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Abstract  Given the logical model of system and its input, when an observation of system’s be-
havior conflicts with the way the system meant to behave, we can determine those components of
the system which, when assumed to be functioning abnormally, will explain the discrepancy be-
tween the observed and correct system behavior., That is the main idea of model-based diagnosis.
The classic diagnosis method is very inefficient because its diagnosis procedure is based on logical
reasoning. In this paper, the authors redefine the diagnosis, and introduce a new procedure-
based rather than logic-based approach to compute diagnosis based on constructing and analyzing
a compact structure which we call a diagnostic graph. It is shown that it is a better choice since
the search made by this approach is fundamentally different from the search of classic model-based
one. So the approach in this paper can provide a new perspective on the diagnosis problem. Finally,

the effectiveness of this methodology is demonstrated by the experimental results.
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NO-MODE(inl1(A2) =D IEM T . )\ P, fir 8 2 1%
W3 P an 2.

EX 14, WITH TAER () W2 LVT
Fofr 155 0 v 4 AT — b 15 0 B S U0 o0 #F T AR B 20U AN
— 5 /3% 32 A — 3 (inconsistent) ; — Ff o4
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TAEBEA Y 4t B 42 5 05— Fhoo i RS i)
B BGEFEA — B0 A — A T TARERE TR
RFEA i — 12— A

filhn ., & 3 T )2 oo TARB 2 A A AR
R AB_3(X 1A NR_3(X1) , ixX ®§ 4> T AR 40
MEF out(X1) =0 Ml ot (XD =1 . HTF
out(X1) =0 Fl 0wt (X1) =1 Wyl & A —F .
3y i N v 7 AT 4 T N e S O O STR N S )
s, A TAER S AB_3(X1) fl NR_3(X1)
)i AN — 30, DA X 7 A AR AR 2 A — B0,
F#e, T, B oo TAEB L2/ WA L AE KA
AB_2(X2)Fll NR_A(X2) JEA—Fy . K AB_2(X2)
B — A inl(X2) =0 Fl NR_4(X2) B — M A
inl(X2) =1 JEA—FH.

EX 15, Y4 R A 0L — B A
FEoR T i A ) A AN — B — A R )
— i R A E s AN — B3 FF (inconsistent sup-
port) J& 4§ B A% 3 XF i A BT A T AR R 2 2
PP A — .

B aniE 3 Hr, Py il )2 o i A inl (X2) =0
fMinl(X2)=1 A -, HNFE Do
BAAATRERE 2 0 X & 1. [ AR, inl (X2) =0 Al
out (X1) =1 ZA—FUW . B N 3R45 3 P54~ i &L 1) o
TR AB_3(X 1D 5 NR_3(X 1) J& A —5 ).

gk E e R oo TAERUZE M T &
R EA BT TAERAES 1T R0R. 12
W% 2 EH PoRoR . A —Foar 84S H

#Pi%%%.

AR 1312 W P B AT 56 5 S FATT T LA 3
PATF WA fi A

a1 WORAES WA Al = P A A

pFq . H(poq) & puP; U Cpoq) & pPs WHRAEL
Wil o TAERE )2 T B Wt TR 0y 2e s
H G ot @ T Uty ot,) & pT.

TEWT AR 12 W7 1B Y 2 S X T P g — i
p s BOLFAE— D hoe I TAERE R ¢, SR A8t X
TP PP p Flg. BT (poq) & pP,y R
M p Alq Je—30m. R (e, ) € p T o BPKE W A
B p Mg P10 PAGRE Dy oo i TAE B Ul 2
FH 0. kS P 28U A EiE PR
SRR — 20 28U, IR (e e € T U R
PG TAEBE S 2 1 2, J2& M — B0 o0 1 T AR
2 XM E T TAERE S o A 2 (9 5 A7 Ay
P JE—80 Rt aT A e TAERS ¢ F0 2, 78

T R4S — BB (o) € T

bR W R A B R AR %
flesdh k. T2 W P 1 i AL B8 i A RCRI G A AR
5 302 9 0 F A AR RO 2 398 3 3 /Y, B XS T

= A

ZWRE RS Z.P, CP,, T, . CT.
EN 16, X Ty 4 OBS, iR 752 kK

FAEAE—frd 2l OBSCP; . Jf H OBS T ANfFAE
BHA—E 8, Bl - Joi,0, € OBS, (01,0,) € 1P,
MFR AR A OBS MRS 50 T 35,

aRE SO SR Ar AR OBS 78 P2
RE—S B, W T, 2 oot TAERE 2 7 4E M
BB oo TAER A S il 4R & OBS, il ix £
HHH.— S0 T TAEB 0 SR A7 A2 AH B — B A
FEETE)ZE P AR HEWRIRE)Z Po.
P L fir i 4E OBS M s, 7] 35,
4.3 LHHITE

W TR R 4 S P AN B B EAT < AL 112
P B B 2 DB 1550 B B A 365 12 W IR B B O R 2 B
A CGRIR RGP RO & R¥E R GE M ik Z
(] 3 422 G 2 L T ) 97 R 2 W 5] L 30 g — B0 A5 3
RGEMWEMALE S 2 WiE 5 0 BON R 48 i W42 {H
R R R IZ W E L LK e S 3R g SR E 1Y)
ARG TU TAERA LS.
4.3.1 2B Tk

4 Pp={s,-M,OBS) N — 2 Wi f, Ko s, Al
OBS i AR A, AR 3R 12 W In) B 1Y) ) R g A\ DU 5%
B M g R0 A, Hoh A 5 &R S8 BT A AT RE A AR
B SURRG TG A TRe ) TAEBRXES T8
FEoCFR e TAER G MR W TR ES.
ML, ATAT AR 22 Wi R i+ 1 )22
Ve T ) T 1

BiE 1. ZWEY RAEEOVE
JEASEIZE i1 22 W ED.

Expand((Py Ty ot Ty yooe T, T, o Py optP)))

Input: G=(Py, T\ T, =Ty uT, s P, s P> A diag-

{22 YT

nostic graph for that problem expanded up to
level i
Output; G = ( Py, Ty, pTyy =y Tiv1s pTiv1y Piiys
pP. 1), A diagnostic graph for that problem
expanded up to level i+1
1. T,y <{t€ Tlinput(t) = P; and input® (1) \puP: =}
2. Pioy<Ap|E€T 1 : p€outpur(t) V p€ link(t)}
3. puTi <ty t,) €T oty 7t | APy € out put (1) U
link(t,), Ipy € output (t,) U link (t,),

(prs p2) € pP;y or Ap, € input (4,),
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Ip, € input(ty) ,(py s py) € pP;
4o Py < {(p, @ €Pl s pFql At se)E T pE
output(t,) U link (t,) . q € output (t,) U
link(t,)}
5. for each t&€ T, do
link # with input arcs to input(¢) in P,
output arcs to output (¢t) and link arcs to
link(¢) in P,

6. return ({Py A, A1, Ay spAiir s Py s 2Py )

— ke R FRATT AT AT e BRI 1 YRS
WT ] (F 2 Xof T ] 3R G 70, X6 7 ) 32 B P 8 A
FE—A BT AR Bl 5 2 AR 4 B 1 Ry
LI A 12 W B S LR SR 12 W Y
AN )E. T A 2812 W B AS 3 850 8 ORI
W S

EX 17, FriEmiz W B 8 52 &8 Wiz i
B — 2 PG . 5 202 2 8 B 38 R A 45 1 L i an iz
WiE A 2R e, W Vi i >k, W RN 2
H2WEWE £ 2B ER W UL, P, =P,
uP,=pP,, T,=T,, pT:=pT,.

T2 X TE—2WE. WA A2
R EABIRE b EREIE | Py | =[Py | AS Py | =
| Py | I ST 1 J5e /N & L

M. E e TR W T2 kL Y
FEAEAR S 2. B, X T AT ]2 i ) 8, 58 A
(D FE Wi B A7 e A BRAS 8, (2) Vi, P &
P (DWR(p@) & 1Py W (pag) & pP;. H I, iy
BUZ P A B A 2 T )2 P 267 8K
o PR A RS P BRSO B PR
— XM HE TS T P PR — Sy
RO HECE . B T2 W ) B by U A R L R
T Al R 326 U 1YY JE M 6 SR AT At 2 O L 12 W TR
RAETER — 2K 5 (P, =PRI (uP,_, =pP), Ik
B BB (T =T, ) H pTi=uT.-:.

HWARE [ Pry [ =[P | HA Py | = [pPy |
KATEZAEWISE & 2R TA M2 W23 55 k 2
i@%ﬁ@*a% ‘EE%&\@J’HH?:‘P&—I ‘ :|Pk|93¥F‘H

Vi, P © P el IR 2P,y =P f1 (P =
POM|pPy | = [Py | XA HERG pPy = pPy
Do 1R AR A — 1 R = — B RULLE &
JZ A JZ AR e — By Al T T 58 e Bk
F P pP I (P =PRI pPy =pP, 1]
WA T =T M Al 15 Py =P AR T W
L TR XS T T M5 IFHENTA M

ﬁﬁﬁﬁAﬁ*ﬁté’ﬁE(ﬁ pP = pP), A I
2T :ﬂTk’iFﬁﬁT&’f% pP. . =pP,. %%Lﬂ%ﬁ’
M. Al IS RIS W EAE k+1 252 W RIS k2 A
. mE LR B SREIXTI ik,
EW R k28 W K A HEEE.

EE 3. X THEBPILE 2 DoTtf. 2 e ik
RETAH p A2 ) 5E %12 W 8
A om ATl TR, I H A o TAER AR A
WAL 5. R X o TR bRk r
iy A RO o A LR Rl LR 4 a8 B R
W2 W B Y RAR R « 22 W B KNS5 4
T 12 W B T 5 S I (R 5C T ames p o L Ml 1 2200
AR,

. RE o TAEE A T B 2 g
ZHRECH A k. TR T TAERE A B A 25
PR BB R GE T B DA Je A AR AT 4k
WZ R A OUn) A AR 1 i /. R UL, 12 W 14
E—mE)Z B A MEEZmaEiich O(p +
min") . AN X F ool ARG 2 A O R
[] 451 Ak s o BRIk 2 W T v oo AR U2 e K
BB SN OGnn®) . T kS5 50 R .2
IR /ANE R T nom, pot Bl ZIXE IR0,

Xof 48 1 32 W TR B T 1 B TR R AT S ok B AR A
1t — 212 W [ BT 2 1) I [A) 52 2% B2 A 3 B 1 — 2
12 W7 Ir T A B R 32 el 3 A AL (D) AR
12 Wt i — J2 A A2 B i X BT AT RE Y T
TAEBL T R B ) (2) 2 o TAERE 2
HORN — B T AR R S 7 S ] (3D B
T — 2 )2 BN — B U R R R AR X
S ] FE 2 M 1T 2 2 W R o s g H 2R
(. AL 4 35 ¢ J2 92 W 11 T 5 1) I ) 2 6 T m
m,pl Bl ZIAE M. TEEE.
4.3.2 ZWmItE

AR TR — 2 Wi & Py, FR AT AT DUAR J8 A
A4 AR 2 W R B3 RGUEHE OBS 18
W E o k. Y RGO EH OBS fEi2 WKl 1
LS FRATED AT A2 W ] S s B Tl 48 2R T A R RE
ARG MEE OBS ot TAERX LS. 7512 Wi
P b R AT A48 R 2 A 0 A PR S A7 AR T A LR
JCF TAEBE Z (B B AR — 8006 & . LAHERR AR 28 A AT
RERY I TAERB AL G, 2 Wi i 72 2 I R G WL 5%
B A 2 W B 1) 38 )2 48 R AT RE S BUR S5
E Y T TAERBL A k. B FRATT o] LAAR B 3L
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ZWE R 2 W B ik 2 o, 5 e R
ACWIE G, S RGEME LA OBS LL K2 Wi [ 1
SR B ot i A ] 7 R ) Backward-
Search, WZ Wi e TAE#EUZ T P R AEF] X
RYGWMEAE OBS Byooft TAEBEES D, G 2).
REVEBNRE 0 2, W5 R = 75 CGF DL IF H
e B4 Bk 19 Backward-Search i 1] H1i& [1112
W 5 3).

Bik 2. N2 EIREGET OBS 921

Extract(G,0OBS, 1)

Input: the diagnostic graph G, the observation OBS,
the level of diagnostic graph i

Output: the diagnosis D or fail

1. if i=0 then return({))

2. D,<—Backward-Search(G,OBS, < ,i)

3. if D;# failure then return (D,)

4. end

Bk 3. WERIBWE OBS i ot TAE

B D, k.

Backward-Search(G,OBS.D; ,i)

Input: the diagnostic graph G, the observation OBS,
the ith component working mode set, the level
of diagnostic graph
Output: diagnosis D or fail

1. if OBS=J then do

2 D<Extract(G, U {input(t) |V t€D;},i—1)

3 if D=T{ailure then return (failure)

4. return (D « (D;))

5. else do

6 select any p&€ OBS
7 resolvers<{t € T, | p € output (¢t) U link (¢) and
Vi eD, : (t.¢) € uT,

8. if resolvers= & then return (failure)
9. nondeterministically choose € resolvers
10.  return (Backward-search (G, OBS — out put (t) —

link(t) ,D;U{t} D))
11. end
3 BT LHEIZ WA %
TES3 A 28 T 12 W TR M i B30 2 48 R Tk
Joi s 2 H T2 W IR 2 9 B 1 R R A (B
%,

B EEWERZE 0, I K2 W IR Y )
IR A SIS 0 B2 OF 1~2). &
MR 3 1 AR MR Y REILEZY R
W, HEIRE 2 W E A g 52 G 3~6).
RIS E AT N2 REMEME A e ik 5], 5

4. 3.

FOEAE A RE— B I8 B 5335 2% MOl [a] (G 7).
WSS E RE — SOt ik B i T 06 8 ATk 2 fiA i
Wtk T2 B R R CE &) IR A
R RGPS W G 9.

EE 4 B4 PR T2 W IE 12
LR TR,
. H G IR AR B — DR N2 BT T

TR ES D={(D,..D,} B 00 M 5%
5 2 RS WS R AT AT R T AR R
XA Do R o F TAR RN 2 A B — B JF
HotfF TR E S D, ks E R E S P s
A RGENEAE OBS iy TAEBAES D, 1%
Mk EESPEE inpur(D,) AL 24, D Hfi
—EI L TAER R S W S IR R G P
Ja—Z oo PF TARBE R & M d A SR & e & oo
TAEKES D AL S input (D) REAEL W
K PoJZ a2 CRIZ W [ 80 A9 4 B R 2 v b
. P Je A TAR R & D o 2 12 I )
Pp= {50 -M.OBS) W2 Wi & . L. D B 2
[} P, 12 W HERE.

Hik 4. ETIZWERIS B LB AR,

Diagnosis (T s, »OBS)

Input: the set of component working modes T, the

initial state s, , the observation OBS

Output: the diagnosis D or failure

1. i<0,Py<s,

2. G<<(Py

3. do
4 i<—i+1
5 G < Expand(G)
6.  while(Fixedpoint(G))
7. if OBSE P, or OBS" N\ pP;# & then return (failure)
8. D= Extract(G,g,i)
9. return (D)

10. end

5 KBS

AN LA TP A 29 00 4 o ) 0 B Rk
LR 2 I8 Bk 1 AR S AR

TEE 2 R A A% 0 b RS8R WS R
N OBS={out(X2)=1,0ut(O1) =0}, B, iZ MW
EHRETEIZ WA Py )2 b —Eoh b B Bt AT ih
M Py T 18 R BOW S BT fF TARERL AL 3
(32 W I rpoRl DLk B, £ 12 W B s A TAE RS2
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T Ee S BOWEE Mo TR A NR_1(OD)
1 NO-MODE (out (X2) =1) ,3X i 4~ 7C 1 T 1 1
XE -, ka8 5 D, ={NR_1(OD),
NO-MODE (out(X2)=1)}.

BAERE T 2 2, 0 Dy iy ook TAEBK
A {in1(O1) =0,in2(01) =0, 0ut (X2) =1}7%
BT RGEWEAE. 75 T, )2 ok TAER S ZE o, U
out (X2) =1 Jyfa th Wy oo TAERE A AB_4(X2)
M NR_2(X2). =4 in1(O1) =0 Wit TAERE XA
AB_4(A2)fl NR_3(A2). P in2(01) =0 By ITiF
TAEB A A NO-MODE(n2(01) =0). FiR7TH T
YERER P, AB_4(X2) il NR_3(A2) A —3 1, A
ik A TAEBE B A A — B AL [\ B,
NR_2(X2)F1 AB_4(A2) BA—E. f it , ar 155

D,={NR_2(X2),NR_3(A2),
NO-MODE(in2(01)=0)}.

WeEE, D2 oo TAE B A S
{in1(X2)=0,in2(X2)=1,in1(A2)=1,in2(A2) =
0,in2C0D) =0} 2 1745 1 J2 M LG M. 3% 28 W ELAE
H1,inl (X2)=0 1 in2(A2)=0 a[ iy T, )2 01 TIE
B2 AB_3 (XD 3], in2 (O1) =0 1]
NR_3(ADFEF]. i inl(A2) =1 Fl in2(X2)=1 7J
H X 10 9 O O A TAERECAS 3. el ok, W] RLAS )

D, ={AB_3(X1), NR_3(Al),
NO-MODE(inl1(A2)=1),
NO-MODE(in2(X2)=1)}.

AR DR FTA B C AR B A A
HELTE A ZE Py )2, BV ek A BE 7 12 W [n] 351 %)
TR IR A v g S DR TR B AR B T R G —
N2 Bl D={D,.D,.D;}.

¥ DD,y Dy hooF TAERE A 1738 X 1 15
B o Y 2 R DT IE H TAE A e TAERE L K
FH T 7 i )2 22 [ A 338 i A0 O oo 1F AR B, R
AR B B 2 RRE A T, B D= {AB_3(X1)},iX

6 FMHIZETHARTE
T2 s A ey b A

T UL BT IR AT 92 W BR B A RO FRAT I R
T IPC2002 MK K FE L1 Satellite [A] 1 A FRATTH
W] 5. Satellite [a] 8 AT 55 J2& 2 K FIAL K 4% 1
AR BT 5 T AL AR O 3k 2 vy T i 1 2 o [

B I TE . O 7 AR E) H AR TR ER TR & B
WU B3 2 A B (BIAE turn_to) , 22 AR TE LK #%
AR L K B A 0 AR AT Y H AR L RS AT T R
R HLCBIE switch_on) s Ff #4782 HE TAE (B AE cali-
brate) . i J5 47 T 530 5% (S 1F take_image).
XF PR Agent YR R 4544, Al & st FT I 5 4T
FR N T4 EMAES . L Agent REGIHEH BEWS
R FHAE N P R 0] 285 SR 75 i 58 A I AT 55 i B Rl 3
YEF 5 R IG s RGES B 7 A R SR 7 91§ 52 45
RGPATIRAE LB ARG RS TR I RS
ZORF HFRIRAS. SR, 2 2 48 H B 28 g e 1Y 1)
e AT 2 R BUE 55 19 2R W BA R BUAE R G F AN g
ISR RE 2 B 3k B ARIR A X SUE T T IE
12 W IR) R FRATTXT T 12 W [0 0 1) 8 3, E A A
TR — 212 BB AL A Rl A — 2 R G0 LS A Y 4
W Ry T RIS HIRATH B2 Wy AT IS W T AR
i BRI 455 s 25 8 S R IR R A Rl AR 7R X
BT I 25 b S I OL T I SRR AL, e, R ATTSIA
P11 NR A1 ABL i 8] NR o8 IE #1500 T 130
VERERL T AB DU 3R 755 H e s i) 9 gl VR AR YL )
S fail 151 R & BB B 4. B o, 3 F sh B
turn_to, FATAH LT PIASh AR .

NR_turn_to
: parameters( ?s-satellite 2d_new-direction
?7d_prev-direction)
;input (and (pointing ?7s ?7d_prev)
(not (=9?d_new ?d_prev))
)
;output (and (pointing ?s ?d_new)
(not (pointing ?s ?d_prev))
)
ABI1_turn_to
:parameters(?s-satellite ?d_new-direction
?7d_prev-direction)
;input (and(pointing ?s ?d_prev)
(not(=?d_new ?d_prev))
)
;output (OR(fail_pointing ?s ?d_new)
(pointing ?s ?d_prev)
)
)

AB2_turn_to
:parameters(?s-satellite ?d_new-direction
?7d_prev-direction)
;input (OR (fail_pointing ?s ?d_prev)
(=7d_new ?d_prev)
)
soutput (OR (fail_pointing ?s ?d_new)
(pointing ?s ?d_prev)
)
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pflile ZLIEES
Plan:r }:}”leJr'JJ{/i E;EC MI%TH; GDT Di‘agnoser
domain
Bl 5 HE Agent Bk REEHY

FRFERIARIH, NR _turn_to gl /ERE R KB,
FEIEH I BU R 047 3 4F turn_to J& » T K 4% 65 35 1)
B 1), B (pointing 7s 7d_new) , JL BT, J5 K 19
(pointing ?s ?d_prev) /A Tl 37 » Bl (not (pointing
?s ?7d_prev)). i 76 i B 2 fE B ABl-turn_to fE
FR TR 2% 125 AR AT REA LR M AP IG 0L &
A B2 R A I A i U IS AE 4 18] BT 1Y 7 1
AN (fail_pointing ?s ?2d_new)) Lt Ul ] G 45 1] Ho A
T D) s B2 K a4l SR 45 B A ROk RS T L B
(pointing ?s ?2d_prev). i & X, AB2_turn_to £
B BAT SR turn_to I, L K & A< R w8l A 45 1]
d_prev JyIa] , B (fail_pointing ?s ?d_prev), 5 # ,
d_new il d _ prev A >k 5 & [{ — 4> J5 [, H
(=7d_new ?d_prev) , (K It . B A AT e 45 2] 1E 1% &0
TAEEFOIRAS . SRl FoATT AT LI R E A Uy it
HABBSIE , bl switch_on, swith_off, calibrate D)
take_image 45 Zf) /F (% 1E 5 150 Y H 55 5 88 WA 1T B
JIL R 532 W T s A A AR

A T2 WL R R SRS AT R AT AR 4 2
W [) A ) WL 26 1H L iz I FRATT A 2 i T 2 GDT 3
T, i RE MM RN EKH . RGEIFK
A B IR FATH A AL H B AR R A T2
W) R |y T A5 R BRI FRATT Ik 58 L Agent
SEBRI AT BT R B O s B FRAT I A T T
ORI H bR AR ZS b i 38 R B G g R BRI H bR
BOR

(:goal (and (have_image Phenomenon4 thermograph0)
(have_image Star5 thermograph0)

(have_image Phenomenon6 thermograph0)

)

B Js ok B &) H bR b 225K BE 47 4% ) Phenomenond ,
Star5 1 Phenomenon6 Jj [f] f) thermographO & {4,
{ERAT 5 KR SR 5 FRAT3 i WL 42 % B i K s 1
R AL B E J 2 31 4% 3] Phenomenond J7 [] Y
thermographO [&{% , BV it it 22 45 WL EL{H N

(:OBS(and (fail_have_image Phenomenon4 thermograph0)

(have_image Star5 thermograph0)

(have_image Phenomenon6 thermograph0)

W 22 W3R GEAE HE A~ J7 A AE SO S BRI = AR
T ETIEI2 B R] L 3R ATTAR B TPC2002 R K #E L
i pfilel ~pfilel0 X 10 4~ Satellite B & [7] &5, 43 51l
Wit T 10 A2 Wi a8, XF WA obsfilel ~obsfilel0,
W% 2 Pizs. 47 5% Satellite 12 W7 ) 5851 1 41 14 455 7
A ST LA B AH N 118 50 B3 il 3R SO BR T i o A S
TCBEM I . A T R G0 R R R () R
RSP IE  FRATHL PR X 10 S92 W TR) 5 [R] 2R 4 A
R — 2 T8 B R SO e A B FRATT Y B2 e T
H GDT H b f73K M. F 2, GDT 43R [m] S Lo i f
PriIE ) AB /Y 5 SRR AL AR &R GE 2 T i
FKATH LI RG AL AE Linux -G 5 #4709, I
-4 4 CPU (C [] 850MHz) + RAM (128MB) +
Redhat9. 0 ) Linux &, %15 %% 4 Redhat9. 0 H
Y gec.

R 3 BamZEM GDT XX 10 A a] @ik 4712 Wi
SR R A5 2R, N AR 20— T AR 1912 W
S5R G T A O A R A ] R RE 4 9 A B 3K
(NSRS URER I

% 2 1R1RE pfilel ~ pfile10 P 5% 7R B A &Y 18] 3% ¥1 B 12 B (6] &2 (fail FF 48 6918 A R TR

Planning Problem Planning Goal

Diagnostic Problem

Observations

(have_image Phenomenon4 thermograph0)
pfilel (have_image Star5 thermograph0)

(have_image Phenomenon6 thermograph0)

obsfilel (fail_have_image Phenomenon4 thermograph0)

(have_image Planet3 infrared0)

(have_image Planet4 infrared0)
pfile2 (have_image Phenomenon5 image2)
(have_image Phenomenon6 infrared0)
(have_image Star7 infrared0)

befile (fail_have_image Planet3 infrared0)
obsie (fail_have_image Star7 infrared0)

(pointing satellite0 Phenomenon5)

(have_image Star3 infrared0)
pfile3 (have_image Star4 spectrograph2)
(have_image Phenomenon5 spectrograph2)

(have_image Phenomenon? spectrograph2)

. (fail_pointing satellite0 Phenomenon5)
obsfile3 . .
(fail_have_image Phenomenon5 spectrograph?2)
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CHE

Planning Problem

Planning Goal

Diagnostic Problem

Observations

pfile4

(pointing satellitel Planet5)
(have_image Planet3 infraredl)
(have_image Star4 infraredl)
(have_image Planet5 thermograph2)
(have_image Star6 infraredl)
(have_image Star7 infrared0)

obsfiled

(have_image Phenomenon8 thermograph?2)
(have_image Phenomenon9 infrared0)

(fail_pointing satellitel Planet5)
(fail_have_image Star6 infraredl)

pfile5

(pointing satellite0 Phenomenon5)
(pointing satellitel GroundStation2)
(have_image Star3 thermograph0)
(have_image Phenomenon5 image2)
(have_image Phenomenon6 image2)
(have_image Star7 thermograph0)
(have_image Phenomenon8 image2)
(have_image Planet9 spectrographl)

obsfile5

(fail_pointing satellitel GroundStation2)
(fail_have_image Phenomenon5 image2)
(fail_have_image Planet9 spectrographl)

pfile6

(have_image Planet4 thermograph?2)

(have_image Planet5 spectrograph0)

(have_image Star6 thermograph2)

(have_image Star7 infrared3) obsfile6
(have_image Phenomenon8 spectrograph0)

(have_image Star9 infraredl)

(have_image Starl0 infrared3)

(fail_have_image Star6 thermograph?2)
(fail_have_image Phenomenon8 spectrograph0)
(fail_have_image Starl0 infrared3)

pfile7

(pointing satellitel Starl)

(pointing satellite2 Phenomenon5)

(have_image Phenomenon5 image0)

(have_image Star6 imagel)

(have_image Star7 image0) obsfile7
(have_image Planet8 image0)

(have_image Planet9 image3)

(have_image Planet10 image0)

(have_image Planetl]l image2)

(fail_pointing satellite2 Phenomenon5)
(fail_have_image Planet8 image0)

pfile8

(have_image Phenomenon5 thermographl)
(have_image Star6 thermographl)
(have_image Star7 spectrograph3)
(have_image Phenomenon8 image0)
(have_image Phenomenon9 image0)
(have_image Starl0 spectrograph3)
(have_image Planetl1l thermograph2)

obsfile8

(have_image Phenomenonl2 image0)
(have_image Phenomenonl3 thermographl)
(have_image Phenomenonl4 thermograph2)

(fail_have_image Phenomenon5 thermographl)

pfile9

(pointing satellite0 Phenomenon?)
(pointing satellite3 Star9)

(pointing satellite4 Planet5)

(have_image Planet5 image2)

(have_image Phenomenon6 image3)
(have_image Phenomenon? infraredl)
(have_image Phenomenon8 image2) obsfile9
(have_image Star9 image3)

(have_image Planet10 image4)

(have_image Planetl1 spectrograph0)
(have_image Phenomenonl2 image3)
(have_image Phenomenonl3 spectrograph0)
(have_image Starl4 imaged)

(fail_pointing satellite0 Phenomenon?7)

pfilel0

(pointing satellite4 Planet9)
(have_image Planet5 image4)
(have_image Star6 infrared3)
(have_image Star7 imaged)
(have_image Phenomenon8 image4)
(have_image Planet9 infrared0)
(have_image Planet10 infrared3)
(have_image Starl2 image4)

obsfile10

(have_image Phenomenonl3 image4)
(have_image Phenomenonl4 spectrographl)
(have_image Starl5 spectrographl)
(have_image Starl6 image2)

(fail_have_image Phenomenon8 image4)
(fail_have_image Star12 image4)
(fail_have_image Starl5 spectrographl)
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Problem

Diagnosis solution time/s

obsfilel

(AB2_SWITCH_ON INSTRUMENTO0 SATELLITEO)

(AB6_TAKE_IMAGE SATELLITE0 PHENOMENON4 INSTRUMENT0 THERMOGRAPHO)

(ABI_TURN_TO SATELLITE0O STAR7 PLANET4)

obsfile2

(AB7_TAKE_IMAGE SATELLITEO STAR7 INSTRUMENT1 INFRAREDO)

(AB4_CALIBRATE SATELLITE0 INSTRUMENTO PLANET4)
(AB2_TAKE_IMAGE SATELLITE0 PLANET3 INSTRUMENTO0 INFRAREDO)

(AB2_SWITCH_ON INSTRUMENT2 SATELLITEO)

obsfile3

(AB2_TURN_TO SATELLITE0O PHENOMENONS STAR4) 0. 05

(AB6_TAKE_IMAGE SATELLITEL] PHENOMENONS5 INSTRUMENT2 SPECTROGRAPH2)

(AB2_SWITCH_ON INSTRUMENT?2 SATELLITEL)

obsfiled

(ABI_TURN_TO SATELLITE1 PLANETS5 STAR2) 0.09

(AB6_TAKE_IMAGE SATELLITELl STAR6 INSTRUMENT2 INFRAREDI)

(ABI_SWITCH_ON INSTRUMENT6 SATELLITE2)
(AB6_TAKE_IMAGE SATELLITE2 PHENOMENONS5 INSTRUMENT6 IMAGE2)

obsfile5

(ABI_TURN_TO SATELLITE0 PLANET9 PHENOMENONS) 0.11

(AB2_TURN_TO SATELLITE1 GROUNDSTATION2 PHENOMENONS)
(AB7_TAKE_IMAGE SATELLITE0 PLANET9 INSTRUMENTS8 SPECTROGRAPH1)

(AB2_SWITCH_ON INSTRUMENT1 SATELLITED)

obsfile6

(AB6_TAKE_IMAGE SATELLITE2 PHENOMENONS INSTRUMENT1 SPECTROGRAPHO0)

0.11

(AB1_TAKE_IMAGE SATELLITEl STAR6 INSTRUMENT2 THERMOGRAPH2)
(AB6_TAKE_IMAGE SATELLITE2 STAR10 INSTRUMENT1 INFRARED3)

(ABI_TURN_TO SATELLITE2 PHENOMENONS STAR6)

obsfile7

(ABI_TURN_TO SATELLITE3 PLANETS8 PLANET10) 0. 14

(AB7_TAKE_IMAGE SATELLITE3 PLANET8 INSTRUMENT?7 IMAGE0)

obsfile8

(AB1_CALIBRATE SATELLITEI INSTRUMENT4 STAR4)

(AB2_TAKE_IMAGE SATELLITE3 PHENOMENONS5 INSTRUMENT4 THERMOGRAPH1)

obsfile9

(AB2_TURN_TO SATELLITE0O PHENOMENON?7 STARO0) 0. 45

(AB2_SWITCH_ON INSTRUMENT?7 SATELLITE3)
(AB6_TAKE_IMAGE SATELLITE4 STAR15 INSTRUMENT7 SPECTROGRAPH1)

obsfile10

(AB6_TAKE_IMAGE SATELLITE4 STAR12 INSTRUMENT7 IMAGE4) 0. 40

(ABI_TURN_TO SATELLITE2 PHENOMENONS PLANET9)
(AB7_TAKE_IMAGE SATELLITE2 PHENOMENONS INSTRUMENT10 IMAGE4)

1r obsfilel H, W% {8 & (fail_have_image Phe-
nomenon4 thermograph0) , U 5t 52 Ut » & 4t 75 T AT
SE LRI B VE Ja & BT BOA 1% U4 4% ) Phenome-
non4 J7 [1] i thermographO K&, X} F %12 Wi ] &,
GDT g [l ff) 12 W7 45 5t & (AB2_SWITCH_ON IN-
STRUMENTO SATELLITEO) 1 (AB6 _ TAKE _
IMAGE SATELLITE0O PHENOMENON4 IN-
STRUMENTO THERMOGRAPHO). & T H 15 %
XA S W2 S0 P 3 S RATKE Bk 12 Wi 45
T -

AB2_switch_on(INSTRUMENTO0 SATELLITEO0)
:input (and (on_board INSTRUMENTO ?s)
(power_avail SATELLITEO0)
)
;output(and (fail_power_on INSTRUMENTO0)
(not (calibrated INSTRUMENTO0))
(power_avail SATELLITEO0)
)
AB6_take_image (SATELLITE0 PHENOMENON4
INSTRUMENTO THERMOGRAPHO)

:input(fail_power_on INSTRUMENTO0)
soutput(fail_have_image PHENOMENON4
THERMOGRAPHO)

AR X PN 12 W 45 1 b, JRATT AT DL A L 3
F (fail_have_image Phenomenon4 thermograph0)
8 Ji PR PR oA R 4 v i A A INSTRUMENTO
ST A1 BT 2% PR 2 B 5 take_image 19
—ANi A input= (fail_power_on INSTRUMENTO0),
HEATHAHE AL A INSTRUMENTO 3£ Ab T 5t 45 4R
A5, 1 5 2 (fail_power_on INSTRUMENTO) f J§
PRIE P A 37 switch_on H B 1 . S0, Fe AT
AT LAY HE 2 8 0] A 2 W 4G 2R AT 20 A PR T
MR AR SCHE AN — — 6k AR X e o i 45 R R 1T
GDT & 7] 12 B BE 15 2 Hh it 3% 1 B0 00 5 1 Do 1A

7 MHXIE

FF AR A2 W5 F 4G F 20 48 70 448 R
W H I B 0 TAE 2 de Kleer (9 INTER™ £ 4.
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) 80 AFARH 3 A AR TR L TR TR B 12
W B 1 20 0 AR B i SE ML s T R 20t
FEH B 90 AR LRy — A IS BRI W5 O
S BT R 2 I 0 RS N TR RE ST B
HEENSEA. —Jr i, N TR RE S I Al 4 31
VI Z W50 R a] LATE S TR B /412 I vh 45 2104 201
N AR HE T 3K — 43 S R . o — T B T AR A
Wi 2 8 1TV 2 N T8 Be B AR H A7 76 1 )
RO T AT EATTRIE ST B I . Y A s T A
MW AR EERIR, ~ D _ET —-Ene
K7 (consistency-based diagnosis)t ™", % — A4~ 2 i
£ i Cabduction diagnosis)™ ™. Bif 3% 12 k7 5 & &
SEAEARIE R TAER o/ 545 R M A v b X
AH 25T Al R 1 55 B R X RO U IR A 2
de Kleer"". J5 % #1512 Wit 4 g 57 th A IE 3 TAE W)
TCAF IS B AL B A] L 32 A 4 o W8 45 R L I AH Y
TERMEmM S XM EAYE
Poole™™ . Ji3t s AT ITF 16 BIF 5 4 4] 445 195 b Jy 3 BU
5l 4. Console F Friedrich™* #1112 Wi [n] #1712
A —BOPE 2 A 0 DR IR L Al AT AR e T — A
(958 S A5 [] 1932 W 32 8 e SCHR AT LA X A~ 52
— W XTI Hoa] B A [F] 9 58 SO LA HL AR 7R
XANGE—E SCF 4 T — B0 rY 12 W AN B 12 WAL
AN P A A i Y 1 T

FATTHY T REH Y12 W AT LU VR A 0 K2 T 1Y
— s R X AT AR A TR B S A Rl e FATT Y
W5 B REER B R BE R B oo O 4 T B
RGeS B R (B FRAT Y U7 1 5 AL G i S
TABL YIS Wi 7 1 XA AE 3 A B A [ o A% 456 10 Ak
TR 2 W 5 vk I T AR [N O 2
T Ty Pl B R g . X R EUR R 5T
BALZ W J7 1 i Rad TART . Ji 52 b TR
Wik A B LR 80t T AR 200 R BT
W51 T AR Z W% %k HE AT BIF 5 L A R TR R 12 Ik
RO TARE X — [n] A — R 48 5 A O 58 %
AT s B R AR TR 12 Wi A 5 400 3R 2 TA B TG S AS A5 AN T X
Y ER. FRATT I i T 185 A8 12 W7 2803 DA 4 e Y AR
A RAE T IR 10 26 T2 I8 0 158 ik 22 b AR i e 2
E YA A . B T X — R IR AT T ERE I
JER A O TR R it iR J7 %L R i T AT 2
Wr &1 43 BT A T2 W B O s AR L BT R R T —
et R A B0 07 1 X AR FRATT Y T 125 BB A A% e AR
22 WKLY 2 Wy A4 R IR B R

S R S ) 1 AN ME R B AT T2

Wt L 43 T 14 12 097 D 5 R sl v PR R P 4y
Hr b AT BRI A9 5 35 AR 2L F0 52 bR RE AL B AT
FERIIYI L B SR 0% R A B Y T B AT RO
REALI RS ATE QA3 R Gt — A dL B 1) 12 4
A Y. AR5 R B ST 7 AT A B Al 2 R
A1 A0 T 3% oA SR R ) R AR AR R 19 G A
RET A2 5K fifp 5 P B R 1] 8 19 75 22, L) . Fikes Al
Nilsson $ 1} 7 STRIPS™* BLAl 4 i 77 vk L I it T
STRIPS LI R 58 » X A i 3 ML SURAT 585 A1 F
£ 3% T 5 42 B Y T BOR I 5T LR B9 B 2k U
— o A A 9 5 3 S AT 5 L3 [ AL DA 4R v )
R AE STRIPS BLRI R GERI T L R G213
R Z T 5 T2 R A LR R A TR 4R
o« I ELRLRI AT 5E U B 1 AR K g A% i A
RCH LI 2 GEA Ui 0 B » 5 AL 3 P i 4 [T R
G AE JEOR ML RO A T R i i Ak b
SORE LA RCR S e 1 LA R 4. L) L 8 RE MR T
FEAIMB WL BT 58— R R TR = L 28T T
P T Y OB B R AR T AR B ) K i R
1M+ 5 3 2 K 1 RS AR L L B RE S Wi T 5 Ak
1) 457 B A B Al MK A 2 A HE B R AT B ST R B B X
HUE REIS W I R AE LA 2R O8R . FRAT R AR
WAE i AR A T7 iR 2 W 7 e AT 1 22, LA fE
R B2 W F 5 41 504 IR 85, HE S RE 2 W F 5T 1Y
K.

8 /I =

FA I Reiter {YFE T 882 Wy 9 JEL 4l . F8r
RESCT 2 W AR AL ELRATIR G T — R T2 M
P o A ) DR A2 W 05 0. FRATT A2 I8 G A o B
B B 1 Yo R s R SRR TR 1 2 W L AR A AR 2
W I&T E AR AR e S B 1w 32 . FRATT B O 12
M RN T . X SRS WA
EARB A, FATE L7E Graphplan F1 LPG HLKI
A A b B IR S B T R T RAT TR A I 2
TH(GDT) s 45 R R T 3AT 7R A 2%
PR BATA S R AUBUR A Y Lo 7EFATT
7515 T B2 WK i HRE 7 R — N2 W R It
S AL W U — A4 NIEGBR 1 F 5 ] AR 6 T
e /N2 Wi FAZ L2 W T] RS 118 LA K2 Wil il A2
W48 52 1) R ) 38 o FRATT NS 3X — B 23 1Y A 1 R R
P LTI b 2 R ATE — 2B 0T TARRY E A
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Background

Informally, diagnosis can be defined as the task of ex-
plaining why a given physical system does not exhibit its
nominal behavior. Due to its generality, its dramatic impor-
tance in many application domains, and its intrinsic complexi-
ty, automated diagnosis has received constant and considera-
ble attention in Al research. Formally speaking, given the
logical model of system and its input, when an observation of
system’s behavior conflicts with the way the system meant to
behave, we can determine those components of the system
which, when assumed to be functioning abnormally, will ex-
plain the discrepancy between the observed and correct sys-
tem behavior. That is the main idea of model-based diagno-
sis. However the classic diagnostic method is very inefficient
because its computing procedure is based on logical reason-
ing. We in this paper redefine the idea of diagnosis based on
the original concept of Reiter’s model-based diagnosis. And
then we introduce a fast diagnosis method by the data struc-
ture of diagnostic graph. In fact. our model is procedure-the-
oretic rather than logic-theoretic. In our diagnosis model, we
have two phases in the processing, first we construct the

diagnostic graph according to our system model, and then we

implement computations on the graph conversely by the sys-
tem observations. This is obvious a procedural approach that
differs inherently from the traditional pure logical one. We
have implemented our method based on Graphplan and LPG
and have our tool GDT (Graph Diagnosis Tool). The prelim-
inary experimental results justify the effectiveness of our
method.
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