<Abstract>

As the application of real time expert systems has been expanded, the real time
expert systems have become an integral part of the information society. Real time
expert systems are viewed as a new paradigm to integrate real time problem solving
and expert system technology. However, a substantial amount of work is still required
to effectively handle a new and challenging opportunity for successful implementation
of real time expert systems.

In this article, the basic concepts and characteristics of real time expert systems are
discussed. The article ailso presents, through the literature survey, the summary of
real time expert systems applications and a class of tools, providing an enabling real
time based expert system technology. Finally, the article discusses a set of
requirements which real time expert systems must satisfy.
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A EE 2t aEy f2s A9 A BEFoz g Ad oFo] 7t HolEk
7b 88 5 Atk ggA, ARG AE Al2"Ee BEAAS AU elgAdo] 3§ dolE
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TEZIRE Al 2gle] APLe FAZ XF7A] & AsF —7‘._‘—4 AAL $EE 878
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Rete ¢18]&F2 toluy9 Al wgsls dHole s #23 x4 dolA Yo FHES
ARG E E&AHO2 HYSEE 1AHAY. o] dndFoHe 2 FAHAA A%H
o o]FoR = wjY, Mel A3 AN uEY AL Folx Wes mHFoEH
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A7IA 269 e gigoR FYPEAT A FY Zdees Ey, ‘*‘""‘7‘13171]”‘4 =4
Agidrel gado]l 10w Yo EFsrie AMEAE EAsiATh ol E e AFE 9 J
o 27 o) FE 2EL thS T Zol MYtk A, A A ue] 29 tﬂﬂ# o
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AL ANz Ao 32 T 64/ Z2MAME AFE vE FHAEY thF A
(multiprocessor) & A d 3§ A" Fx22 ALsHrt

a#y, Ag7HA] AEHAD od AA"HERE HAIZE A B FAEok dAAHo
2 He" Azadolgta B £ ok AMY WA g Fovict A wol 2o g B W
Ae suasts ANTEEAME Guptall985)l olatel AAE 1009 F4Ew ueh ¥
Ao & ARdE5E9 F4S HEANYNEE Tt +3E + Atk ¥droly g}, Gupta
ol AAYGKol, olald A7 AHE titd] BA FAse T2 oY 2 dd o &
Hola z el 2Etdo] WMEHA 1 HIAS AEE = Aok oS A74749
HAME oA B AL AlEdHA AAEo] HEHTH AdFHANLHHANN B 4
e 2AEY, 7138, dRAgZAATY FAESE XA gevde Aol Laffey,
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WA gtk F ZRaAMI ALYS AEHT, $8HR, NGO FFeER] R
g Azsn, 4549 77, 4E FYRT
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s
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d HHEES dA ZEAES] HAE 2o FdHo A 5 k. EA4, FA9 Al
% dHolete FEv FE7F AEHA =Y Al2"e] Aol As 2 4 o AN, T2a
Pojo] 2E&AAHL o}F Al AR FHo|th HuUsd T agni: QFAEE 2EA|Y
T e AMEAPES TGosty] A% Z2 P £, B14E FAFA Age] AFEFA
F83t7] doltt. vt o2 Aa® HILE 9% FA A 7|FEo] AR 1, A
o] $ddoz AANA A7E AT & Aok

O'Reilly®} Cromarty[1985]2] A-toll ostH AWk 8L AL E A4 A2de 7)

Lo

0,

st #AA ARG aTsE Aom etk & 28 2ol ok Sl Tl fire'd
= AEe £ 1% #4402 F0Th 288 9 99Y FEANE 28 o
of o7k Z7hgel met B wmsol o g4 AR 47t A 35402 A4S
WA o9 2 B mAUW $HALe WAL AP AL A WUl
A bsE F AeAE, Acke A% A $HAL] HEUNE Hold 4ol
otk Webd, Rete ¥nF S5 2ol $HATNE BT F AL AnAFe] AL x
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M wde & B2 B4FA »=2o] =g 3} Natarajan, 1992].
$tH, Frame 7|8k Qo]E2 diEAQ 24 8 HHe Y= 4 F=Z Semantic nets
o] st AFEE R ‘Instance’ TAE WA Helol frameo 2 FE A
HAEH tZE(default) ttES HASL APA|T T4 Felo] ZE 'Instance’
sl Aty AMEET a8l3, Is-a’ BAE Frsla, o) F8sle WA =
AZ FxoNA framed FEE HATFo=N, ANAFH Z2 a9 s L

oY b om
4> KU oo e

H& MEFAE ¢F 429 3% et 2ol HYF 4 dom BY FE(root)E
E

7H1R Ed F2RE AT F 4 Y 2(class)E s A9 FYHAE A0 ©wA F
M9l relation® 2 ‘Is-a’$} InstanceRte] 38"}, o]} & FIl9 relationol] A FH+=

AL MAdsA ] M2E doES AHEAEC] framete] BF3E A A (multiple
inheritance)& 383t dtutolde] 9 FHALE FHEF s Erh ol2F BFdsw
A v 840 A4 284 7testA & FAD, A2 ZAME HEs .
=z A& JEYAZL =387 ojele WA aezs H3, slote 2 RE g gag
W EMFAG] AFH D gIo AL SEEZ=aY HEeA & F vk

3) A E A AR A3

2o HAZE AA - A FREZOYAANE dFe dFES s HEle Foi
AlZEde] Aax|ojof stu2 FE3| At HE qAAAE 1Y & U a¥E=E 7}
T3 Ao HA AAA S EF3E Aol FAastth olEld HAA ZE a9
AqaAtAA e gAY AZE Y ATES AHEY, Horvits(1988)d <3l AAH
Decision Analytic Techniques, Winston(1984) 2] Progressive Deepening, Wright(1986) %
9] Progressive Reasoning, Sorrells(1985)¢] Time-Constrained Inference Network, 1]
31 Michalski®} Winston[Laffey, 1988]2] Variable Precision Logics & & + 3t}

312 AAIZF AEL Al ALES
D HAAIZE AE7E A" ALET %

B = oA 2 B g 7o @A YN AL =FE 4PdHeE &
MAEo] &85 ot o]E F oA Picond G2 50 HAIZ #AA 2 FAF Aad A
o] Aoz FEEHT e AAHolth 71 FEHASA ALSEHIZ AT Toold AHHE
H o 139 g

AAIZE 99E& A7EH gl dfd & dEo EXs tolE g ZAEE AV

e 71E9 AFAHA AEIF Al2d 88oA AFERA EHY
A" Ao 8FE FFAA sk 2y, @A AIEIHEE V&Y Y EFEL 2
MR oz thEi T olFE "WiEo HAG FEI A" S8 HFPsA FeAHew
s@oHAllard, 1987, Laffey, 1988; Mandelkern, 1992].
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WOALETEY AYEEs IR e,

E4, MY =450 AHAE FE(Temporal Reasoning)’lsS A

Aol n,

A, AL =78
A, /g =780 FeARY i3 JF5

3} HEHQ
=

=

AT EYe] REHY] Tl o $H,
o] mulEtAY Ao Ho Qo

OAA, A =78l B Abd e AE eEE AFdkA 4

ARA, N =50l £ZEH/FEdo JAHYEES Hstes WH

o]

o9
<E 1> AN HEZE Azd ARET
MNEsT B F 8 5 A H] i
L .. . The Real-Time
Activation The system supports priority utilization and .
) Intelligent Systems
Framework |focus of attention
Corp.
BBN/Patterns It provides 'real.-time r'ecognition of patterns| BBN Systems &
and events in time-series data Technology
Blackboard |Written in PROLOG and POPI11 Blackboard
Objects(BLOBS) [concept with object oriented system
The
Experimental_
Expert Systems {Developed by NASA Research Center
Flight Status |Applied to flight control system
Monitor
(EESFSM)
The shell can run 5000 rules/second
Expert Controller)/An  automotive  hood-stamping  process UME Corp.

control application (General Motors)

Forth

Built for McDonnell Douglas
The system can run 30,000 rules/second on
the Novix chip

Forth-based Prolog
system available

Fuzzy Inference
Chip

Developed by AT&T Bell Lab. The system

can run 80,000 fuzzy logic inferences/

second and suitable for real time use in
robot and decision

intelligent systems

making areas of command and control
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Built in Common Lisp

G2 The system supports temporal reasoning, Gensym Corp.

focus of attention, truth maintenance, real
time scheduling, and interprocess communication

The Hybrid |Written in Pascal

Expert System {The system combines conventioal logic

Controller(HEX |programming with expert system technology

SCON) for use as a real time process controller

An object-oriented tool for s/w developments
teams working on real-time, distributed
application for client-servi tworks ilable f

ObiectGEODE DD 1 cli er networ . available r?m
It operates on a range of workstations, VERILOG
including Sun SPARC, HP7000, IBM
RS/6000 and Digital ALPHA

ONSPEC witten in Pascal runs wunder FlexOS

Superintendent |real-time operating system

Personal Developed by Texas Instruments run with PC

Consult PC Plus supports rsasoning about trends|On-line

Plus (PC Plus)

reflected In a history of previous sensor

data

The Process
Diagnostic
System
(PDS)

written in FranzLIPS on a VAX running
VMS.

PDS provides online, real-time diagnosis of
machine processes

The Process
Intelligent
Control
(PICON)

implemented in LISP on the TI Explorer
and LMI

Lambda/Plus machines

The expert
systems tool for developing process control

first commercial real-time

applications

also extended to
work on

VAX / VMS.

The Procedural
Reasoning
System

(PRS)

implemented on a Symbolics 3600 Lisp
Machine PRS

was built to perform reasoning and planning
in dynamic & uncertain worlds
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The Real-Time
Expert System
Club
Users(RESCU)

RESCU is a real-time expert system for
production plants

The System is applied to Quality Control
Activity with participation of club users

RTworks

The System facilitates the acquisition,
anlysis, distribution, and display of
real-time data

It can run 20,000 rules/second on a Sun
SPARC station

Violet and
Annie

built in C

Violet provides the intelligent interpretation
and Control of Complex instruments for
Vibration-based mechanical health
monitoring

Annie supports process monitoring and
mechnical health diagnosis

Intelligent

Application,

Inc.

XNET

XNET is a network management expert
system shell

The System monotor and analyzes network
data online

The Yorktown
Expert System
Lang.

one (YES/LID

Implemented in OPS5 and MacLisp.
It is general-purpose language for
developing real-time, rule-based
programming applications

run

on

and

MVS/XA operating

Sys

tems

the

VM

dudA, NEETE] R
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EEEERE)
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4e 2%

A8 7}

17kolefe] o2
S50 AT SN
AR sedol FAA &
SELER
g8t

23tx
A3 2ok A

Nzd A 2350 Aol ga
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