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Fig. 1 A simplified structure of an expert system.

Table 1 A classification of typical expert systems

in terms: of knowledge representation models.

. Rule-based approach (Production systems)
MYCIN(EMYCIN), ROSIE, OPS4,
EXPERT, MECS-AI

2. Model-based approach

CASNET, DART
3. Frame-based approach
KRL, FRL, UNITS, FMS,
PIP, CENTAUR, WHEEZE, MICRORHEUM
4. Blackboard-based approach

HEARSAY II, HEARSAY III, AGE
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Frame-name

a-kind-of slot

Bottom-frame slot

Description-information slot

Slot-1

Slot-2

Stot-n

Fig. 2 A simplified frame structure of FMS

Slot:

Slot-name

Inheritance-role

Data-type

Data-value

Option

Inheritance role: U ...

Data type:

Unique value

S ... Same value

R ... Restriction

I ... Independent value

Fig. 3 The slot structure and attributes of FMS

(12)

ATOM, TEXT, TABLE, BOOLEAN, LISP, FRAME, LIST




Ay
(Fw}
[

BRERBET S,

F-4®: COAOY FHBOTF—LBEOEATDHEE
5%, B&. ATOM. TEXT. TABLE.BOOL
EAN.LISP. FRAME. LISTO7E%&%>TWw
., 2MEBRT S,

BEEE{IEE (inheritance role) OZBHEEFOEKR
RODESBEHDTHD., NBRN-IELTOTU -4 + ¥R
FAR,. BRITBTIV-—A - IF14 22T, RENLCE
BELBEINS, COLE, ERALEDETB IV -LODHE
BEOBU. BT T CRERLINEINEESEL, DF0
VIV -—LAODEM., EEEBRV T, —RKEUNAS TFTRAM
STEREANBHRELEBAN, BL, BEEO 7L - AR
O0TH. YATALKBABNTWS, LEA>T, 2TO
JUV-—LBROOTOFHRELBLD, ST, 57V -LTH
A0y bHREEBES NS &, %ht;%@?%ﬁ&&é7v—
LAEEHRTREE BEEEAGHEELR > T. HINKERD
nas,

U: ZOAOY FSLCBREFIV-—LAZHRAN
BA.BRIV-LABKRAGDHBOT LV,

S: ZOAODY FABRSLCBEDFILV-LARY
BAND,

(13



394

R: ZO0ZA0vy bRUBHAFIV-—LANZFTHAN,
Eﬁ::?ﬁiéntﬂmm(ﬁﬁﬁ)?&ﬁhﬁ&%&w

I ZO7V-LARPTERIN, BTV -LANKRS
GRS NG |

BT V-LOEBHRELEOIDZPBEORBEBET DT — 4 &
DEHKBRDESDTH B,

ATOM:, 7\I\A°

TEXT: FF2Ab.

TABLE : %.

BOOLEAN: T, F, NI L#B&ULTES,

L 1SP: attached procedure , EBIND LB B
ﬁﬁﬂxﬁkan‘mwuLISPPROC7u—A(%ﬁ
) KLAMBDARELTERE NS,

FRAME : #O7V-AL&, ChEBWTIV-ALMH
@Uyﬁéﬁﬁ?éctﬁ?%éaa—Mmfﬁzgth
F-4BHFRAMETH 3, |

LIST: WAL NIL®H,

GH.ATVaYBE. YATLANASAAAKANSC
ERTEBLOKMBERZOIRLELDOTH D, A7 LK

HOFIVIHBULEVLOTHRIEELEBREGES AL, S

(14



335

TMORKAEAD, 7742 MbLGEOKKHBKHMBATES,

3. 3 HmoOHH

FMSUREOHAMWBBER LGV, FMSKBW 3
HKAOHHRR-—RERDISKTEDNDS ., A4 HZTDAAN
ZSAXALhERIN, CCTKBRABARA-ZA(TV—-4L -V
TAhA) 2, lERMABTEBIBOVLERWNB 7075 L8 %
75, MR IEZRHSIEZICLERL>THBEINS, |
Eb‘\‘ﬁﬁd)7l/—ixc:,attached procedure 2 D A 0 v

FPEBENSNTIA-—ZELTAYELE-DFKDE. TOprocedur

IL

e fRBIN, RELLTEARINS., [ERCOEEH
LT, BEKDBDELEB IV -—AKAYE-D8ED. £
LECOHDMRULTIAIABRA T O THL,

O-ANVGHEBODABAOBEREFHKE, AR OBH (focus
of attension ) OBOHEHR. RTREOFMOH O H
PEEBERE,. KBLEIEKEDEO K NASEEZN B,
BOUKHEPYRTLAHABO UK &0 TAESRES, —
BH KK, 55R<ERLLTIKBKBEESHAH, 1 EN
ZAvFYUlLEDBODEHB D, 92?Aéﬁ®ﬁ&6ﬁ0%<&
5L£BDNB,



356
3.4 705 L0OBMK
FMSYZ7 ALK, 420FB T2 - BREINT
WB,RNBE, TV -h-TIT A%, b=l -FTYAN,
ACTIVATE., BEUYRTLBBRETS S,
JlV—AhA  IFT142E,. ABRXN-AOEBBPEHRLGE. 7
VA PZAT7LO0OBEFOLODKAVWSOSNDS, #HEHEH 7D
S ABINERVTEINS ., CRERNBEN - ZADEE K
BOWT, 1-H e A YVE=-TIARAEBD, |
W=+ FIVAR, IVU-A - IF1 28RO THES
NEAEN-ADRNEOSI AERHUTZLHBEAMD 5N B
LBAMBEIAR. TU-h IFASTHRUESNBOT
\ Ch&liﬁ%ﬁ%@?%@ﬁ@ﬁﬂi%lﬁﬁﬁo
ACTIVATER, [E2EHITZLHODDBOTH B,
92?AE§&E¥&J\ attached procedure F#F&H5< 7T %
AKBASNTVBLISPHEB TS, KELINRSH

HEBEEBETHHIOT, YATLBEBDONM>TWVWS,

4 H@E:Micro-RHEUMEFLORR
CCTRFMSORBARMELT, BRAPAKBARLEI &

AN=b AT ALMIiCro-RHEUMZEE, BN %

AWhTY1-vFE2HRXETFMVRHEUMZEREULLHK

(/6)



337

DN THBCEEKAEANS, Micro-RHEUMEKD® TR,
YH (4, 5) BBBANL L, CREISAFUTP - 5
VEMATWNEH, —BOBBEIV-—hL AT LTHD.,
FMSERAVWTERRIZKOBEL > TR, BHRLTDETN
AEHR LB EBLDIEOLBT R,
mSmﬁﬁMCTom%M734%u7%‘aGm:@ﬁ
TEHAINTVSMEEIMIositis mildeMiositis
severeD AND /ORPMPY-K&KBI3FHSLTMicro— RH-
EUMRBE%2AR 9. CORKMAKCELOBHISAT VU7 -
74A—-LEAND/ORMY-KLBPPHEHRAOXRROMES
BKE» T, ROBLBHAEGRNBEREASIABE LG, &8
CUEOEBTI LA IFA40RRATYEEMN TH
ALEDHDOTH B,

77V -hL Y27 LOBBEREERT, LISTP
RO Citattached procedures, FINDINGRERHRRHE
MUZb%E, TH-AGGRINRTOTEARAOEHEE R X

Y FKBEOIUVU-LTHB, TODKELNTHL2H S S

0

4573 .DISEASETZLV-—LADFRELTESES N
Tn3. BFREOIJL-LMCTD-DEF-ARBMCTD
O definit —criteria—case— A8 % 7 3,

B8R IH-AGGILU-ALAD-BECITRES N TH

7D



358

% attached procedure IHAGGLOGICOLISP
MBEERY . HBONOFTHRRY AT LABBTH 5,
MORBIL—-—ALMCTDSLUMCTD-DEF-A%GR
T, 458, B8A0Yy PETOE3INE . EEINELEHT VL
~LhERT, |
CODEFNVNEMicro-RHEUM (FORTRANA=D

3 V) EREGREETDHIN. DUEW,

5 ¢

JV-LBIFAN-b AT LARY-VFMSOEK
MOE R, Eﬁ?ﬁlﬁ&ﬁﬂ%ﬁ&@%b@?ﬁﬂ%%ﬁﬁ?
Y- LNORR. BLTINEBELIREREABBO A H =
ALhERHIBIELEK DD, TOLHKE, EREI F AN
—F Y RAFALAERERRLTBBEBRATRTH D, &
bHEBFRE. WD®BHtoy  researchicBo T L ED BB A
AZEVL, RERR-—"RBF-—OREBIAERI ML,

— B, HRBELZAEITNEABEOERRIBT S LG T
Fﬁﬁﬁﬁﬁ@ﬁﬂ%%'}i<HR?&5¢&7J"C*%673\ AHE#®K
HBREZW S, Micro-RHEUMBZCOMTHS., BED
P roduction systemt blackboard— based systemic B &

ERABAGCENRERLD. —HIV-ARYATLBARHR R

(/ 8)



339

BOHTCBEWHA, HAZORAFLAZTY, FMSOLKCHER
EOIXAN-F - EFNEOE, CRERVCTREKMNSG T
FANRX-PF YATLEBETDONR—DORKTH . K
TOKFMS®DLEKMicro-RHEUMEZO®, 20O LK Y
1-YFBHEFTNEOELDBOE, Micro—RHE UM

\'/

ATLERVWEKEGLORNBRERT ., 7V L - TTFT VN L

CETAATH2PE. SBOBRBETH 5.

il 7 PATLADA T TIYRAYT-2avET2TLNEK
PBEREH, NRENMOWMBKCEHT 5.,

2EXMH :

1) E. Feigenbaum ; The Art of Artificial
I ntelligence — T hemes and C ase S tudies
of Knowledge E ngineering, Proc. 5th [JC

AT (1977) |

~2) M. Minsky ; A Framework for R epresent
ing K nowiedge, in P. Winstbn(ed; )- The P
sichology of Computer Vision , Mc¢c Graw — H
itl (1975) |
3) LtHBHE: TJ7V-LBERKELAOSERYIAT L, I

(1)



400

PSJUAIRMBEMERE 21-3(1981)

4 ) H. Ueno , D. Lndberg et at. ; Design
of a Criteria — B ased R heumatology Consuit
ing Systen for a Microcomputer, ~ P roc .

MEDINFO80 (1980) |

4 ) D. L indberg , G . S harp, H. Ueno , et
al. ‘; C omputer — B ased R heumatology Consult

ant , Proc . MEDOINFO80 (1980)

5) P. Winston; R epresenting K nowledge in
Frames , in Artificial I ntelligence , Adiss

on—Wesley (1977)

6) I. Goldman; NUDGE : A Frame— Based
S cheduling. S ystem , Proc . 5th [ JCAI
(1977) |
7) M. Stefik : An E xamination of a Fra

me— S tructured R epresentation System , 6 th

T JUCAT (1979)

8) D. G. Bobrow and T. Winograd ; An
Overview of KR L, a K nowledge Rebresent

angtion [ anguage , Cognitive Science, Vol,

1., No . 1 (1977)

(20)



3

401

9) R. G. Snmith and P. Friedland; UNTIT
P ackage U ser s Guide, S tanford Heurist

ic Programming Project Menmo HPP-80-28
(1980)

'10) D. Smith and E. Clayton; A F rame-

B ased Product\ion Systen A rchitecture , Pro

c . Tst AAAT (1980)

1T1) J. Alikins ; Prototypes and P roductio

n Rules: An F ramework to K nowledge R epre

~sentation for  Hypothesis Formation, Proc .

e6th TJCAIT (1979)

(21)



Send messages

to activate

attached procedures.

Start
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Return values.
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a frame system.
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Evaluate values

and
identifies the next
attached procedure.

Fig. 4 A simplified view of the inference control

of FMS.

Major Criteria Minor Criteria
1. Raynoud's or esoph. hypomotility 1. Alopecia
2. Myositis, severe- 2. Leukopecia ¢ 4000 WBC/cmm
3. C0 diffusing capacity € 70% 3. Anemia €= 10.0 gm% females,
4. Swollen hands, observed < 12.0 gm% males
5. Sclerodactyly 4. Pleuritis-
6. Highest observed ENA >= 1:10000 5. Pericaditis
L 6. Arthritis .
7. Trigeminal neuropathy
8. Marlar rash
9. Thrombocytopecia .100000/cmm
10. Myositis, mild
11. Swollen hands, history
T T T
f Definite | Probable ! Possible
T o T
I 4 magor + : A. 3 major + : A. 3 major +
i .
CLIN | ! 8. 2 major + Y B. 2 major +
| ' (include 1 or more -
| ! from #1, #2 or #3) | C. 1 major +
| ! 2 minor + N 3 major +
t : L
| anti-RNP + 1 anti-RNP 'I A. No requirements
SEROL | with ENA >= 1:4000 ; with ENA >= 1:1000 .
1 t \ B. anti-RNP +
' \ . with ENA = 1:100
: ! ' C. anti-RNP +
| ! : with ENA = 1:100
] T L}
ECXL ! anti-Sm # } None i None
| [ 1

Fig. 5 The diagnistic decision criteria form
in the Micro-RHEUM model.
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AMES

PMWS

PMWM

phain
<D
(s

MBXM

AMEM EMG MBXS

Intermediate hypotheses and aggregations.

E.G.
AG1 LOGIC :
AG2 LOGIC :
AG3 LOGIC :
“MYOM  LOGIC :
AG4 LOGIC :
AG5 LOGIC :

MYOS LOGIC :

PMWM
PMWS
AMEM
AMES
MBXM
MBXS
EMG

1 OF
2 OF
2 OF
1 OF
1 0F
2 OF
1 OF

Proximal
Proximal
Abnormal
Abnormal
Abnormal
Abnormal

PMWM
AMEM
AMEM
Ac2

AMES
MYOM
AG4

MBXM

AGT

EMG

AG3 -~- Myositis, mild
PMWS

MBXS

AG5 _ -~~ Myositis, severe

musclie weakness, mild
muscle weakness, severe
muscle enzymes, mild
muscle enzymes, severe
muscle biopsy, mild
muscle biopsy, severe
Myopathic EMG

Fig. 6 Expressionsof intermediate hypotheses myositis
mild and severe in an AND/OR tree and Micro-
RHEUM representations.
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Fig. 7

<< HIERACHY >>>

ROQAT -
— L [SPPROC
_F—=_FINDING .
© p— [H=-AGG
_ . P—DISEASE
— MCTD
|—— MCTD=DEF~A _

—— MCTD~PRO-A
p—MCTD-PRO=B |
— MCTD~P0OS-A
— MCTD=POS=8 |
— MCTD-P0OS-C
— RA
— RA-DEF-A

—— SLE-DEF=A |

l— SLE-PRO-A
S| E-PRO-B
L. S| E-PRO=-C
S E-POS~A
L 5| E-POS-B

PSS=DEF-A
PsS-~-DEF=-8
PSS-PRO=-A
PSS-pPRO-B
PSS-POS=A

PM=DEF-A
PM=DEF~B
L PM-PRO-A
| PM-PRO-B
| PM~POS-A

— PM
| —

PM=-POS-8
PM-P0S-=C

L— PRYN~DEF-A

wn
«

— SJ-DEF-A
— SJ-DEF-B

: B - — 5J-PRO-A

SJ~-PRO-B

The frame hierarchy of the Micro-RHEUM model.
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FRAAE =AML : 11=AGG
AK( ()  RUOT FRAME = ROOT __
BOTTAOMFL (U)  ROOT ATOM BOTTOM
DESINF (UY ROOT TEXT . (MADE BY 1TD AND 0OZAWA)
LOGIC (1) =#TOPx LisP IHAGGLOGIC
UNKLDGIC (1) =#TOP=» LisP UNK THAGG
AGL (1) =#TOP# LIST (1 OF PMWM MBXM)
AG2 (1) =T0OP= SLIST . (2 OF AMEM AGLY .. _ __ |
AG3 (1) =T0OP= LIsST (2 OF AMEM EMG)
MY QO (1) #T0P= LIST (1 OF AG2 AG3)
AGSL (1) =#TOP% LIST (2 OF AMES PMwS)
AGS (1) #T0Ps LIST (2 OF MYOM MBXS)
MY (S (1) =#T70Ps LIST (1 OF AG4 AGS)
AG6 (1) =T0P# LIST . (2. OF_FEM_ANE1)
AGT (1) =TOP» LIST (2 OF MALE ANE2)
NMC3 (1Y #T0P% LIST (1 OF AG6 AGT)
RYES (1) =TOp=x LIST (1 OF RAYN ESQOP)
RNPE (1) #TOP= LIST (2 OF RNP ENAj%)
RNPN (1) #TOP=# LIST (2 OF RNP ENA1)
RNPA (1) #TOP* LIST __ (2 OF RNP ENAQ) -
NQSM (1) =#T0P= LIST (1 OF #SM)
RAFL (1) #TOPs LIsT (1 OF #RAFH)
RAEX (1) #T0Pw LIST (11 OF #SCLD #MALR #PHOT =H
1)
NENA (1) #TOP=% LIST (1 OF =#RNPN)
NEPR (1) =#T0px LIST (1 OF FGLO MESG DGLO _MEMSG R
CNS (1) #TOPs LIST (1 OF 0BSY COMA SEIZ PSYQ)
SERJ (1) #TOp# LIsT (1 OF PLEU PERDY. _ ____ |
HCMP (1) %=TOPs# LIST (1 OF HCM3 HCM4)
SLSE (1) #TOP# LIsT (1 OF ANAP LE SM DNAP)
AG8 (1) =#TOP» LIsT (3 OF RNP ENAP NOSM)
SLEX (1) =70P= LIST (3 OF_#5CLD #EART #AG8) |
PLCO (1) =TOPs LisT (1 OF PLID DCOT)
SWHU (1)  =#TOP# LIST (1 OF SWOH SwW00) |
RYED (1) «TOP=# LIST (1 OF RAYN ESOP DGUL)
ANRE (1) #TUP® LIST (2 OF RNP ENAP)
PSEX (1) =«#TOP# LIST (2 OF #EQS!] #ANRE)
RRES (1) «TOP# LIST (1_OF RAYN ESOP)
PMEX (1) #TOPs LIsT (4 UF #SCLE #HEMA #RNPN #DN
PMXX (1) =TOP# LisT (3 OF #HEMA =#RNPN #DNA6)
RYEX (1) =TOP=s LIST (5 OF #MCTD #PSS #SLE #RA =
SJEX (1) =TUP# LIST (4. OF #MCTD #PSS #SLE’ #PM)

THAGGLUGIC .
(LA3DA (SNAME)
(PG (A)

(SETY 4 (GETTHISPF SNAME))

(COND (NOT (ERUAL A (GUOTE PFY)) (RETURN (CAR A))))

(SET?® A (LETTHISVAL SNAME)) .,

(SET® A (INVEST (CAR A) (CDDR A) (QUUTE 1HAGG)))
(SETTHISPF SNAME A)
(CAR A))))

(RETUIRN

Fig. 8 The IH-AGG frame and the attached procedure

IHAGGLOGIC.
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~ FRAME-NAME sMCTD _

AKO (WY ROOT FRAME  DISEASE
BOTTOMEL (U)- ROOT ATOM NOT~-BOTTOM _
DESINF T ¢U)  ROOT TEXT (MIXED CONNECTIVE TISSUE DISEASE)

LDGIC ' (Y) _DISEASE _ LISP___ DISEASELOGIC . . R
CONCLUSION  (U)> DISEASE LisT
CASES (1) sTOP® . LIST __ (MCTD~-DEF~-A MCTD-PRO-A_MCTD-PRQ-B ¥
MACR ~ (S) =TOP= LIST (RYES MYOS DCO7 SWOQ SCLD ENAP)
MICR (S) «#TOP=# LIsT (ALOP WBC4 NMC3 PLEY PERI_ARTH TRIC
MAJOR (U)  =TOP+ LIsT NTL -

__MINOR (U)_ #T0P» L IST NI
"SERDLO (W) =TOP ATOM NIL

CEXCLU o qU)  wTOP®  ATOM_ O NMWL e
NOTINY (SY - #TOP® BOOL NIL
CONCL (U)  #TOP# ATOM NIL i
UNKLOGIC (UY DISEASE LIsP UNKDISLOGIC
UNKDISP  (U) DISEASE _ _ LISP__ UNKDISP o
. _FRAME~NAME:MCTD~DEF=A _ el
AXO (UY ROOT ~ FRAME  MCTD
BOTTOMFL (U) - ROOT ATOM BOTTOM i
DESINF (U ROOT CTEXT (MADE BY 170 AND DZAWA)

LDGIC _ ~ (U) DISEASE _ . LISP _ _ CASELOGIC e
CONCLUSION  (U) DISEASE LIST :

_MACR (S) _MCTO _LIST _ (RYES MYQS DCO7 _$WOO SCLO ENAP) I
MICR (SY  MCTD LIST (ALOP WBC4 NMC3 PLEU PERI ARTH TRI
MAJOR (U)  MCTD LIST (4 0 NIL) : )
MINDR (UY  MCTD LIST (0 0 NIL)

_SERCLO (U)__MCTD ATOM____RNPE_ R
EXCLU (U)  MCTD ATOM NOSM

ONOTINV . (S) MCTD. . BOOL..  NIL R
CONCL (UY  MCTD . ATOM DEFINITE

1__UNKLDGIC (UY _DISEASE _Lisp UNKCASELOGIC _
UNKD ISP (U  DISEASE . LisP

Fig. 9 Frames MCTD and MCTD-DEF-A which is a son of
MCTD and a bottom frame.
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Multi-Tayer models of FMS and Micro-RHEUM

systems.
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