications gave us a clear idea of the
kind of data usually available to the Knowledge Engineer.

5.2 The telecommunication network failure application

The application that is being used throughout the project is
more complex. It deals with the Spanish Data Communica-
tions network [19]. The final KB system must assist the
operators in initiating corrective actions when network
anomalies occur. For making such decisions, the operators
usually use network diagnostic aids and tools.

The operators are in charge of ensuring good network effi-
ciency at all times. This problem is difficult because opera-
tional procedures are complicated and cases often arise which
are not completely described in the manuals. Furthermore,
modem telecommunications networks are increasing in com-
plexity. Effective maintenance thus requires assimilation of
vast amounts of operation and maintenance knowledge.

This application often guided the specifications of our final
KEW. For example, the list of tools to be incorporated in the
KEW was drawn up from this application requirements.

5.3 The Ship Bridge application

A new application is going to be implemented during the last
year of the project. The area we have selected is new within
classification of ship and deals with bridge design. The rules
for this classification are aimed at verifying the design of a
ship bridge in order to facilitate the shipmaster’s work and
thereby make the ship movements as safe as possible.

There exists only a handful of experts in the area of bridge
design, and they spend much of their time traveling around
the world, teaching local surveyors how to use the new rules.
This is both a tedious job for the experts and quite expensive
for the company. If a computer could do at least parts of
this job, it would be a major achievement.

The rules for bridge design are implemented as an electronic
rulebook. These rules can be used as a skeleton for adding
new knowledge, and/or be the object of improvement itself.
This application will thus be a very good testbed for the
behavior of KEW in the refinement phase.

6 Status of work and conclusion

Viewing KA as an incremental construction process based on
various elementary tasks and intermediate results allows us
to design a knowledge engineering workbench that actively
supports knowledge engineers.

KEW is much more than a simple tool box that allows the
execution of a collection of KA techniques. KEW provides
support for various integration mechanisms that allow an
effective combination of the tools: storage and representation
of acquired knowledge, translation and integration facilities
for partial results obtained with different tools, advice and
guidance for the selection of techniques taking into account



both applicability and purpose of KA techniques, as well as
advice for scheduling KA tasks.

From what we have already achieved, we believe that our
approach to the problem is viable and that the main func-
tionalities of the KEW can be implemented shortly.

Currently the project is at mid-course. Until now, we have
devoted most of our effort to the conceptual framework and to
the development of two prototypes written in Sun Common
Lisp [20). The first gathers some KA techniques without
integration of knowledge. The second has allowed us to test
some of the KA transformations that we intend to perform in
the final KEW. Simultaneously we have analyzed a large
range of existing KA techniques [21]. The difficult part
of our project remains the “Advice and Guidance module”.
Most of the knowledge needed on the applicability or efficacy
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