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We present a general fault diagnosis theory which extendsthe Reiter’s componentevel theory to the
packagelevel. We implemented it by using the automated reasoning system DiaLog, which we have
developing since 1988. We appﬁed it to the diagnoses of logic circuit by supplying the Dialog withthe
description of gates, wiring, the axioms of Boolean algebra, etc. The experiments show that the proposed

approach is potentially practical for large scale digital circuits.
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Fig.2 An example circuit - 2-inputs decoder
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SYSTEM =2- INPUTS-DECODER™
PACKAGES
P1 NOTG (N1 N2)
P2 NOTG (N3 NA4)
P3 ANDG (Al A2)
P4 ANDG (A3 A4)
GENERAL
C1  {-ANDG(7x) AB(?x)

BQUAL (out (?7x) ,and (inl1(7x),in2(?x)})}
€2 {-NOTG(?x) AB(?x)} BQUAL(out(?x),not (inl(?x)))}
C3 {-EQUAL(1.0)}

C4 {-BQUAL (out (?x),1) - BQUAL (out (?x) ,0) }
DEMODULATORS

MO0 {EQUAL(out(S1),1)}

Ml {EQUAL(out(S2).1)}

M2 {BQUAL(out(A1),0)}

M3 {EQUAL(out(A2),1)}

M4 {EQUAL(out (A3) ,0)}

M5 {BQUAL(out(A4),1)}

€10 {EQUAL(inl (N1),out(S1))}

C11 {BQUAL(inl(N3) ,out(S2))}

C12 {BQUAL (inl (N2) ,out(N1))}

C13 {BQUAL(inl(Al),out(N1))}

C14 {EQUAL(in1(A3) ,out(N1))}

C15 {BQUAL(in1(N4) ,out(N3)})}

C16 {BQUAL(in2 (A1) ,0ut(N3))}

C17 {BQUAL{in2{A2).cut{N3))}

C18 {EQUAL (inl(A2) ,cut(N2})}

C19 {EQUAL(inl(A4),cut(N2))}

C20 {EQUAL(in2(A3) ,out(N4))}

C21 {EQUAL(in2(A4),out(N4)})}

C50 {EQUAL (and (?x,7?x} ,?x)}

€51 {BQUAL(and(1,7x),7x)}

C52 {BQUAL({and (0,7x),0)}

€53 {BQUAL(and (?x,?y) ,and (?y.7x) ,t}}
€54 {BQUAL (or (?x,?x} ,?x) }

C55 {EQUAL(or(0,7x),7x)} :
C56 {EQUAL(or(1,?x),1}}

C57 {EQUAL{or(?x,?y},or(?y,?x),t)}
€58 {EQUAL(not(1),0)}

C59 - {EQUAL (not (0) ,1) }
PARAMODULATORS

C90 {EQUAL {out{7x) 1) BQUAL{out (?x).0)}
SUBSUMER

€999 {BQUAL{?x,?x)}

END

Fig.3 System Description for the 2-inputs decoder
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Dialog for Macintosh IX Ver.1.0
Use the HELP command to display the list of all
the DiaLog commands.

DIALOG-TP NIL
CONFLICT-Set: (N3 N2 N1 A2)
(REFUTE) took 477 ticks (7.950 seconds) to run.

DIALOG-TP (N3)
CONFLICT Set: (N4 N2 N1 A4 A2)
(REFUTE) took 505 ticks (8.417 seconds) to run.

DIALOG-TP (N2)
CONFLICT-8ct: (N3 A2)
{REFUTE)} took 357 ticks (5.950 seconds) to run.

PRUNING TREE:: (n0)-N1-

PRUNING TREE:: (n0) -N2-{n2)-N3-

PRUNING TREE:: (n0)-N2- (n2)-A2-

DIALOG-TP (A2)

CHECKED

(REFUTE) took 794 ticks (13.233 seconds) to run.

DIALOG-TP (N4 N3)

CHECKED

{REFUTE) took 973 ticks (16.217 seconds) to run.

Of that, 210 ticks (3.500 seconds) wvas spent in
GC.

DIAGNOSES PACKAGES: :
(P3) BASED-ON: (A2)
{P2) BASED-ON: (N4 N3)
T

Fig.4 Adiagnosis conseming the 2-inputs decoder.
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Package-level diagnosis TP Calis Time{SEC.)
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Component-level diagnosis TP Calls Time(SEC.}
{A2}, {N4 N3} {Ad N3} 7 78.4

Table 1 Package-level diagnosis for the 2-inputs decoder
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Fig.8 A sequential circuit for diagnosis - automatic vending machine.
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Functions Packages Assignments

HEX INVERTERS Pq N{, N2
QUADRUPLE P2 A1, A2, A3, Aq
2-INPUT AND P3 As, Ag, A1, A1
GATES P4 A7, A8 Ag

Ps A12,A13,A14

Pg A15 A16,A17A18
TRIPLE 3-INPUT P7 A1, Ag2 Ag3
AND GATES . Pg Ag9, A3p, A3t

Pg A32 A33 A34

P1g Ags, A3, Aay

P11 A1g, A2

P12 A24, A25

P13 A28, A27, A28
TRIPLE 3-INPUT P14 01,02, 03
OR GATES P15 04, 05,08

P1g 07,08

P17 Og, 010, O11
4-BIT D-LATCHES P1s D1, Dz D3

Table 2. Components assignment to packages.
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| SingleFault Rationale Double-Fault Rational
P13t {{Aog} P4, P3} N2, Ag}
P15} | Op} {P1,P7} (N2, Aga}
TP Calls 37 P1.P11} {N2, A2g}
Time{min.)24.8 {P1, P14} - {N2 Oa}
Pg {A17, A1} {Pg, P3} {Ag, Ag}
P10t} {Ass A3p} P2.P4g {A4, Ag}
P17} { {010,011} (P2, P7} {Ag, Aza}
| _Pig) |{D3q.03:ng P2, P11} A3, Ao}
{P2.P12} {A4, Az5}
{P2, P14} {A3 Oa}
Apolio DN3500 TP Calls 95
(MCB8030 25-MHz 8Mb) | Time(min.) 94.7

Table 3. Package diagnosis for the automatic vending machine.
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Table 4. Direct package diagnosis without the basis.
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