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Diagnosis of Fuzzy Logic Circuits Based on Constraint Propagation
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A diagnostic reasoning system is given symptoms of malfunctions of a system and
determines which components could possibly be responsible. In this paper, a diagnostic
reasoning method for fuzzy logic circuits is proposed. We show that structures, behav-
iors and observations of the circuits can be represented as a set of equalities and
inequalities. In addition, we show how diagnoses can be computed based on a set of
inference rules. In order to improve efficiency, the method uses a local constraint
propagation as inference engine. Unfortunately, it can miss some diagnoses for certain
fuzzy circuits. To overcome this problem, an algorithm called extreme-values search is

used. Our method is implemented in the diagnostic reasoning system DiaLog-III.
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Fig.1 An example of a fuzzy logic circuit.
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Table 1 Inference rules.
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Fig. 5 A fuzzy logic circuit expressed as a
constraint network.

ISTRATY 27 MERATEEL maxl 34K
5 2 (MAX-CONSTRAINT), d3#AF 7 5 &
(CONNECTOR) Q#NnENA YR E YA TH 3.

1) BRET — 2% max1 OF — 2 #ET, X
2w b Output, Input-a, Input-b {3 OELAEHK &
DIEWIHAF~DEA V2 %2EK TS, max1 W&
T B2 5RCDENBE AV v FiT, MAX &l#ic %
FTHHBBA(1)~(5) I ESNTELEEZNL X
2y bOF-REBRUTEREFIRA v - V5%
3.

HOBEEHHD 7 52 A v T YA vF—vavl
TeAvy FOEBEEB 424 3. §45b b, MIN-
CONSTRAINT @ % v v Fi2 (6)~(10), CMP-
CONSTRAINT 22T i3 (13) 0 #Eza 48 A % 5
73,

Active 3, RFDEEEZNETEHEPD 7 5 7
Ths. bL, maxl @ Active HEE NIL 0#d
i3, maxl OEBEARELILCEICIEY, maxl g
WTRBETFICA v e —VEEELTDRV. 2hd,
YRF LIS, T NN maxl A HOFBRXELROE
BERHIET .

2) BEF7T—48BE: AT dOF— 28T, 2
my b Lower, Upper 2 dD & DKREOTFREE LR
DEENT 5. T oD, dic D3RR
HNCE > THUORERA v -V & LTEREINE
ELTHEDRIZE X #b 5 1. CONNECTOR
KA YTV AYF=Va VENTODE AV v Vi, #
FRHAI16) 2 HNT, dMECd -T2 L FREE
Ay —VEEIN LTFREAD EICH L LTHR
1, IRHLLEXMEHET 2. 20RERdosE0
KL OfEN LT & EICRD 20/ Ui RiflicE &

Feb. 1993

®A 5. T7bB, Lower OEIRMN, Upper ®
ERBLOFMTEEBIONE. COEE, X5
CONNECTOR @ # v v FREEINWZRKEOES
 dicERT 2 TN TORKREICIEET 3.

AT DB T RTOREFMBYOEBIR 0 »
b Constraints T/REXN 5. YR b (cmpl, minl)
i3 I DB T NTDOEAERE R T

Equivalent |3, REMO7-HO 20 v b TH 3.
HERORR, BT o, e b5, ci=cs, Co=C3, C4
=cs DX S BEXSHRINKCET B, 2ho %, FH
1EXE {c1, ez, cal, {eu, cs} TEREL, ThZEnME—DR
Eit, BIZWE, o, cltiWhB L HicT 5. CORME
Hr7— 25 LTk, RETEBICSORTERT
5 (BIBOBITIZ, a1 & co 2BIcbD=DDA).
Equivalent 123 Z OAROKAEH T 2720081 v
2 EWHMT 5. ChSDKICH LT Union-Find #
EREHEINTVB®. T, Find #8413,
Equivalent # 4 ¥ 2 2503 C LItk DEATFORSE
TERD BH|IEAZE S, Union #IE &1, BIBH
EHICET 2 20EHE (BET) c2 o itH¥LT,
cz=cs EWVIFREABHERINCESKK, o
DORMEREZ SO LT—20RMERE (k) 1cd 284E
Th 5.

WEFIHIREXSHR S L 5 &, Equivalent
OEHIFERLN, ThhBies NIL THhITRETE
#73L, Lower, Upper 8B &ENL B, 5T h
¥, Find #fEDITDN, ME—ORETICBET 3.
ZORFILICH LR (12) BSEHEN 3. T,
WaTICHIBEAMHERING &, KA
& & LERRIC Constraints IKRINBTRTOA T Y
=7 MTZ OHFHERMLEI N S.

BETF a1 & e BVHBERICDEEE, a ODETA
FMEEDONREIT cr & c2 DBT 2 REHEORET coz
#3, Complement 1D K £ v 2 it kb, Hicihi
BT LI LTHBL. HAFIC Equivalent BX Y
Complement &7z 3 C &ick Y, BRICE1ICR
Ul O FRIfE, #WHEAOHEREAL), (14), (15)15%8
FTe L35,

Value 2o v M, 4 3EIOBSEERE TR~
WAEA KM 3.

VBT &7 RElREB OB & 7 — 2 BiEi
LISP it k2347 V=7 MEMT 0 5 3 v/ OFE
(CLOS) Tk L7z, MAX, MIN, CMP o A#&I¥
Dy F7RE BET ER O/ 72E®BLEL. 2



Vol. 34 No. 2

B, CLOS it L 2HINEBDA vV AV F—Ya Y
CDONTDOEANIEEZFIZ, X7 KB ~Rs7T
3.

4.5 LW ER

NETRAFZEH TS X s, RFEKNEES
XU EHEEREEHSDAIEB W v 2 7 & (Dia-
Log-TI) O#EERAZR6 icRxT. ok, YUTO Dia-
Log-T I X 3 22WrEERI2 Macintoshll ETHETX

NebOTHB. Ui, BTOEBKICOWNTEH
Z{Fo7c. CZOEEED SD 8L OBS TRDLD

s 5.

SD={MIN 1 : min(inl, in2)=1,
MAX 1: max(in2, in3)=1ls
CMP 1: cmpl(/)=outl,
MIN 2 : min(l1, L2)=out2,
MAX 2: max(ly, ind)=1s,
MAX 3: max(ls, in5)=out3}

OBS= {{#1=0.9,in2=0.7,in3=0.8,

DlaLOg I common Lisp + CLOS

Constraint network Reiter's Algorithm

( pruned HS-tree )

pnmmve constraint Interface

connector

Theorem Prover

Local Constraint

Propsgation
inference rules

+

= 6 2ZMWr &7 s Dialog-TI
Fig. 6 Diagnostic Reasoning System : DiaLog-1I.

Diagnoses

inl

HWEEEHALL7 » Vs EBEEROREZ N

09 tcMPI

0.1

0.09

02 MAXSH:
o 1 (MAX2), {MAX], [MAX4], (MIN1},
REHER 1 mAXT, MIN2, MING}, (OMP1, MIN2, MING}
DEE DiaLoglll 17.9%

wafERRE 1178

0.25

o miN [l Jompr fol —Z
" in2

tZ 0.75
os in3 IMAX1| ou
04 ind
055 in5
s (CMP1, MINZ}, {CMP1, MIN1, MAX2}, {CMP1, MIN1, MAX3}
SRR i Dialogll 41

WmRIEREE 1388

7 WTSEREIES
Fig. 7 A circuit diagnosed,

8 k|
Fig. 8 A circuit diagnosed.
ind=0. 4, in§=0.55,
outl=0. 25, out2=0. 75, out3=0. "7,
5Le[0,17, L0, 17, Is<[0, 17}
COMPONENTS={MAX 1, MAX 2, MAX 3,
MIN 1, MIN 2, CMP 1}

COEBOBEIE—DERTRIEEORE (H—
e AHATEY, —DO EREESOD=ZEKR
EERREEE UTERS N, B8, TEIARCHA
EBERED A% B0l & X OLHEMIZRRHIEE
AR DOEIEHEHONIE LT - .

R 8 DEIBIC DT Lic. Do 0HM ik
EZDODZERENE L . K8 TR, CMP1 %
BRELEE L E X, M4 1R UKREREER CIRRIC
2%, Likdsi-T, SWafEgEREEBCRThEHRE

AR TE 2 VDT, CMP1 OB—KENE
SNTLE-HKELATHE. LHHRENLIILE X
51 Dialog-T TIRELARERMTONTNS. &
B, COERTIE, WEEEREOAZEVICLEED
3O BERRTERBELNTHE. Thid, K70
D%fbﬁ%ﬁﬁ%A@%iﬁbi 16 x L, K8 T 10

WEEESIWNINCERELI SNDS. —RIC, B
)&ﬁ%éi)d:%m%m FREERELZBND
2 Wiz DiaLog-TI DIF S MBEIE BB (n EifffE

O¥A, WMERORMFIT nETHY, BETE
BEERIROEII n 1B U CTHREMICHE KT 5).

DiaLog-TI I3 HI730, 104 THNiZ 2 ERER
BOEWMTRETH 2. K913 2 HREEEE (&MER)
@Ef»\ﬁﬁ%? LT3, FATEERSCLZHE

, BN s —BIAEREBEONEATRIEL, TH
Eﬂ Wk BERIFBEAGA Lk Td 5209,
PIER LIk Sic, DiaLog-T ic & 22W T, £



THH L LR

Feb. 1993

g2 &2 X &

1) Reiter, R.: A Theory of Diagnosis
out2=0.0

340
inl=10 o fompr MmN
102200 MAX1 |
Mp2 | 1 MiN2 i
in3=1.0 !
-—:IMIN6 MAX3

| MINS =

from First Principles, Artif. Intell.,
Vol. 32, pp. 57-95 (1987).

2) dull, b, FE, i REEE
DOEZKICB Y 52 BBER Y X 7 4

: {MAX1}, {MIN2}, {CMP2},

DEBELE2—)RT 47 X, BRFE
2355k C, Vol. 109, No. 10, pp.

PSR E {MAX3, MAX2}, {MAX3, MIN3}, (MAX3, CMP3}, {MAX3, MIN4}, {(MAX3, CMP4}
' {MIN8, MAX2}, {MIN6, MIN3}, {MIN6, CMP3}, {MING, MIN4}, {MIN6, CMP4}
i DiaLogll 16.4 #

BUERE - RAMEREE 16.3 ¥

| CREEEESE 1097 B

731-738 (1989).
3) tu)il, /hA, FEE, KW : BE#R
X BIEFREED Sy r— « LV

9 2 W [ B
Fig. 9 A circuit diagnosed.
BRELSDTNTCORKARD S EMNTE, B
Hici+aEANTHh R EEI N, T, AR
FEEAABIC X 220 & B U CHEREE T A AIMEASHE
BT

5. E H b IC

AFRCTR, FDI, 779 1+ HBEEREZHXSR
VAT LELTHER-REROEREATERIALL.
COEASICH LT Reiter OZEEHICENT-BED
E# V7Y 7 bES, BROHEREEMSRY
fo. Wic, HRBAE 2N S O AV RETHIRY
{8 E A EREREICOVTIRN, BRiCERERE
U7z,

AR TR TR O EE 7 V05 E
& — FICikERTIc 4 RRERRICHISTE . &
W 2 54 DiaLlog-T 2% D% % 2 EREREEKOL
WicEATE 3.

ASBOBRFNEEELTR, 2EHKRONEEEOm L
»H 3. BEED LA, Dialog-T i3, EHESEEP
LTelisEs EFEd & Lic & &, SHRNTERE
FAERT 2T > TV, 20X EHS
DEREFRICET A%, de Kleer [Tk »THE
REINKY. i, WROBEELTE, 775V 4
RS 2 [ERERERZ T 75 v SEF R L
AINTVE EEOHEERZY, oKk 7V 4 -7
Yy 7wy FIRERERETESUEHBOZE R
DOBEFRBEZL SN 5.

Wi FIFEIL, AREO—IITH LT ) FEE
OPRAEZF TN B.

KLk, BRFE&WEC, Vol
110, No. 8, pp. 500-507 (1990).

4) Greiner, R., Smith, B.A. and
Wilkerson, R. W.: A Correction to the Al-
gorithm in Reiter's Theory of Diagnosis,
Artif. Intell., Vol. 41, pp. 79-88 (1989).

5) Abelson, H., Sussman, G. J. and Sussman, J.:
Structure and Interpretation of Computer
Programs, p. 542, McGraw-Hill, New York
(1986); THFR): w3 LR EETLE]
p. 204, =/ m vk (1989).

6) T4k, A.V.dh @), FEE» G : TV
4 XA DEE EEITI, p. 222, HATVR
(1984).

7) Winston, P.H. and Horn, B.K.P.: LISP,
3rd ed., p. 611, Addison-Wesley (1989).

8) de Kleer, J.: Using Crude Probability Esti-
mates to Guide Diagnosis, Artif. Intell., Vol.
45, pp. 381-391 (1990).

(PHSAE 9 f 2 HEM)
(SEBk 4 £4£ 12 B 10 HEESR)

Bl BE (ELB)

TR 22 FEk. TR 45 TR
KERTTHRAE, AFELEET
| BRPRATHHYT. 50 AN
. HETY EERIEOREC
e R, ETHHEERS V7Y
= THES, BRPAERE,

WA 41 A SRR R
 I¥MERTYREE. TR IER
- RE¥BETERENES TYEREL
BRET. BHE, BHE—-a2—-
V%, ERLEBEEDY 7 by

e

= T BISEICRERR,



Vol. 34 No. 2

EE Fi (E£EB)

WEFD B0 424, FEFI B3 4RALIEEE R
SFTEMERTHEHERE PMSs
ERREEERTYERELREE
T. B, hiEERETELERL
- RGBT, ERTEFERTERNE
Eﬂ? Tﬁzﬁl’]@ﬁ%ﬁﬁ Tt YRFALE, g
itk HEBSHMZ VA FLAREOWMEICHKSE. B
%ﬁﬁ%ﬁ%,%ﬁié,5$v7bvx7ﬂ$%,
HA& OR %4, IEEE &4&5H.

HWEBARALL7 7 V4 ABERBOKEL K 341

XA E (ELE)

WEF 20 B4, HEFD 49 FEdLHEE K
BT ISR TR RHE LR
ET. T3t REERETEEN
BHRTERZHE vRF7LEHT
L ISRALAREY R T L, EERY
27 AOHEICRE. ATHEYS BER¥R &F
EREEYS, HUBBHEES BAORES K
pEHYS, RESEYS, IEEE-SMC £45.




