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ABSTRACT

Expert systems can potentially be used to reduce the cost of bulilding and maintaining
As expert system technclogy has grown, several tools have become available
The tools are hosted on low-cost work stations or personal

training systems.
for building expert systems.

computers - and provide varying degrees of sophistication for user interface and knowledge

representation.

Before, wWe can rush out and mass~produce useful expert systems, factors that impact the

development of expert systems must be Iinvestigated.

Some of ‘these faéteors include

determining the steps involved in the Xknowledge engineering process, the qualification”
criteria for knowledge engineers, performance  and limitations of -tools available for
developing the knowledge-based systems, and development of strategies for integrating the

expert systems in the engineering or product environment.

numerous.

These issues ars nontrivial-and

This paper begins to attack the problem by presenting experience gained and. lessons-—
learned from a project that involved building an expert system. - The objective of the project
‘was $0 focus on issues relating to the knowledge engineering process, especially thap of

knowledge retrieval.

Therefore, the expert system was developed to solve a relatively simple’

problem - determine the cause of the malfunction of a modem system.

INTRODUCTION
This paper presents the results of an
Artificial . Intelligence/Expert System (AI/ES)

project. Several aspects of this project are
discussed. First, the project was intended to
investigate issues involved in the use of AI/ES
technology and investigate its applicability to
reduce overall training system -life-cycle cost.
The factors that impact this cost are reasonably
well Kknown. The unknown guantity is the emerging

technology of artificial intelligence and expert.

systems. To injeect the required technical
expertise for this project, Buriek decided to draw
on additional resources available externally.

The State of Cklahcma, in seeking to diversify
its economy .from. dependency .on mainly oil and
agriculture, has elected to invest in applied
research activities relating to this technology.
The initial  investments will be in the form of

granta made available to support Oklahoma's high_

technology industry.

This state-leval involvement has triggered
technical activities that . contributed %to this
project. The first such activity is in the form
of pesources and support provided by the

University of Tulsa's Mathematics and Computer

Science Depariment.
of Oklahoma,
sponsered a six-month program called Base of
Expert System Technology (BEST) of Oklahoma, which
included training, development of an application,
and exchange of information and experience betwegen
participants. Burtek is a participant in the BEST
program, With a project entitled: *Technology
Insertion feor Maintenance and Support of
Simulators.™

In addition, the University

usimg S8tate and Industry funds,
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GOALS OF THE PROJECT

The goals of the project were first tc obtain
a better understanding of expert system technclogy
and how it c¢an be used for reducing -the cost of
building and maintaining training systems. As
with any emerging technology, there has been
tremendous exaggeration of the benefits of AI/ES,
which has resulted in a great deal of management

skepticism and user disappointment.

In addition, information of substance is
difficult to- obtain  because of sensitivity
concerning specific applications, exacerbated by
the lack of sueh information. Therefore, another:
goal of the project was to build a "demonstrable
produet.”

EXPERT SYSTEM TECHNOLOGY

Expert system technology has become more
raffordable." Expert system shells available for
PCa and workstations provide varying degrees of
sophistication in the areas of user interface,
knoWwledge representation, "reasoning" implementa-
tion, and interfaces to languages such as "C» and
LISP. They are usable zand flexible, and we are
encouraged to consider them as "nonprogramming”
tools, i.e., more as data base management tools.
As a technology ‘however, they vrovide- the
capability to build knowledge-based tools.

Once it has been determined just what is the
kriowledge~base, then there are several issues
concerning expert - system technelogy that must be
addressed.



) What is the usefulness of knhowledge-based
technology?

] What are the gost issues?

- Engineering
~ - Training

. How can the technology be inserted into -

an engineering or support activity?

[ why and where should the technolegy be

used?
[ ] Are there qualified personnel available? |
L] What are the training issues?

. Are experts willing to help?

This paper is not intended to answer all of
these questions but to provide information. that
would spur additional studjes to be performed.

FROBLEM SELECTION

In selecting a problem for implementation,
consideration was. given to several reguirements:

. It was understood that the knowledge
engineering progess in . Expert System
development was most important,

] The project must demonstrate the
usefulness of expert system shells.

. The product must demonstrate the
application of the technology.

® The product  must be usable and

acceptable.

To meet these requirements,” the following
criteria were establighed:

s The problem must be of reduced complex—
ity. Problem: how to define or measure
complexity? Rules? Lines of Code?

L] It wWas essential to focus on knowledge
engineering issues. This meant that a
development plan had to be established
that allowed sufficient consideration of
knowledge engineering techniques.

* It was essential | to
environment for success.

provide an

] We should not be constrained by
implementation tool shortcomings.

. We needed "friendly" domain experts.

Several problems were conaidered. Some of
these were:

. Computer selection process (for training
systems)

] Software/hardware. troubleshooting
problems

The process of selecting  computers for
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training system procurements typlcally involves a
number of experts. Since a‘gbal of this project

was to develop - a =sucecessful “product," thia
project was congidered too complex to implement in
a short period of time, A decisjon was made to
simplify the: problem amd target a single subject
matter expert. Another decision was to select a
problem that could be easily demonstrated. The

- result was to select a recent, accessible, and

wall-known
problem.

hardware diagnostice/troubleshooting

Baploying the above criteria,  the following
problem was defined: Capiure the expertise of an
individual who troubleshoots modem problems. The
expert system would be used for determining the
cause of modem—use problems.

At this peint, it must be noted in retrospect,
no consideration was given to the "user" of the
system. We understood the problem to be more a
knowledge capturing and representation exerecise.
As we shall see later, the Musepr™ is very much a
part of the knowledge engineering process.

An .~ additional consideration was the
constitution of the development team. Typiecally,
a team would consist of a subjeet matter expert
and a knowledge engineer. -

Unfortunately, some pecple who call themselves
tknowledge engineera™ are no more than people with
same working knowledge of expert system tools. In
addition, certain vendors of expert system shells
make ¢laims that the tool is sufficiently user-
friendly to ailow the domain expert to be the
knowledge engineer.

43 will be shown . later, 'an understanding of
reagsoning paradigms and knowledge representation
is important. But equally important is the
understanding of the process necessary to engineer
the knowledge-based product.

A& very real problem iz the lack of good
knowledge engineering. training, and the lack of
relevant information in papers and articles.

THE DEVELOPMENT ENVIRONMENT

' The “Intelligence/Compilerm is an Expert
System development enviromment and knowledge
compiler vwhich allows one to: : : - -

[ Develop knowledge~bases using an
intelligent editor

. & Combine several knowledge representation
methods . ’
° Compile knowledge for execution

The complier is installed on an IBM PC and

. The combination of several programming
methods and paradigms within 2 single
enviromment.

. The interleaving of Argificial

Intelligence and conventional programs.



Intelligence/Compiler provides a
framework for representing knowledge with multiple
paradigms, such as rules, frames, or 1ldgiec, and
implements -a -compilation mechanism. which allows
all of these paradigms to be freely mixed, com-
piled, and executed. Intelligence/Compiler also
provides -an intelligent editing and development
environment which manages knowledge structures and
their interrelationships,

Infelligence/Compiler provides facilities for:
] Rule—-Based Programming: in  which

knowledge: 1s represented as a set of
if-then “rules’ with logical premises and

coneclusions. Intelligence/Compiler
supports . forward chaining, backward
chaining, and - inexact reasoning rules

which may be freely combined.

L] Frame-Baged Programming: which relies on
structured knowledge for capturing
regularliy oceurring . circumstances, Each
frame includes a number of 3slots with
inheritance, predicate attachments, and
active values.

[ Logic-Based Programming: which deals
with logieal predicates and assertions.
Intelligence/Compiler includes a logieal
knowledge = representation system - whieh
combines forward and backward chaining
inference with backtracking and cuts.

L] Procedural Programming: in which
- Intelligence/Compiler provides interfaces
to ®CM  programs, Any predicate in
"Intelligence/Compiler® may involve a
call to a conventional "C" fuaction and

may pass or receive values from “C.7

DEVELOPMENT PROCESS

Several references (1, 2, 3) were reviewed to
obtain information that could be used to establish
a development plan, For the purpose of this
project, four phases of activities were planned.

] Problem Definition Phase
[ Knowledge Acquisition Phase
[} Knowledge Extraction and Prototyping
. Knowledge Base Refinements and
Implementation
Problem Derinition Phase
During this phase, time was spent under-

standing the problem being solved and establishing
a project plan. The steps of this phase incluce
identifying the speeific task to. be implemented,
specifying functions to be performed, and deter-
mining the knowledge-base requirements. The
problems - encountered during this phase stemmed
from insufficient experience with bpoth the
knowledge engineering process and the application
of expert system technology. Consideration of
where best to apply the technology and how to
demonstrate the potential Dbenefits served to
confuse the isaues. Considerable progress was
made when a decision was made to select any
"small" problem situation and develop an expert
system for that problem.
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Knowledge Acquisition

‘reqiired for

This - ﬁhase of the project “involved
interviewing the domain expert, recording the
interview, and generation of a transcript.

Dne of the
determining the

problems encountered  was
length of time for the

interview. Huge volumes of transcript material
can  be produced faor lengthy periocds of
disecussions. This :would pose an information
management problem and in addition, having

produced the material, it has to. be read and
analyzed, It was established that in an interview
session, as time progressed, less but useful
"information" is generated. In terms of returns,
i.e., rules extracted per hour,  wmore effort is
production of rules as more
information is .analyzed, This phase of the
project really is one of getfing to know the
problem better. There is, some cutoff point uhere
"epough™ is known about the problem. Alternative

methods of knowledge acquisition involve observing -

the expert at work {4}.

Knowledge Extraction and Prototyping

During this phase of the
interview transeript was analyzed to obtain facts
and rules. The domain expert was. consulted to
verify faects and obtain new ‘information. - The
facts and rules were converted into knowledge
representations (5, 6). An expert system solution
was structured by means of prototyping. This and
subsequent phases of the projeet were influenced
by results of prototypes that were developed.
This influence was mainly as "a result of
considering how fthe Puser™ - interfaces with the
expert system product.

¥nowledge—-Base Refinement and Implementation

As a result of initial prototyping, further
analysis and discussions were held with the
subject matter expert-that led to a refinement of
the knowledge-base extracted from the interview
transeript. A better understanding of the problem
was obtained which Involved targeting the product
for the user. The user was found to be a shifting

.target. Additional “prototypes® were developed
before a final "demonstrable® product was
praoduced.

PROTOTYPES
There were  three major expert system

prototypea for the problem. As each was produced
and tested,  information was generated that led to
reconsideration of knowledge engineering issues.

The Kknowledge acquisjition phase wresults in
identification of the following:

Facts about the problem
QOperational knowledge
Prepesitional knowledge
Inexact or fuzzy knowledge

The difference between operational knowledge
and propositional knowledge <can be seen by

-econsidering the following:

project, the



. To determine if the modem power cable is
connected to the power supply, one must
check that the power cable is connected
to the power supply. This is operatioral
knowledge.

. To know that it can be determined that
the power cable is connected by simply
examining the power cable and observing

that it is connected, is propositional
knowledge.
The intent of this project has been teo

understand the knowledge-base technology. There~
fore, one must understand knowledge and how {and
whether) it can be used successfully.

From this projeect, wmuch is revealed by
ohserving the perrormance of the prototypes.  The
following is a discussion of general Impressions
of the performance of prototypes developed at
various phases of the project.

The First Prototype

For the first prototype, a2 number of rules
were implemented., In expert systems of this type,
there is a need to interface with the user. The
initial concept of the user interface was one that
asked the user about facts concerning the problem.
The degree of user interaction was not scoped.

The product appeared to gain all its
tnowledge" from the user. Much of the burden for
determining faects was placed on the user. The

knowledge-base content of the product was almost
nil. There were rules programmed, but the system
"knew' very little. This led to the (harsh)
question - where is the knowledge?

Additionally, the solution was vary
procedural. It was obgerved that this was the
case hegause the construction of the solution was
influenced by our procedural mind-set  (developed
for typical computational problem solving).

The Second Prototype

More “facts" or knowledge were installed into
the solution. However, there was g8till a heavy
reliance on the user to interpret information.
Again, the system knew little. This resuited in a
new perspective on Yknowing® and the need for some
sort of measure of knowledge content. It was felt
that some structure was required to interface the
user with the expertise. The sclution was still
very procedural.

"The Third Prototype

It was determined that the use of objects and

frame representations allowed the development of a
better structured = solution. The development
approach iInvolved identifieation of knowledge
peints or levels that .allowed a network to be
deveioped. This approach reduced the burden on
the user and allowed -“greater insertion of
knowledge into the system. This approach also
wreleased" us from our procedural mind-set.

LESSONS LEARNED

The following is a discussion of issues "a.v}z_i’_ i

lessons learned during the project.

The Tool . .- _ P

The tool was reasonably good for the project,
but the documentation was very poors  Once wé
understeod how the framing and Iinheritance struc-
fure worked, they were simple to use. There is a
great. deal to be said for simplicity in expert
gystem development. The editing facility was

poar. Very often there was a requirement to
reproduce structures which were not easily
accommodated,

Knowledge Engineering

More published work is required in the area cof
knowledge acquisition and extraction, specifically
in the identificaticn or knowledge = and
representation of knowledge. -

The wuser interface design is part of the
knowledge engineering problem. The knowledge of
the domain expert does not represent a solution.
A good domain expert 'is tLypleally Kknowledgeable
about other matiers. . The end user of the prcduct,

typically, has a different Rnowledge set. For
knowledge engineering appiications, there is a
need £o: ’
) Scope the domain experts knowledge, i.e.,
obtain the pertinent knowledge set of ‘he ~
source.
. Establish the target . (user) Kknowledge
set.
@  Engineer an interface or - structiure
between the source and target knowledge
sets.

) An understanding and development of knowledge
engineering and AI techniques 1s required for’
repgresentation of  .propositional {facts
knowledge), the use of propositions to obtain new

information ({ruiles/reascningl, and the use of
object-oriented representations (facts/objects).
A typical software engineering -

B séructur‘e/pr‘ocess is not applicable for initial
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Training of Developers

development of the expert system until -basiec
procedures and techniques are well~understood._

Problem Application

Development of an expert system requires a
good understanding about the application. The
technology i1s best applied in well-known, specirie
problem situations. If the problem area is not
well understood, then more time will be spent
learning about the applicatdon area. This should
be undertaken as a separate project. T

Training packages tend to focus on the expert

syatem building tools. Our experience has led us

to econclude that training. must also incorporate

basic AI and knowledge engineering techniques. .

":‘7701’“ —



CONCLUSION
This project was designed to provide
information relating to the application of

knowledge~based technology for training systems.
Several lessons have beeh learned as -z result of
this application. The focus has been on obtaining
a better understanding of ‘the activities that must
be performed during the knowledge engineering
proceas. The technolegy is advancing, especially
in the area of tools and techniques. More tools
with enhancements to user interfaces are being
produced. Representation techniques such as
neural networks are state-of-the-art. The results
of this project are applicable to projects that
wili evaluate these new and upceming technologies.
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