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SUMMARY

Expert systems represent a new approach to solving problems with
computers, using programs that explicitly embody human knowledge
and expertise from a given problem domain. The expert system para-
digm emphasizes the rapid generation of prototype systems whose
behavior can be understood and refined by domain experts. Because
the expert system approach differs from traditional software engineer-
ing, it has spawned a new class of tools that can provide considerable
leverage in building expert systems. One of the first steps an expert
system developer usually takes is therefore to survey the available tools
and decide which, if any, is most appropriate to the task at hand.
However, this evaluation is a complex task; its cost and the attendant
risk of performing it ineffectively motivate the development of a
rational, reliable strategy for evaluating expert system tools. This
report develops a framework of criteria for performing such evalua-
tions, along with a methodology for tailoring and applying this frame-
work to given projects and problems.

Our evaluation framework consists of five dimensions:

* Application characteristics
* Tool capabilities
* Metrics
9 Assessment techniques
a Contexts

The application characteristics describe the problem and the project
to be undertaken. Problem characteristics include the nature of the
problem domain, the chosen problem within that domain, the available
sources of expertise, and the nature of the target environment for the
proposed system. Project characteristics include the scope of the proj-
ect, the development environment in which it will be undertaken, and
the nature of the proposed development team.

Tool capabilities are the capabilities the tools support. We focus on
the capabilities rather than the features of the tools, because capabili-
ties provide a more stable basis for evaluation. It must be noted, how-
ever, that even capabilities are volatile, due to the rapid evolution of
expert system technology.

Metrics are quantitative and qualitative measures of merit for expert
system tools. We describe six aggregated metrics: cost, flexibility,
extensibility, clarity, efficiency, and vendor support.
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Assessment techniques are specific ways of applying metrics to tools.
We identify a number of candidate techniques, including direct com-
parisons, benchmarks, interviews, questionnaires, personal advice,
libraries of case studies and development efforts, and knowledge-based
systems to help evaluate tools.

Contexts describe the ways in which the evaluation criteria depend
on the development phases targeted by a project, i.e., whether a tool
will be used for conceptualizing, prototyping, developing, delivering, or
maintaining an expert system.

Users of expert system building tools generally agree that the tools
are of significant value and that they provide a great advantage over
building expert systems directly in a programming language (such as
LISP). Most users feel that current tools are well-designed, reasonably
supported, and sufficiently powerful to justify their cost. The most fre-
quently cited shortcomings of tools are lack of speed, lack of explicit
control over inferencing capabilities, and the tendency of vendors to
release new versions that have not been rigorously debugged.

Building an expert system is essentially a software engineering
endeavor. This is reflected in the importance of integrability, reliabil-
ity, and modifiability in the design of expert sysems. The expert sys-
tem paradigm is having a salutary effect on software engineering by
emphasizing the importance of the expli, it, declarative representation
of knowledge, as opposed to an impl;ilt, procedural approach, and by
advocating a development strateg based on iterative prototyping and
refinement, as opposed to seo'ential specification, design, and imple-
mentation.
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II. EXPERT SYSTEMS AND EXPERT SYSTEM
TOOLS

This section provides background on Al, expert systems, expert sys-
tem tools, and the role of such tools in the development of expert sys-
tems.

A NOTE ON TERMINOLOGY

The problem of terminological ambiguity, common in computer sci-
ence in general, is especially serious in the area of expert systems. For
this report, we have adopted a consistent nomenclature, and we indi-
cate desired meanings and connotations where necessary. For example,
the term expert system means a system built using a knowledge-based
approach to software development that applies expert knowledge to
solve difficult real-world problems, as shown in Fig. 2 (Waterman,
1986a). To be strictly accurate, we should call the tools for building
such systems knowledge-based system building tools. However, we use
expert system and knowledge-based system interchangeably to refer to
the general class of systems applying knowledge-based techniques.

For simplicity, we use tool (or, equivalently, expert system tool) to
mean any piece of software intended to help design, build, deliver, or
maintain an expert system.' A tool comprises not only a specific
software environment but all aspects of the software entity and its use,
including training, documentation, ease of use, vendor support, and
cost.

The development environment is the environment in which a tool is
used to design and implement an expert system. The expert system
developed with a tool and delivered to its end-users is referred to as the
target (expert) system, and the environment in which it runs is referred
to as the target or deliver environment.

The term developer is itself ambiguous in the context of this report,
since it can refer to either the developer of a tool or the user of a tool
who is the developer of a target system. We therefore qualify it when-
ever ambiguity might arise. We use the term vendor to mean a com-
mercial developer/vendor of an expert system tool.

'These tools are sometimes referred to in the literature as "expert system shells." but
we do not use that term here.
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properties of units are called slots, and properties of slots are called
facets. In S.1, on the other hand, frames are called classes, properties
of classes are called attributes, and properties of attributes are called
slots. Similarly, a rule in ROSIE is not the same as a rule in ART,
and both of these are different from a rule in RuleMaster T'". An illus-
trative rule from each system is shown in Fig. 5 (see Fain et al. (1981),
Clavton (1986), and Radian (1986a) for details). Even at this very
basic level, the problem of ambiguous terminology is acute. The pres-
ence of a particular term in a tool's documentation does not necessarily
imply that the tool supports the representational paradigm normally
denoted by that term.

EXPERT SYSTEM TOOL EVALUATION

In contrast to other evaluation studies, we adopt a very encompass-
ing view of an expert system tool. That is, we use the term tool to
apply both to the specific software environment and more generally to
all aspects of the software entity and its use. Tool characteristics
include training, documentation, ease of use, vendor support, and cost.
This broad viewpoint is necessary to evaluate tools in a meaningful
context; for example, for a system with anticipated longevity, the via-
bility of the company supporting a tool is equally as important as the
concrete functionality of the tool. In the course of this study, we
attended vendor training courses and also got hands-on experience
with the tools so that we could better understand issues of tool com-
plexity, ease of learning, quality of training, etc.

Expert system tools are designed to help the system developer (i.e.,
the knowledge engineer) represent knowledge and get an initial version
of an expert system working quickly, so that the domain expert can
observe its behavior and suggest revisions or modifications. A number
of popular representations are available, and different tools provide dif-
ferent alternatives (e.g., frames, rules, multiple worlds). The tools also
vary widely in programming support environments, graphics capabili-
ties, underlying programming languages, machines they can run on, etc.
Since the tools are used to develop software, they must also be judged
in terms of the performance, robustness, integrability, and portability
of the software they, produce.

These factors, coupled with an order-of-magnitude price range, make
the selection of a tool a critical decision. A tool that i, appropriate for
a given task can be of great help in producing an expert system,
whereas an inappropriate tool may incur unnecessary costs in money,
learning time, and lost productivity. While selecting a tool obviously
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Workshops

To get representative viewpoints of tool developers and a broad sam-
pling of tool users, we held two workshops at RAND. At the first
workshop, a group of commercial tool builders focused on identifying
important issues to be considered in tool evaluation. We presented our
evaluation framework, and the group refined and formalized ideas
embodied in that framework. At the second workshop, a group of
developers who were actively involved in building expert systems
described their experiences with different tools and different-sized
applications. The discussions and results of these workshops are
reported in detail in companion RAND Note N-2603-DARPA, Evaluat-
ing Expert System Tools: A Framework and Methodology- Workshops.

We also attended two workshops sponsored by the Defense
Advanced Research Projects Agency (DARPA) and the University of
Ohio (October 1986) for expert system tool researchers and developers.

ANALYSIS AND SYNTHESIS: DIMENSIONS
OF EVALUATION

Expert system tools cannot be evaluated simply by listing features
and attempting to compare them in checklist fashion. Feature com-
parisons are limited by the depth of meaning behind the labels
assigned to features and the tendency to focus on superficial aspects.
It is necessary to address questions such as, How is quality of docu-
mentation assessed? How does one compare features of tools? How
large an application can be managed? For example, numbers of rules
do not necessarily reflect the size of the application that can be
managed; differences in the functionality and granularity of rules can
make such comparisons all but meaningless. Furthermore, enumera-
tions of current features (e.g., backward chaining) may be of little value
for future systems. Therefore, we focused on the capabilities various
features provide (e.g., goal-directed reasoning). Such capabilities are
themselves continually evolving, but they are at a higher semantic level
than features. Evaluating tools in terms of capabilities instead of
features therefore avoids some terminological ambiguity and should be
less prone to early obsolescence.

To synthesize a framework of criteria characterizing the issues
involved, we identified five dimensions that define tool evaluation:
application characteristics, tool capabilities, metrics, assessment tech-
niques, and contexts. These dimensior.s are discussed in detail in Sec.
IV.
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Some earlier tool evaluation efforts (e.g., Beach (1986), Gilmore
(1986), Harmon (1985). Harmon and King 11985), Richer (1986), Ruby
(1986)) evaluated tools in the abstract. While this approach sho\s
how the tools differ, it is not well suited to choosing a tool for a partic-
ular application, since it does not focus on application-specific aspects
and interdependencies of the tool and its environment. This type (A
evaluation also becomes quickly outdated; tool developers can release
new versions of tools faster than studies can be performed and pub-
lished. Many studies develop lists of tool features or capabilities that
are relevant to a particular application or class of applications and
then rate how well each tool supports each needed capability (Beach,
Culbert, Gevarter. Mayer. Wall). This corresponds to the cross-
product of two dimensions of our framework: matching application
characteristics with tool capabilities.

Although our framework shares many elements with these studies, it
is unique in several ways. In particular, it adds three new dimensions:
metrics, assessment techniques, and contexts. Rather than simply
comparing features in the abstract, we recommend specific assessment
techniques (e.g., questionnaires or case studies) to evaluate specific
metrics (e.g.. flexibility or efficiency) of tool capabilities in particular
contexts (e.g.. during development). given the relevant application
characteristics. Although these additional dimensions make evaluation
more complex, we believe they also make it more meaningful and
therefore more useful.

Our framework organizes and structures the criteria we have identi-
fied. It also provides a medium for making ideas and insights more
concrete and formal, enabling such information to be shared within a
diverse community.



IV. THE TOOL EVALUATION FRAMEWORK

Evaluating and choosing a tool demands a broader context than is
usually suggested. "Matching a tool to a problem" should be expanded
to include all aspects of the problem domain, the problem itself, and
the anticipated project -- that is, "matching a tool to its intended use."

Our framework and its associated methodology have been developed
to apply both to existing tools and to new tools. Our dimensions are
therefore not confined to those characteristics for which systems exist;
for example. we allow for tool capabilities that are not present in any
current tools. Similarly, the framework and methodology are intended
to be applicable to a number of different tasks, including evaluating
and selecting existing and newly developed tools: comparing tools:
designing tool enhancements: suggesting future-generation tools; and
focusing research in expert system technology.

Although the framework includes many criteria, those criteria can be
pruned by identifying items of particular significance to a project.
Furthermore, most of the dimensions can be prioritized. Pruning and
prioritizing should make evaluation manageable. This is discussed
further in Sec. V.

FRAMEWORK OVERVIEW

We view tool evaluation as involving five distinct dimensions:

" Applicatii charactcristic.N: the problem. its domain, and the
project.

* Tool capabilities: the functionalit v of the tools being considered.
* Metrics: measures for evaluating the capabilities of tools.
" Assessment techniques: ways of applying metrics,
* (Contexts: the different requirements for using a tool in dif-

ferent phases of expert system development.

These five dimensions are used in the following way to evaluate a tool
for building a given application or range of applications: Given the
relevant application charactcrisutit.,, apply metrics by means of assess-
ment techniques to evaluate particular caPabilities of a tool in particular
contrxts.

-" alli q mmm i• m ~ 
a m



1HE 1 )I. F\ A, . \ 1 N \111 \ \ O 19

A relatively concrete example would be:

A two-person-sear project is proposed to decelop an expert system to
locate spills in a chemical plant. Application characteristics include
the size and experience of the deculopment team, their co.'nputing
Cenironment and funding leel, the expected end-users and deliver%
encironment, and all relevant problem rind problem domain con-
traints Ecaluate the flexihilit., of tool X's knowledge acquisition

capabilities in the devc'pimneot ( itcxt, by analyzing case studies.

The following schema, designed to be read as a sentence, summar-
izes the use of the framework dimensions:

('se all assessment technique

to evaluate a mntric
of a tool's vapabilitx

in a vote.xt

given the application characteristics.

These dimensions are discussed in detail below. For each dimen-
sion, we present a rationale for the criteria to be considered. These
criteria represent only a starting point: they must be scrutinized,

pruned. and extended as appropriate for a given evaluation task.
One particularlv crucial concept, integration, does not fit neatly into

this framework. Integramion can be -iewed as an application charac-
teristic (e.g.. requiring integration of a tool into the development
environment or of the target expert system into the delivery environ-
ment), a tool capability (e.g.. supporting the integration of expert sys-
tems into existing environments), or a metric to be applied to other
tool capabilities (e.g.. measuring how well a tool's representational
paradigms are integratedi. Integration is a multifaceted concern that
generates many constraints for tool evaluation and expert system
development.

APPLICATION CHARACTERISTICS

Application characteristics represent the impact of the application
on tool evaluation. Although the problem domain and problem may be
ill-defined, it is crucial to determine as many characteristics as possi-
ble, to derive appropriate requirements and constraints. To some
extent this dimension overlaps traditional requirements analysis,
though we focus on the following aspects, which are either unique or
particularly crucial to expert system development:

, n, .Ja.~~~~~~. ... ......... .... .... . . .. . . ... .
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Problem characteristics
Problem domain

Kinds of knowledge
Constraints

Problem to be solved within the domain
Special processing/knowledge/representation
Problem type
Other problem attributes

Knowledge acquisition/expertise
Characteristics and constraints

Target environment
Constraints
End-users

Project characteristics
Scope

Goals and budget
Development environment

Constraints
Development team

Characteristics

Problem Characteristics

Developing an expert system involves many tasks beyond analyzing
the problem and solving it. They include identifying experts and other
sources of expertise in the domain; acquiring and validating the neces-
sary knowledge; identifying and understanding the end-users and their
environment; and organizing and managing the development effort.
The tool chosen can have a dramatic effect on each of these tasks. To
give a concrete example, Fig. 6 shows some problem characteristics of
an illustrative system, NEOMYCIN (Clancey, 1981; Hasling, Clancey,
and Rennels, 1983).

Many of the requirements for a target expert system imply require-
ments for the tool used in building it. For example, end-user interface
requirements logically affect only the target system, but the ability to
implement a given interface for that system may be sharply con-
strained by the tool used. Similarly, portability of the target system or
its ability to integrate with existing databases, software, or hardware
may dictate requirements for the tool. Though many of the issues
identified ;n this section are largely common sense and should be obvi-
ous to anyone with extensive design experience, they are included here
for completeness, and as an aid for readers lacking such experience.



Problem domain
Infectious blood diseases

Medical knowledge: relating infecting organisms with patient his-
tory, symptoms. and laboratory test results; drug treatment pro-
cedures; diagnostic problem-solving methods,

Problem to be solved within the domain
Diagnosis of and therapy recommendation for hospital patients
with bacteremia, meningitis, and cystitis infections. Also
intended to use knowledge-base for teaching medical students.

Knowledge sources
Existing M ('IN knowledge base; medical practitioners/
diagnosticians; medical textbooks.

Target environment
End-users: physicians, medical students

Fig. 6 Problem characteristics of the NEOMYCIN system

Well-formulated problems can be handled with traditional system
analysis and algorithmic approaches. hut few expert sYst em develop-
ment eff)rts are well frmulated in advance. A primary reason for
using the expert system appro)ach is to find a waY to handle problems
that are not well understood. Expert system technology comes into its
own in situations where the problem domain is complex, domain
knowledge and expertise are ambigious, and the )roblem itself can
only he understood after considerable exphration and experimentation.
possibly involving several prototypin g and tesign iterations.

This produces a chicken-and-egg problem: an appropriate tool can
be chosen only after the requirements imposed hy the problem are
understood, hut understanding these requirements may only be possible
after experimenting vith techniques and building a prototype expert
system, which requires choosing a tool. This suggests a strategy of
choosing an initial tool for experinental purposes and then choosing a
(possibly different) tool lased Orl what is learned frI m prototyping.
Choosing different tools for l)r totvping and development might also
result from different requirements for these phases of a project, rather
than from a change of direction prolduced )y the refinement of require-
ments during the prototype phase. Tl'his is discussed further below. It

























V. METHODOLOGY

The framework presented in Sec. IV can be applied to a particular
evaluation task by means of the following steps:

1. Determine application characteristics.
2. Identify relevant contexts.
3. Derive relevant tool capabilities.
4. Identify discriminating metrics and assessment techniques.
5. Identify available tools.
6. Filter available tools to identify candidate tools.
7. Prune and prioritize each framework dimension.
8. Apply the framework schema to evaluate and select tools.

Many tool evaluation studies use an implicit methodology (such as
"rate the tools with respect to these criteria, weight the criteria, and
use this to choose a tool"). However, we believe that it is important to
use an explicit and objective methodology to avoid prejudice.

EVALUATION CAVEATS

There are several questions that should be asked prior to performing
an evaluation. If satisfactory answers cannot be found, the validity of
the evaluation process may be questionable.

Does the evaluation have an identified consumer? Evaluations for use
by managers, technical staff, or end-users will have different require-
ments. The eventual consumer of the evaluation should be identified
at an early stage to avoid producing superfluous or misleading results.

Will the evaluation be impartial and objective? Even though impar-
tiality may be relative to the needs of the consumer, intentional biases
should be made explicit to avoid any misunderstandings.

For all but the most informal purposes, evaluation must be objective.
Priorities, importance weights, and evaluation algorithms must be
established in advance, preferably by domain experts or other disin-
terested parties who are not prejudiced as to the outcome of the selec-
tion process. Once weights and algorithms have been chosen, they
should be inviolable unless they are found to be untenable, in which
case they should be formally redefined or relaxed. An evaluation in
which such initial decisions are never made or are relaxed whenever
they become inconvenient or subjected to pressure is worthless.

:332
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How will the' cualuation be monitored for accuracy and bias? In other
words, who evaluates the evaluator? If no such monitoring is per-
formed, the consumer should be made aware of the possibility of errors
and biases.

Will the cualuation be timely? The evaluation process must be
designed to deliver its results in time to be of use. Since tools evolve
rapidly, the results of an evaluation may quickly become obsolete
unless precautions are taken to update them. It is important to make
explicit mention of versions and release dates of the tools evaluated, to
give consumers of the evaluation an explicit basis for judging timeli-
ness.

THE EIGHT STEPS OF EVALUATION

In this section, we examine the eight steps of tool evaluation and
selection listed above.

1. Determine application characteristics. Even though the
application domain and problem may be ill-defined, it is necessary to
determine the application characteristics insofar as possible, since the
required tool capabilities are largely derived from these characteristics.
It is equally important to determine project characteristics at this
point. This involves defining the goals. scope, and budget of the
development effort, and characterizing the development team and
development environment. The contexts to be targeted are derived
from the scope of the project, whereas the development team and
environment may impose other constraints on tool selection.

Application characteristics should be weighted as to certitude and
importance. The scope and goals of a project will determine which
characteristics represent obligatory requirements and which ones are
negotiable.

2. Identify relevant contexts. The context or contexts targeted
for a project supply the other major factor for determining required
tool capabilities. It is particularly important here to be realistic about
which phases of development are to be undertaken with the tool(s) t',
be chosen. Targeting only the in;tial exploratory or prototyping phases
may lead to choosing a tool that encounters a dead end if the develop-
ment process is extended fi:rther. On the other hand, targeting all
phases when only some of them are likely to be unde-taken will over-
constrain the selection process.

3. Derive relevant tool capabilities. The tool capabilities are
derived from the application characteristics and the relevant contexts.
It is important at this stage to weight these capabilit;es along a scale
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from required to desired, for use in filtering the available tools in Step
6. These weights are derived from the application characteristic
weights determined in Step 1.

4. Identify discriminating metrics and assessment tech-
niques. Certain metrics, such as cost, may have high discriminating
(or vetoing) power in choosing a tool. If such metrics exist for a proj-
ect, they should be identified, along with the best available assessment
techniques for applying them at this stage ithere may be better assess-
ment techniques that are not available at this stage due to the cost or
time required to apply them). If no such discriminating metrics are
appropriate for a project, this step has no effect.

5. Identify available tools. This step may necessarily involve
some implicit filtering, since it is difficult to find all available tools, but
it is desirable to make as complete a survey as possible, filtering explic-
itly in Step 6 instead.

6. Filter available tools to identify candidate tools. Using the
required capabilities derived in Step 3 and the discriminating metrics
(if any) identified in Step 4, the available tools should be filtered to
produce a set of candidate tools to be evaluated in further detail.

7. Prune and prioritize each framework dimension. Each
dimension of the framework should be pruned to eliminate irrelevant
or inapplicable criteria, and the remaining items should be prioritized
or weighted. Attempting this prioritization earlier in the process would
be difficult due to lack of focus. At this point, enough should be
known about the application characteristics, contexts, capabilities, and
available tools to prioritize each framework dimension separately. For
example, if cost filtering has already resulted in a set of candidate tools
whose costs are very similar, cost would be an ineffective metric at this
stage.

In most cases, strict prioritization will be inappropriate. For exam-
ple, cost might he a more important metric than efficiency, but a ucr3
efficient tool might be worth some extra cost. We therefore use "prior-
itization" in the general sense of assigning weights to each item in a
dimension to reflect importance relative to the other items in that
dimension.

With one exception, each dimension should be prioritized in terms
of the expected importance and relevance of each item within it. The
assessment techniques dimension is somewhat different: These tech-
niques must also be prioritized in terms of their availability, applicabil-
ity, believability (by the intended consumers of the evaluation), timeli-
ness, and cost.

8. Apply the framework schema to evaluate and select tools.
The final step is the application of the prioritized dimensions to the
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candidate tools. The appropriate assessment techniques are used to
evaluate the relevant metrics applied to each capability of a particiar
tool in each context, given the relevant application characteristics.
Since the dimensions have already been pruned prior to this step, the
cross-product of the evaluations performed here will be minimal (that
is, as small as possible, though not necessarily small). A large number
of individual evaluations may still be required, but this is unavoidable.

The thoroughness and formality with which these evaluations are
made (and with which their weighted results are combined and com-
pared to select a tool or tools) is left to the discretion of the evaluators
and the constmers of the evaluation. In some cases, it may be prefer-
able to display multidimensional. heterogeneous results by means of a
graphic presentation mechanism, such as the scorecard technique
described in Goeller et al. (1977) and Miser and Quade (1985).
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had insufficient experience to understand their own needs fully. The
majority of users we interviewed felt they had benefited from using the
tools and would use them again in the future. Most of the applications
described in our users' workshop were demonstration or prototype sys-
tems, most of the users had only a few years' experience using any tool,
and most had experience in using only a single tool. There seem to be
relatively few fielded expert system applications (although we note that
we may have a biased sample, since we lack reports on proprietary and
clasFifwd systems). Users have expressed the importance of integrating
ex;-., rt s: %tem applications with other software and embedding them in
larger systems, as well as implementing them in standard programming
languages. On the whole, users and developers agree that an expert
system application on a single-user LISP-based workstation is gen-
erally not acceptable for a fielded system.

Given the lack of user experience (especially with fielded systems),
we believe that an organization representing DoD users* needs would
be highly beneficial, even if in its initial stage it supported mainly the
tools for exploratory and prototyping efforts as well as aiding future
users in tool selection.

TASK DESCRIPTION FOR THE ORGANIZATION

The main responsibility of the organization would be to support the
use and sharing of expert system application information within the
DoD and the services to promote greater productivity, reduce duplica-
tion of effort, aid users in tool selection, and influence the future
development of tool products. Ultimately, the organization might also
support the sharing of domain knowledge bases among similar applica-
tions.

The organization could initiallv consist of a small staff that would
interact with representatives from Dol) agencies and the services.
Those representatives would be responsible for collecting the informa-
tion from their agencies and forwarding it to the organ ization. They
would also participate in determining and reviewing the functions of
the organization to ensure that it was meeting their needs.

The first tasks of the new organization would he (1) the develop-
ment of questionnaires to be filled out by expert system developers and
potential developers: (21 the maintenance of a datahe,,e of expert sys-
tem tool usage, including tool comparisons, questionnaire/interview
information, benchmarks, and case studies, (3) the collection of
relevant literature on exl)ert system tools and studies; and (4) support
for users in tool selection through the use of the tool evaluation meth-
odology and database.
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and it also describes the types of problems that expert systems
usually attack (e.g., design, planning, etc.). A feature-comparison
chart (with entries such as "what if' . " and pattern matching)
is included, along with an attribute chart (with entries such as
language of tool and knowledge base editor) for each of' 20 tools,
with a short synopsis of each tool.

Gilmore, J. F., and C. Howard, "Expert System Tools foi Practition-
ers,' presented at the First Australian Artificial Intelligence
Conference, Melbourne, Australia, November 1986.

Summary: Discusses criteria that can be used for sel.cting large
and small expert system tools. Thirty-seven tools are reviewed
and categorized as small-scale or large-scale tools. The top 8 are
then selected in both categories and a feature comparison chart is
given for them. A short critique is given for each of the 37 tools.
The evaluations are based on documentation, references, vendor
descriptions, and discussions with sales representatives, These
evaluations were originally used in the design of ('EST (Generic
Expert System Tool) at Georgia Tech Research Institute.

Harmon, P. (ed.), Expert Systems Strategies. Arlington, Mass., Sep-
tember 1985 through present.

Summary: This monthly newsletter aimed at managers and
developers of expert systems contains reviews of new products,
comparisons of tools, and other articles and announcements that
might be of special interest. The most recent tool evaluations
are, "MA, NEXPERT, and Personal Consultant Plus: A Com-
parison of Three Mid-Sized Tools," by Brian Sawyer and Paul
Harmon, April 1986; "Expert Systems Building Tools," March
1986; and "Overview of Small Expert Systems Building Tools,"
September 1985.

Harmon, P., and D. King, "Commercial Tools." Chapter 8 in Expert
Systems, John Wiley and Sons, Inc., New York, 1985, pp. 92-133.
Summary: In-depth descriptions of 16 tools and a feature com-
parison chart (both of which are possibly outdated, along with a
checklist for evaluating knowledge engineering tools which pro-
vides the reader with a takeoff point for conducting evaluations
himself.

Mayer, R. J., et al., A Characterization of Expert ,S' Nstcm )ec1I pment
Tools for Manufacturing Applications. Knowledge Based Systems
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