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Summary

A language supporting multiparadigms is required for development of expert systems be-

cause various models of inference processes and various representation of knowledge are necessary
to describe expertise as naturally as experts use. In the language design, however, it is difficult to
amalgamate conflicting concepts among paradigms without metamorphosing pure semantics of
these paradigms.

This paper presents a solution of this problem. First, a two-layer model is introduced for
describing expertise. In the upper layer, a global structure of a system is described in an object-
oriented paradigm. In the lower layer, expertise is modularized and represented in such para-
digms as frame, production system and predicate logic. This two-layer model is effective to keep
pure semantics of each paradigm.

Secondly, conflicting concepts between an object-oriented paradigm and other paradigms
are amalgamated as follows:

(1) For introducing a frame paradigm, slots and methods are equalized. They become visible
and are inherited to descendant objects only by declaring as public.

(2) For introducing a production system paradigm, a cooperative inference system with a data-
driven model and a message-driven model is built while limiting data-driven inference to a virtual
sub-world called a meeting room.

(3) For introducing a predicate logic paradigm, closed world assumption is kept by inheriting a
group of methods written in Prolog as a closed Prolog database.

This language was developed as an expert system building tool (ES/X$0) and runs on Hita-
chi workstation 2050. It has already been applied to development of several expert systems.
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slots
rule_methods

predicate_methods

(a) Object

(b) Object hierarchy
Fig.1 Basic structure of knowledge
representation for ES/X90.
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class <Class name> ;

inherit <Parent class name> ;

<Method definition> ; };
instance_part {

<Slot definition> ;
<Method definition> ; };

end .

Fig. 2 Syntactic structure for object definition.
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class A
slots X,Y;
Message for invoking P~ method Pj
(Reference to X and Y of A) eeoX=Y..,
end.
class B;
inherit A;
Message for invoking P vww»\»»| slots X;
(Reference to X of B end.
and Y of 4)
class C;
inherit B;
Message for invoking P “WwwA>| slots Y3
(Reference to X of B end,

and Y of C)
Fig.3 Cross-reference of slots in object hierarchy.
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class &8
class_part
slots (SR8 (visible)); );
instance_part {
slots (&RY(visible),
(EF7 (visible)); )3

end,

(a) A "menber” object

class SRR ;
inherit H¥ ¢
instance_part {
slots (&AM (initial(0), on_read(&AEF =z v 7)),
EHR (default(100)})); );
predicate_methods (A%Z);
A% (Nage,Address) :- read_velue(#&A&.X),
X< BER,
YisX+ 1,
vrite_valve(#x ¥, Y),
S A AN (Nare, Address) ;
A% (Nage,Address) :- vrite("A&HiEEA"),
SARBBEN,L) - send(£A,create(N)),
add_value(& A#& R AH,N),
vrite_value (N#4RT,N),
vrite_value(NMERT,A);
rule_gethods 3
rules A8 F x v 7 forvard(once);
if 2R = 0 then vrite(C2RAKRRHETE');
if 1SAH >= 2R then vrite(CRBATT’); );

end.

(b) A "member registration” object

Fig.4 An example of knowledge representation
in multi - paradigms.
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Fig.5 Three methods to embed production system
into object - oriented system.
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Urban develop-
ment forecast

Request ':> R . Document
eception . .
inspection

Downtown
~“] appraisal

Blackboard

Investigation

Uptown
appraisal

Report <:| Documenta- Final House

——— e

Fm——————————

tion appraisal ‘\\ appraisal
\
\ Apartment
appraisal
———————————————
N\e———— Message driven model / N\ Data driven mode]———/
[Notation)
: A object ——> Invocation of blackboard
Activation of an object
~ommrrre Message passing =====z Inactivation of an object

Fig.7 A cooperative inference system with a message - driven model
and a data-driven model in an estate appraisal expert system.
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. Investiga- Final -
Reception Deskwork tion appraisal Appraisal
D t D ta- Estate Building Urban develop-
inspection tion appraisal appraisal ment forecast
Downtown Uptown House Apartment
appraisal appraisal appraisal appraisal

\————A group of objects for production system—/

(a) Object hierarchy of jobs

Real estate

| Downtown I LUptom

l House J

I Apartment I

(b) Object hierarchy of real estate
Fig.8 Object hierarchies of an estate appraisal system.
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(c) Mixed approach
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