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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,

1. 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,

4. Blackboard-based approach
HEARSAY II,

MICRORHEUM

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 ... Unique value

S ... Same value

R ... Restriction

I ... Independent value

Data type: ATOM, TEXT, TABLE, BOOLEAN, LISP, FRAME, LIST

Fig. 3 The slot structure and attributes of FMS
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Return values. -
Organized as Evaluate values
a frame system. - 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. CO diffusing capacity € 70% 3. Anemia {= 10.0 gm% females,
4. Swollen hands, observed & 12.0 gn% males
5. Sclerodactyly 4. Pleuritis-
6. Highest observed ENA >= 1:10000 5. Pericaditis
- 6. Arthritis .
7. Trigeminal neuropathy
8. Marlar rash
9. Thrombocytopecia . 100000/cmm
10. Myositis, mild
11. Swollen I'\ands, history
T T T
i Definite 1 Probable ! Possible
T b ¢
| 4 magor + : A. 3 major + : A. 3 major +
I .
CLIN | ! B. 2 major + : B. 2 major +
| ' (include 1 or more -
| ' from #1, #2 or #3) , G 1 major +
| s 2 minor + \ 3 major +
i
t T .
| anti-RNP + 1 anti-RNP % . A. No requirements
SEROL { with ENA >= 1:4000 ; with ENA >= 1:1000
I 1 : B. anti-RNP +
} | \ with ENA >= 1:100
: ! 1 C. anti-RNP +
| ' : with ENA = 1:100
i T L
ECXL : anti-Sm + : None : None

Fig. 5 The diégnistic decision critéria form
in the Micro-RHEUM model.

(22)



AMES

PMUWS

PMWM

MBXM

AMEM EMG MBXS

Intermediate hypotheses and agqregations.

E.G.
AG1

AG2
AG3
- MYOM
AG4
AG5

LOGIC :
LOGIC :
LOGIC :
LOGIC :
LOGIC :
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
AG2

AMES
MYOM
AG4

MBXM

AG1

EMG

AG3 --- Myositis, mild
PMWS

MBXS

AG5 -~- Myositis, severe

muscle 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 >>>
RQAT i
- L1SPPROC
L FINDING
L |H-AGG
— DISEASE
L MCTD

L MCTD-P0OS-A
p—_MCTD=POS=8B
— MCTD-P0OS-C

E .
— SLE-DEF=A |

— SLE-PRO-C
< | SLE-POS=A
L S| E-PDS-B

L PSS=DEF-A
— PSS-DEF-B
L PSS-PRO-A
- P35-PRO-B
P o — pP5S-pPOS-A
f — PM .

| PM=DEF-A

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

PM-P0OS-B
PM-POS=C

— PRYN~DEF=-A

J

— SJ=DEF-A
—— SJ-DEF-B
— SJ-PRO-A

- Lo 1EXT

The frame hierarchy of the Micro-RHEUM model.
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LIST

FRAAE -~ AL : 14=AGG

AK O (U)  RUOT FRAME . ROOT

BOTTOMFL (U)  ROOT ATOM BOTTOM

DESINF (U)  ROOT TEXT (MADE BY ITO AND DZAWA)

LOGIC (1) =#TOPw LISP IHAGGLDGIC

UNKLOGIC (1) #70P« LisP UNKTHAGG

AGL (1) =#TOP# LIST (1 OF PMWM MBXM)

AG2 (1) #TOP= S LIST .. (2 0F AMEM AG1) . 1.

AG3 (1) =T0P= LIsST (2 OF AMEM EMG)

MY UM (1) #T0Ps LIST (1 OF AG2 AG3)

AG4 (1) =T0P% LIST (2 OF AMES PMWS)

AGS (1) #TOPs LIST (2 OF MYOM MBXS)

MYUS (1) =T0P= LIST (1 OF AG4 AGS)

AGH (1) =T0P® LIST . (2 OF_FEM ANEL1)

AGT (1) =TOP» LIST (2 OF MALE ANE2)

NMC3 (1)  =#TOP# LIST (1 OF AG6 AGT)

RYES (1) =TOps LIST (1 OF RAYN ESOP)

RNPE (1) =TOP% LIST . (2 OF RNP ENA3%)

RNPN (1) #TUP# LIST (2 OF RNP ENA1)

RNPA (1) =TOPw LIST (2 OF RNP ENAQ)

NOSM (1) =TOP= LIST (1 OF #SM)

RAFL (1) #TOPw LIST (1 OF #RAFH)

RAEX (1) =TOP# LIST (11 OF #SCLD #MALR #PHOT =#H
1)

NENA (1) =TOP= LIST (1 OF =RNPN)

NEPR (1) #T0px LIST (1 OF FGLO MESG DGLO MEMS R

CNS (1) #T0OPs LisST (1 OF DBSY COMA SE1Z PSYQ)

SERJ (1) #TOP# LIST (1 OF PLEU PERIY _ _ |

HCMP (1) #TOpas LIST (1 OF HCM3 HCM4)

SLSE (1) =T0P# LisST (1 OF ANAP LE SM DNAP)

AGS8 (1) =TOP= LIST (3 OF RNP ENAP NOSM)

SLEX (1) #TOP# LIST 0 (3. 0F_=SCLD #EART #AG8) |

PLCOD (1) =TOps LIST (1 OF PLID DCOT)

SWHU) (1) =#TOPs# LIST (1 OF SWOH SwW00)

RYED (1) #TOP=» LIST (1 OF RAYN ESOP DGUL)

ANRE (1) =TUP# LIST (2 OF RNP ENAP)

PSEX (1) #TOPs# LIST (2 OF #EGS! #ANRE)

RRES (1) =«TOPs "_LIST (1 OF RAYN ESOP)

PMEX (1) #TOP# LIST (4 UF #SCLE #HEMA #RNPN #DN

PMXX (1) #TOP# LIST (3 OF #HEMA #RNPN #DNA6)

RYEX (1)  =TOP= LIST (5 OF #MCTD #PSS #SLE #RA =

SJEX (1)  #TUP% (4 OF #MCTD #PSS #SLE' #PM)

THAGGLOSIC ‘
(LAT3DA (SNAME)
(PG (A)

(SET® 4 (GETTHISPF SNAME))

(CND

(SET? A (GETTHISVAL SNAME)) .

(SETH A (INVEST (CAR A) (CDDR A) (QUUTE 1HAGG)))
(SETTHISPF SNAME A)
(CAR A))))

(RETURN

CINOT (ERUAL A (GUOTE PF))) (RETURN (CAR A))))

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

'IHAGGLOGIC.
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FRAME=NAME sMCTD _

AKO (U) ROOT FRAME D]SEASE
BOTTOMFL (UY  ROOT ATOM NOT-BOTTOM _
DESINF Uy ROOT TEXT (MIXED CONNECTIVE TISSUE DISEASE)D
LDGIC _____(u) DISEASE __ _LISP __ DISEASELOGIC . R
CONCLUSION (U DISEASE LIST
CASES____ (1) #TOP® LIST __(MCID=DEF=A _MCTD=-PRO-A_MCTD-PRO-8 ¥
MACR (S)  #TOPx LIsT (RYES MYOS DCO7 SWOO SCLD ENAP)
MICR (S) #TOP» LIST (ALOP WBC4 NMC3 PLEYU PERI_ARTH TRIC
MAJOR (U #TOP# LIST NIL :
__MINOR (U)__=T0Ps o LIST ONIL
'SEROLO (V) #TOP+ ATOM NIL
J_EXCLU_  cUd _sTOP®  ATOM _ NIL S
NOTINV (S) - #TOP# BOOL NIL-
CONCL (U) #TOP# ATOM NIL .
UNKLOGIC (U) DISEASE LISP UNKD1ISLOGIC
UNKDISP  (U)> DISEASE _ _ LISP___ UNKDISP o
.. . FRAME=NAME :MCTD=DEF=A R
AXO (U> ROOT ~ FRAME MCTD
BOTTOMFL, (U)_ ROOT ATOM BOQTTOM
DESINF (U> "ROOT TEXT (MADE BY 17O AND DZAWA)
LOGIC © (u) _DISEASE _  LISP_ CASELDGIC -
CONCLUSION (U) DISEASE LIST
_MACR ¢Sy McTo  LIST  (RYES MYQS DCO7 SWOO SCLD ENAP) 1
MICR (S)Y MCTD LIST (ALOP WBC4 NMC3 PLEU PERI ARTH TRI
MAJOR (UY _MCTD L1ST (4 0 NIL) : )
MINOR (U) MCTD LIST (0 0 NIL)
_SEROLO (U __MCTD _ATOM____ RNPE_ _ .
EXCLU (U)  MCTD ATOM NOSM
CNOTINV. . (S) MCTD. . BoOL . NIL .. . . B
CONCL (U) MCTD . ATOM DEFINITE
_UNKLOGIC (U) _DISEASE o Lisp UNKCASELQDGIC B
UNKD1sP (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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RHEUM

Micro-RHEUM

model

FMS

LISP

Fig.

HHR
ApmaN

RHEUM
(COCORO)

Micro-RHEUM

FORTRAN

e
g’

Multi-layer models of FMS and Micro-RHEUM

systems.
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