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Abstract :  This paper describes the work on building
expert systems in wvaricus domains and designing expert
system teols In the Fifth Generation Computer Systems
Froject's logic programming environment. The 1COT
research  center, together wWith the collaborating
companies, is bullding demonstration systems such as
Diagnoesis for Electronic Swiktching System, and the
Project Planning & Management System. Some are at the
demonstration stage and others atbt the design stage.
Various legie-based experimental expert systems are
deserihed., This paper alse summarizes our experiences
in de=zigning and developing a prototype version of an
expert system teol in the project.

1 INTRODUCTION

One of the most appropriate applieations for testing and
verifying the applicability of AI technologies is the expert
system since 1t requires almest all the AI technologies,
inecluding problem-solving, knowledge representation,
knowledge acquisition, knowledge base management, and
intelligent man-machine interfaces,

The Fifth Generation Compukter Systems (FOC2) Project is
nowWw in itz four-year intermediate stage after completing
Ehree-year initial stage. We are cocurrently working on
verifiecation arnd enhancement of the fifth generabion
compuber technologies from the wviewpoint of applieations in
order to ensure the ecapability of the new generation
computer now under development. For this purpcse, RED omn
expert systems has been selected as our main thems,

In this paper, we first elarify the requirements for
expert systems or expert system construction environments at

the current tend of the technology. Then, we discuss our
research and development program for effectively
implementing these requirements, Various experimental

demonstration expert systems are being developed mainly on
the logic programming enviromment, i.e. PST or CHT, which
are Prolog machipnes developed in the initial stage of the
project, Finally, we outline the prototyps version of an
expert system tocl on the PEl machine. We plan to evaluate
the logie programming environment given by the PSI er CHI in
this stage and, in the finmal stage of the projeet, that



given by the parallel inference machine.

2 HREQUIREMENTES FOR EXPERT SYSTEMS AND TOOLS

fimong the wide variety of application domains to be
covered by expert systems are interpretation, diagnosis,
design, planning, monitoring, and contreol. What facilities
should the tool provide for building expert systems covering
these divergent application domains? And how should expert
systems perform as application programs?
The following requirements have been taken into
consideration:

(1) Flexibility of Knowledge Representation
Expert knowledge in various domains must be expressed
efficiently. The tool should, therefore, support a
number of knowledge representatlion schemes.
(2) Flexibility of Inference Mechanism
Basic inference mechanisms (forward and backward
chaining) have to be incorporated into an expert system
as reguired. If neccessary, a user defined inference
method should be used. Dynamie switehing of inference
methods by means, for example, of heuristies from
knowledge in each problem domain must also be provided.
(3) Ease of Use for Expert System Building
Powerful support facilities are required by experts who
participate in system development. Knowledge aguisition
and knowledge base management are major bottlenecks in
building expert systems as real application programs.
And the inference preocess explanation facility appears
to be useful for both expert system builder and user,
(4) High Efficiency
High efficiency is essential in operating an expert
system in real time as well as building a large-scale
computer system.
(8) Interfaces to Existing Systems
Interfaces that allow expert systems Lo communicate
with existing data bases, and other expert systems, are
also necessary.

3 RESEARCH AND DEVELOFMENT PROGRAM

The intermediate stage is divided inte two Ewo-year
halves. In the first two years, various expert systems and a
prototype of the expert system tool will be developed. This
prototype will be applied to the development of wvarious
expert systems in the next two years (this will be a
collaborative effort with the project-affiliated companies).
With the prototype evaluated and improved, a research
version of the tool will be completed in the second two
vears. We will describe mainly the activities scheduled for
the first bwo years below.

{1) Surveys and Studies

Samples of existing expert systems and tools will be
collectad from study reports in various application domains,
and used to investigate Gthe techniques for facility
impiementation, such as inference engine, knowledge
representation, knowledge acquisitien, and intelligent man-
machine interfaces.

. To achieve this, two technical commititees on applieation
systems (mentioned later} are to be set up, in which next
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generation tools and various phases of knowledge acquisition
in ezpert systems will be discussed.

. Froblems invelving Gthe ecapability and performance of
commercially available tocls (e.g., ART, KEE, and KC, ete.)

will be investigated.
- The results obtained from these investigations will be

analyzed to elarify the ecorrelation between the techniques
used in the facilities and wvarious application domains, that
iz, the requirements for the expert system Lools.

{2) FResearch and Development of Expert Systems and their Tools
 From =tudy on existing expert systems, the coneepts of
potential tools, using PSI or CHI as a premise, will be
discussed to determine the target prototype version tool.

¢ Topies related to expert system tools and somehow unigue
te ICOT will be selected, and goals for the research version
tool whnich comes after prototype will be set. Topies which
should be discussed are as follows:

= Knowledge Aguisition
» Case studies of knowledge aquisitien process
¢ Knowledge extraction
o External knowledge representation schema
e Knowledge transformation
» Design technique for knowledpge systems
* Knowledge Representation and Problem Solving
o General knowledge representation model
= Dynamic knowledge optimization
» Strategic knowledge [or problem solving and its
mechanism

e [t is diffieult feor ICOT to recruit experts in very
specific  applications. Collaborative effort  with  the
project-affiliated companies is, therefore, Important. For
this purpose, various expert systems will be developed by
the companies during the first or second two years. Some of
these expert systems are to be used to evaluate and verify
the prototype wversion tool. Table.1. shows the Eechnical
points of these expert systems,

{a) Diagnosis System for Eleetronie Switching
System{ESS)

(b} Intelligent Office Secretary System

{c) CAD for Computer Room Facility Layout

{d} VLEI Logic Design System

{e) CAD for Analog L3I Layoub

('} Froiect Planning & Managemsnt System

L COMMITTEES

{1} Introduction

In RiD on expert systems, adviee from experts in
relevant appliecation domains is oruecial. Neecordingly, RED
ab ICOT should coneern itself with the expert system tools
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rather than the expert system itself, but expert advice is
still reguired, To proceed with the work smoothly, the
following committees have been established consisting of
experts from the outside ICOT.

(2} Technical Commitbee on Knowledge Systems Tools

This committee will study the fundamental concepts
regarding expert systems that can be used in various phases
such as design, construction, and operation. The committee
will discuss the fupctionalities required for the tool in
order to build such expert systems, and propeose new
techniques to provide the required capabilities.

{3) Technical Committee on Knowledge Aequisition

Thizs commitbee will work on the aeguisition eof expert
knowledge, and diseusss the techniques used in existing
expert systems, problems with these techniques, and subjects
to be studied for future applications which will help build
a knowledge acguisition support system.

5 PROTOTYPE EXPERT SYSTEM TOOL ON P31

The prototype tool is scheduled to be developed and
tested in the first two years of the intermediate stage.
Fig.1. shows the diagram of Gthe tool currently being
designed.

5.1 DESICN CONSIDERATION

In this section, the concept and the design decisions of
the toel are discussed in termz of the three major
components:

¢ Knowledge representation
® Inference mechanism
® User interface

(1} Knowledpe Representation

To provide an ideal knowledge representation scheme,
external forms with which various kinds of knowledge for
each application domain can be freely deseribed, and
internal forms which are appropriate for problem solving in
that domain, are to be consgidered. HKnowledge representation
methods most appropriate [or the knowledge in the fellowing
three categories are provided in our tool:

# Static knowledge of problem domains
® Knowledge on problem solving heuristics
® Knowledge on meta-ievel strategies

Static knowledge is the knowledge required for modeling
prablem domains. f domain could be desecribed in terms of
its structural elements, attributes and values of elements,
and operations on elements, For this type of knowledge, the
frame representabion is most suitable as it ecan clearly show
Ehe hierarchy of the demain.

Enowledge on problem solving heuristics iz the expert's
know-how used for problem solving, Beecause of its exesllent
expressive power, we selected rule-based representation for
this type of knowledge.

Knowledge on meta-level strategies is used for selecting
heuristic knowledge, or deciding inference mechanisms
appropriate for a given situation,

%



{2} Inference Mechanism

The most appropriate method of inference should be
selected according to the applieations. For example,
symbolic integration may be carried out by the forward
approach, from a certain  integral formula to a final
integrated result. The forward approach is also used in
design work inm gerneral. In econtrast, the backward approach
is more effective in the proof of a theorem, that Is, Lhe
approach from theorem to axiom is better than the reverse
order, because the f[ormer needs fewer branchings. MYCIN
uses backward chaining to simulate the reasoning performed
by a doctor. A tool consisting of several inference
techniques currently used will be considered so thab users
can select any combination they desire,

Both  forward and backard inferences are to be
ineerporated into the inference mechanism. The =selection
wiil depend on the problem to be solved. The combination of
these inference mechanisms and the dypamic switching of
inference processes will be determined from the meta-level
knowledge on strategy.

Reinforeement of the inference mechanism such as
inference with an uncertain knowledge will be examined.

{3} User Interflace

User inkterfaces can be clas=zified into two types, the
interface used to build expert systems, and the interface
supplied to the users of expert systems.

® Expert system builder interface

Menu-criented and syntax-oriented editors are provided
in the form appropriate for each knowledge reprasentation.
¢ Expert system user interface

Facilities for explaining the reasoning proecess and
asking various information from the user in the process of
reasoning are provided. Az a tool, it 1is important to
prepare a support faeility that helps easy incorporation of
those interfaces into an expert system when the system is
built

£.2 PSI A5 THE DEVELOPMENT ENVIRONMENT

PSI {Personal 3equential Inference Machine) is the major
product from the initial stage of the project, P51 and its
operating system SIMPOS  (Sequential Inferemce Machine
Programming and Operating System) provide a comfortable
logie programming environment for the programming
experiments in the current stage of the project. ESF
{Extended Self-contained FProlog) is the system deseription
language for SIMPOS. ESP is designed for writing SIMPOS
ikself, but is found %o be wvery powerful and useful for
describing wvarious appliecation programs, especially those
requiring hierarchiecal knowledge representabion.

{1y BSIMPOS

The basic design philosophy of SIMPOS is te build a
super personal computer within a uniform framework, 1i.e.
logic programming. The development of SIMPOS has achieved:

® System programs in logie programming
® | programming environment for logic program



SIMPUS consists of a programming system (PS) and an

operating system (0S). The 0S consists of three layers:
kernel, supervisor, and I1/0 media subsystem. The PS
eonsists of subsystems such as Coordinator,
Debugger/Interprater for EZP, Edibor/Transducer, and
Library.
{2} ESF

ESP is based on the Prolog-like machine language of PSI
ealled KLO (Kernel Language 0). Thus, ESP has essentlal
features of logic programming, e.g., unification mechanism
for parameber passing and depth first tree seareh by
backtracking. ESP is, at the same time, an object-oriented
language with the notions of objects with states, object
elasses and their hierarchical strueture organized by the
inheritance machanism.

5.3 IMPLEMENTATION CONSIDERATION

We are implementing the prototype on the Prolog-based
and object-oriented envircnment of the PSI machine. hs
shown in Fig.2., the bool is basieally a rule-based system
with the following characteristies:

{1) Hierarchiecal Represenration of the Problem Domain

Frame representation, such as is-a and part-ef
hierarchies, and attached procedures, are realized by
utilizing ESP's object mechanism. Definitions of relations

among elements could be represented as frame elements
enabling users to describe easily not only relations of two
elements, but also relations of more than two elements.
Working memory serves as a playground [or instance elements

instantiated from the element templates. WMMS  (Working
memory management system) aceepts access requests from
rules, WMMS carries out manipulation on instance elements

like ereation, deletion, modification, and various searches,
such a3 a search [or an instance element having a certain
glot's wvalue. The relation mechanism incorporated here is
completely user-defined and manipulable by rules.

{2} Rule Base

fules could be organized into groups, and the selection
of a ecertain group or the transition from one group to
another could be described using the knowledge on meta-level
strategies, Thus, the tool provides the multiple Knowledge
Source (K3} mechanism as the rule base. Using this
mechanism, problem selving knowledge ecould be well
modularized, and from the implementation point yiew, rules
could be ewecuted effielently because of the restricted
search of rules at a time. Each KS has its user-speciflied
inference and conflict resolution strategy, such as
forward/backward chaining and priority of rules. To provide
an easy incorporation of expert system user inlerflace
typical for consultation or diagnesis systems, gxplanation
(e.g.Why,How) and ask-user faecilitiesz, are embedded im the
rule base. The user-defined funetions in ESP could be
ineluded in the system and fragments of ESP cede including
these funetion calls could be mixed in rules achieving high
expressive flexibility. FRules are compiled into ESP codes
when they are executed.

{3)] Meta=level HKnowledge
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Meta=level knowledge 1s the knowledge about rules or KS.
it specifies the direction of rule chaining
{ forward/backward) transition condition from one KS Lo
another K3, and goals to be achieved in a K5 especially when
it is a backward-chaining K3, Meta-level knowledge 1s
currently included in each KS description, though Gthis
knowledge could be separated [rom the rule deseription and
form a higher level module supervising the activities of
knowledge sources in the system.

f COMCLUSION

We outlined the research and development program of
expert systems and expert system tools at 1COT. We
discussed the importance of deoing research on  expert
systemms in the FGCS Project as one of the applications
Wwhere the new generation computer technologies are expected
to contribute. Experimental expert systems in various
domains are being developed in the logie programming
environment. And an expert system tool is being designed and
developed on the P31 machine.

We have to establish the technology of evaluating expert
system tools and then, the underlying AI technologies. We
are also working on researches for basic technologies, such
as knowledge representation and knowledge aguisition which
are the most important issues in the current expert systems
research.
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User interface

Ruie/Frame editor, Menues

Explanation facility, Ask-user [acility

Knowledge menagement Inference management/control
Translator - Tracer{Explanation),
Browser ' Soltware monitor,
Debugger
Knowledge base Inference engine | ———
Rule base - Forward/Backward
Frame hase Conflict resolution strategies

Fig.1. Expert Svstem Tool Block Diagram
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Function definitions Template of
domain element

e
KS# I ﬁ | isa ‘\‘\
(J.- " TE#2 TE#k

: E K5#1 I—— =

Inference
managemeant’
control /" TR#1 TR#m !—
Rules / — Template of |77 !
relation
rﬁhcccsa by rules E \1.1 instanece-of
Working memory
\ management system
T /
Working memory \

element-j

element-k
)

Fig.2. Structural Overview of
Prototype Tool




