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Abstract

This article discusses the selection of the domain for a
knowledge-based expert system for a corporate application
The selection of the domain is a critical task in an expert sys-
tem development At the start of a project looking into the
development of an expert system, the knowledge engineering
project team must investigate one or several possible expert
system domains They must decide whether the selected appli-
cation(s) are best suited to solution by present expert system
technology, or if there might be a better way (or, possibly, no
way) to attack the problems. If there arc several possibilitics,
the tcam must also rank the potential applications and select
the best available To evaluate the potential of possible ap-
plication domains, it has proved very useful to have a set of
desired attributes for a good expert system domain. This ar-
ticle presents such a set of attributes The attribute set was
developed as part of a major expert system development project
at GTE Laboratories. It was used recurrently {and modified
and expanded continually) throughout an extensive application
domain evaluation and selection process

This article discusses the sclection of the domain for a
knowledge-based expert system. In particular, it focuses
ou selecting an expert system domain for a corporate ap-
plication. The choosing of the domain is a critical task in
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the development of an expert system, and thus a signifi-
cant amount of effort should go into the selection process.

Background

Interest in artificial intelligence by the corporate business
community has been growing dramatically in the last few
years, and many corporations have set up Al groups or
are in the process of doing so. One of the prime arcas of
corporate interest is expert systems. Though the number
of expert systems actually functioning in a corporate en-
vironment, is still relatively small, the number of projects
looking into expert system development is growing rapidly.

The knowledge engineering project team working on
an expert systein development must investigate possible
application domains. In some cases there is a very specific
application, chosen by management, for which an expert
system is to be developed. In this situation, it is likely that
those who selected the application area had little techni-
cal knowledge of artificial intelligence or expert systems.
Thus, the project team must decide whether the selected
application is one that is best suited to solution by present
expert system technology, or if there might be a better way
(or, possibly, no way) to attack the problem.

In other cases, the project team is asked to select one
of several corporate problemns or to survey corporate con-
cerns to find a good application of expert system technol-
ogy. Here, the project team must not only decide if an
application is suited to present expert system technology,
but must also rank potential domains and select the best
available application.

To evaluate the potential of a possible application, it
has proven very useful to have a set of the attributes de-
sired in a good expert system domain This article pro-
vides such a set of attributes. The set includes technical



attributes as well as attributes related to non-technical
corporate issucs

An Application Domain Evaluation Process

The set of desired expert systemn domain attributes was
developed as part of a major expert system development
project at GTE Laboratories. It was used recurrently (and
modified and expanded continually) throughout an exten-
sive application domain evaluation and selcetion process.
Over 50 corporate managers and “experts” were inter-
viewed, and over 30 extremely diverse possible expert sys-
tem applications arcas were considered, at least briefly.
This list was narrowed to eight major possibilities, and
these were further analyzed and ranked Two primary
candidate arcas were studied in great detail. Finally, one
application area was chosen, and our system development
was begun.

At each stage of the selection process, the set of at-
tributes proved very useful. In initial interviews, a dis-
cussion of the attributes was an excellent way to give our
interviewees, who usually knew nothing about artificial in-
telligence or expert systems, some quick idea of the sort
of application area for which we were looking As each
potential application surfaced, a brief check through the
desired attribute list enabled us to identify possible prob-
lems related to the candidate arca, and then to focus our
further questions When the set of major possibilities was
determined, we were easily able to highlight the good and
bad points of cach potential application Finally, when
the actual application area was decided upon, we used the
attribute list to justify the decision. One further point: at
each step, the list proved very useful to justify the drop-
ping of politically favored candidate arcas.

Desired Properties of the Domain

This section presents a set of desired attributes for the
domain of an expert system for a corporate application.
Though many of these attributes are applicable to all ex-
pert systems, there are some that are specific to the devel-
opment of an expert system in a corporate environment.
These involve, for example, the likelihood of corporate ac-
ceptance of a system, the support for the system develop-
ment by corporate management, etc. There arc probably
analogous poiuts that apply to an academic or other envi-
ronment, but these are not addressed here.

The attribute set was developed from the perspective
of providing a real working expert system to solve a cor-
porate problem, using state of the art expert system tech-
niques The discovery of new or better mnethods for expert
system development was not an objective—in fact, a do-
main that requires a major breakthough in expert system
methodology is probably not a good domain to choose if
the goal is to maximize the likelihood of success Yet, any
project that is the first to attack a particular domain is

likely to find some unique properties of the domain that
inay require new approaches.

There may be a degree of commionality among some of
the attributes listed in this section. However, to encourage
consideration of the different aspects of domain selection,
these commonalities were not eliminated.

Very few of these desired attributes are absolute, and
it is unlikely that any domain will mcet all of them com-
pletely. Furthermore, in each different situation the weight-
ing of the factors will be different, and additional factors
may apply. This set does provide, however, a fairly exten-
sive list of aspects to consider in domain selection.

Basic Requirements

o The domain 1s characterized by the use of expert knowl-
edge, judgment, and experience. The goal of the project is
to extract a portion of an expert’s knowledge, judgment
and experience, and put it in a program

e Conventional programmang (algorithmac) approaches to
the task are not satisfactory. If a conventional approach
will work well, there is usually less technical risk to using
it rather than an expert system approach. Note, however,
that expert system methodology may offer some additional
advantages over conventional techniques, such as the ex-
pected ease of updating and maintaining a knowledge base
and the ability to explain results.

e There are recognized experts that solve the problem today.
If an area is too new or too quickly changing, there may
be no real experts. However, these are otten the arcas that
are suggested for expert system developiments.

o The experts are probably better than amateurs i per-
forming the task. Thus, the task does require expertise.

o Expertise 1s not or will not be available on a reliable
and continuing basis, i ¢, there 1s a need to “capture” the
expertise. Thus, there is a need for the expert system
For example: (1) expertise is scarce, (2) expertise is ex-
pensive, (3) there is a strong dependence on overworked
experls, and/or (4) expertise is available today, but will
be unavailable, or less available, in the future.

o The completed system 1s expected to have a significant
payoff for the corporation.

e Among possible application domains, the domain selected
15 that one that best meets overall project goals regarding
progect payoff versus risk of farlure For example, a consci-
vative approach would be to attempt to develop a systein
that would meet some criterion for minimum payoff if sue-
cessful, and that seems to offer the best chance of success.

Type of Problem

o The task primarily requires symbolic reasoning. For a
task that primarily involves nunerical computation, con-
sideration should also be given to other programming ap-
proaches

o The task requires the use of heuristics, c.g., rules of
thumb, strategies, ete. It may require consideration of an
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extremely large number of possibilities or it may require
decisions to be based upon incomplete or uncertawn infor-
mation. A strength of expert systems is their ability to
handle heuristies. Problems with very large numnbers of
possibilities or with incomplete or uncertain information
are difficult to attack by conventional approaches, but may
be amenable to expert system methodologies

o The task does not require knowledge from a very large
number of areas 1If it did, the amount of knowledge needed
for the expert system would probably be beyond accept-
able limits Also, there are difficulties in combining very
heterogeneous knowledge.

o The system development has as 1ts goal either to develop
a system for actual use or to make major advances in the
state of the art of expert system technology, but does not
attempt to achieve both of these goals simultaneously. Do-
ing both simultaneously is laudable, but more difficult

o The task 15 defined very clearly: At the project outset,
there should be a precise definition of the wnputs and out-
puts of the system to be developed This is a good attribute
of any task. However, it is not necessary that the task def-
inition be fixed for all time As the systein evolves and as
situations change, it should be possible to change the task
definition accordingly.

The Expert

o There exists an expert Lo work with the project. This is
the source of expertise

o The expert’s knowledge and reputation must be such that
if the expert system 1s able to capture a portion of the ex-
pert’s expertise, the system’s output will have credibility
and authority Otherwise, the system may not be used.
(This may not be necessary in a domain where an accepted
test for “goodness” of result exists.)

o The expert has built up expertise over a long period of
task performance. Thus, the expert has had the anount
of experience necessary to be able to develop the insights
into the area that result in heuristics.

o The expert will commut a substantial amount of time to
the development of the system. This is often a problem.
The best experts, in the most important corporate areas,
arc usually the ones that can be least spared from their
usual position

o The expert 1s capable of communicating his knowledge,
qudgment, and experience, and the methods used to apply
them to the particular task. Tt is important to find an ex-
pert that has not only the expertise, but also the ability
to impart it to the project team, whose members probably
know little or nothing about the subject arca. The expert
should be able to introspect to analyze his reasoning pro-
cess, and then should be able to describe the reasoning
process clearly to the project team, and to discuss it with
them.

o The expert 1s cooperative The expert should be eager to
work on the project or, at worst, nonantagonistic.
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o The expert should be easy to work with. The project tecam
and the expert will be spending a lot of time together

e The expertise for the system, at least that pertaiming to
one particular sub-domain, s to be obtained primarily from
one expert This avoids the problem of dealing with mul-
tiple experts whose conclusions or problem-solving tech-
niques do not agree. However, there may be some advan-
tages to using multiple experts—e.¢., strength of authority
and breadth of expertise in sub-domains.

o If multiple experts contribute in a particular sub-
domain, one of them should be the primary expert with
final authority. This allows all the expertise to be filtered
through a single person’s reasoning process. (Note that
some techniques have been developed, in disciplines such
as economic modeling and technological forecasting, to al-
low combining inputs from multiple experts.)

Problem Bounds

o The task 15 neither too easy (taking a human expert less
than a few minutes) nor too difficult (requiring more than
a few hours for an expert). If the task is too casy, the
development of the system may not warrant the effort;
if too difficult, the amount of knowledge needed may be
beyond the state of the art in knowledge base size.

o The amount of knowledge required by the task 1s large
enough to make the knowledge base developed interesting
If it is too small, the task may be more amenable to an-
other approach e.g, a decision tree.

o The task 1s sufficiently narrow and self-contained: the
am 18 nol for a system that is expert in an entire domain,
but for a system that is an expert wn a limited task within
the domamn. This more tightly bounds the task, which
should help keep the size of the knowledge base bounded.
e The number of important concepts (e.g., rules) required
15 bounded to several hundreds. This is a reasonable size
for an expert system, though the number can go into the
thousands.

Domain Area Personnel

e Personnel in the domain area are realistic, understanding
the potential of an expert system for thewr domain, but also
realizing that thus far few expert systems have resulted wn
actual production programs with major ndustrial payoff
The system recipients should not be overly optimistic nor
overly pessimistic. The project team may have to educate
them to understand what are reasonable expectations.

o Domawn area personnel understand that even a successful
system will hikely be limited in scope and, like a human
expert, may not produce optimal or correct results 100% of
the time. The expert system will probably be no better
than a limited version of the expert this must be enough.
o There 18 strong managerial support from the domain
area, especially regarding the large commitment of time by
the ezpert(s), and their possible travel or temporary reloca-
tron, 1f required. This should all be agreed upon up front.



o The specific task withan the domain 1s jointly agreed upon
by the system developers and the domain area personnel.
This helps cnsure that the system, if successful, will be
useful and will be used.

e Managers in the domain area have previously identified
the need to solve the problem which the system attacks.
This is strong evidence that the system is needed and
makes managerial support more likely.

o The project 1s strongly supported by a senior manager,
for protection and follow-up.

o Potential users would welcome the completed system. 1f
not, will the system ever be used? The project team should
consider how to make the systemn unthreatening to the
users and welcomed by them.

o The system can be introduced with minamal disturbance of
the current practice. This will make the users’ acceptance
of the system more likely

e The user group 18 cooperative and patient.

o The introduction of the system will not be politically sen-
sitwe or controversial. 1f not, the potential resulting prob-
lems should be considered in advance One typical prob-
lem: The control or use of the system goes across existing
organizational boundaries.

o The knowledge contained by the system wrll not be polit-
scally sensitive or controversial TFor example, there may
be certain practices, embodied in heuristics, which may
prove embarrassing if written down, such as how certain
customers are treated relative to other customers.

o The system’s results will not be politically sensitive or
controversial. If there will be corporate parties who will
challenge the system if its results do not favor them po-
litically (e.g., on appropriation of funds), then it will be
inuch harder to gain system acceptance

Other Desirable Features

e The system can be phased into use gracefully. Some per-
centage of incomplete coverage can be toleraled (at least
wtrally), and the determination of whether o sub-problem
15 covered by the present system s not difficult. If the sys-
tem does not have to do everything in order to do some-
thing, it can be put in place much sooner. The more dif-
ficult problems can be solved later, if at all.

e The task 1s decomposable, allownng relatively rapid pro-
totyping for a closed small subset of the complete task, and
then slow expansion to the complete task This makes de-
velopment much easier.

e The task is not all-or-nothing: Some percentage of in-
correct or nonopturnal results can be tolerated. The more
toleration for incorrect results, the faster the system can
be deployed and the easier it will be to win system ac-
ceptance. For example, in a domain where even the best
experts are often wrong, system users will not be as upset
by an incorrect result from the systemn

e The skill required by the task 1s taught to novices. Thus,
the task is not “unteachable,” aud there is sone experience

with teaching the domain knowledge to ncophytes, such as
the project team (and, ultimately, the system). Turther-
more, this usually means that there is an organization to
the knowledge that can prove useful (at least initially) in
building the system.

o There are books or other written materials discussing
the domain. If this is true, then an expert has already ex-
tracted and organized some of the domain expertise. As in
the previous point, this organized kunowledge might prove
useful (at least initially) in building the system. Note,
however, that one benefit of capturing an expert’s domain
knowledge might be to make a step toward formalizing
a domain that has not been treated in a formal manner
before

o The task’s payoff 1s measurable. If not, it is harder to
demonstrate success to skeptics

o Fzperts would agree on whether the system’s results are
good (correct) Ifnot, the system’s results are open to chal-
lenge, even if the system accurately embodies the expert’s
knowledge.

o Test cases are avarlable This makes development much
easier.

e The need for the task 1s projected to continue for several
years. The need must exist enough beyond the period of
system development to generate the payoff.

e The domain 18 fairly stable. Ezpected changes are such
that they utilize the strengths of expert systems (e g , ease
of updating or remsing specific rules in a knowledge base),
but will not require magor changes i reasoning processes
An unstable domain may yield a situation where a large
number of previously developed knowledge structures (e.g.,
rules) are no longer valid but cannot easily be changed
without redoing the entire development process.

o The effects of corporate developments that unll signaf-
weantly change the defimition of the task can be foreseen
and taken wnto account

e No alternative solution to the problem 1s being pursued or
15 expected to be pursued. However, if a project goal is to
compare expert system technology to other technologies,
this may be just what is desired

e The project 18 not on the critical path for any other de-
velopment, and has no absolute milestones for completion
The use of expert system technology for real corporate ap-
plications is still relatively new, and so any development
has some risk. Thus, the less dependent other activities
are, the better.

e At the outset of the project, the expert 15 able to specify
many of the wmportant concepts. This gives good promise
of project success.

e The task 1s ssmilar to that of a successful emisting expert
system. This also makes success more likely.

o Any requirement for real-time response unll not wwolve
extenswe effort. Though it is certainly possible to develop
a system for a problem with a real-time requirement, the
considerations involved divert effort from the primary task:
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knowledge acquisition.

o The user interface will not require extenswe effort. As
with a real-time requirement, if the work required is ex-
cessive, it could divert effort from knowledge acquisition.
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