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A,
i

aih

1& &

Al
Jdiq

1.1 &=

ANEOHIEE I DR RIZ A DORD THIER] 2dhd. NHIFZDERIZEWTHR% &,
KEDITHERD o FEMPIITHEZ 25 Z A L, AL CTE72. MOFIILEFZ &
UGBS B8R NFEHIZE 2, IREBIZEOFRZE L KT OEBMEOEE X 2R 1L
7. AEEORHIIAREMHAT 2R E2 52, T THRMIZEERI 2L
MEITTERN] 2 WO RMEDY, SIS 250 R O AR ERIAEIR % HEbR U 72 BB RGLE
ZITOEEZSH 726 U7z, EFOFEEOBERIOMENH L& 2y b7 — DR
2 & o THHR L I N2 HEROEHERSIZ & 2 i & I OB 2 sh A & 20272 512 L 7z
RoT, THF#~F =Y AV EWVWS BEX RN RBRLFEHALZE LTRITLTWS Z
ETEIPNZB LD, MilizHh> TESHICHT2HGFEE T > TV 5.

MIES TFII N THIGEZEO — 28 & U T, AMO R AR Z 5158 TS Bl
W2 HIBL TWa. IO N THIGEWIZE CIXAERO KRB e FH (Him) BB EE
e N — R EAER RO T b=, AMOHMEDEM X 2R S/ 0123 54
RIZHED 5 7z, Feigenbaum @ “In the knowledge lies the power” [Feigenbaum 71] £\5 A
0 — A IIREER O EEM 2 FIRL, MR TFOEEKE UTZFAN— N AT LD
AIRZERFE I Nz, TF A= PV AT LRFEHRIIBENTH —EDORZIND, HRY
BHERESD ZeNTENE, ERHLVANIVORNLEEN 2R DOFEK S 27 L% A LIIZ
KB TEHZ 2R UK. EE, MEEHROTHENZ N THEMEINTET v FT7—+F
ELUTATAEMIIRRBEINSELRIT Tuo—FIZH T 2HEFEE T > TWBER, EHT
EOHMBEI DL RIVZE WD D 2 72O R LT HHEIZ & o TV T 5 2 & BBIEN
THhdeediz, MEOHRMERE UTOREROEZEWRIZHS N THE L BbNnb.

ITHXFAN— KMV AT LAWMEIZE>THONZR o2 2k, A FEE THEHONE]
EWSHmEEMER > TVWAEWE WS T THD. HEARPEAET M2 MET 52
CIIRENETHHIZHHBDLLT, EDEIBARDOHFEEZETIEI VDR VWS Z &I
DWTHEMBIEHIEZ 5NN, TF 28— MYV AT LADOBRIZBEWTIE, kit E
WZIFIV =L E WO R L ROV DOFEE R & T HE DO R BREN G X 5N DA TH - 7=
728, FEROBIXZERIZHEBREFEDRIZZR SN TV, TOMREE, ZLDHEEIZEWVWT
Rl X N HERIIRB R AGEETH D, MEMRONRETRHITEKGFEL TE D, OFR
P EMBPRATABIZRHAT DN TERD 572, TF A=V AT AHELE DM T



A
it}

Oyl

2 F1E

FMRIZBWTI, A#EOEZM EXE5 (RGET5) Hime Bz L, AaEO®
EHAMHEZAZICT S P EERERE Lo T,

AL THRE T2 NTY)70 QYN S (WELY X7 L) 1IZBIT 5 Pz BL
T, BRI KD K ET AR — AR AT LB RESI N NR L R ERR
AT BREBANZHE DK DT AL, WROIREE W% FE T 5 WHEH] 722 & O FERR RIS
MO EEIN I EER 2175 . FERRRERISRERA O E Y2 RT Z e TEHHFHTH
5728, FXNZ W] JERTH 5 L IEEN S, YEEERNIS RITIRIE U WA T H
D, TNEMNKEEOMEEZ Y TIZDEI LT, NREGOEFZMRT LI LNTES.
EMEHERR (qualitative reasoning)[Ji 89, Iwasaki 89, PFiH 93, Kuipers 94] I&FHAIHMD H %
ETFIVEMEET, AL ZYHENEEDEOZLE R T 2HMiTH D, ETIR—
AREfRI S AT L ORI L 2o 72, EMWHEGRIEEEY I & S IFEN S K 5 ITHR 5 #HEdh
Fficiiin, MHEY AT LDETIVEOBOHE (XX, No-Function-In-Structure
JE A [de Kleer 84a]) (BT 552 EA TV

ARERNZ, MBS AT LAOROHEITRED THK ] IZHIWT WS, PYERRIER
IR EDFHPHFRICE D K GATHOREDHIHR /NN T A — & & S 5 70 & OBl
WAL ZAT> CHRDET NV EHEL TE D, FEDHAD? S DREDFHMEIZEITSET
VTUDRN. TD &S BRIKERHRIEE TV Z R L 7B 2 & Rl 2 R >
AT LG L SITREINZEDTHY, RBPEMHAOHELEZZDOLDIZE
TUYZLTwa (b LELTHARY) HEZHNATS. 20, KEPNIEET IV
DFLR BB MR S AT LD [§%EIERX I (design rationale)[Lee 97] D —#% &K L T\
HEEAD.

FRIZHHBO ST, FEROMBERRY 2T LA TIEI D & 5 AR O R E R BRI A=A
ENTWVWERZIFENTHS. ZOZeH, H#Eoiddz2REIZL, HRHEZEL LT
WAHBRKERFARDOEDTHDEEZSL., DF0, ST HEIIHRET YIS A5 L
ZIZDHEED NI RANEEIZ 22D, - HRH Z A D BRI R E X0 8 #EE H
B T2\ W= D BAE DRI EHATREN &S a2 fillr s 3 Z e AT E S, HAHTSZ L
MTER., ZOZ LI THEMITHEAR— A DR 0 2 N DM - o X o k%: £
heebiz, e UTHHGRDRNAEX MERR O F M AME 2 ORPUAMAF L7z H DI
w0, RE EALETS) 2R TERVE VI KRERMEEZ S 7257 O 97).

FIRRODFLE & FFRIFH D72 DIZEHER Z 213, [72ITITEED N T WS H ) TRRFHI I HY ) 2R
T5H5ILTHD. HlZIE, HEEZHRLTEL Z LT, RIUISE U THEYIRETIVEERNT 52
EIATRRIZZR D (FD &S ailAa e UTHIZIE, compositional modeling[Falkenhainer 91]
BHd). LrLahs, REEZM—IIZEIERT 2720121, REZLRT HHMAL &
Bz, IKEziddd 2OERE2 525 BERER] PBRETDHS.

IXFAN=FVATLDE D —DOMENIE, AHEZRERIIRITTEIEIOIBRIAT LD
EHZHBELTWAEZZETH-72. LRL, IBEDT TV MY DRBIR Y AT LD -
Bl AT LOBAIZ R oS L5 [FH 98], AfZ2RET 2 8E{LTIERL, ARO#E



1.1. H& 3

HEMARIEE LS LGN A2 ZETE2 VAT LBRRDSNT WS, B ED -
DITIE, YATLADENEIZDOWT AMOHMELEHHZGSE LN TE, ANHPNESIZHIET
EOERENDHL. TXFAN— NV ATLILHHEEZ A 502 < OBEILEH L 72V —
NERKRTBETTHY, ANHOHNN— 1 F— UTDEHEZB/IIZEES LI 5T,

ZORRADV DL UT, FFOHMN LANEDRERMELF U & 52, MERRS AT L
BERHLEZEED K] OBBRMEZB TN TES. VAT LIREIZES -
75 ADMEOHEDOME 2R OMME2 LKL TWEH, TD XS REEHOBRFIIHEA
ZALDRF L BIZHFRDOB EAEIZKRELSKFEL TS, LrLEDS, ZLDVA
T L DREF RIS T > O > OBEMEDFEM % fifGi 3 2 AN BRT 2 T R0\, O F
D, B AT S TERPD DL N AP TE B L RUDTREEL T\ D
CEAD. TOMRER, -V IIESOMBEIINT S Y AT LDOAENEDOHRNES Tl
<, F7z, #Y) L EAERIROERDEHZTS Z L VREEE o TV 5.

o OREZ RIS D8N, HFECCHEMR Y AT LOBERIZH S THEBEIE] O
TMETHDEEAD. NEOEREE LA DMEOERERSBREL, TOMEROMKY LE
ZFEEUEEZ DT DI LT, MBORREZIIRMIZEET S, 2D &S 2atHEK e A
MAEATE oA RZdEme UTHWT, KatER & U T OREROBE X [ AR AE
NEWRIIZER S 5 Z AR S . HIRIERETRE MG IE, AMIZ & 2 @R 27
LR L FIH 2 AL, X7 MG FRERR Y AT L DRk, FEHE BEAHZ2ESIZ
T5. IoIXI0AAEMUEDNE, HEOEIKMSOEKREZHHTL I LN TES
H S MW (reflective) Y AT L2 FEBTH I eAnTEL L EbNS. 72, #MaEKR%E
IR > 2T L2 Hd 20k e LTHWS Z & T, ANHIZX5HEPEZIT%5.

D& RMBEMBI S AT LT BT BN RSO RKERIE T4 by —
(ontology)) EIMEIND. & baY—3AKEFHEET FEIZET 2R N (FE
i)l WO EERTHED, Rl LFORE T TRIEMER S XA T LAZBETHEICHNS
NEPEEOERRELR] [ 97) LERINDS. A TIET o ITHIB T N LR DOREER
PEICHER U, THEk, ik & RIREMRR S A T L DS BRI EICAFAE U 7= e 2 fifk L,
M ELZ2 D) A D. TOLS% Ay baY—ik, HECHERR Y 2T L% B
THHME L OMEDOEREEEL, HEFCHEMIHEOBEL NVIZEITSET VA
9 B ERDFER & K & Rt T S 1%E 2 R,

Y b0V —HEROBIIE A E < BEAO ML & Ek O RIEED 2 BEIC AT TER
BIEAE D, BAGHMETE, DRANROMRICHEET 2EANSERBL, Thd
E RS B AL (articulation) &, TS5 QML (BEOMI) 2Fbhs. BAN
EHLIE, WAOERE BRI Y OA S A W CHEIC RT3 2 L Th 3.

DE D, TR AT AR IR HE T & WA 1 BIREARI £ 17 5 SHTRES A 5 A DE
Bk, AEOBRE % 5 SRR D M EiL L Ml 255 4 > b1y — O
HATRD 5NT VB, FHOFRTHEA Y buy—i, WHPHERI S 2T LD



4 F1E Fim

FIEMOWRILZAREICT 5 Z e 2L T, AMIZX S8 HIEZAZIZL, A0
e AT LADEKE, TN OOHEMAIZEBNT 2 EEXoN5.

1.2 HB - WTR

PAED &S B RIZEDWT, KFETIE, W A5 A (physical systems) (ZB89 2
R (2 B0 & HENE S O RIL 2 HINE 6. 2 2 TYWHLY A7 A & I3WEEANIC
Hl-> TS 28 5 MR R D12 (DEEY) 2L, EIZAMIZE > THWNZR > TE
SNTANIYZENRET S,

=N NI A x4 ﬁ%aﬁéw WRELATT2oH 0, WY AT LT 2 EMERHE

i cd ZEM I B 5 TR ey, EMERICE O ET VAR —RRED
Wrizs iérﬁhjwuf%é IS DORESIIYBL Y AT MBI RBHESTH DI
LD ST, FOTHRDHMANRINTVWEVWEEZRS, TIT, AHRETIE, Zhb
DOEEZRDO ik 21T\, HSEOBRE2IEZA 2 Z2HIBT. Lz >T, AHFEIZIIH
ROBEROEBE LA IZE TNV, DUF, AEicixuge 3o anEEN LB
ROBEEM: 2 T N ENFHAT 5.

1.2.1 TEMHRICSITIBXEES

JEVEHERRAZC I ] YBT3 B BRI 2 HEGR 12 BE 9 B 5% [Rieger 77, Hayes 85
2L TH D, NRYH Y AT LB 5RREROHELZHEOVD DL LTV,
DFED, EAONEHNRDENRET VNS, BHROMEORERIENIZH > 7222 #iwmd 5 &
BT, TNSDOMOKRERERES S8 2RO,

AFNZ X WY AT L DZEFOHRIZ © > THREBRIZ EER&E 2 R-ZLTWS. V)
HAPIZHEOSCEEY R 2L —Y 3 VIFZEROREMNE{LDOAZ LT 505, T AMIC
Lo TREKZRDDITIE, ARPENZ MU T N7 5 78\ [Iwasaki 89, JuH 92].
ANRNZ & 2 HEBEAROMMIZ L, RN REHERPERELLIHERIDERITLTVEZ
EHEFHEINS, 0%, FHEEHEROMORMXMEORBIMER LD, TORES 2B
THIEWEETHS. Lo T, REEFBREERTZEEHR AT LE2HNS1—
PIZe o> T, Hiwy AT L0EH UZKEBARICBIT2RXEN TED LS BREI RN
MLDREXE & &5 8RB Dh] &\ -IFXEDOEE L BEREZ T 52 VNEETH 5.

LU S, BIEOEUHRY AT ATIETDOL S LA E2EBELZ L IZNEETH 5.
ZTORERE LT20%2F T2 TE5. 0D, IFXTHRhETNIDHEL KB
AR H O, TNFNDPRENERZBIZEKRL TWERSTHS. HHIVEDO2OFEKIX
ZTOEIBRET VMR VY VDRI > TV ARSI L > THIREI NS Z af



1.2. HM - &% 5

H5. ULDoT, FIZIEA UM AR TEINZETVEEZ TS, HRY AT AT
Lo THEBRINBREERIFELRS. HIZIX, Kuipers @ QSIM[Kuipers 86] & Iwasaki &
Simon (2 & 5 [KIRNEFZAF 1 BiLER [Twasaki 86a] 12 & > THRK S 115 KRB FRIL TR 5 R#H]
BaicZEonTeEDy, @%%hmmmaw%wwﬁﬁ;OM#m.bkﬁof,iﬁém
2 RRBEROR X ORI Z HREC ST 5720121k, €T IVOFR DR MR i 27
LPED LIRS Z RIS 2 BENDH 5.

Wei s AT ADEED K & DR IE, VAT AN Z AEXEOMEE L F DR %
ZLUTHH (REDMREEEITER) , MEEREIOHRNERD —FETHhB!. TD LXK
b iE, EMEHEGER S AT L DRI T 2GRN ERL, EEmI AT LADET IV E
HEG %%®ﬂu M, BRHICERT2EX505. TDEOICIX, AFEOEMNY)
MRS OB IR - - KBRERICE T 2K EOMSERPI RO SN D,

U Lah s, fekoetin (B2 I1E, QSIM[Kuipers 86]) #F%E Tl D E X 135K
X RO 2RI EEINT WA EITTH S, £77, Allen 13— 2 &K
TRITY IT 1 72FAEL, TOMOBEREZFEIEL TWD [Allen 84]. £7-, EMHERIZ
B om0 R X & Akl oBFRICD wf%i@%h@S?M%wWQb%hfiﬁé
NTW5S, LD2LEDNS, INSIFERKRL NZB T3 08ETH->T, WHHEFIZE
JABERD IS T AT E RV, TOMER, RXEOEWRY, 2 EW#mT Y
VMR TCE AKX DOREIIZOWT, +aRsiHZT S Z A kAW, ARIDEEE L,
ETINVEHRT Y Y VIR D BT RTORXEM&Z R TE 5 X 5 I2ELBEEAR
MRDLNTWD

1.2.2 #REEEZHRIC B 1T 2 HERS

W WL < OREMIRO TR TIhE TITRDFMIZERL 5N, m%%<®/XTA
@%ﬁ#&éhtﬁi@ DTH5. bt#of WESW Y 2T LW (R8T
WBDMN] WS ZEIFHHTHD, FVHE @ﬁ%@i&wiokbbm5# NI

TIE Ti#bE] X EKE) 2 \W\Wo 2 e 23R W TIBHRERH 2 2 EZ 2 5.

fle L T2 AND Z7FHRENTNT EV@&M%’E%&@% HHLUTWARMAZ 2T
Hb. HRKTIERDN—D AL, BEZHIZE > TAND ZFRENT WS Z LDV 0o
tﬁfﬁﬂm#@M5a$%#@Méjtwoﬁﬂauﬂ%@%ﬁ&kioffANDi%
WS EREAEN Z LAY, M EAROHREDRRTH S LHELTWE IR\
Bonsd., —7, BEOHEMFEIE AND E1 & B & 7z B E O M o Y K R BIFR 2
HEOWTHERFZHM L TWEEEX 5N, ThoD 2 DDMEO kI, Bk
IRE[E] DA A3 FRFR & N2 WERHIERAR T b, HH IERH ORI % > WA T H -
T, B<EL->TWVDS. ZRZBHDS T, WIONICESKBATHHEL MIBEK] &

VREVEHEGRIT ISR 72§ R E MR T — V30, T 2 TIRAROR IR - 7224k 2 B3 5 Hf
7R ERIRCTH D LR 5.




6 F1E Fim

WO BETRINT WS, KX T, Bz ISR N, 235 2 YELm s i &
IR, W % IR XS 5.

YIRS N OB R 5 A5 &, MEOMEIZE SR FHHRMFET DI LD 5.
SEFEOHITIRTORDFKRE UTHIZIEE D OIFHORET 2808HD 25, ZD &
5 72 R RS BERE RS 12 5L D < B TR A S N0 7 O FRRIB B IR T IR A3, e
DEDFHNEZEXLTED, WEDOHRBZTOIZIIARENTH 5.

IDESIEH®RTH D THIEFK] Bax S 2 kd 52 2 THO T, WESk s A
TALDRENZEHS T B KD, FlIZIX, RERDE K DETFIVR—AREZ N>~
2T I (HZIE, GDE[de Kleer 87]) 1FHEL TWAHHZFREL TH L, MM MEEL 7=
JHRZ ST 2 & SICEWBLIS R R I R S e\, ULzdd-> T, fEEe U THRM
KRR 2 HEm L TWD e ARTIENTES. ZHOFERAEINZEME L T
HWEIBEHRT BTN DH 5.

Z D &5 i ERREE S DBRINE, HEA A =X LD L L HIZ, GRAONDIHNRET IV
e EOBERFRORA P 5 E LTS, ZNZHH/D 5T ET IV —AHEESE Y 2T LD
A1 IZ B9 Ak DGEm L, IREiHEER OBLR A & DEWERHIME [Console 92, Poole 92],
% EIE [de Kleer 87], #2WiREDREL [Struss 92a] &\ o 7= #fiiw A 77 = X L Dl L ~)LIZ
BITAMEIZET 5L D0 % . WEZEIHEOYIIAIZEWT Davis IZ& > TEMI AT
LD RE DY 72 7 R 2 R DARE I D W TR S - FiPH DI E 2 o> TW 5 Z & AR
XN TWB N Davis 84] , ETINVONFIZERT 2 ORF 2RI TE S &5 Lill&
2B SRR I T TR K, ZETAIERO R DRI P MEEIXIERIC > T L £ o TV 5.

1.3 EARB

AT, EMAERRIC B 1T D R X RS & MRS &1 5 iSRS O Rk & W 3
52 xBEBELT, BISOMEEZHONITHA Y by —DkEL, ThoIZHIWE
MR Y AT L DG HEEZITS. 2 DOXNEEERIZDOWTLARD 4 IHH OZE%E 21
ZTNTS. TNETNOMEHEHDOBENANEEZRLLIZRY. AFETRIA Y bRy —
FRBES Z W AWER I AT 2B OERR T LB TH D, RimX I3
SDFERD A P RELR 138 T,

(V) BETYI71 TORRE HEMAE S X READ5HML, NEMaEHKT 2
AT IF 4T RART S, MATY 3T« TOMABDETHEEEDSH
R R RELT B H AR T 5.

(2) KD 2T LDRERT &7V I 7« 72 HWTHEROMERR S AT LORE ) %
ik B, RV AT LADRIDENEHIEZIHS T 5.



1.3. WA 7

#* 1.1: WgeIEHE

S E B EASEY
WL B | e (RIS SE ) U TG T TEERE))
W IRe AT R, RIS PR S
METVIF4 7D [4D5DF 4 AV a v kD * 2 D OB i RIS
[l % 13 DX EBESR 7Y I 74 7 - 46 DIHFEES T ) I 74 7
(R A > b a Y —) 24 DR Y T A
<4 FRPFED> < 6 FHH:>
L [A2,B6,B7] i [A3,BS]
MR EE I OIR | @RS AT L ORI EEE | WBE2W > A T L A3 HE Al fe s
(PR AT LD (5)QSIM,Causal ordering 72 & | #fED 27 5 A () GDE
A ) <4 B> <6 FHWEH>
> [A2,B6,B7] #i > [A3,BS]

VAT LRGTOBEEE | RO RREMEEZRZ D720 | &0 JRWHIPHO ZE K] %
£ O FEMH 7R ] 70 fif R & £ D BeFEHIZ BT E B

<5 E> <T7TE>
A [A2,B7] S [A4]

VAT LFEBIOFE - WRfEE, REAT—, - 55 DIFEHLE T I
CRRR R AL VA hrY— | - RN e BEREROKA
KRR IC B D K EVEHERR | - W2 T R HE D < Wil
<5 > <T7TE>
A [A1,A2,B1,B2,B4] A [A4,B3,B5)

(3) YRT LDERET ROV AT LADRPBERVBAOND VAT LEREFTT L. ZD7%
DIZBEBZHFHDONEIZ DOV T 5.

(4) Y AT LDRERE - M HRm AT LEEREL, EHERZITV, T 5.

MR BRIz oW TIE, £, EETFTIUNEBEL S 5 (FHAAKIZIZTRTD)
KM az30d 325 1 3ORXMMSETY I 574 72REL, [REMERA Y bay—|
EIRETL. BXEWSR T IF4 TRETNVORREFEE2ETLO08] (F4Av V3
V) RAWEARGTG EDORE LTRHINS.

RIZ, BEEBRTY I 7« 7%GERE UTHWT, /RO S AT L DEFHIZ
B3 omTH o [RIRMIFH2AERE ) 230 T 5. QSIM 7 & ORERIEMEHE T > Y
Y DR ZBRIIZEAR L, ThoDEWEIHEICT 5.

X517, WNREKE THHAR T T > MBI 5 KRB R 0D KA 72 B AR 12 6 B AR RE X
Fis 2 FEET 5. TORE, KEROEMHR Y AT A TR T2 REDRELNR S 1k
WIZEZHSMNZT S, ZORAZRDBEA B 72DICHELNFHEEZEL, RREE LT
SR 7R KRR HEE OFUR FIE L TN a2 2 2 72D DR RMHEE DO 3 HZ1TS.

BRI, TNSDBERIIEDE, RERIIBIZRKRNBHOE T IV AL R DHMAR N
AAA b Y—2BEL, TRITEDWTHEMAR XS 2 R STV %
KT B,



A
it}

Oyl

8 F1E

M BRI DWTIE, £ ARDREMCEM S & HRER] 2EHT 5. KIZ, %
DIFUNZFEDNTHFEDFEAE S 2 YHIZ0EiE 2 Z 5 U, YIERRHUERJ PR0 Ef r & v -
ARSI R R e WO T I T« TIZEDWEHERESR 252 5. 61T, Zh
5 DEERITEDNT, BEEZRRL LB S L, WEO 2 5 222t d 5.

RIZ, WED 5 A% BEDE S AT LD 2 RIT 5L UL THWT, RKRNRE
T IR — ZEZ W S AT LT B General Diagnostic Engine (GDE) [de Kleer 87] 53k
Z BHEOHIFHZHRT S, ZDKEHE, GDE MRS NZFPHOBE L 2 k> TWwWinwZ &
ZHSMITT .

IO, BHODERSTEETIVR—AMELK Y AT LORAZIATEZ L 2HEE L
T, ARG % MR AR 9 B AW S AT L DG 21T, 20L&, A bhny—
TEBI N HIHEEREE S 2 R e AR 2 T 27-0DRARNELZL L, AV hoy—
TRINDIWEFEROMBEN N2 ET LRI T 24EHE LTHWDZ D, kb
JRNEIPH O M PEAN G A KT D VAT LD ERZREIZT .

BARIZ, ZD XD BEENZROWEZW S AT L2 EH T 5. MEERLETIVICEDL
e i &, 51 OFHEE THRFE L 2GR0 ettt i X e a5, 51,
JE\NHEPH DR 2 Rh AR & < HERS B 72 01T B PRI W 2 4T D BRI, T D HEGREEDH 2 f5
Lt UTHIESZ 7 22V MAZEE TS5, FHEE L Vo BUETIRIZRS,
MG 2P R IR & W 7B (TS S 2R 2 5 A2 WS 2 & T, RO
DLIICHT 22—V DEEEZENTILNTEELEASND.

1.4 AEWXDEMK

KESKIELLFD 7T E NG5, 2B TIEHMERRS AT LIZEITFA A Y =220
T, —fRRT O EZRENZDOWTHET 5. 3|IZBWT, EMHHREETIIR—2
HREZS Wz DWW TR SE A 3T 5.

4B ENAEDONBERDTH D, 4= TETEMERRICB T 2EX A2 HRET
57O DRBEHREIA Y b Y — 2 DWTikR B, 4FIEE 1.1 OEREE OHRID 2 D
(B 7Y I 74 TOMFEE, MEMRRGEIIOHMR) IZHIaLTHE D, RXM2RHT 2720
OESETV I T 78, TNEHWCERLUZEMGRT Yy OGO MEEL2 RS, K
BOIRNAIE, HC[A2] ORRIA Y M B Y —DES % X SIZRES S ERSHERER
X [B6,B7] DNFIZEEDWT WS (KREIR A (IJCAL) G XX TH 5 [B7) IZEAT, EMEHEGm
BT AEMKT — 2 Y ay T (QR) BT B [B6] XL D MW EToTWVWD) .

5ETIE, KWEMEEA Y bu Y — 2D EMHERY AT LADOBEHE FEFUZ DWW TIRA
5. £7, RERROREBROBEMIZHERIGHOMELZRL, TNEHRIDTZODORE
MEDPFIZDOWTIRR S, RIZ, FNSIZEHDVWTIHRERDE SO —BIETIVE 52 5.
BRBIIHHT Y v EEEL, HF N 75 bOBWRRIINT 2 EHEREZ RS, A=
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DFRIF TN [A2] THREINZEDIZEDTVTWEY, KX EORAEICEET % #inik
E PR 2igan X [B7] ORRNAEDRIRKM I N TNWS. it,%%bf%yh@%rwmaﬁ@
HER DRI DWW TIZ RTINS [ALl] THRRI N TWA. [B1,B2,B4] 1%F D F 72 13 HEIR
EHRRLUZEDT, BlIET IV bORRMETINVAL, B2 IXEMHEGROFEM, [B4] 135
WCIRARRD KA VA Y b r Y= ZDFHEIIZ DOWTZENE NIRRT N S.

6 T, BERESIZOWT, FTHERNBESE2ROTERT 5. KIZ, YT AT L
WCBWTHEED AT 2B 2EE L, WERfEE2RHTI2ME7TY I 74 72FAET 5.
ZTNOHIZEREDNT, WEOBERN S I A2 52580 7 A% EHTSH. 6B 3HELEFAL
£z, HREEBORMO 2HEIZNIGT 5. ZOFEDFB XX [A3,BS] IZXNT 5.

TETI, ETNOICED SHERGIAR Y AT LD L RBUZ DWW TR S, fEA v
Y —IZEDONWT IR RERET VAR L, #amT Y BT 5. G [A4]
ZHIET B A, HEFRY AT LIZDWTIE—# [B3,B5] THHKXEIT-o>TWS.

SETIE, FLOEITV, BREIN-HEL SBOREEEZRT.
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F2EZ MEMERRATALICBIFAA N
E]¢°__

AFTIE, Ay bay—o—Bihakg e B oM (#1097 20 L, FIE 2
TLDOA Y huY— DMK EREZ R 5.

2.1 #ArvbhbOd—L&iE

2.1.1 EFH

F v b\ Y — (ontology) L IEARBGZHEETH D, [TFAEIZHET 2KRM 2 Him (F4E
#) 1 EWVWIEKRTH BH, NLHEED LG o 1%, TBERLOIH/RAZRER | [Gruber 92]
CEHEIND. FHEBICE > TEMAZET VAT S L &, T IFEMRFUAEET S (BT
H5) MSOFEZRHBL, S UTHHT2 &) 2f7oT0wa. ZoeE, i
D& E DEVWCEBREZFRTET 52 L TETOMREZRBAMAIT T, TOMSOEKZEREL
TWAIETTHD. BEIFIHERNTHDZD LS5 7% B Z2HRINZERLZE DD
Frbhay—ritEns.

5L, AV e Y—OfHEHMNOBEDP S W DRDEBEZITO ZENTE S, M
R=ZADNIGN51E TANLYV AT LRERTIEOELT 7 Tay 27 ULTHOOH
% HRARS GEEOMKRTR (B ) O 97 L E&EI NS, Cruber FARILAIZHNS Z
xR TEBOANDTHAINSGARENE] LHEHRLTWDS. BHIZHKMKFME
ZHHIEIZL T TH5HMNO 7O DMHROFRFRIZET 2 IEOERE] LEHELTWVWAS.

AIFFETIE, ETNVR—AMERRR Y AT LB WTAHY bR Y- R THENICHH
UC, [EREEERIN 72 o 72 13 & R~ A 7 L DIV 2 S ik L, ML 723 0]
CRAB. TN, AV IRV -ORBRIEALDE, Y hu Y- ONEDERRI L H
IR AT L D BIZRINTREERIN7Z o 72— IR BRI S T H 2 Z L ITEA L T 5.
IDESBF Y Y —FEVHPEORHE AT LERET S (DX, FEFLZTNS
DRIfRZEHT 5) ElZ2RT.
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2.1.2 FrhrOP—2HO>HE

ZyhaY— IR EERT AT, —BICA Y bo Y=gz T B
EERONTWBEHEZFZEL TAZ.

—fiRE /B /BAAY A2 b Y- 3ERORNERRERICHEICA S S 2B
fEL7zbDTH 5. HHHEPEIIH U THAMEZRS, HAHTHILNTES. Lk
MoT, HHHPADNR - HIFHEC IR P MR O RAE & 72 5 MEE 2 K.

HER/SRME A2 b Y —RBRUNRICE TR -V Y M TERELUTHAET
SOMBRREE RS, £, RGBS EHRRIEIC -V MET, Bz
6D B SIRE TIVI 5B % BT

BRI/ AN A2 ba Y -3 RICE T 2R LBES 2 RIIZER L 72H D TH 5.
RIKOGR 2 2R 5 & 5 IS CREMRO R E UTHEIZER T 5 Z LIZREAE
B0H5.

M/ ST ERER TR/ ABEFEROEEN SO BRI ER A B AT A8 0 A B
LUTRBYT 5. 2Fh, ANMEAEKROIAT MR E LTORE 2RO,

—B%/REM AV -—DOHRMT—EHLTHY, bEIRELEL TSI EHEE
ns.

BREM/FIZEME A2 b Y —OMRARRIIERTH S, WHRMFITE T 2 8kdD 528
TRCHIZFEL, TOAVNY NolhRE2 5252 R LEENS.

ot/ BHEENE ULALBRDSTRTOMRESNET S Z LIdHRT, KRERIZEHD M
Thd. TOWMMEEFLL OGS, Ay haYy—FHERIZKEFEL TWS.

2.1.3 #A>bhOY—DEK

Frhuy—idk—#ic, S, &S5 (taxonomy), BEERFEOREROER, EAKE
EZPOMEREING., £9, Y boY—HEEDORIZIE articulation (2 fifk) 2175 22T
SRR OB EA M INTE D, ZNhAA Y b oY —DFELRHEEYTH S, BRI
is-a BURIZED W THEEIICHBE S N E Z 2938 <, ZHiE taxonomy & IEIXNT W5,
taxonomy TIXBIRIZEIT is-a BB BR I NE A, A huY—TIEI o IZZHRREFR
ik X, WEOERDOIEAWEREIPRINDE Z EHL .

BRICIE, 4 B Y—AOERORS L, AR Y LOBROERDES
POMRI NG, EEIET OV EEREEDPSBB. TV EMEERRT S HRSHC
LBWATHED. TNEFRHIC L > THRFARIKE B 7220, AMAEY hoy—
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CARUEZVER T DBICIE TN VOHRARSEHE IS T IRERPTET L5601 L WD,
ANBNZE o TIRRELRE R EZ D, BRERITEE, —FREwEL Tl I N A8
(axiom) TH O, WMEOEKRZERNWIZHEIIRI L 25D THS. —EibBERM TRE
INTRBAEGERTHEHTHZ LT, AY baY—Db DRI 2EMIZEA S Z
ENTES. LLARS, MERENMDPNETH 255PFHOI NGNS V- TA
BTh2H5E1E, TARTEZENMLLUAZABTREETIC, —z Pl v
ZETHEE U2REZTS. 2O IFHERH (axiom equivalent)[Forbus 95] & XN 5.

AV PRV —DRBITIE3IDDLRUAH S [ 98], LNV 1IEE-EE TRV AV
FaY—THO, BERDIT NN ZN6 DD is-a BRZ TR 6742 0, A LIE taxonomy
YIFEERILTH S, ZOLRLOF Y b Y =24y oY - IESHAIZERTIEARL,
ZORBNBELEENH D, ROEZRTEBRANZLDIZ, A v bo Y — TG HFEN—
AV AT LDHERIZHEERIZ D o - — R EBR2HHE LZ2DTH D, Mk AT
DT AR E G2 2BE 2 R-TEDESED. LAV 1IOA Y A Y—FZTD LS4
WAL IGE ZEFAT L S IZHNONS.

LAV 2 T, BESORKIZE S 5K, BESEOMGRERE S 5 AHA, FHEEH
fRrlRe R S cald I NG, ZOLAIUZBTAEEIE, Ay hrY—IlEOWTER S
NIZETNVEREPED & 5 2 WE %R D (competance & FFIXN %) 12 B9 5 E[IZ A%
TE5. 61T, LRL3AVYhaY—iE, Avhpy—ZE ORI NZET LD
FEIrI NIz & EDIREE (performance EIFIXN S ) IZET2EMIZERA D Z LA HKS.

— RN HE SO ERIX, FOWEEOL DEMICET 2 HR PO S OBfGRIZE > T
E{EINS., D0, BADOERTEHIIANGMIZIMMOBEAND SR EFESTHEDT, F
DEIFREHEDEI TN TH D, #EEGROFME DR ENH L 70 5.

Frhay—0HEZHE0% (R 28T THS. AV b Y—W7 To—
Fix, TOHANR TEDL> 0D (WHREFE) o, YOI ITHDIL->TWED (1
REZFDOREMR) ] ZBHONIITAIETHY, BTmlTH5. Z0D LS AitllEdRZE
DH D D4 (typology) WX LT, HEOWRME 5 2 25%H] % -7

BRI S AT LD vy buY—i%, —fRIZEROAF Y brY—0fEsGL LTREEH
5. BELUAIESR A b Y —0HK - ®PH - LIV EBSODIZLRTL, Arhoy—
IZHT B AEMSMHII AR NS5 TH S, AV bu Y —HOBRIZIEIROE, kL~
NVOEN & BFA - SRR, A RBRRED DS, BBEOAXEREIE, HEAV N
BY—atMiotr buY—b ORAEEZKELRLETY I 71 T2EHRTIEEE V.
ZOBMRIFA Y PRV —NETILVONEEZBET BRICELLTWS.

21.4 A hOD—IIWTEIEE

Fdrha Y=z EoONWTEHR I N T IV RMERIY AT L2 HT 821X, AV
MY —IZNT B EENBETH S, Skuce HHERIT 5 & 512, BAEDOL~ILITIE (1) K
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Rk, (2) SO, (3) S04, (4) AHED 41BN H Y [Skuce 95], MH DY
ﬁ& JG U THELREREDO LV NUVDRLL. Lizd-T, AEINLHHIZE->TH Y b

—IZRBITRENABRRD I H L. HIRIE, NHEOEEZBETLEITIIAR
kcl:%@?%?lmﬁﬂ:%ﬁ?b&b LLH5.

2.2 FyvihOT—oiEsE

R Y AT LDA » b a Y =8B ROE NG U T, KEL XA A by —
an4yjbeV—Kﬁﬁém5.quu%m%mwmﬁtomfﬁNé ARIZ,
FZHBET A RIINTAA by —Ths i EAA Y b Y =2 DWW TRGEIZ filt
na.

221 YRUFArvAOY—

IR T O H D LIRO 70 AT 2Rl OBV SN L FEREZERT 54
FRY—% R A7 F v buY— IR, MEOERECHEMIRGES, X ond ADH
EXAoE, AN, MERO Tar 2 (G- FIH) a2 RTidEReCET L. #
EUTHEZM R AZIIBI2RAF 0 aY—%2F2 5L, BUERHRERKE W - 72
Z R, B R AR R AR EARGE &\ o - B S R E R TE . REMR T 0 A
i, MEZZSICAML, Y 7REOMAKE ZN S ODMOBEBRTRELZEDLEF R 5.
U7=dio T, MR 70 2ADRBITZ DR OFMEIZS U TRERTHS. LirL
RS, MR 78X 2% 5L TV o THRAEIIZ PR FERHE T2 E 5 MIZElR
THDIIRNETH D, FhiEWRERHDOIINIED Z L%\, EY LR EDORE 7Y
ITATERARTAI LT, HYURL VBT AR T O AR KRBT S ENT
&5, M@k 7o 2@ BN S — R T I 7 0 TERA MR L UTIE, R
#5344 [Clancey 85], AL & A2 [Chandrasekaran 86], Half weak method[McDermott 88]
REDNDHB.

MULTIS[7 « ~Y / 93], CLEPE[Seta 97, Ikeda 97, #i{[H 98a, #fi[H 98b] Tli%, A7 Y
A=Y VT EVWIRFED R AV FHISIZ B AMEMIR 70 A2 R T 25EEEZFEE L,
ATV a— ) VT RAIHDR A A hay—2tLTwa. FIZIE, A7rYa—Y
VI DZFFTHS RCPHEEY, HAEEGHSERZEZIY HITHERR T 7T T4 T
H5 Select R ENEBRZINT VWA, M21IZA Y by —DEO—E%2RL, X2.2
IZ Select DEHEERT. THEINLRITIZC LT 1 v 77y 7 LIRIEN 5 N7
%ﬁ%(m%mw¢)bHMéMT%b,w,v&wmﬁi%&fu&zm%ﬁ#%ﬁ%
fRTRILD FAe & O HEINAERASAGETH 5. T I CEHEAR AL, I —92H - BT
O EIRT B W) I T TR mﬁ%waf%b,%®ﬁﬁMﬁ%%ﬁ%
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______

Evaluate

Generic Generic
sredie )
Representation
&wﬂk”
Goad
P‘ Job
—>[ Data/Information ]
...............
-P‘ Unassigned
Generic .
S -
—P‘ Previous

Max

Constraint

Vocabulary

X 2.1: CLEPE 28T A X A7 A4 Y hay—DkERK

TEHEBEN RN L THD. £, CLEPEERBE T, fldL7ZMEETar 20Ty
ZD7=DITAT S FATEFEOHEREME L RV T T B TE S [ 98a, #EH 98b]. Z
DL BRBIEP S, XRAZL Y bu Y —$REEIR S AT L OENRBEFEE G2 5
WA D,

222 RAXAVvAvIOY—

MREfRIR DX R & 7 2B OFLRIZAV S N MR Z2EHZT A2 A bOY—%2 N ALV
Ay b Y- iR, WREFICB TR L 205 O OBEFKY» SR T, NREE
ERADBEOMECHMRE 2 ERT. WNRETIVICED S FEMR Y AT LDEGE, KA
A vFy baY—3h OB TH ENRET VOB E G2 2 EEREEHE2 RS, £
TIVDFEIRTY) I T4 TZDED L TN S DEKGLR D SRS 1, MREPKOH X FH X,
ETIVELRFEDINERSF B R ER, HA KT v ERT. HlZIE, de Kleer DEMHE
i [de Kleer 84a] IZHWT k] OBERIZZDONRETIVOHFETH S (3528 THHL <
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(Define-Task-S-Activity A-Select (7a-select)
:class-hierarchy (subclass-of A-select limiting-activity)
:slot-def (

(in-obj 7in-obj :Q@constraints ((class setlindividual)))
(ref-obj 7r-obj :constraints ((class object)))
(out-obj 7out-obj :@constraints ((class individual)))
(dk 7dk :constraints ((class dk)))
(cor-verb ?7cor-word :Q@constraints ((class select)))
)
raxiom (
(membership (:extensional))
(effect ((selected :to 7out-obj :from 7in-obj
:reference 7r-obj :with dk))
(internal-effect ())
)

X 2.2: CLEPE 1251} % Select #laDEHH

HBARB), ZORAL VAV PRI —ETNA ALY baY— IR, Fg 205 &
EETNDERABRTY IT 4 T UTEA, TOEES BT L OEHRER & DR
ROEENPOMBEING. K231 GmMrbL&éOMdmwa%ﬁL%%tbf%hﬁ
FERALD —H %R [Gruber 94a). T Z TIXRERERFR%Z £ D Component &\ 5 & &

5 DD Connected-Components & W9 BARMBELIR I T WA, E‘J:ﬂ*E%,._,\“CZ@%)OD'C
HFE 0 BAERNZHRPEER S NTOWZRWD, BRI TH S I LR EDHRINT VWS

—7}, Forbus D&M 7 v+ ZBEw (QP theory)[Forbus 84] T, YRR [T o]

EWVWOHRTHRZAONS., ZOTHLA - Ay by =ik T RADRHERMLPHER
EDR T I 74 7L FN S DMLY DB KRR & DAL EH o 1
Ensd (352 HizZH) . Liu o l3EKMBIZEITEMINA Y Y —TH LT NA
A FrhuaY— AN THSMEN 7L ELREE2ERL T HMEN T4 by —
(charge-carrier ontology) & Z#lAGHOE S #FwGIEZIREL TS [Liu 92]. ZHAH5D 2D
DAV IAY—%ba—YAT 4y 7 AT > TYVEXTHGRZATS. Ml S I3E =R
RILDET VIR HAIZEIT 2 A ZETIOVEREZIREL TV [fill 91, #ilil 95, Fhk 98]

ALY - A bV =L@ RZAI POV LTVWEEDEKFELTVWDEHDNH 5.
Cyc 70 ¥z 2 I [Lenat 90] I3 H7E QMG TR A 7ML KBIBEZR R AL A v b
V- EHT A TH D, £, SEENUIIZHWS Z &% HEE L 72 KB Lexical 7— X
NR—2Z [Miller 95, NTT 97] &, ZAIZPSMI LAY bR Y=L ARIRTIENTES.
de Kleer OIRiHDOBEEX TFITE T 280F [Gruber 94b] 72 & D — #1732 (FHRE R E W)

RIERATZ PO LT WA, 72, ROV I 2 b — a v EKHEIZE W0 REER
DAY b aY—=bHHZ ARSI LTV, A, REVWEEEDOLT Y b oY —
[Sasajima 95, /5 96], RETGHE A > b B Y — [Gruninger 4] R ENH L. LA LN 5,
— BRI Y AT LD KA AL VA b a Y —=DRR AT PSRN LT\ Z & 13
THhbd. NAA Ay buY—3BHERAOWEL L £12, TDETIVEHWTT D MER
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(define-class COMPONENT (7x)
"A COMPONENT is a structure that can have parts and
connections. The concept of components as a defined in this theory is
a fundamental abstraction that applied in many engineering
domains. Component structures need not correspond to physically whole
objects such as standard parts from a catalog. The class of component,
as defined here, may also be used to represent nonphysical objects
such as modules in a software program, functions in a functional
description, and model fragments in a model library. This is a
primitive concept; what makes an object a component is how it is
connected and a part of other objects."

:def (Individual-thing 7x)

:axiom-def (and (domain-of component SUBCOMPONENT-OF)

(domain-of component CONNECTED-COMPONENTS)))

(define-relation CONNECTED-COMPONENTS (7a 7b)
"Connected-components is the most general binary connection
relation between components. If (connected-components A B), then A and
B must be components and neither can be a subcomponent-of the
other. Connected-components is symmetric; there is no information in
the direction of connection between two components. It is also
irreflexive; a component cannot be connected to itself."

:def (and (component 7a) (component 7b)

(not (subcomponent-of 7a ?b)) (not (subcomponent-of 7b 7a)))
:axiom-def (and (irreflexive-relation connected-components)
(symmetric-relation connected-components)))

2.3: Gruber 51Z &% component DiEFH

ROVEECREZ KL TWD 2 0B\, DED, Koo N TV HEMIREES) 2 XX
BDIZRETRRETIVORBRANEZEL T, ETNVOMREPAHHAIEE > T 5.

2.2.3 —fkEfMfAOY—

— A bRV =, FAZA Y RV =P RAS VA Y buY @I S
ZA Y —iEERTEEIIETLIA Y Y —ThHD, —BELHREOE AV
FEY—TdH5 [Guarino 95, Guarino 98, Sowa 95, Sowa 99]. F7z, KB —MEHIA
> b B Y — [Lenat 90, Miller 95, NTT 97] I3 % OM&ERE D EAi LT, ZhsDnMHE%
BATWS., I TlE, FK, HE, W, 2=/, &, R, BiEE v 2ERNEES
DL BRI W TbNd. X512, SODE—MEIZITh, B0 &2k Xz h,
0o 2RI R BERMEICBE T A R DS I 1 B
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2.3 A bhOT—onse

F v vy —OHEARN BRI TRk Z50R T 5BICEERE L L THWY S N e lEa % etk
T2 Z2TH5. NEOMHFEZMBAL CHEBNIBIZET VEMEL L ESIIBEL LD
BazRMEL, TNoDlOBEBRERET 5. ZOEKRT, AV hay—@FARXRETILE
UCofElz 1723, FlzIX, HEOBKXMEZETMET BT, BEBLRNERE WO
RERML, TNSTEENIZT NS ZADBEN N2 —EDHI %2 5 2 p15%EH %2 R 77

DL BAFHDOIBEL 72> TWAHE&IX, —BRIIZIZET VOERE & FIHEDM T
BERIIZHEA LU TWA EIREINTWVWBEREDTHAS., A had—ZZn k> LREEHOS
BRI S HREU R TH o, HiEoBEMAEZ [ EXE 5.

o DIERMIBEZIE, Y AT AREHE DR > TO LSRRI T SHEC, ¥ A7 LK
FFOEMERLTVWSEWVWAS. DF0, AvbbaY—3REEMERIT 5555 % et
TOKEN R R, MEERY AT LOHRFREMOWRIZHBNT 5.

Ay baY—R3E oI RRA LD, FEREEELT O ERD, FEONE
LIRS Z & ZA[BIZ 9 5 “theory of contents” & U T D&EI % R4 Z & A3 {HRF
TRTWB [ 97].

24 Ay bhOP—ICEDWERBEERERY AT A

Fr by —IZHEDO W MR Y AT AOMERIIK 24D & DTk beEZ NS, M
Y AT L s DAY POV =0 1%, TDYVAT LD BEEL RLET IV (om)] Dtk
EUREIZTA%E 2 R-T. A b Y —0lXET N om DR D/-DDEEREE LT 2 &
YHIZ, EEINTVAEIAHIZE>TET NV om 2HFILTWS., VAT A s FRL R
NVETFINEEEBE ETELELAZLDTH S, VAT L s DHERE RIERREII A by —
0 DIRTAMZIZEDOWTE Y, ZOMSHEOBEBROEMIZK->TWSE, DFDH, A2 b
OY—0 VAT L s DAL MIEMIREEDERIZH DM, THFNOSBRE>TWBEH
WAEGZBEENEZRIZLTWSE., INOEVATLADNY ZR—VIEREIERZ 2129 5.

Frorhav—=,ZTNEHVEMEUARLVETANRRETEVAT LS DNy 7 KR—IF
L, MRS A7 ADHEF I N & F TG OME & HEtHEDEMIZHE D WS HK
HIWOFER L UTIEINZEDTH S, MEMILY AT L% HETT 2BOIEIZE T,
FIREMRTR IS DR EPRESI DIRANE L B L L BT, RHRET AR REFERE T 2
T A4 TDERPVILEINT WS, YRETAIPMED RSN Z, BBRT—ZRXR—=AI1ZB1F5
BESAF—< & DHLMEIZEDSWT, WRETNAF—T LRI 2T 5. MEEHRE I
EANBRETNVOHABRITINRETIVAF—<II/H-STHED, FOIR ) I 54 TOEKIC
BELUTZORMIHRE > TR EOREZRIT>TWVWD., MEERY AT LIZE T B ER
BAE (NN BT BEED £ 512) #inT > YV U2 D LD IZEEI N TV A HEP,
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1—¥
b
A
e ) || BRETER
B2 rED— | = 5 XD ETIL
7’ BRI
BN DES
Ot REHDESE HRETIL
A¥—=
v
ETILDEE - HY T
- LEELRIL
@ HNEETIL
\F)"f‘/ﬂ"zlw:l*/—/ \f‘)"fJ:ET)lzj <
vraT— S~ — .
A¥hAZ—0O ;:7 %?Kaﬁi HEEFILIZESL
- it BIREARIR O X T L (9)
By Sk EDRE

X 2.4: v by —IZH W REER Y AT L

NRETNVDPEMADHBEEZEET VI L TS (HLLIELTWARY) B % 3
5. 2F0, HERLVANVETIVIGHERR S AT L DGR (designrationale)|[Lee 94]
D—HERELT N5,

AL NVETFIVIE, BEMRIIZET A XA ETFIE WRERIZETE RAA VET
NVIZHTTEHBINT WS, ZNSDETFTNVIEA Y b Y —IZHBIZEZ I N TV SIS
iR L THWTHRINTEY, IS5 L RLOMERRE L HRET NV OZRHERD
— IR EWHMEIZR L TWS., RAZ A Y ba Y — 2 ZRER RS DRE T & £ T EEE> 70
Y AFRDEELEAEZREI N, FRICHEIWT X A7 ETFIVIFRIERRSEORD A IO
g, BESMERE, MBI 7o An 2 RBELTWS, —F, RAS Ay v oY —IZ
I RIBEOB &R L TN S DRIOBIINERS N, HRETILHLBRD TV I 71 7R
ETNVOFEERIZNTE7TAEHEL UTOHREZRZT. FAAVETIVIENAAL VAV
rEY—IZEDNWT, HRORDHEAL AIVIZBITE2ETILELT, HEORNBED LS
REENSHERINE PR E%2EKT.

IS DETIVIEAMDE G B gE e REM Y 2 T LD kkGEiR 2 52 5. DO F
D, BELVRLTIRBRLSBEL RIZEWTHHE - BRI N30 NRERG R A
EZoN5., BV OHRT VY UVPREBET VI, RV BT ETILVE &
DL T A THEBHINS.

Fr b I —liE—MIZ, THEAROBERIIHEIAZAY PR Y —IZHDINT VS,
W ZIE, BCONFHEBEDO KA A b aY—ThIELAKEA Y ba Y — A XA
"BV —THETNA AL b Y —IZHEDVWTHBRTE S, PR E V- &
TNAALTY PAY—TERINTED, TV YVAXPMEEOERERME R & ILEK (M
Ay Yy —TEHEINS.
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RIS AT L ORBEIEIL, FOXEIFOSGHAVHE O L 2D/ HEE2 XA A
PRy —DFEFEEHVCRAZET IV E UTERT 5. MEMRRIIEIX A7 ETIVOME
R 7O ZDFRP S EIVT 4 7 Tay 2L > THBMIZEREI NS, HLLIE
NN TR E 2 EHEIRTAZ Ik TEEING., 2274y vuy—03EREE A
WTERRBRINZRXAZETIVRRTREBERZ ST 5 Z & THEHFOIE R EX A D
L7280, YVATLDBIE - BEPIEZITRD, I 512, @EHAHENSHEC RS-0, [HE
fRIRBED A HD BRI S, £z, RAZDAVTFFAMIEIDVWTIREINZWNLRE
TMZETEH (FRETNVAF—7) %, NAS VA Y=L Tidihd 5. R
AL A aY—IZl, NREBOMEERTHLR TV I 71 7R EVEBINS.

WHETFINVDELBREIX, FAM VA bV =248t 35dk 7)Y I 510 72 HNTH
REWRTAEZZREL, MALRNLDORAA VETLVEZERT S, RIZ, 5L L
DHRETNZHLRT D, ZOLEAy buYy—ItH{EINTWSHIEZHENT, T

DEEEMEDOMEEZITD 2N TE S, 20, BWNEHAVWTERDOHA NI &R LHE
BT AEMERRLZY, I NZHEEPHIICEK L TWAZ L Z2METHI 0T
5. F7z, TR EOWEIFA Y P Y It oTHIENTWS, EREVD SR T
U\747»mubf %@7UZ?47%%VT%%%&%£ibtk% %@ﬂﬁ
AT I T T iZhoNUOHESNZERENE KL TWS., TIZL-T,
WERE TV OFLR R A 0, WEHEHZ S XV THET 2 Z A TE S,

MRS AT L2 W2 —HIX, ZRAZETILVE2ZSBT 5 & CRERRIZDORFD
BEHRASIDIRER EZRMB Z R TE B0, WYIRMERR Y AF LADEREITS &
EMTED L eHIT, MEMROHIHENES Z25. £72, RIBMRIRORE % R T 55
2, TOREREZER L ZHFROLBEN 2R THILNTES.

2.5

il

Frhav—0—lHEREENALEZ. Ay boY—%, HROFEEET NV E2RHEET
5%®FWﬁmJ®%mM£¢f%b ez oDlOEFR (LZENoDER) 56
BEEXNS, A ba Y =M U TAXRETILOKRE 2 R L, ﬁim&/xTA

D EXZRIHT ISV NIVET IV EZRRT 2554 E2 5 2 5. Rl B %M
22T, VATLOHMAMENRF L, -V OHMAGULREFTEEEZOSNS.
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F3=m THHS®REETILR— AR

3.1 %S

A D% K DHINEEI O RIZ AT 72 & OWHEEY) (WY A5 L) THD. &
GRS W D X S S AR SR AR 72 Tk e <, HEEETHEH O FHIRE
RORE R EZ2T>TWE., ABOMMITEIOFEH EcoFEBR 2 Hig3 A THBEMZEIZ
BWT, WHEMATYNCET 2 MEERIZIOHOZ A 06 EE AT - DO LD TH - /7.

EMEHERR (qualitative reasoning) 130 52 & /&M HYIZ H#EGw 3 S £lT 2 & 5 A TRIGEAF S
D—nHThs. NEOHEN LY R#inzir> 2 &2 Hig L 2R (Naive
Physics)[Rieger 77, Hayes 85] [Z¥iZ F L, EITWELY A7 LITxd 5 NE OHE & Hidwm %
Bifid s Z e x2HELTED, @MW (qualitative physics) & HIEIENS. Z ORI,
HHIAIRT K 5 ICEBDME % 3@ f 72 E BAE TR S B 2 @M E CRBL UG 9 5 Z
ETHEN, TNLLEITHROFEIA LA E D W THEGR 2T flA L L TEHETH
5. ZO&D i HEEmIE M E T IV R — AHEGR (model-based reasoning) & XN 5 A%, E
VEHERIZIZL A LA S NBIZEETAR-AMEMOFERERETH 5. EMEHERITS
ITHR D HEER AR TIE AR <, MBS AT L DR, ETIVEEE, T VR RAWHG, H
AR RO E TEM—NIZTR->TE D, ZNXEEYE L ITIENEDPZATH 5.

BiE 25 L Ll 5169 5 2 L I ALHEMRIZ S W TEH@EIZITDONT WS DY, EVEHE
I ORRIEZOEMLE WO BIEZIAMEIC L, EROBUER YA IG D722
LIZHDH. ZOT LIFTENMED S, FENZYHEEANCZIL TS 27 A o%
B xfind o2 N THIBED T 5 A 728 5 2 5. @M RO FEL T O MEMR > X
Th (WHLWETFAN— MY AT L) FNR & MR BT U AR (BT
(shallow knowledge) £ IEEN S ) Z W= DNL o 7z, EVEHEGRBAMNIIRITHAZ L
TR\ NI D EEAY RGN T & 2 W BRIEH & W GARF 7 iiE a0l (ROWHTE (deep knowledge))
5 E R AR R 2 1T D FHR U 2 5 2 7.

R W R EIIN THIBEMI R I B VW Tl D KM N TV A RIEMRIR BT O O L DT
HBN, FARICEMHRPIRLRN L2 Tcedbs e lbhsd. TFAN-F AT A
Tl & R K % EERE O D 13 72V — )L (association rules) Z FAWT\W 7223, @M
i S AR HERR D FEAf 2 B U 724551, WHEERIDYE 72 & THIFIT D W 2 =2 Wi il A3
B < 7=,
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— 7, EMEHEERIZFZRABIERICEAFROYE Y XA T LA OMEZ T 2% 0% 52 5.
B LY BIERNC NI IS 52 2 & TH X - T, AHDFRIITEITH 5 @ MAL X KR D
operational 2K ZHHMEIC T 2 Z & TE 5. EHEHEGRDO WA DI HIEE > A7 L
(Intelligent Tutoring System) DIFFED —E & L TN/l & THah5 L5112, ABD
PR D R & AU E R D HEE DV & D TH 5.

AETIE, REDBEIZE T 2 AR OHEME & 70 5 eV Em Rl & PR Wiz > W Tk
BN T 5. EMHERICE L TIE, de Kleer & Brown (2 & % ENVISION[de Kleer 84al,
Kuipers 512 & % QSIM[Kuipers 86], Forbus (Z & % &M 7 1 & ZHiEw (Qualitative Process
Theory, QPT)[Forbus 84], Iwasaki & Simon (Z & % [RIERMINEFAF ) DFER (Theory of Causal
Ordering, CAOS ¥ AT ) [Iwasaki 86a] Z EIZHhS. £z, KEIZHB T DELdIE, EMEHE
Al B9 2 A E [ 89, Twasaki 89, FEH 93, Kuipers 94], & MmO ZABHITHNIZEE T 5
figeast [ 89, JuH 92), MBEGZ KT EAMT IZ B9 2 fifa [Hamscher 92] 72 & & 2% 12 U 7z,

3.2 TEMHEERDEMRE

3.2.1 EAFXAHE=R

EMEHEGRTIX, 2ROMEE2ZDOFEHS DTIEARL, HABA»S A THUMEERED
HFOMZE—HT S, DF0, HIEBOERMIZNLTTI Y Ry — 7L XN 5
fBxHZ, T L-o THEINZKBNIKINT 2 EMETHZ RIS 5. 2k, @k
I S A IRE DB 2 EDEENETLZT o TS Z LITHY T 5. HEIZENE
b, BEIZ0ZA2EDTHY, ZH e DENP0LDDBREVEE (0 LIEDQERKE D
XEDOMIZdbLEZD), v DEWEMEIX + THD LT, M2 [z) =+ EHL. FBk
2, 0KD/INIVEE [2]l=— 0 IZFLVWEE [1]=02EL. EMETHD I L 2T
72D [+ ELZEHZ V. EMHED T > K~ —2 1% ENVISION TIZHATIZ 0 D AN
Bz onTWah3, QSIM TIHMED 012725 & 5 iz HEIIZ T >~ K< — 2128
TOREEN D B,

EMEMEIZ DO WCHAIEERAI 2B X 52208 TEL. flZIE, 2=+, [y =+ DL Z
2]+ [yl =+ THB. LoL, [z] =+ [y = — ODEHAIE [2] + [y] DEHERERIF, ZHAED
RN KE X IZETIHERERMEFSNBVOT, MELRWV. 0 XS RARmEEt2 ek
HEGRIZ BT 2EDBER X (ambiguity) & Y, —MIZIXT X TOHELY 15 5 EMAE % 42 5%
TOREND DD, HEFREDBIEN LI K2 <.

EVEREGRIZ B W TIE, RS @I N TE D, TR AT L DIREA EMIIZIE U
ThdeRLE2MIE HAUKHTHLERRT. D0, FHEEITIEKDT v F~v—72
ETHEINTED, TV RY—2MHITY AT LDREDEHINZEL L -8 2 Zikd
5. FEORNIE, T R~ —2 LOBREMNRESE 7Y R~ — 27 B ORX R HIZ
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ORI ZELTREINDG., ZZTHEEIRSAE, ZoL5ARlE EoT Y Ry —2
BIXEFORTIZE 2 5B DTIH AL, %5%ww%ﬂ*&ofﬂbﬁ%mﬁﬁf%5%
M IR N E XL e Thb. DF b, SRV TIE, KX 50
5H5DTIERL, ERINEEDHRDODTH 5.

L DEALD SR FT I, LOBAMAD IR [de/df] B X 5. Thk
I dr BB ML EMALE NG 20, TIEOERIZRD &5 AB TR 5N,

[z(t)] = [z(£)] + [dx(t)]
ZIT, ¢t DEKLOIFHERE ZIIRXEZERL, dot) 13 2R EOHMETS K.

HEINBEDOEMEET N LI, NROREEZIIEHEHET 2 HERAOEADZLTH

—EENZ L, BEROEMMAEEBIET 2 & D EEMa AP HwSsND. 20
£ O WAL, EENLARAEZEN T TROND. FIRIE, v+y=2DKD T
DEE, [z]+[y] =[] DK D LD, WA AR OWTE, EEMES HREAZEMELL
720, ZALEIZET 5EMNAEEHWZY, PHERZEHIZOWTHST5Z L THES
m&.E%@ﬁ&@%%hki%ﬁﬁﬁﬁﬁﬁENﬂ&ONf%b%ﬂécmmmmeaﬁ
ENTWEEDTH LD, FHPREABEFIZEIET 2 Z & (BELLEA (quasi-equilibrium))
E LT3 [Iwasaki 89].

3.2.2 ZEFOEH

EVEHER L, DAEMRBIZB T 22HOEMMEOYE CRERHm) &, m%% W
OHeGm CIREEMHER) D2 D065, EHREB LI, 2 A E 72 IXREH X R
Eﬁ@ﬁ@%ﬁfiﬁéM5.h@W%uiﬁ@ﬁﬁﬁ%%mfﬁﬁnﬁﬁﬁ%ﬁﬂﬁé
EEEOLTEZLE2E, HNARMED - THD. de Kleer 5D ENVISION ¥ &
T LEH TR R 2 BIRNAEE T2 AR EZHALTWS. BROZ 2 an s, Hy A
BRIMEDEETIIET 2 VE DR H D, REWITETLTH S LIFIENS [de Kleer 84a).
ZD &S %GE, EMEOINLBAENERMETHEZLE2FHLT, HE2KELTZD
MBZ2EREL, FEPEIDZNEIDZFHARSLZ 75, de Kleer 513 Z DfREDE
A2, WHERKRIZE DU TO 2= ATy 7 A2 VT WS,

e AVR—XVUKN-Ea—YRFav Y : AVKE—XVMNDO—UHDENNET ST
LINIY, BOTNBSNOZZE T B EAR S RV E &, RADEIZZEL
TWRWERET 5.

e BEL1—YRT vV : HDHAVKE—IV NP EEFENOYEEFIETOHEZS &L
TW3 (REOETR) /MLAE>&LTnwdeE (), ZOEENDOTENITE
T/HINS 2 L INET 5.
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o Gt (confluence) Ea—YRXFa4v Y : AVE—3Y DWW DPDEHDIEDZE
ED3 o TWED, TOEN TR TRVE E, RADOMEIZZILL TWRWEIRET
H.(FE2o0—ETHB)

INoDea—Y AT 4w 7 A TERBIZIERRIDA D020, DT 23N 050 5 70
BROZLZRW] Z22ERLTWS, LELRDS, EEIZITEHEZTONELUZE 12k
TE % S BROERIIZREBEMER DD, (REDE S FIZL o THRRDKNEHEENE I NS,
72, TOEBFERLYEMIZERDOD 208 5 DRI, 34HTHLLSERT 5.

—7J3, QSIM IXIRENHEGRIC — D ERMREEZ VT WS, X D IEMEIZIE, ARIERIHE
A & o TUARTDIRIRIZ B 1 DMED SR WTHER(EZ TR TAERL, @M% 7 &
BMEZ RS S Z T, EMRREZFEET S, ZOGAICIMED(EE 21T D i I35
%Y, EMREBICE TS RRBERIEE > < EHI R,

IRFERIHERR X D ZIRFED SIRDOIFNIZ B I DIREAEBB I L2255, ZZTIRE
IR T 2R, H5 0 TRV T 2RED 20085 5. iz, £ DE
MEHEFRIZ B W T, ZROEROME (BxiH) OZLIGHEFETH D LIEINS. RED
B OWE, BEOWAEOEMME & EMEDOERIZ Lz > Tirbh s, BlZIX, &
LR 5 ITHBWT [2] =0,[dz] = + THWIE, ZOREBIXBFHKT L, RE s, Tl
7] =+ Thb. ZOEBHINE [FE516DEIOHAI (QSIM T PER) ZIEEh,
TV RY—=27MlIZEFELUWEDL S DREBER ZHET 5. —H, [z2] = —, [dz] = + DEFEIL,
ZOREIEH S 0 TIERARVIEEKL, [2] =0I1IC2ET 2 AHEMELRH L. ZOEBIZ %55
~NDZAL] (QSIM TIX1ER) LIEEN, LR IREWTH 2 e H 5720, ©7
2B EIEEES R,

EMEHG Y AT LML BEFTHIE I, HROENEETIVE ZOMEIREIZB T 2 &M
Hz5ZoNnT, ZOUMIRED SER R TR TOREBORINEZERT DI 25T,
— R IR AR B, (R £ - X2 BT B) B 21 5 DD ATREL ER & &
TV (BRNZREDLAHERERD 2HENHS) THKINE T I 7 TREINS.
EMEBE A ANIBER MDD 5728, ERARNE 1TE ST, n B8 n e ARENIIE
BOMERHES. ZTD7D, HAHRENSEBRELREBITERD D 2 5.

3.3 TEMHROERE

WIBL Y 25 MZB T 2 ERONRKRIIYH Y TH 5. YHZIIYIL Y A5 L2815 %8)
XAl d B — kiR 2 5 2, FHEBEHOWABEY I 2 L —Y a VIRERIZH - 2488
BOEAEERT DI ENTES., BUFTI, O BBUEMET ) v 7 & g U 72 B
DEMHRDOZRZZHRT 5.
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3.3.1 I ZpAIm

8V G Vo M RS A DI & 2B o e R IR 2 RS e AR 2 VTV 5.
ZDZEIFEMEREENBERCIEMAMEL PSR WIGEICKERFme s, FlZIZE,
AP TIENROME E, EHRMECERESRSRNWI ENL V. £z, WY RT
LZETHEMIIBVWTE, ZLDOEEETIVIIRASDDEKRTHROEBEEINE 2 &
WTHY, Bz NEHERBEGR 2308752 238U, 742, FHHAE TV EKE
ThHhdHZ DL, MR ETY VXKL IZX NPEN. [HIZET2HREZH HFREE
FFTBELLZEIZE5T, BWHIFHCTHWA Z R TELIWNRETINEZBDLIENTE S,
T 5T, MEE VWO EEMINTOWAWERZEFNZFEMICET Y V735 2 L IIARHER
WCREETH B, BRI, NROFEM A EBERICET 2R E A WTIZ, e
FHCRMNPBEEEERTEHIENTES.

B ZBMWENDLTL WS REIL, M5 TIRHERIZ B T 2HIREE 2w, Hm
FEROBKRS 22D, EMEHAEHNCTIIRERL -BIZE X 520 o, EMRRE T IVITHE
DL EFHDO FHFERIEZZ < DEGEIZEWTERN LD E EATWS. QSIM BEKT %%
BEAIE, EBRIOHRVZATAZBEVWTRI D 222 TOEFHE2EATVSEH (EL2TH
%), FEIGEZ 5RWEHHFATVS (HETIERY) . 2O LIFGAFHROD
IR EEZNEL T DETTIED 2PEFICRERMEETH D, MEONEF IR [Simmons 86],
EDOKE X DREE (order of magnitude)[Raiman 86], FRED 73 #l [Williams 86], &MY
[de Kleer 84c], 5t [Kuipers 87, Iwasaki 94] 72 & DFEMGAA LN TN 5.

UL U7Dd s, de Kleer DXFEFRELZ& D12, HBIREN ST D 1G5 HR5 FE % T
W< (envisoning) Z &%, AMOYHLY A7 LI T S HGOBEERLOTH D &
ZEZoNnbd., WESEHTIZEWTE, EDLD RRENELZ D152 0% NI RS
52 BB Y AT ADEEMMA EICE s THEERXZAI THILHEALOND. TH XD,
MR DZEENZ DOWTIE, MG L2 BERBHPERICEZ /LN E S 0E, AHOH
MRTHEW T B LIEH L. 2D XD RIHETIX, envisoning WERTHLELHEZH
ns.

3.3.2 ERHIBYAImE

ESVEODEHBIIABOYIFLY 2T LAOHEEZBIT S WS MHTH 5. YT
— NN T WS FRERCESCEEY S 2L —Y a3 VT T, ABoYHEHRIz
AL Ham A AT E RV, 3, AMIZHEEFEIZBWTIZ AR & Ui D
WHEER 2T o TV, B2, R—NV 28T EITZE X, ZOWUEDAEELZH SR
Moz UTH, PPRTEDL T WHEHZTFUTLEIILNTE S, 7z, FEMED
179 @ E R REMAIIZBWTH, BUERMNT 217 5 BT O /N7 A — X DEREIZILH 552
EOEEHDOFHBHLETH D, BEEZHNEWHERZIToTWVW5.
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Iol, BEY I 2L —Ya VORERIX X AR OHEEEF T, RA S DOMER
WEBERDITVPRBETH 5. mzifﬁ&x@mmﬁM®10@&® Iy DAADTEA
WZEDWTIREZW 217745 720121k, HIZIXZ D2 DOERMHK-FER L WS EKRTH
LD, MNLRERTHEONZHWTE2HELD L. HIZIEX REEESD 2 O ERPERA
Lo TC, TNEMET 572012, MEFHERNRE y 2D IE2] LWV RIUL, BiR
IO R EME & BB OBESEERESIZ DWW T WS, 20 & S RBf#: T4aE, Yokdiz, *
DEIBRBENBRIZ2D0] LWIEMEES e TES. FRENMTEISHHEY I 2
L—Ya VTl ORMIZIE TFOREIZBE T2 ZDMEPE 2 5N REHER 2T U
TWEM5] L UNEZRLZeNTERN. TOFRKIE, WHZETIXET) V7O T
RGP RERE L W o I ER 2R L TH 0, ZOHETHEZHARANENS 2 KB
LTWRWZ EIZHB.

A& DEOWHFHD DIz, ANEOHEMIZIR > - HRmBPBELRARTH S, HERNIZ
FD W R 2 UER L3NS D PR AR A 1E R iii&wt%i%M,i%%Tﬁ%%%%
R RER M HEGR DS F Rl & U THAfF S T v 5.

3.4 TEUHERICLIAREROELR

3.4.1 REER

NEOYE Y 2T L OFEFOBARIZIE, KREAROMENELEREEHZRZLTW5.
ZZCHEBEBRE I, FROMO—ARKZERTHY, HEFER e BWERBIFER ey 25|
SRIVUZEVWOIHEEIRT. Z0e &, Fife FHNK, FRep 3FERTH 5 LIFIXH
5. ZITIEFELRL UTEROENMEDOEEZE Z, FIZIXEK 2,y DEDELIZDONT,
(2] = [0] = [+] LW ZEM [y = [0] = [-] L WI B ER I L, L RETS. K
REARDEE U 72l g 2 N EEH C IR, e, YEEpEZ ol TR o FER1T
W@%&’;of&ﬁéM5Jtm5l%¢ IDOWTCHEHMINTWEY, EMHRET

RO R E L TWiawn (REFRIZDOWTIE JH 92] 2L W) .

RIRBEIRISIEE Y 2 7 L DOZBEE OB AINIROFERTH 5. BT I 2L —K R XI2&-
THEINDZZHOMORFEIMZIZN LT, EOBDEDEL L HNEBZRLEH 5 DH
ZHMWT B Z L IIESD T & TR, l%%%%mﬁﬁétbkirﬁWEMJaF%
BRI OFBEIPBETHEEZIOND. £T, NEBEOEHELS, RNTHELER
R THAELR I HEFHRIZET U TR nids 5. ’Dib JRIA & B D[]
WA S DREX B OFEZ BB T ABEND S, EBIZIZZ ORI TH D, 20T
HoTC BXEPEMLET D) LIRBT20FEHHR I & TR, B0 Rk IR
IRBEMDRDY, HLRETIIARTH > THMHEMIZ ANIERX B EFEET 53T TH
HBYEZBILHLTES., 77, Ay ba YRR & o ThRE OO X A%
< (B @i h, JoMEORXMITIFEACEHAINIGEEH 5.
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H D —DDOMEGMIT TYEIIRIL] Th 5. REBERITIIFERIZ & > THRPLRH
IR 57 2 e Z2HHOT 5YHNLRLABETH S, £ < DG, YERRILIYE
FHlIZE o THEA OGNS, BRI, ﬁ%Mxtbt(El)kié%%®u%® b G
) WS ERERIZIE, Za— b rOBNFFEAZL > TR S Z 605, ZDL 5%
ML E D S RRERIE TR, RER, Bk, RN THhEIeWnEENS. %
T, YELRAID X 5 ITFRDE Z o7 & SRERAIB I Z 2 IRMEDRKD 541, KER AR
Al & A7 R BR FI B RIER S SR &2 R 2 T & W IR D & 2 MBI DR R A B % 2R AT <
W E7z, R &SR OB IGA T AT & DRI e MR X, R IK & RS R O OY)
BN 2B R WG a1, T O IR 2 RBMR L 5T 5 2 L NI 5.

ZD &I IZHEBEBROBFIIAENNZEINTH D, T IALPRIBEREIR S 2T L DK
ENADAAR TV, EEE, UTORITRS XS IZEMHGRmI AT AL > TELS>TY
5., ZDZ N, METERLEREAELA Y oy —DOHEEOEFOO L DOTH 5.

3.4.2 RAREROEH

KRR IEZ K O ANTHIBEY AT LA TIThNTWB D, F DHIGRD KER 5 1 ek A
e UCTHMCEBEMIZEZ 5N T\, REMZLHIIREBANCE DS BB AT LTH
D, RN EAERTH 2 BUIEOIENTZRBERZHFHE LTEZ o TV, ZO5AI
i, HEGRAE R T H B IBRIEIN & Bk ORIOBERIZE X SN ZHEIC L > TEELR SN
TW5., 20L& RERIFEREFHEREOBIZH 13T DL K DHREWRAT v THEKKX
NTWaB720, 1IFEAY PRI 252 T0W5 3SR\, £/, Z0 X5 4H
PR AR DARFNT R < ARAFE U TRESZME L A3 \n7z b, FERIFPEAY 22 < B\ i oD [ e
WU TERWV., EMMmIEZ O L S 2 ZHER L, JREEIE T 2 YLl 2
SDHmEHELTWA.

WIELEE NI R TIIAAR b D E LTibnTW\wd, D0, WY AT AIZ
BT BREERIZES I N, ZEOMEO ORI HRI B RO ADSHEIR DN 4 & 7 - TV
5. ZTD=H, BUEY I 2 L — X TIXERMORRIMETEZERO AXHIm X 1, KEEFR
EEH IR,

b T H BN ARRTIREBERIEEZC GRS TR L. XK, c=y 20D
T E 2, y I U CTRBIDNMTH 5T, HARHRIZEWTHHEDHEIEL W &2 H
KUTWBEZIITHS. —H, B ERHOREIZ LMD RZIOEFEZRLTHD, —
R I ED STAEAND — KRR EGRERD D ZENTE, doe > 2 TH D, i
MRTHZ1-0HE VARSI N NDY, NIFEERLKRE (evolutional causality) & IFE4 5
[HH 89] (de Kleer (& first place causality, agent of change &IFEA TW5 [de Kleer 84a]) .
WL dr %H%E@‘é.%%l_ﬁfiaﬁém dv = fy) THDLZ, y— xRN
mING. Inp, fINE LT, BRAFACBITIIHKREEB LELEOEKRERT 777
T—DRX dB = —rot(E) T, BRIINAMKTH S [uH 92].
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EMHR Y AT LA TIEREBEMEIZOWTKELS 2DDERBL LGN DL EEDLNT WS
[JeH 92]. O EDIRRRMABREZET IV E LTHUNIZGEASHDT, 50 DIEREME
BALDDERR L 2— ) AT 4w 7 AZHEDWTEBLES>LTE3EDTHS. FIHED
M E Kuipers @ QSIM % Forbus @ QP Miim TH v, #BEFDREHIL de Kleer 5
ENVISION & Iwasaki & ® Causal Ordering D3 ThH b, LU S, ZODIIHODIE
WIS TH - C, [RNRMED D 2B HEHEL L, TOEDWSZBEHFET V&L
ThHZ, LOMn % —BIERTEET5h] WO METHL L Bbhs.

ZZT, RRBEGROEL L, HRETNVEYHEEZEZSNT, BB T LEH (O
fEDZAL) DRI KRBk & MR g2 e PR PR 2 Bk 6 Z & 25 9. —RAVIZH])
HUEIIN R E TS AT LT B A0 (UML) 2R U, RRBEGREYHES 27 L0
AFLIZN LT TEDESITHIES 50 Z2md. ERE 07— rBEGRATAM & 854
LHRREBRE —ET 20 E I P EROERTH 5.

Kuipers (2 & % QSIM (X522 BUF R @M HRRRNICHE DIV TE Y, —FfOEKK
FHIEIZ L > TEMRERZ TR RIS 2D 3282, BHINAKREEBIIBOIZES
DT TH Y, PRI HR X 72 2 O REBE R ITHER X v, Forbus @ QP B
aClE, PR E 2 T LT, BREo— AR E EERICETILE LTE
ZTW5A., £z, BREIIYMIENZ & — ARGz €7 UET 2 FE (IEREE
TR EIER) 2L TWD [ERE 90].

Iwasaki 512 &% Causal Ordering Theory TlE, EMMS HFERD S ZEE D P e AT
BIfRZ 81T 5. REMRFRERITERNICIZEBRDMEZ (—FNT) BIRIIZKkD B0
e NS ZeMTE S, HALHREROZBIRNZIRET 2 0E S (de Kleer © DHEETAE
HIENT S, Twasaki 5 OHEETIXER/NEEHAES) ITBAL T, Iwasaki 5D TlE
KRR ZHEER LW, BFENIZE 2D K S 8 RO ZHOME % KD 5 BRDJEHT 1<
XA S ERB .

—%, de Kleer 512 &% ENVISION TiZZ D & 5 KIS BB & WS HERIZH -
HRRERZMTES E LTWE. ZORREIERIZE T MZEERIIERBE I TO AR,
EDIZTNAA A ba Y —0BE»SHWHENEEZE5EX LS LTVWEEDT, HEDKH
M (mythical causality) & FEEN S (3528 CH LUK T %) . TOHEMHDEHIZ, 3
DOV ERZRE O a— Y AT 1y 7 AZHWTWS (3282 51R) .

Al Journal & ETiThN =G4 7 de Kleer & Twasaki D4+ [[wasaki 86a, de Kleer 86,
Iwasaki 86b] DK E G pild, HEHITLHREABLBDID LS WENWTH 57, Iwasaki 5D
HETEE I HERARITER SN EME RN AR ZR COKFERTH D,
de Kleer o FHBUAIIZIZERD WS IZYHRRERKZEZ XS5 LTWwWd. DFD,
de Kleer 5 IZETNMLDBRIZE LN ZREMZ, WHAEKZFEO D a -V AT 1y 7 A
WZEoTHEILTAILZHELTWAS., Iwasaki & ODHERIIENLREBIETH D, FRX
N A REBEROYEL 2RI 2 KD &5 DMFBER TIREE X e\, £ D728, 525
HRERNITENZENYEERCRR RN EREZRT [ AH=X L] ITHIEL TWRITNIEZR
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570 (FEE AR EIENS) .

DED, ARSI NS KEERICYERILEZ RIET 5720121%, BRAZETILNED L
S MY EREZ L o TWB DD 2T 2 B ENH 5. BFRRIRRERI (1%
53 /) FREMEO —HE2RIA L TWEZITTHS. DF 0, UHAHS %2 HFHRIT
ETMELZE ZIZ—EORBEENKDON D AR DH 5. FTOREEKTIL, EMEHRZ K
FHHRADAZE DS HFAEMAGEZ Hws hNcafETcEs e Ebhs. JiE DAl
& QSIM & Causal Ordering TH b, & 7D ENVISION, QP ¥im, BEDOHATH 5.

AFETIEZD &S B WE LS EWHRY AT LADRRTE RXEOE X OEWTH
BHTE2LHER Tz, MEIZBWTHLLIBRS, F£72, KR CRHMST 2 EMH#in 5 AT
AR A T— &M 2 &S OO INAEZ W53 5% & 5. BARRIZIE
R T AT RIS AR RSB E A B R, AL E FOVICEEMIZ RN T B HFER IS, FORE
R, ETVOMINMEZRERD S, YIBERRILZ £ > 72 [RNSGEH % B 1 C & 5 PefllAaz 52
e 5.

3.5 YWEBEIAFLDETIVE

EMHROBEZEDOL DI, WY AT LE2ED LS IZET VLT 202 HEFRIZL
TWAI e EZZFITBZ MRS, 22 e EEYH] CIFENZDZATHS. E
PEHEERLART TIX, WE Y AT LDETMLIZFOE Z 2 TV ad hoc TH - T, [EME
PTIZE L L 2R TR ET AR I N T W, EE#HO BED O & DI HEH a7
WRETINVEWETZZLTHS. UFOHITIEZDZODHTA RT4 2 L TO—KIK
T UIBE, SRA b aY—, BEETET Y U IZOWTIHIZRR S,

3.5.1 EFYVJIRE

WNREDET NN TREHE L LT, £T [RAIDSOMNME] 2FEZX 5 ENT
5. BIZIEHEDM R AT L EREFR A3 HIIRROEFHFHIZET AP BETH D,
HROETFTNPFHERIZEEZE L RITNIXEL 5D R ATZIZHEHWSE Z LBk, i
ST X AN—= NV AT LIIBITE22Z2EHL—IVIE, ZHOAMIUNMEZ o7, EMEHE
AEE R 2 EERNC RO 28T, XA DS OMNIEERERT 5. b, Ok
XEMEHEGRIZ IR & TRIEMIR S A T LA DHEREMRIZEZA 22 LT, W& (FA14Y) &/
B (ZA2) THET2RERE DT 22 L WEETHS.

I, NRETIVIE TR (composability) | ZiiE T2 0ERH L. ZNIERASH

DML Z L IZHERZGLR U, WRETIYH Y X T L% 2 ORERBAOR G & U TR
BFBENSZETHS. TDLDITIE, TITWKBAIT L1 U] Mikzididd 5
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BEDRDH L (TRFEER [de Kleer 84a] X MEIXN D) . WA ZIZ 2 RIRT 20 &
WHZ X, MY AT AWRIII ORI NT VWS AL TNMIELL, FXULEE
Wby —) OMEETHL. IRHITHRT 5.

HHERELZDETIVHRFNTH B 72T TIHMNIEZHE TERWEELHD . Ff
IRk 23 Z NI S DRI (context)] IZRIEL TWA I L BHENHTHD. 7,
WRERDPHEDIAETNDIYH Y AT LMEKFEL TWEEGEDRDH D, Thzdibrd 5 BiHix
No-Function-In-Structure JRH] (NFIS JHHI) [de Kleer 84a] &IFIEN 5. de Kleer 5D 5
function & XI5 T DHRBEBEBROMEDI L THY, ZOFANE LD S RM
NORFDEE L] 2 RUTWS. HIZIE, TEEEDEAL L T IET b AU E K05 |
EWVWSERA Y FORLRIE, BRICEHRINTWSZ PR TH S Z L ITKFEL T
5. £, VA Y —ORAEZ AL TEECRIUER 2B LTEBET ML, T
Y —PEHE L TEDLNEZ Z e 2MELTHY, b—X—2 U TIHHS Z &3 HER .

flid NIRPL) & UCRHEHRZ T2 Z e TES. AT ADEKFEDO—-FETH D, €
TMLIZ L =Y PBED 5 5 JEEPBHRDOAZ N L L LTWD.

B THEBRZEIITTRTOET LI LA SDDREIZHE > TITbNb., Lzhio
TR PRGN RETIVIFERAFRETH 5. BRD T A v —OfFITlE, EREHE
EWTIEHO - D REZMELZET ) VIR TH 2D, BHERTIIHVWS Z L
RN, de Kleer 122D &K 5 B fE & 27 7 ARE (Class-wide Assumption) & IFFA T
W5, HERZ BN ESBL, 7RI LTWE D] 2HRTEIETHS.

REZPRLTEL LT, RPUTIH U THEYIRET V2 EIRT 2 Z L DWHEICKR 5,
#lZ 1%, compositional modeling[Falkenhainer 91] Ti%, & o2 UDHE I N/ZE T IVWF
(model fragments) 225, FEIZIGUTCHRI AT LDETIVEMK TSI LN TES.

AWENEHIETORZTD LS RiiEzWRb T 58D (Gi%) 28952 TH 5.
RE &2 Flilk 9 B 7z DI I — I REERABETH Y, Tz hR L TH I T
WOFMMEPEETE S, AT, FAHBERICET RO TH S REIZE TS
REIZBEL THEE 21T 5.

3.5.2 WHRAIOY—

MBS AT ADETIMLIZER L T, JREZRDIZYHY AT LD BRI T
LREMETHEAY NV —BBETHD. KEiTIE de Kleer 512 & - THID THHHEIZ
RIBINZTNA X - A ¥ b BEY—[de Kleer 84a] & Forbus 612 &5 70t A - A b0
¥ — [Forbus 84] Z#/d 5.

TNA R - F ¥ b Y— (device ontology) Tl, WNRDRLMAEKZE [HE (device)] D
HLRBT. HRET2R22ARMEOLEEICHINZIEL, Tho O OEGERE A
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5. REEICE TS, BB U TRBPRERTRETE S e h, ARIED
ZREEE TN 5 DEOBRZHRET S EN (M) HEATREINS.

de Kleer DT /NA A« A > bR Y —TIE, /A FREHHL L DOEEHIFEE (conduit) & I
i, MORE L IEKI NG, BEIFEFICL > THOREEIZERINTE D, HIHKE
DBIEEZEDL>TXTDE IMOIEENMEZ SND. T2 T, BEIZLLPEDILE
ik, ETIVICIERBEINLRVD D 5 EX DR (de Kleer 134878 DR (mythical time)
EIES) Db eFEZSD. D0, ZOXA Y MuY—TIINILORENELBERIZIAD -
TWkk%E, BEICLZZEDOERII» P2 ZHNTERT. ZOEEDRMIZFZED
ERITIZZRA S ORI NS 2L 2RLTED, ZOEKTITERITHAET 2 X
Thd. TNIZHHROST 5% LIFENS B (1) ET VPR LEINTEST
A bV —PoBRIIGZONLRHTH D, 2Qka—YAT 1y 7 ATEDINTEID
BTHEOBTULEELWVWEIERS W, ZEithdEbhs.

de Kleer DFNA A - A bay—Tlk, BEZ2RICHETICHEER(EZZAD7ZITOED

ThbB AT, HRHIZIZETIULLZWL. FNTHFAITHEZ L0, HlzIES
A T TIXESEEPR I D Z72WM R OHMEL RET 5720, ETIMITE2HEITES
N335 H5. TOGE, BEIZL2HEDERBICKMZ2FR-E54 Y ba Y —I3lir
L., BAIFZDOEIBRIGEICHBT 2K A Y brYy—2 LT, EE2 G5
MOREBEOERBIZ P 5RMZ ST 2 (RESR) . 20, EELHNEARLE
O OB E LI MHEERE UTfko T, Bl L 2B DMERRIZ—EDKRHEMN
MDBEEZDL., HEOMEEIZIIEHIZL S TRASHOREPRET 2720, ZDLS
X EEE T VICHRENTWAWE UTHEBROYHEEFIIMAREX CTHEET S &
EZoN5. FD LD RRXEITHMHHNOMEDLERIZBFET 51T THEMN, T1NA1
A -Fr b Y—0EANIL - T, MO EDERKIC L2 2RO ANREVIEFAL T
MRINBEEEZLILNTES.

TNA R Z v by —ICED IRV OHEAGRIE THHICFET 2 REDNERE 125
T, FEMZREND GEEPMMEREIND) HEYIZH L TEHER T TVE] LWHHDTH
5. ZO&DREMITERBEECHRAENRND 7TV eIt k<Y TiEE5. £/, &
PETRRED T AN DIZBEWTHE EREEARDE VDGR TE 5. £ TlE, bond
graph B [Top 91] THRbONT WS L5112, B2 EKT Flow (MEKRDEE, KOG E,
BROEIR) LEEE2RIT ATV Y Va2 KT Effort (WHAD I, RIKDIET], EXD
BIE) RN R SNE., ULrLEDS, BERARZIIBVWTIE, EREERDE
WHBRTH D, ENDVEETENLREY 2O NEFHIIZIRETE R\, £z, (BFK
JEDFETIE, HELRBTE D RIGHEZ RIS U CEARAZRE Z R LTWS L
WO RHITERATIERVWE ST b3,

THaX X - A BuY— (process ontology) TlE, NEDRDEE LB ELT S
B Tax R I2&oTHIERI NS ERAY (H— A I = X LMK (sole mechanism
assumption) [Forbus 84]) . #HlAIX, REZIZL > TR I o7 [BDFN] WS YR T
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O AQWEDIREDZEZELIES ERLT. TR - Ay b Y —TE ISR
ETVIE, FRITAUEEOD Y T o ADETIVE, HRIIFHETDEA TV b
LENSOEOBEBTHEEI NS, WH 7o 2ADETFIVIE, (1) TOTaxRICE#HT 5
ATV MER, (2) TR APERT 572D A TV 7 SOEBMHZ L TVWERE
ZE, (3) THEADERT ZEICB WTHNLT 2 A OBR, (4) 2R OMEDEHER
ZAEREST DN BB LTINS, WMoEZHET 5 RNTHY) »PoElkInsg. 20
iz, SEIEREFMETFTOHIYEOREEL RIS B 2 — (individual view) DE
TNETRT S, 0, YEROHIZ X 2BBRADE N, BB ANYNC K o TR
BMEINBE I LR EEZRBTHZHOIZHONS., YT oA L DB WIIMERE 2 —I12
BRI TREDHL AV DN L THD.

TOuv A - Ay huaY—lE, Brehd T uANREETET, 0O ot ANRE/LEi
ZFEnwsREr TcEsEETHNE, EAWETHS., EE, ok - Arhbpy—
WBALE RIS EIZAL INHENT WA,

3.5.3 HEBEEIREL

JRAINZ B G D E R T 2 BB I RBIN R B DTH S, —FH, TRTOATYILEE
BIZE o TEMNINZRACHIDIEHEZRZTZ BRI NT WS, BRI NW/EHIX
—MRIZ THERE (function) ] & IFHEN S, ZENIEX I NTWAIEM (BEE) &% 5 Tldiwn
EH (—RICRIER & IEENS) 2 BATVWSL

AR DFEHE ITHREE WV & 58 > TREMITRIUIKFEL TWSE. 2D, b Git&>T
IR FFE S HHERE X R0 5. ébk,ﬂbﬂ%ﬁLk DWTHMIRE DB RIZ XL > TR
OB EIND I e DH S, ZOKANIFHEEDEMICED SRMNLEDTH Y,
RN O & A K & B HE e M HEGR @ﬁﬁ&fiﬁlmLWHéMTV5 i %
HHREIZ X 2 72D IC B BERE L I3 WS R EETH 5.

72, NHDOATIZBET 2% < OXREENIE, REWZIF TR, BElcEo0»wTn
5. BT AL T ORENL DL DT, LS TNE2ERETIMENDERE UTIRAS
NnNa. EVEHRIEENFR 2 YHEICEROD S L RIICHSEL 72D TH S & F X
5&,% ERBII I SIZZNZERFEDOEKE VWS LRVIZHBILLZEDTH L EE X
55, HREHERGI R, AN TYIOIALER, WEZE & Vo ZMERIIZE > T, B
%%%%vﬁﬁb%®1%mém0&m®ﬁ£%%iﬁéptdﬁK%ﬁﬁ%@%é.

B% #E & Bl (functional representation/modeling/reasoning) #ff 2% (& A T. %) O #% 58 D &
etz MALUZHRICETIMESIETHD, ZLOMAEI TTONT VDS
[de Kleer 84b, Sembugamoorthy 86, Keuneke 91, Chandrasekaran 93, Umeda, 90, Lind 94,
Vescovi 93, 855 96, Kitamura 99]. U2 U726, WE7ZIT TRERE X IXRITH ) THRFEVW &

VEE 2R & BRELIREOOX I & 138225, BIfERIE NEEZ] BNIhRWEHTH S
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WAMTED DH] WD BRI U TR —ZRERIZ G Z 5N TRV, #IHD de Kleer 12
& % HIERIIEENT (teleological analysis)[de Kleer 84b] T, #aE & IFZEH D KR HKI 723
R—rDZ s, TOMDE K DRERERBUZBWTIX, gl ld TERShZEE LW
RRE] THB, LEFZIND [Umeda, 90, Lind 94, Sembugamoorthy 86]. ZDHe, #REEWV
& DFERI 7272 13T lE 72\, KfIZ, Chanrasekaran 512 & % Functional Representation
(FR) [Sembugamoorthy 86] Ti%, ¥aEldd dFEEHRMDLEE U WRETH > T, RV
Z DG RA ONERD X O RLEE D /NS WG AL OHREEN X 72 138EE D R4 (FRIZHD <
CFRL [Vescovi 93] Tl Causal Process Description (CPD) &IEE5) THD. DD,
PRRE & HREE\ O D E N FLE D FEMIE ITAKAE L 72 M DTH 5.

PER DBEBER B Z2 A A (instance) DB R 72 THEEE 2 RBL 2 HR BT 258
ML L, HERBENITNT HHEEDFH I ad hoc THB. DFE D, BEREEDRIZIERA S
MR, AU RBREIEEEZEZUTWTEERE IRV PEKREREI LI N
TW5. —7%, fifi ™% (Value Engineering, VE)[Miles, 61] ® 73 %7 Ti%, #aE%x X3 H)
A DM —ERR [HA VE R, 81] mEMWRALNTWE D, AMMITOFRIZE XD
FHEMHEM I RE R ERIIINTE ST, @it CEHAEERIREEWIZ ground 5 B EH
NRHd. D2F0, BELAVIZET B NRMFUMPIEET 202 RS THEA > o
V—| BBETHDHEEbONDS. HIHD VE SEOMIELIHS ML TWD & S ITHEE
KIHFHOBIRoNTED, TAHFNIFEARETHDL EEbNS. FHESIFTZDLD
BREZFNS, Hikzr EEVWZHEO N CTHWmMIZMSLL7Z2DTH D] L EH
U, IREENIZED XS RIEHRZ T MANITEEM SO RFRERIT R 20 E2ELZLTVWD
[f# 5 96, Kitamura 98, Kitamura 99].

3.6 EFILR—RENFEZHT

3.6.1 EjE B

WSS W MR AT IZB W TE - L B Th 8RR s Bbnd. i)
PEZW R — I IR TH - T, BiEZ 5 X 5N T, FINZHAREI W2 REERK O
ILZENZHHTE2HD2RRT S, 2L OWESWI T A= N AT LWES N,
Z D% TR & il & BRSO D1 5 & S v —) (JRIN-BsERE L —Iv) &2 Fw
T\, ZO XS BEERCIE, (1) KIBHT (2) FEMIMATIED B 2 72 O HIFI R M
W72 <, RIREMRREE S (3) ECTH B L WS ENH 5. £3, TD &S wAHRIINE &
DG & DR E (RIE) PMRFEINTWVWARWD T, NEDRDRFATNZEEIZLE > T KRB
BREFEERBERSINDEZ DB\, TR RVDT, AU LS REEOEDTH-
THEBRDINRIZFEoKEMATE RN, RIZ, Zle WS RERRIZULHWS Z &
MTEZV., WAEREDLSITIRES L WO HIERIT, BRI EEREVWIEWEDH D
WL, BEREDERLLZ X AIZHEAMRERIITTH L. BBIZ, TDXSHRIL—I
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FERE ORI () [2IaLTED, L—ILZER XN T WA WIRILIZEER L 285412
BE oK MHmT AR, TRTORREIN—FT BV —LEy haEL L
WSIPEZ W DG E TR L W, 72, BIANRIZ T D 72 DI HIANR 7220V — )b % 283 <
ZENREIZIRD ZENE V. ZD XD REFERIEMEER IR U2 ET T avoso
V] INTED, NERWEIERE (shallow knowledge)] & IEIXN 5.

JR BRARIGHR I B D < T pE s (model based diagnosis, diagnosis from first principle) %
PAED &S T EFEIZIBA 572012, NROR%Z LT 2 YL 2 W TRl % 2
9ol ezHELTWS. FERMEIL, BROMERZERT I A TE, £LTDIE
Y AEFHT S ENTELZ D0, HEWHEE (deep knowledge) & IEIXN S [1L1H 92).

3.6.2 HIRICED K EH

ZZTIXETNR— Zﬂ?f(ﬁij/\%ﬁ@ﬁ%m&ﬂ%ﬂ&f H BN EED < EFEZHT (constraint-
based diagnosis) Dl 7 O EERE S % /7

HIFNZ EED < EBEB W DEEA N T X L TR 23 FHl S iz EFE RS C Bl S
7= B DR —I (discrepancy) TH D] L \WIPEDERIZE DI WT WS, HfESH >
AT LEHRETHIYMY AT L Z2 KT 25D EM S N7z (intended behavior)
ERTETINVERD. BHISNREMENGAOoN5 L, BEHINRENEDARA—HD
mitEnsg. TOARA—HOFRIFVIONLOEEVEF IR FE->TVWRWI Lithd L
RaU, A—=BzhNN—F 5RO EGE 5.

HFNZ D < HBEZ W ORISR 2 FHATIZ PR T 2B BN RN & THLH L Ebb.
DD, WfEE EETIERWRIIA] LEHRTDHI LT, BFEICL-TED K S WIRREIZ
B0 EEANCIGZDBEDRRN, ZDOIZLIE, I B DHEN FHEIUIZ Wil
Rz 52‘(*?(%@:% Dw b THB. TAV Y b LT220%IF5ZenTcEs. O
EOIXERIRANZ AT REME D B 2 BB I D 0 A WiRBE A HEER T A ATREE R D B Z & T
%é.pwﬁkﬁmfﬁ,%Di%ﬁh@%Twégxéﬁﬁﬁmmw%@,%@%K%
D 27\ — A B R E W B Tk [Friedrich 92] R EDMRET S TW0Wb. 50
DITHPEFEK A TS RSN TWAZ e THD. Hime UTIE—MIIZIZT N1 A -
F v ba Y285 (component) (HEEZEER\) THoT, HATITHENIZH
e R b ORETIMMEEI NS, TOREKRTHERNIZEINIFIBZEIN TSI NS Z L
HTE5.

W 70 ZUFEARRNTIE (1) IREAERR (hypothesis generation), (2) {RFUHRELE (hypothesis
verification), (3) KA (hypothesis discrimination) @ 3 27w 725725 [Hamscher 92].
REHERR 7 = 4 A TIXERIZIRD > TWARWATREED H 2R DY A M2 EKT 5. K
REL 7 = 1 AT, TNTNOBFFRHIZOVTRI > TS 2 REL T, TOEH %
Hegm L, e D217 5. HIRAR—ZDOHEZ I TIE% < DGEHINAZENT 5 Z
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LTS, BBEDOREEN 7 = 4 ZI3MREHMEE 7 = AO—FTH 525, BB
RORIHEEMA S Z & CRHEZBIT 22 L2 HIET. MONTWARWEZEH72 18]
HI$ 5 Z & (probing) X, WRADANEELET S Z & (testing) R EMfTLNE. W
NH R Z RN RGN T 272012, EOLBOMEEZBRLLD, EOXS5MEE AT
REPDEMIND.

R FE D I FEZE Y AT L DRFR L H DIZ de Kleer 12 & % General Diagnostic
Engine (GDE)[de Kleer 87] 2% 4. GDE I3EHIZE:D < EE B (Assumption-based
Truth Maintenance System, ATMS) Z W T W5, #HEOE/ERE (EENE S 0) 2K
e AR, BEOMEE DD (—MITIFER) OIERWZEE) 2 R $THFA 2 AV TR
U7=BRIZ, ZBUEDZ O EO EFEEFERGUKFEL TWBd E Red. ZROMEN—E L
I2O0F G (contradiction) BVEU 7z & 21X, ZTOMEZHRT 572D IEHEIEEZIE L 72
%m@b?ﬂﬁ#ﬁ&bfbéptﬂAﬂé.J%é%t?«f@%@%%ﬁ?éi5ﬁ
BNDIRFHES BB Ey ANV IRETH D) HRD DMFRGHTH 5.

3.7 &S

AREETITEMEHESR & EZ WOV, HEENRFEZHAL 2, R, WY 27 A
WZEBITBRREBREET Y VIHREIZ DO W TR AT, KRR O RIS ARG IR AT
HY, FROET MLV AT LREERICERDIEN A DIAART W L 2HERL, &
LA TR B T IS OIRE %2 R 288 % i U 7=,
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F4E TEMHERICE T IEE SRR

4.1 &

NEDFEA Y BN R OB Z FEBL T2 Z L 2 HEDV & D& 3 5 &M EHEGR [ 89,
Iwasaki 89, Kuipers 94, P 93] 12 & > T, HfRIZHWTRE 0% H %2 172U TV B REE
REEHT LI LFEELRY TR A7 THS. REFERO BRI LK & 55 D [H DI HE
B (RXHE) OFEPBETH 5720, #Hind AT LPEH U ZKRERICE T 2K
Y TED XS REIRmON] MUOKRXEE ESRREZD0 ] & \W\Wo -RXE O &
REHRPTEIBELD L. TOEZIRKBEDOA VARV ABBDOES Tlda <, FXH
DR (VT A) Z2RIWRIIHEDVTVWERETHD. X512, TORMERITRY)
RIZBIT ARG TE I NLEENS. HIZIX, TH 2 REEFR r ORFXE ¢ 1XBEE
e DEHRCITHIG L TE D, R B KEBR ry OBEN 725 DOREEDEREIZ NI T 5 IR
Xty KB CWVWoZFiHREEFNS. ZD L5112, RXMOSHEE ZOHERbIX
RXEOEREZ G525 & 512, MOFXRE & ORE&R 2 g2 iR s 5.

ek (B2, QSIM[Kuipers 86]) TIXIFH DR S 1F M 72 X [ & B O
QEBIZAHINTWVWAEZITTH Y, KEOEIZGEINTWARW. X7z, Allen (F—1#
M2 RTRETY I 740 72FAEL, £OMDOREKREZFEL TWS [Allen 84]. ¥Ht
RFESIC B ARERIE WS IV TFTHFAMDOE L TE S ICELRIFXK &2 AT T
52 ENEENS.

K%Tﬁ,ﬁ%%%iié%@ﬁﬁ®%%k%ﬁ%bf,ﬁ%ﬁ%n%ﬁ%ﬁ@ﬁw@

EHT D00 THENIEAY hoY—] 2BET. 4V hOY— & ZEALOB
m%@ﬁ%f%b HIFA— 2 Y AT L QRFHIEOE P RIEMR DR % X35 2 &
MTE S O 97, KA b By —ZER Y 27 AOREICET 20 TH S5 THE
MRS ARRE | 2R T 5 2 EATE B,

ETIRENZ B WTHARKSGEHZ DO WTBRR, RICHKEBEROF %2 79, 4 #i CheX M
Waz2RBTA2T)IFo T2EETAHIA MY —%2RT. KXY bV -3 AHES
AW AEER I B2 OHEPK T LB THh D, KX IZIIBMaoEKRD
2 7 AR 1X A E e,
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4.2 BRXEOB s ZDEN

KRS B 1 2 XK B 2 BT 5 720121F, EHRAETNVREPADEIZEKL T
WS R G 2 AT 2 HELNDH S, WJK;E ﬁ%’%jﬁ EWS R TRAZET IV
&, H 520 EIBMEZ RS BRI HELRRFEENZRGIZERL TE D, ;@\Eéﬁ[ﬁnn@
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Z6N5. RERMRHEE VW THREIZIRBENZIZ L > TELT 5720, BAM
BEITED VAR REREEZEZ S Z L IETE R,
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NRA T FREZHETLTHS. MEOFE %L RED BIBEGEHH 5. I NEBER RN
J17 Bk s ) | RE TREENS ] JED [RERIZEh2] Thd. OF
D, XA FTIFREBIIG U TIFENEZERTDEMTH 5.

RERBRAE REZELESTHL. BHE, MROTEHELHEEOBBYED L. KHEEEIL,
BAEE : CE, £ : CE, W& : CE, £/ : CETH 5. LEW-T, HELHES
IGCTHENEZERTIEHETHELEZ5. HIZAIX, BHEINNI ko728 &, R
EPNSLKBREDTIHRLSENENETREL LS. TOEDKRY T EDRER
B AMERE L, T ORER Y TORMEIZRE > THENZLT 5.

5.4 ETFI DR diER

A TIEAARCBI 2 ETIVOHLBERIZOVWTIERS, BAEEKRDE TV HDE
TNDEE LIMHOERERTRE I NS, MmO (1) NTA—XDES, (2) 85
A — R DN D NEOHIRIZME, (3) EbIC 81T 2 REAEE 2 5dik 5 KEREE (5.2.2 i
M) (4) HERBR, (5) HEIThh 2P 50 5.

INT A= RIFHHEMED S OB A% RS 3 OOEMHME [+1, [0], [(1 D5BHDV0E D%
e UTHLS. [+1([-]) 1389 A — X DMENFEHEHEL D KEW (hSWVW) 2 a2 KT, 2
CCHMEM L 1T, AVEFLZREBIZH DL EIINRTA=ZDPRL S TWAEOHIFHD Z & T
H5. RDOEHZREIZTARTDNT A — X OB EIERMIZ 0 TH 5 & S 75 3Ff
WEBTHBEELTSEH., ZOHREIF T2 OTENREHNZFFDRIE, M2 E8iEE21T72 5
7= IZ, IEHZREBIXSEM TH 0 IEFIRETIIMMEN 0 128D XD NFTA—KXTR%E
R TESL] ZEIZEIWTWSS,

HIRGMAITEEN B T L N T A =R 2HWTHB I NS, Rkl LT D(p) X
FEREDNITA—=X p DWMBETH D37 A —X%KT. D(p) 13MEE LT [+],[0],[-] &
BN, TNIFREME LT 0 2L o/, EREOMAMMEDORSE2ET. D(p) KBUTE
PERIRE IR, ¢ € T5, pusry = pwy + D(p)y DHEITHLD LD, F72,55.1 MITFHEL <R
%08, SEHPRAED A IR A B 27 K DB T, L IZHBRFED/NT A =X p WEAPIREE
CBTEESTSEZ % [3teT6, Dp)y=1[0] | LIEETS.

BRI AR — P O 2 W TR OERRERERIT 5. NI A—-XIF0 £72134E
BOKR—MNIFET 2 Z D TE, NEBEITH > THEHEELEDIMmD /8T A =X L FHHEIZ
WEEG 25, BGERIKERENTH D, RO F 7255 o 72 MR I KIRI 72 Y
R R IR T B Z e TE S, THRIIH DR XK FRRH 2 REH T 572012
HY, BHRIZH D BRI T TR THEZ Gk I N5, [R5
KI5 BOEMT % KBS B KIRAUER G 1E TR IR Zed@iians.

2, Rkl e UCIRBI 2 B A TA D &, AR S 72 0 DIRBEIECCIRIEZ 8T X — & & U THGUE
IEH KRBT PHAPIREIZ e 5
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5.5 HEwAN

ZZETTHBRAREZRNAASY - AV bR Y—IZEDWT, KRELITRT R G RO
T YU EFER UL, MR YOy, FRICH o THAINREE
ST B, WIZ, 74— KAy 2IBIT BRSOV CREL < M T 5. BiRic,
WAROFEMIZOWTHRRS,

5.5.1 BEHNERE

AHERT VYV DOHMEINELNG 2 5N/ T ONEDRDIREE & KRG HEim T
5ZLTHAH. ANEUTNAIA-ROUMEOEENGZ oS, YIIMEESIE, IR
DRIZHELDPGEZ ON-BEZEK T2 D& U, HEEL IR R ERDRm 0L
2Hzonsr 5. HOIE SROZRVIET L PHEREBIZEITE2E2NNTA—-XDfEL
ZTNIZEDLETONRTIA—ZDEDOEALDREEBZETH 5.

HeGm DX R K 5.1 1TRT T7 (28T B IEH 2 PHEREED 5 FH 72 PR B A~ D i A
Thbd. ZOBEEME T1—-T6 FTOITRTORMBIXEIZOMLU CHRERBGZEHT .
KR, EHREHREE (T7) 2 SAELDYG- 2 5 N THRY DELR 7 EIREE (T5) N7 2 B
DRI IFEEIRTE (T1 — T4) ORHZE T2 Z L 22 XT3, B I 5 RERERIER
KOZRDEHREEZ KL TE Y (T1,T3,T4), NEIE TRI S N7 RERME &5
O b Ao Y — 2 ko TIEY b n s, @ OEM R AT, A RICL-TED
IZRERRIREN A I NS DT NI E D EERIXEL X i,

SERFRIRBIZBE W T EOMENZE T 2 LB A2 W TRe R EIRED RS %
BT 5. RN T5 2B IT5EFZE®KT 20, §TRTOIEFZEKTE I L1EE <D
BEk X DFEE % £ < [Williams 86] 728, BIRIZH 0 SISO b Ao Y —g &
ko THREZINDVEDDNEFE UDAERL 2.

I oI, AT & o TEEREBRIOBIN ALV R I NT WA HETH, FHED/NT A —
ZNZDWTCEHRABIZ B 1T 2R EFNIX 0 TH 25630 FEPIREEANDEPER I 5 W T
HEDICBHKRI DL WIGBEDZDIT, T6,T7 BRI FHEAREBIZE I 2 IREVO A %E iR
L5ZENTEDL. HIHIiTRRZEIITHEDNT A= RXBBTEAIREANZET HZ &
NEZ5NTWEIGE, R D522 T IRIED PABEIZ DWW TIZEIE X T ERD M AR 18
(T6) 128 T 2P KRDEND. EEOEAHFEIREED D - 725561k, £ DI DI F
HRIRFEIZ R T 5 D 1 E —MITHIBH U 72\ 72 8, B0 AR BE D IE P 1 X BRGZ 2 > B e
R RO Y I Lo TIREIND O L DDEF UAER L 2\,

ARE TR B NI RIZRA S DO EEREVGFET LI L2 KELTHD, 54
Hi Tk N7z K D ITEVEMEIFEEE & O K/NBRTRELI NS, U72A o T, SEAPRED
BlGUIkz 7w, 72, IRTORTERLTH 5 L IE SN TE D NEGEEBIZFZ 220,

ST ¥ DRIEMRYL X A2 TIEZ S5 TH 5T 2%\
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5.5.2 74— RKN\vyUICEd B8

472HICTRRTZE DT, WHI AT LIZEZLEENE T« — KNy 7 OfENTIE, 71—
RNy 28 OEBMEDEDRE L, 74— KNy I3 280 REEHOE D 2
ONBETHL. EH5DRMEH 71— NNy 2105 BXEXMOE S ICEFEL, 2
DOFMEIZ K> THEHFED 74— RNy o, T4 —RFNw 7, BHZBOT 4 — KXy 7D3
DIZFETE 5.

AR AT ALATIE, TRAAA Ay baY—ZEOWT, HalEEE2RT T3 %L
WhrH UK IFE D EVREMZEL 71 — RNV 72 BED T 4 — KXy 272 LTHS.
DFD, HEEOWMHEETEZ 74— KAV VAT LB TR LT, Waaics
AR ED K S REER TR UMD EMEZRITONEEZ SR E2RD.

ZIT, T3ETal, Ta2 &6 720, HIRXNOATIETZ «+ — NNy 7 NOYHREILD
H BRI 2 G H T E 0. Iwasaki © ORRINERA T X Tal /2128357 4 — KNy
JIZIERBERIR 2 AT W, —F, de Kleer 5O S NIIYHNERKZERT L2 —
AT 4w I RIZEDWTEHREDZD L ST 0 — KNy 21281 2 24 LIZINENER %
MIFBZEeNTEEN, ba—VRT 17 ZAOBAIERTIZ L > TEREBEL 5.

REIEIL Tal/2 BT T3 BT BEF ZHHORBEHEEIZ L > TESLTEI L
MTEL. 2F0, WRBEICHEDVWTT 4 — NNy 7 2 BOREEZEATZI LT,
P RARL Z R ORI R 2 BT 5 Z e N TE 5.

AT2HITIE 2 DDBMEIZ T — 7« — RNy 7 - ba—Y AT 4y I A%RLUT-.
AR AT LTI, BIME T, Te ZZNETNT1L,T2 THD. DFD, BidLZED12T2 &
DEVWKRKM T3 2887« — RNy 7 ORRNETY LHOZ/LIZRFIND. —F, T2 1
HFLWIT 4 —=RFRNw 23T 4 — KNy 72 ULTHRb, HRIERIZIZER?D 5 HMEDE
BRI NS, T2 (FEAANIZIXFEIR . Rt 5 B B35 B 1) 2 2L D o R X
Thbh, EOEWMmMSBDEL M DOWTIEERDD BD, H DM % BRIz E 3
T4 —= KNy ZIRFEHELRWZ EZINET 5 L, HOZIZIZERDY W EEZSNG. F
T2, TLIZBIFB 74— KNV ZETNRA A -4 by —DRTIED E D ERD NI
NDEHEDTH D720, HEHEHE UTEERPBVWEED 7+ — NNy 7 LTHbh 3.

5.5.3 HIRANDEFHM

RICHEDGZ 6N & EOREBEVE T 2 ARNDFHEMIZOVWTAERS., #fFwT Y
VIFROREORIE TN S OELERZRFFT 5. ROREIZ NT A —XDREOES
THEINDG. NIA-RORER, EWE, LRSI NTWENESNELRT 7T,
3ODKEA D V& TfTsTo TREING., READY VRIMEDEREITS72DIZH D,
ZNZNNEIT 5.1.1 i TR 7RISR Tdd 5 T2 KISHY [F REIRF KR, T'3: 3 i IRE X,
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T5:MEOEXEZRITS., T1LIEWTNDOA TV RIZEENLWGETRATE 5D TH
WS B AT VAN, TAKISRGKFIIMEOEH Lk T3 LFRRIZIKZ DD T Ts TH
Hanhsg, INSORMEAY VR EEREINT WA HEGmEFEIZ & - T, IREBRDORE % 7
DORFEBERIZIG DT B Z e TE L. Tf,Ts 13 EHERIZ B W TEDNE 72 2 35~
BRI N2 SIZBNT 5. ToldfaoERZ2 AW Tl MEDZELIZ & > TEXZELL 7-
& EITHINT 5.

G T > Y v OHERRIEE AN C OHERR & O 572 5. N HER (2R
R SRBEINMEE 55N T, ZOMWFIZE T MDD NT XA — X D% KD 5 Hiin 7
O ATH5. IARTORIIODWT, HREEL LT C 22T A—XDEZHWT,
EARIETH S E 2FDO5 XA -2 D RkDS,. Z0rE, KEKEN CE TH B8
T A= ZDMEPMBEDEEH S 52 5 NRWEGE, MENOMDNNT A —XDEEIZL T
BZEELUR WO TERETH D EIRET DI ENTES., ZOREDEAIZE T, 5.5.2
HiTHhRAR7Z7 41— KNy Z7)V—TORRINEFR DEHDAEEIZ /5.

S S T HE B L BB S T D BER BB AR I o T, NI A =X DR BRI NT WD TRT
DIRFHANMEFET 5. KRIBAFEBRFHFERE MBI N2 & S TF B8 L, Tl o
EEIE Ts NS 5. EEOHRIZFEAMIZIE N RE Y — EDIEFIZH > TiTbihvs
2, BEIZ B WE O SHEEwIThN S, Ldi-> T, KBWERHFIO & 5 B nWHE
NIZHERS N B,

R OBEGERIIN —TBEFEIHELZD, 70— NN 72 HEE2EAL THREL &, (EF7%S
AWV —FWRIZ7 0 [E UG 2 SR 2 2 e 23 5. HIfi Tl R72 X S IIZ8&Th
MBEREFICHE DO WTEZIRETE S, 1 DO U TR S N2 EBOFERIZBEWT
R A D > & Ts,To D e 125 L WAL, KIRFEFRHIR TR S NZBRTH D il
THRWHHERTH I EZOND 72O, HIfi TRz a—V ATy 7 A%ZHHAL, #ir
U W HEGmAS RSB IRIZ 72 o 7235 8 I LART DMEDHER S 5. KA Y v X Ts W%
GG TR RERR U722 L 2 BRI 2DT, KEl 7Y V& To Z2BiNEETHL L
%k 25.

56 BRFHDTo72V h~DEH

AETIE, BELEA Y MY —IZHEDSWEEFH TV PRGRERDET ) V7 L iR
FODHERIZOWTIHRARS, X 5.2 1%, WEHE Uz 2 RZEDREFIF EWHRDOMIETH 5.
WL U7 Bk RIIBBR T H DR T OB E BRUIT(EZA AL 2 HNELTH D, %
HIMDPEERS BV — 7% 2 DFf o 7Bl RV 2 Mld 5. T ENniE A Rfi - B Rfite
BECY, [ RAFEICH DB ITBMERT BT E2 DI 5.

LZDTIVNMIERT SV NDRD, Bk KKIIELTWS
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A Rif B Rt
RO R T e T
SuAs e aEIgR U L BEREmE TN RFE AT maimes CUORTY sapse SRt
b LR i b LR kLR kL SR kLR
T3hot ACa | T2hot H Tlhot RX Tlhot IHXb | T2hot ACb | T3hot
- -
—R%
=77

LOOP2b

Xa
B — N/ — — —
e : WL s )|
] -7
-

w29 - w D A #ST —
Hac PSEVj\?r H hx  power Via Trx Vib pgwer H hx Power Hac gz
e 3= 2 SV SR wh BMRER B
T2col d Ticol d oy Ticol d T2col d —» kiR
iu\rr:i:/b —RFT—I ELIEIAE W — )L WG — L —
LRk B L i RL 7w L7

X 5.2: 2 SakfENdi % R D HERE
5.6.1 ETJLEguh

Bk R 2RO E TIVIE 27 OB, 143 DT A —& 102 fHOHIFI N S Mk
N5, ST A, PR, R TR ED 11 HVEH 5. KBEBEDET IV
BT T ADA VARV A ERIBERE R L2 DTH L. AEERTITEHY 2 Z
A & U THREVK, iRl g gy, 2t a&ilRy 7wk (RESIEF O —FfE) 25
WHNTWA. B2, dIEER i & BRSO E TIVIEE UBK R 9 ADET
IZEAE R RERZER L TWA, ERIMENT A =R %X 5.2 12890, s
BERYTDETNERK 5.3 &X 54 1ZR7.

W& UzR% 5.3 Hi Tl N7 2EGe M ICih > TRIBIEE~DEIT 2 &, WRMIZH
H4DDN—THBIBTEL., TNFNDIL— T % KIBRIHEE & AL A SFEO—RE
NV—T% LOOPla 72 ¥ L REIT 5. KMIEIZ5.3.2 Hi TR 7z —fRiER 2 EHT 5 &,
16 fH DO KBHEF N ER I NS, K551, FTOOEDO2THD A RZHEDO—IRRIL— T
BT HEHRFA 2 KT KIEAHTH 5.

5.6.2 HERIER

£ 5.3 I HMGAERD AR LZEDTH S, HawT o I IO DDANRKINT A —
R TCRBEINDIMNILEZEGEZT, MMDONRT XA —=ZDEOREIZIR > 722/ s DREOK
RER, 2O NIZRDBET 2 PANREBICB I 2 E2 S E72. D0, Wi T5Y
Y AT LDV AT LA SDOAFLIZH T 5 a2 fimI E7-. £ 5.3 OFOIHEHE ML
2R, fTOHEEMUD R T A =X DEZHITH S, EVAECORED TS IXME O K R NERF %

SINT A= RZFBEENTIZ =27 IZHNIE L W=D ¥ 5.2 ODFTIXERIULETIOH DAHEH, BlONRZ
A—RTHbD
bug? INT DL LD 2B E2RT



HHE AERA Y baY—EEHRY AT A

Name: [HXa
Time: not-simultaneous /* [[EKTIZZR\\N] */
Ports:

symbol  connected comp. connected port

inl RX outa

outl Pla in

in2 P2a out

out2 ACa inl

heatl = LOOPla_HEAT out
heat2 LOOP2a_HEAT in

flowl LOOP1la_FLOW  rst2
flow2 LOOP2a_FLOW  rstl

dpl LOOP1a_DP rst2
dp2 LOOP2a_DP rstl
Parameters:
symbol  description causal port
spec.

Tihot  1ry Coolant inlet Temp. CE inl,heatl
Ticold 1ry Coolant outlet Temp. CE outl,heatl
T2cold 2ry Coolant inlet Temp. CE in2,heat?2
T2hot  2ry Coolant outlet Temp. CE out2,heat?2
Q12 Heat transported to CE heat1,

2ry coolant heat2
Hihx Heat trans. resistance. CE
Flowl  Flow rate of 1ry coolant CE flowl
Flow2  Flow rate of 2ry coolant CE flow2

Plio Pressure drop of 1ry coolant CE dpl

P2io Pressure drop of 2ry coolant CE dp2

Constraints:
Q12 = Hihx * ((Tihot + Ticold)/2

- (T2hot + T2co0ld)/2)

Q12 = Flowl * (Tihot - Tilcold)
Q12 = Flow2 * (T2hot - T2cold)
Plio = Flowl
P2io = Flow?2

5.3: A RARHAIE G Higs (IHXa) DE TV



56. BEFHNTT7 2V bADEH 65

Name: Pla
Time-Scale: not-simultaneous /* [FEFTIX7Z W] */
Port:

symbol  connected comp. connected port

in THXa outl

out Via in

flow LOOP1la_FLOW  driver

dp LOOP1la_DP driver
Parameters:

symbol  description causal  port

spec.
Power Power supply CE

Flow Flow rate CE flow
Pio Difference of pressure CE dp
between inlet and outlet
Tin Coolant Temp. (inlet)  CE in
Tout Coolant Temp. (outlet) CE out
Power = Flow * Pio
Constraints: Tin = Tout

B 5.4: A RI—IRN— TRV T (Pla) DET IV

Name: LOOPla_HEAT
Time: not-simultaneous /* [[EKTIIZR\W\] */

Port:
symbol  connected comp. connected port
in RX heata
out THXa heatl
Parameters:
symbol  description causal port
spec.
Qo1 Heat transported from RX CE in
Q12 Heat transported to THXa CE out

Tihot  Coolant Temp. (hotleg) CE in,out
Ticold Coolant Temp. (coldleg) CE in,out
D(Tihot) = Q01 - Q12

D(Ticold) = Q01 - Q12
3t € T6, D(Tthot) ) = [O]
Constraints: 3t € T6, D(Ticold)«) = [0]

B 5.5: A RfE—IRIN — T DRERIFR] (LOOPla_HEAT) D E T )V
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% 5.3: HEGmASH

RX IHXa | ACb Pla P2a
QO Hihx | Hac | Power Power

[+] -] -] [-] (-]

Trx D+ | 2D+ ] )+ | (D+ (2)+

A | Tihot | (D+ | (2)+ | (3)+ | (D)+ (2)+

Ticold | (2)+ | (D+ | (D+ | (V- | (B)+,(4)7?
T2hot | (2)+ | (1)-| (D+ | (- | ()+,(B)7
T2cold | (3)+ | (2)- | (BY+ | (2)- | ()+,(6)7
T3hot | (3)+ | (2)- | (BY+ | (2)- | (4)+,(6)7
B | Tihot | (1)+ | (2)+ | (3)+ | (L)+ (2)+

Ticold | (2)+ | (A)+ | (D+ | (D+ | (L+, (D7
T2hot | (2)+ | (3)+ | ()+ | (+ | (D+,(B)7
T2cold | (3)+ | (D)+ | (D+ | (A+ | (1)-,(6)7
T3hot | (3)+ | (D)+ | (D-| )+ | (1)-,(6)7

£3. 2ToHmERITEMRICL > TELYEEZERINT WS, KRB Y TOEIIE
DT BT BMED T 4 — RNy ZBIZBHKIZ AR > TWAD, ZHIREMARE REOC &N
AEAMBZ LR UITIFRETE R\, £/, 5.6 2 5.7 13RS =K EEZROH
THY, TNEFNE6H] (—IRFN—T DR T (Pla) ~OHIEE MK T) L5445 (b
MR HEE (IHXa) OBYLERET) OLAETHS. b, BEICODVWTIE, ROMHEIXB
REED D BGEDIETH DD, X 5.7 1EBRED L ARDADHEDIERTHS. IX
it UL Emd 5.

5.6.3 HRET

X 5.6 1F RNV —TDKRY T (Pla) I/ LTI N T WA EHIE R L 7ZBEORE
B E#wmT Y VU BRERLZE DD —ETH S, B Power DMETN L [-] T/
E T YV IINESEED CE THBENE Pio % [0] &REL T, HifE Flow = [-]
Hnde 5 (Kb oFS (2) Oz 2MR). RY 7OREOZIXRREICET 5 KIKKFE
R & o TR, — IRV — T O2EEANMEEI NS, D% D, RX,IHXa,Via ~
il T2 TRIEI NS (3). KM TR & E BRI 50T, g -] o
B OE 2 [F] BRSNS (4). TOREE, EH BT 2 KIRMFERHFNIC X -
T, —IRRINV— T RIRTORBIETI WD U, RV TDEII % Pio NMufkI s (5). 2
D7 14—y DR Pio = [-] & Power = [-] D OiREDEZ KD B L BERIZR S
(6). ZTIZT, 74— N7 DEBEREIKITIR - -RHZEIE T24T1+T24+T1 TH S DT,
BRI 7 4 — RN 2 THEZ R0 5b. LW ->7T, 5.5.2 HiCik R 7z K [F il
N EBAHT 4T - T4 =K\ 2T a—- ) RATv 7 XA%HNS L, Flow = [-]
ERBHIENTES (7). —H,  RX B EEHNEDETFIEBRM IRV —T DRV T
(P1b) N8 % KIFX L, B RE—IRDORENIENT 5 (6). F7z, RX & [HXa 2B W T,
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IHXa RBEHDIN RX

T3y toIHXb

T3 LOOP1b

LOOPla

T2 tolHXb,
W V1bRX

Valve (P1 b)
5.6: R 7 (Pla) DEIME RO KRB (H847)

MEOE N IZRHAMOBREZZMIES (4). EEEFRKRZLTIERVDOT, 2THhH D
ZALIZ R R 2L OB TERBE I NS (8).

B 5.7 1%, S g (IHXa) OBVRERE FREORRERO - TH L7, BURE
# Hihx = 2% [-] 12425 &, £9 [HXa IZBWVWT Ticold = [+] & Q12 = [-] A h
% (2). Ticold Dffi%, Pla, Vla ZfH L T RX IZEHE I N, Tithot = [+] & Q01 = [0]
(8) MEsmINd. ZdD Qo1 = [0] & Q12 = [-] HHFEZE T4 TEEICET % KIS
#1 LOOP1la_ HEAT 2 {Zf&X 15 & (9), D(Tthot) = [+] & D(Tlcold) = [+] »iHfim &
N5 (10). Zhik, V—TITIRAT HEGE (Q01) LT 2 EE (Q12) DEIZ X > T, —IR
RIV—TORENHEIMU DD B2 2RLTWS. AELOFLED S +5 72K T,
— KBV — TIFECEHERIBIZENE T 5. U72A%> T, QL2 XBBBRZREIZ 42 5 % (12), #Edm
TV YV UE IRV — T OFHRIREE (T6) 1281 54H Q12 = [0] 2822 LM TE 5 (14).
RS AL — IRV — T OWHM OEED EADBULERIM T OMELFEL, T DR
TIRRIV—TOREIFEFICRS Z L 2m LT WSS,

HeFm T > Y ik UNIX Workstation D CESP SZETA > 7 AY hENnTW5b. CESP
SiBl3A 7Y 7 MERE Prolog TH Y, TDA TV 7 MK E E0 L TRz
VIUVIEEINTWS.

£ 53 LIHEW, BREDN R A RKOADIGEDFERTH 5.
8K B3 ITRT LT, BRAMMHDGAIZZDHEIFEZ 57200,
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T3 IHXa AU DN

o ATt T3 RX

T1(10)[+] T6(14)[0]

(13)[7]
(14)[0q]

T1(10)[+] T6(14)[0]

BOFH ATH (DT T3 (T (8)TH
Pla Vla

5.7 B MRS (IHX ) BYEERIE FIF QBB (19) (A REOAOEE)

5.7 BEEFZE

de Kleer 1 ZEZ2ORE | 12RO Wz a =V AT 4y 7 ALK BREDEAZREL
TW3 [de Kleer 84a]. AFET/RUZKFRKNKHEO T1-T4 FRZEDORFIZHIGL, T %
FOMHEBIZHMMELZbDEFEAS. iz, BB ORRMME 2 /RNIZEIR T 5 Z &1
L OREDEADEEMEZHE LT WD,

KEAEE D —¥ (CE) 1 #3C [Iwasaki 86a] (2B WTRERIZH L TiFrb T\ % AR
INTA—ZDIEZEBIH T LITIT o2 HDIZHYE T 5. G [Skorstad 92] Tk & 11T W
5 & D IZRBIROERBERIZTRDRIUAMKZ T 228, R TH D LETH 5 & 5 HE
(MR % [E 2 UE T IVICEdd U 7.

TQ @kt [Williams 84] 13T LD 7+ — NNy J & ff{fr§ 25—l e a— Y AT 1y
I A5 AT\W5

Top © 1%, bondgraph % HW7/=KREH %2 /R L TW5 [Top 91]. bondgraph (&4 D—
7R BRR 7)) X 7 4 7 (source 78 &) ZFHWT T NS ZD KM Z KRBT 505, AEH
(CHNLR T 4 — RNy ZIZH—DEFZ2 D175 2 2 X TER. —RINRAEPHANT
BT, 20X 74— RNy 2N U TCTHE—DRREFZDIT5Z LIETERVWESE
ZoNd.

de Kleer 12 & % 23D < @ MEHERR [de Kleer 84a] TIIHEE IZ BT 2 KGR IZ/H AT
7% continuity , compatibility condltlon I ThY, BHREE I OVWTIEHaTiERY
[Schryver 92]. ARETHBAR7BUZEET 2 KIEHHIFIIZ QSIM (2B 1) 2 B 3L F — (R 1ZH
%29 Global filter[Fouché 92] LR UTHB. I HIZ, 2|§7T YheY-—TiRiRaDZfte
W o 72 KISHNIZ [AIRIZ 2 LT 2 B 2 @ U HEGm 9 2 726D 12, BIGIT s 5 IR % BHZR Y
KRBT 5. BRITH D5 R O IZH AR TR <, EOP ORI fThH T
% [Kuipers 94]. AHZETIEESEA > b Y — 2B 1T 5 RBEHME L KON, R A > b
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OY—D— e UTHATE IAIZEZEDIDS. X [Forbus 84], [BE 90] TIIWBLs
T AT LI HFEHEO S ELR L TWE. KA Y bR Y—ET NS ZAHLDET
VYT ThHD.

AETRULIRMERA Y b0 Y — 3R BIR T D A = XL L WM 2 FIET 5
A TH Y, Hayes DT o AR CHTARICE S 24 > b oY — & IR AL 5 [Hayes 85].

il

5.8 &

I IR D S R LRI OWTOMRE ZBEL TR ALY - A2 b Y =D/ TR
SEMEZRL, FERDOA Y bR Y=l OWTilkR~, BEUZRERA Y ba Y —I3i
D RIBME % I RREE & RN A~ oY — It EDWTEY, 74— FKRw o %
SOURREBERIZOWVWTT NS A - F v ba Y —DBE» SEMIZE A0 2RD. Xz,
INo6DA Y  aY—IZHEIOWTHT N T T Y b DOBWERDE T IVIELEIREVWOH R %
fTo7-. #immfEREFEMRIZEE2EDE LT,

AETHm U2 WE A Y b a V=237 R E BRI & W o 7230 e R ORI K
FLTEST, BMIZEDKETV VI 2T I RREMIZENTH S, 5.3 HiTRAR7ZHK
BBk & Vo 2RI, AR OB ICEEUOBE AL NS, 0D
ek HARRA Y e Y —DOERD IR RE T B0, T OHPHCE N ROFEE T &
DAFBIISHDOMERETH 5.

AKETRUEA Y bav—eH#fiimT YV T, EEEEREOELEDIE, 2T« 7
T4 —KNy 2IZlT5a—) AT 0w 7 A, BEOBANC & 2246 X OEHREADZ|
EDOTRTOIEF ZER LW IZEOWT, EFAMERE RO I Witz EEHL T»
5. ARETIEFRA - BdE R COBEHAERZEL T, IKEPHITROAMMEZRBLZ. 5
Bi%, MMONRFFIZB W TEEHERZTR WV, A DHIFALRAZHS T L.

E7o, WEP TR F —O—fRIHEE 2R OER b R e Y —I2B 1 5 KIS I
BT 5 Z LT, KR 2B TESLEZOND. AETRUZEROEHHITIE
RIFHHIFZ RIS 2R O fil A & U THEEZRE X Tz, BUE, RIEIHIK 2 B E)
PNZEE RS B (M O > 81 F LIER) 12D W\WT, BEREED TV 5.
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(NE=3
AR TIIRE WSRO TV T ) XL D% X 5.8, 5.9, 5.10 IZRT.

RORIE s INTA—ZDOREBOESTHEINDS. NTA—X p OWRREIZE D < v, b,
tf, ts, tv > TRIIND. v(s,p) IFRE s TBIFENTA—X p OEMME, b(s,p) I
ERERINTVWENEINERT T 77 %KT. tf(s,p),ts(s,p),tvis,p) FZNFNKMH
AV VRERS. e, NFTA—-X p ORRBEDMHEE causal(p) &KL T 5. #awmT Y
VidEERF 2 — Q 2FD. QX BEORDORE s &, TORETHRT 2HEDDH SO
Fa—cs LD2OMMDYVANTHS. ZOAMIRGE s0 TIXHE—DEE cmp0 DIREOEE X
NTWa., I72bb, s0 IKBWTIEKHE cmpd D/XTA—=ZDS> DR E —fHDINT A —
R p IZ2WT, b(s0,p)=True, THbHH v(s0,p) NWH5EAONTRIFNIER SR\, HSwmDAIHA
RETIX, Q = [( [cmp0],s0 )] TH5.

Toplevel algorithm:
1 repeat
2 (cs, s) <= pop( Q );
3 if cs is not empty then begin
4 cmp <- pop_most_before( cs );
5 expand( (cmp,s), Statelist );
% intra-component reasoning

6 cns <- neighboring_components( cmp ) ;

7 for all s’ in Statelist do begin

8 propagate_components(cmp, s’, cns, s’’, cnp);
% inter-component reasoning

9 push( ( cs@cnp, s’’), Q)

10 end

11 end

12 until Q is empty
58 by TLARLVDOTILTY XL

Algorithm of propagate_components(cmp,s’,cns,s’’,cnp);
1 duplicate s’ to s’’

2 for all component c in cns do begin

3 for all parameter ap in cmp do begin

4 bp in ¢ corresponds to ap;

5 if exist bp and causal(bp) is C and then begin

6 v(s’’,bp) <- v(s’,ap); tv(s’’,bp) <- tv(s’,ap);

7 tf(s’’,bp) <- tf(s’,ap); ts(s’’,bp) <- ts(s’,ap);
8 if causal_time(c) = simultaneous

9 then tf(s’’,bp)++; else ts(s’’,bp)++;

10 end

11 if parameters of c in s’’ is not the same as in s’

12 then push( c, cnp)

13 end

X 5.9: HSEHERO TV TY) XL
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Algorithm of expand( (cmp,s), Statelist);
% elements of the queue ‘q’ are states to be carried out.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

q <~ [s];
StateList <- [];
repeat

s = pop( q );

for all constraints ¢ in cmp do begin
duplicate s to s’
mtv(s,c) <- max{tv(s,p) | all p involved in c};
mts(s,c) <- max{ts(s,p) | all p involved in c};
mtf(s,c) <- max{tf(s,p) | all p involved in c};
undp <- [];
for all parameter p involved in c do begin
if causal(p) = C’E and b(s,p)
then v(s’,p) <- v(s,p)
else if causal(p) = C"E and not b(s,p)
then assume v(s’,p) <- [0]
else if b(s,p) and tv(s,p) = mtv(s,c) and
ts(s,p) = mts(s,c) then v(s’,p) = v(s,p)
else begin b(s’,p) = F; push( p, undp); end
evaluate(c,s’,NewStateList);
% evaluate the constraints.
if NewStateList = [] then invalid s;
else if count( undp ) > O then
for all ns in NewStateList do begin
for all p in undp do begin
tv(ns,p) <- mtv(s,c); ts(ms,p) <- mts(s,c);
tf(ns,p) <- mtf(s,c);
if c involves integration
then tv(ms,p) <- tv(ms,p) + 1
if tv(as,p)=tv(s,p) and ts(us,p)=ts(s,p)
and count(NewStateList) > 1
and not v(ns,p)=v(s,p) then suspend ns;

end
if not suspended(ns) then push(ns, q) ... *
end
if ns is pushed at * then goto ’next_s’
end
push( s, StatelList );
next_s:

until q is empty

5.10: ERSEAHEERD T TV X L
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ARETIE, WEHRRIZEDSHRY AT L LHRNCE SRS AT LOME L RET
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%3 5 NERIR BB IR RRUEIGR & IEIE N B HIEE 2 FH W T A I 5. MIRAERO&RENZIL, W
NI A—REBENTA =R DOBORIDE DL Y, HBEARHKET IV E —
RIVZERET IV EGES DT DD, —MRICHTE OI%E %2 B2 3 ERARR I — B
Moy, BEDOGEIFIMFIMKIZE L R E 70 5.

7.2.3 ERXFERVENEHEER & B hilifE
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ARETIE, WES A (FIEKX 6.5) 2 HAW7ZBRERSERS AT L2RETS. 21—
RO L WEEZDRES 5 A% BIRT L 2k > CTHEREFHZRET 5. —RMIC
i, 9, mbEWEHE TR AT OE S, TOHM THEREREIFE R TERWEAIR,
BEL LW 5 A2 G50 X D CH#HIEZILTT, 5 —EftinztitbtEs. WEs 7 21
MG Z AL PR & W o YRR IS L2 Th b, MEDEDL L XIZBT 5
I—YDOEEERENT I ENTEZELEZILHND.

7.3 HWFEBRICED WIEREEHER

A T ATIE, HRORZA TV 7 VOESGLELUTIRAT, A7V 27 THlI S
REBER (WMEFHR) *ZOMTOREMEOERE (REERFR) 2#Hmd 5. LN TIE
FITATIVLI PETMIZOVWTEHL, RIZHEBRERETIVIZOWTIERS,

731 ATV NETI

FATI 7 PETNVIERRDOREZHERTI2YOIEFERIZE T 2EEEEBERE KT,
ATV PIRETE2FEERELRDZHEDTHD, Z—E W78 EE LTOEMNE &
HIZRKAPH R EDEAREEED. HlE LTKIRET IV NDX—ErDA TV o b
ETNVIEKTLI DOEDIIRSE., A7V bOEMEE U TIIREREZ/RHNT 572012458
Tt DE UT, fH, EFRFICBWTERTLINE S0 (FifE), N - AR E XY 555
NHHNE DD (NEZER) 25087 5. TNUNDORPHREEDEM I, HE& L TE
WAHE R U7z TIER ) E20% THRE] LW EWMEEZINS. 2 2Tl —MBieErEi
AT LT T B E MR HEER SR D AT D W TSR LR I A Iz oW TIidER L
BWDT, ZhoDEMEOMEITHROMEPRETIX (BlEs ULTNE» 6 52 o 5 B
EAEBFRE) EREZES2HDETE. LEA->T, EFEOMEE2ETETFIVCIZEHEMEZ
HRAIZIEFER T ., A7V 27 MEOMER-FRE U TEflL T3 B4R (contact)
WEBMR (include) 250k L, 7z, TO—fe L THRADRN DA E (low) 2Lk d 5.

I 517, MEEARIZEIZ2ELLMEDRE 2T 572012, A7V x7 bOKREEF
WD, EHSIILRRIEEA DBEEIZ DO WTH M ET> T\ [ 96 2, 22T
WX EDEBIZET 5 RN RE250R 35, BIEDE 25, HFHNIT XL F—LE#T
FNF—DEFIZOVTRHRBRLTWS., FlZIX, X—E DY v 7 MIPIHE» S FEHIC
HEHNZ RV F—% [£Z25] BEZRLZLTED, M7.1 DX 51238 function 2 H W
TRING., B, RONR—DIS BB ZEZRNEDIZLTWB AL, WREE
disable-function TEliR XN 5B, B THENRS —BRNLET L EHANT, EEREDFREL Z
DiERZHZRT 5.
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PR - 8=,

IR : BifE=true,
PR - NERZEM=false,
HE : =M,

BHE : B){E=false,
BHE : NEZER=true,
RR M=K,

AR BfE=true,

include( EZE,( FR, v T b+, / X, TBER)),
contact( FR, ¥ 7 k), flow( ZEKR, / X)L, FIB)
contact( &S, PR, / X)L, EE))

function( v 7k, FILYIEE, PR, HEH)

M 71: Z—EvOAxX TV 7 hETI
7.3.2 WEERTTI

WREERETVIIA TV 27 MIBWT IR Z D 5o RS 2RBT 5. X
fEFRRE TIVIEREEEA @, BfE, REREY O3 DOEEZENSRD. K62 TRULEZE
DT, HEINRITET DIMFEREAEFE 4 2R T 2 HR 21T 4 D8 (KR 7, #ERS, &
AT e, W 90) CRBI NG, WMEFRRETIV £ IEZORFERK fe DFRMIZA T 22 b
o M—E UL &, fOBMFEREZ fe, BfEIZr2 oM (&) % ft £35L, FR
e1 = (fec, fe,o, ft) MR I BAHEMEDNH B T L ZHKL TV 5.

BRI R & IRk AR Ik 4 O ( AR, JEE, BIfR ) TRER I NG, ERICIEFA TV =S
N (ETILTIE “obj” ERAINDB) 72 13BEE (“env”) DWTNADER SN D, BT
DD & FE 9. obj, DITEEEEE env, ¥ KL, BAFTHIGEREERT. B
Bogioix NRE] TEHL W) ERH 5. @ W) 1k TFEE] £ TFEELR
W] ZEE UTHLD, KEP T I 2\ o 7o/ NS il E D D BB RS 5, £/21%
FAELRWZ E2KT. BEZTHR, SV LUToFhHE, E - 8- Bilcovwdhn
MNTdH D HHRME " Tl I b.

INFEFTIZS5MMAOWERERETIVARESINT VS, RT1IZZDO—#HERT. ROR
MT HADRDNTWBIREE ISR v F - R > Th b Z L 2RT. I,
EHEHRTI, HABERA TV 227 NOJE D IZINS RIFEY AT 5 2 L ASRBE A v &
o T, <] L WHEHEHWENRZ b, BEEER L LTAT Y7 FOXREIZY)
PEPWZIRRBIZA B, X 50T, MR 2 & UOBRDPIEE TRk, BEAEMNIE
WO REL BB eDEREINTVWS,

SOIERFR M O E2RTEFERERTTVE K720 L5 18R T 5. BER
BHERIELZ2 ATV 27 POBRBEORTOERKLE ULTREINS., HE2A TV bD
BREOFENZ, HLUTWEELRLZ ATV 7 bORBEIZLNMED SRV, YWEERIZZFD
EPNIZHEERTRAED FROA TV 7 N, FHRIEEHATHWSELE 7Y 27 bOREEIZHE
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£ 7.1 WEFEEE T ILOH

= | MERA RIEENF IR AR
% | env:I=1F1E and obj:HH=[ A< () obj: =171, *obj:JBIR # IEH,
*obj: BEHEREL > IEH
EA | env:¥={74E and (obj:fH= or &) VrExs (R) obj:I=171£, obj: & #
ZAt | *env:iE #£ EF obj:Z{tT % (E) obj:BJE < IEH, obj:E # IEH,
obj: K # IEH
JEE | obj:#H=[ and *obj: &I # IE& obj:ERT 5 (E) objiE < IEH, *obj: IR #£ EH
iR | enviidE > IEH obj:lFiET 5 (&) obj: &R > IEH, obj: IR # IEH,
*obj il # IEH
EEFE | obj:M=Fl and *obj:fi & # L& obj:EfT 2 (F) obj: IR # I, *env:idE > IEH,
and *obj:Eiff=true *env: KM # IEH
2% | env:WI=fF7E and obj:fH=[ Vrxom 3% (k) env:EJ] > ILH and *env:EH # L |
and *flow(obj1,0bj2,0bj)
Bfil | obj:fiiE # IE% and obj: M= obj: XD % (Bil§) | env:[EF] > [EH, contact(obj,obj1)
and *near(obj,obj1)
M | (obj:#E < 1IEH or env:iEJ) > 1EH) obj:EN S (F) obj:BIR # IEH, *env:I=1F7E
and obj:FH=[
T | enviJEJy > IEH and obj: M= obj: &< (&) obj: & £ IEH
2 | (obj:#H=¥ or &) and contact(obji,0bj) obj: A% (W) enviy ¥ = 777E and include(obj1,0bj)
and obj1:N#ZEH =true and obji Tk # IEH
| (obj:fH=# or &) and include(obji,obj) obj:iE5 () envout: ¥ = {#4£, (include(objz,0bj1)
and objq:JEIR #£ IEH and include(obj2,0bj))

* 7.2 REAZEHERE T IV OH

S DHERRARE EENE EEERRE

FEIMEb 3 envy: £ /) > [E% and contact(obji,0bj2) b2 () | enve:EH > IEH
and not disable-function(objs, 1153 0bj1,0bj2)

BELTW2HDIZYnriiind | envi:W=1F#FE and contact(obj1,0bj2) Wi s () envo:VI=T1F

SEE IR S envy:¥=1#{£ and near(obji,0bj2) Wi s () envy:W=T41F

WAKIC & > TN S envy:¥=1#{£ and flow(obj1,0bj2) i s (k) envy WI=171£

BEBERIZY» RN D envi,1:¥=1F7E and include(obji,0bj2) wnnsg (k) envo:YI=11F

VDR AT B envout1: ¥ = Z7E and obji:NEBZER] =true Y A5 (%) envin1: ¥ = F4E
and obj1: 1k #£ IEH

RPN YN PP envy & > [EH and near(obji,0bj2) Bufzbd () envy & > EH
and not disable-function(objs, #/%3#,0bj1,0bj2)

DAEZERETIMEINT VS, ZNEDETIVAZERELE 1 D2h )9 2/D T ¢ &2
BEIZT 5.

7z, WHHOKERENEZISFRKNE ZOMEREZ, RT3 DLSIZEHRTS. ZNoD
ETFTNIZEST, BEREWRI oI IZEA3BbAEDEFEL»RZ A LS 12k 5.

7.3.3 WEERHRAN

NS DET I AT G 3SR & HEdw 9 2 NEATHERm & IR & #EGR 9 % AT HERm o
200H 5. WITHRIIAT L UTHER o REBE R Z TR ELRE (RRREY) 2
S S. MEATHER A & UTEX S N /REANE 2 9 B RE GEIVIRE =) 2 HEdw
T 5. WEEZE R A7 TIERTE DR DK, 58 DMKEHIREE D 72 & OB E 5k iz
WwWohb.

i 7o 2~y F U T EAMD2DODAT Yy IS5, WiTHamo~wy F I A
Tv 7T, BEDOREE Y FToERREBEZREOFREZHET. BIEN-FHLIIBHED
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K 7.3 BEEARERITHARET LV OMI

A DERRRE =S E EREERIRE

HEZEARR | function(obji, J1{£:#,0bj2,0bj3) HABZb oW () | envs: BN < EH
and obj1: Bk #£ IEH

JIfEE AR R | disable-function(obj1, J1{£3E,0bj2,0bjs) J1:{E5b 3 () envs: £ > IEH
and (obj1:JEIR # IEH or obji:E # IEH)

AEZEARR | function(obji, 2YZEE obje,0bj3) BZbow () | enve:dE > E% and envs:iiE < IEH
and (obj1: & # IEH or envy:¥I=17#1E)

WA R disable-function(obj1, ZAMZiE obj2,0bj3) | Bulzb 2 (H) envaimE < [ and envs:iE > EH
and obji: & # IEH

WEBZEZ U7z eE2H 0, BEDREBORIEBEDO B TH L. HHOERIEIIN
756, FhoORIOZRIE OR THS. IZFHEIAT v 7 TlEZ OFEROFRIREDE
WIZHRE ST, FUWBIEREEZES. T UT, SORBRANEHITZODIRDY Y F VT A
A AN CEXR

WIEHRE T IV 2 AWl HmIE, 4 7Y 7 b OIREEER O W E K 72 R o # J5 [A]
@3y LT, FITEHFHORE D ORBEORE 2 Hiwd 2 E 2R -9, 7, BRELERELE
TN, BB ER5 (OBRED) RIOMEBERZ MR L, MATHEGR O F I S R K 9
Thbd. BEALEZRTHERET NI, BEVERINZEEEZREL TV RN 2IZL
LHEE BB ind R EI 2 R

EATHEEm M T HE R 2 I S HEdm 21T D, v F U T ATy T TIREREDIREL —
BT DFEAIREEZFFOFELRZEL, AT Y T TEROFEIIREBOERDIZHRK > TH LW
BfEIREEZED.

7.4 HEHRAN

AT, HERERETIVEHAWEHER IR, EROTFNZE D WET V-2
AR ERE U AR ZIRET S, 22 TEREBEEEZHRIL NV LIRS, HiEHRmS A
T LD AZB 7.2 ITRT.

FIRIL NV OGRS AT M5 B CTHRARZZEMWHR S AT L2HWS, DED, WRET
WIEEK I N B YN T A =X s HOHIHRNIZ Lo TREINZHNETNVOELE L %
NS O OEGREGE» S5, HIRZEEDLEF UWREVWEZERLTE D, HSOESR
FRIIHEERIE W 2R UAN B 2EEFECED. #fw Y videMEzinuch-T
T2 L TREDILNYD 2Hiws 5. EMWAEIXERMEE OHRIZ X > T [+], [0], [-]
DNWITNNREIREEDELT 5.

7.4.1 #HmIOEXR

MEHRS AT LOWEHRIZ2 DD T AN 565, £, MiTHmIZ X > T, B
S N7l A & U SR K D gt &2 AR RS B (IREHAERK). DICIEATHERRIC & - T, BRI
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HEER L NIHEHX T LA
Se— ——
HEER BEEGR
ETIL ERETIL
<
2= “HS WRER2ERT
HIEREA ] mﬁéif‘/// < ERETIL

EIE
il
ETIL

ERHRTI DY

BB AT
Bz

1

HF L NI MR S R T A

X 7.2: WA e T R DL A

B & TR N B MO BIE £ L, EREOME & ol U THEEE17 > (IRBiar). B 7.3
ZHER S N B PR R T

IRSER 7T 2T, £THRL B WTETX - 8lsh S T 2475, i
IV RNV TIRREBER 2> TWARWDT, HEEK @ Tldi < BEEN 2 H#wmd 5
Z ez B. HIRIAR L SOV 04T HER IR N &R 5 B, T, BR S
N UED 5 O L DO NI CRZEZEIBE L, M EEFEK = 2 {09 5. MR
RPN TWBEED 5D AN 8 TH BIGEE, SR IC & > TEF ORI~
WEERERET S, T5TRIINE, BERZ2ZNE#SE Z 2R TERWZD, TORFER
R BE RN 97, T abbEEREK 2 Th 5.

RIZ, ZOHI L NOUIZ BT B s R A 2 R AIERIC & > THEHS L )L O SURRE
AT 5. BRI REREN SIERRET IV E AW TR ZITS 22T,
BEJE A 2 D2 KT 5. IS RILRRS X512, AEETHIVXEHTHIFIL Lz
RoTH#iwz1r>. UED 7oAz ko T, HEEMEAT, BlERKE, HSEREOMBER (K
PEARG & FER) ZERT AL NTE S,

INFRGEE 7 a2 A TlE, £, ERINHRENHES P S 20D HL, %
NI > TWABGEIZBH I NI T THDEEEZ T RXTHRT 5. T TIXNETHER
DHWS N, WERH, SRR UTHRETIREEZIRL EERTEZ LIk > THERX
N5, Iz, HimI Nz BulEz EROME & ik LT, WERGEROFH 21T 5.
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w [0 ) o

4 7.3: #EHEGm NI & o THERR < 10 5 IR EEH

7.4.2 FRFREE

WIE N 5 A — 2 LR D28 TIRIRAGER ] (2L 722> TiThbh s, BAFIZZ OHl

o [F &% 4z X% =[-]1THEN env:¥) = #1%
o IF X—VE Vh& =[-1THEN JIR IR £ EH

B DR IR RO EEIME T T2 \0WD Z L IZGMETH BEKUCEEOYTH 5
KFEBEET D BALTVWDS) Ze2EKRTEILE2RLTVWE. ZOHERIIIBMIZH
F DRFETIAELE . — 0, BEHEOHFIEZ - IRFZ L TE Y, NRBEFROHE R
HRLEEATWS.

WATHEERIZ BT BRI L R D SIS R L NOUAD AR, H 5 BEMHEO R HIFY
LARVIZBWTIEERDMR O RWnWE ZiZf7bivd. — 7, WO IR H A RE T
HFVoOTETbNS. ZOWIRILHFITE TILD G HERGLEG OHERE & AHMTH 5
ZEizEHOIWT WA,

7.4.3 HimH

C:Ti KINFET 7V MBIT s Z2mT. HRITRS T — - @ - x—V¢

- FEEBOUWE N SR DE,. ZOXNRIZEWTHIEIET & W S BlEN BN 7B O E
$W7ukxc DWT, A—EitBisitimzhLe LTRSS, MT7412X—¥ 2D
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Name: turbine

Port:
symbol  connected component : port
in superheater : out
out condensor : in
gen generator : in
flow flow : receiver
press press : receiver
Parameters:
symbol  description causal  port
spec.
n shaft revolution CE gen
qin inlet heat CE in
qout outlet heat CE out
flow flow rate CE flow
pin inlet pressure CE press
pout outlet pressure CE press
e efficiency CE
v velocity CE
Constraints:
n=ce* flow * v (1)

v = (pi - po) * (gin - qout) (2)

X 7.4: Z—¥Y vOHIHET IV
7.4.3.1 HIHL AL

9, GRoNEE TEHET] 2H73 2 FEEPHIL 2B W THEGmSR L
5. TORER, REMOENRTORKROMEAE U T, MBS MR (F
ZAE, WHEEBEEINA) &, MNEBEFEKE (X - UiiERBE T | 2% OR OBEE THE R
NG, FIHIZODVWTIREND BRHEGRETIZ, BEIOWTISIZFEKEZHRLZ2 T2
Y, BEMEMNX - NERI N, X—CURROHGRNR L 5. HEEREE T S5 R
() IZ &> THRIET, REWD, #ERWDVHHRI NG, EERDOFHHAZRX (2) 2Lk -
THwMT 52 LT, ADEMET, HOFEHDER, AOBEETLAHERI NS (HinhH A
DIz DOVWTIE S Erx S ) .

U7zio T, HEGRFERIEZUTOLSI245.

HEERRE ERET.

MEEEERR AHDRED>, ADEBEET, ALEET, HOEHD ER

[ARERA ] 21X D OGS D AT B8 Th B 7= O EEFK @ TH D, Bk
HTHDHEBBEPEKBIERZEERLC, S5 A FERNEHRTS.

—F, TRIRIET] L RNV TIME R UZERZHGRT 2 Z 2N TERWZD, Hkt
BAEERE S T abbEiERKE “ Thbd. FIT, MIRHEIC L TERHEASHL, HiE
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PIR TR F B l#ﬁ?ﬁﬁﬁ

TR - B PR : w18

PR - £
A

PR R <IEH PRenv: £ > 1EH
iR pic)) (e mme)(w: @) (En:Eb3)
‘ A * o F ........................
PiiRenv: ¥ 7 henv:
ﬁ*%ﬂ W =1F1E JE) > %

| I%iﬁ“@[%:.né]‘/v7h & |
H 35 - AL
EEORET% %EE K :

4 7.5: HEERG : JARD FRHE OB (FRL~)L)

HREL NV TIORBFEEEZERT S, Z2TIE, X—Y YO NF X —¢ vah®
=[-1THEN JPIfRJIR £ B 12 &0, DERJZIR £ B T2 W56 O Hinhl %
M 752U, AR THAT 3.

7.4.3.2 WEERLANIL

£, (obj: IR # [EH ) ZAEERBICFROREFRRZHT L, M75TRT LI, P
o TERE] THE] REBfRI s, HEORKIREBIERE DMK N X 2IXEH» A
LN THDHDT, RIZ, WEDRKE LT 154 X 2HBEDETR, LA SM
DI T2 L2 &, IOIIXENPEMBERIISEI Y7 06 Ebo7z)
ZrenEIng, PURICHEZE LU I OWTE, R L > Tiiing ] H4%
M9 52 & TREAROBEIENI SRKE EBIZHN T E -t RNittinI s, ZORE
HHHIIM 6.3 TRUEEDERUTH D, 72, MOEME] MR NP ARG & &
:PNEENmW%:ﬁﬁjﬁiof,ﬁ%VNWK‘?5r%%F—I]JVW@éM5
ZOEKRZFFIL R THEERT S &, HlxIEE A I NZB T AV F—BRAREL T
WBZ W TE 5.

7.5 ERPERVSPEHEGR

AREITIE, T2 FTITBRART E 724 E IR G DO AL A D _EIZSEB X v 7= BB e im >
AT LIZDOWTIHRAR S, KV AT LTI, #figadie T aREOHFHZIEET 572012,
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R 7.4: BRBEI R HE R 0D 72 6D D

o EHOEE] ERER A EiRfx B

1 A JU A 73 e oD A JEAA+HbE £ &8

2 mREEN IELREHE S D A MBEEE D 58

3 Z2MEM PEE IR 10 TR bR P DA | R 2 &8

4 BFE TG RME TR = DA ZE[AMERRIE > £ 50

5 RERRIE OB T DA RERFIPE 0 £ 5O

6 RERATA—X | EEGERE™ DA RBAMIRTEIS b £ 58

7T OWHANT A =X | NT ARy ZgE S DA JUNT ANy 7R 50
8 WAPEIFIH] U BEAR R[] 50 0D A R 2 5 &8

FTAIET TOOREHEFAEL, ThEN2 DOORINKE AU -, SR L >
52 (K6.5) 2#HEL LTHWTED, WHNABAL NGS5 2 LS. BRI
Bz k> TS B HEREMILERBAILL 25052 EATE Y, EWRHOKIEE 5
NeF BT s. TRTOBRME A 12 U7 & X OHREEEIE, HHIESI< S0
BT Y AT LD A B W L A LI/ 5,

I — IR ORI 2 BRZ L I2 & 5T, YAT ADOYEREMZ T 5 Z A
KD, —fRINICIE, FOEFEAZTARTAICL TR IEWGREFE CHR2ITOES. H#
SR A GE L 7 R ER RS RO S oz 2 &, YOMES 5 AL L W%
RERZ CIZEDWTHIEL, FOEREZ BIZLUTHERGRZITHLES. LMY AT L%
R 2 IBEIG U CHMIZ B X THE®RZ1TD.

Hle LT, XZIEEDHEGRN & Uik, o BRERHRZIT 2582 EATHD. £
T, VR TOEFENI B W TEIREE A 238 RU7- 958, HIL XL DOATHE
Pirbis., HERMERIL TX -V ORRET] [RA1 7 —~OREERD] REIZRD,
GDE DOH#edmf R & [ U & S (THEEAr & Himd N A iw I s, #678% BIitd s,
WERER L XV TOHBPEEEH, M5 IRTHEFKD S BEBIF VTS 3 DD
HEIHER I N0, I, Tl 3.2 @M © IBAEERE " 2568 28RT58 1
R e AL E B AR B B RN AL T B IR 2 T S E— NIZR O PIRBHEICEf L2 &
THHE U - REMED SRR S 5. 77, [l 408K © IBEMERiRE = 250 %
HEIE, RAEIOYINRN T E ARSI NS, F 2, Tl 5 RRERIE ] 2 BIZT
%L, PURDBERIZE L RPN iR 5.

7.6 &t

HEEHERL )L DOH#HiimT > Y ik Common Lisp Z HWTEENKTLTED, X—¢
VROEERIZBWTHRPFETINT WS, FIEICDOWTIXEME BEET 67) OfF 8%
1 [ZRRX = OilEL ZDRA] IZB T S5NTVWE TR TOMBERNZEKT 5 Z L0
T&7-.
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FBEIOVWTIE, EMROHBHEET, A7V VETIVOHE, FHRETI 551,
BEERERET IV 4MEZ2HNT, ERE2To72. HlZIE, ERPEEAAL 722 v S EfiE
LT, KVATF LT 22 MHORERKZ AR L. D55 3EIZHE~Y=2 7 IVIZE
BENTWEZTRTORERKTH Y, ThSMIE a7V EBRINT WD) -
M3 EIZOWTI T 2H 0 22 LMl Nz, EOIZOWTEAREMIMEWDID D 2722
WZ iR, EOFETH o7z, EMRIZEINIETZ 2 7INIFE I B A gE O E WA
REHAZFHBR L TWB D Z e ThD, HIZIXHEADRKNDOOEDTHELIADX 545
FRE LTI a7 IVIEIREDOAZHIFT Tz, ARG TIEZENDMIARIED EF
E\Wo T EN ARG U720, ZHURERIZAWZETVONDERTH 5 MERD R
WO AEFIZE>TRIDZS. DX, HEMRLPRBEITE-> TV ->7-H
HHEGH 2 MR EER T 5 Z 2 TRWOIT R WIEEIZK OB 2B R H 5 EZ 5N 5.

BRI S G SR 2 Bk L\ T ADH DIZHIRS 1% &% 5= 9. #lEs 7 A
DFREAMER (X723 T DNEFELR) & —MIIZERd 5 2 & 3R TDH 5 7= O HEFmH O
WEFI—FIZPEROSNTWED, #MfES J ARG 2P R RS &\ o 7
LS IZHIG L T WA 728, ANFORERZ BN U2 W %2175 Z e Hks. HlZIE, #
U W RN U Tl 5:88 R0 SR 0D s R BARp i B % 2 58 5 m BHIE W& Z A 5N 5.

ZD XDz, AHedmT XY HRIBER RIS U 72 §E5R 2 A CHEGm S P % BRI LK
52 8I2&oT, WHEMOIFFITEMNBIERKN E CEERT AL R>TH D, %1
FRINTWEDP > -HEEZFERTLIeNTEL2ehs [BbhhaliiE] o—#z2Hk->
TWbeEZON5.

WIEHERETIVIETEWIREIZE T2 BN ERE2RLTED, HEKEWEFHME
ERioTCWwWbeEZOND. EE, BEOHBHERET VITET X —E IT#EH S kI
BIEFEH SN2 h, BIESRAOEAIZE L TIXEBESICBEET 2D 80ENE L R %8
T AEEZITTHo7-. LnLERLS, BIIEO L ZANRE UTEIITIKRT TV Mg
CERMELTED, GBS S ICEA RBERER R EITE T IVEEI N T VAR,

7.7 BEEE

WEERIZHE D W RS ALY, GDE IZREBEX NS HHNICE W EZ NIz s
\F B AR A AT R T, RS A AR 5 12 BT AR SR A T 2 R T E, & D
WK HGIZ B 2R EMRET 2 ERTED WD 200 EAH 5. BEDOF] HITZEM
RIEIBE 2 X0 ) VRTG AN Yy ZIfE s 22 B2 e oEENS. TAHTRLUIZED
W, BRI HED WY AT AOBWHIPH 2 LR T A E 2 BT I LN TE S.

WIRERETIVIEHEETIVO—FTH L0, Fim CHLIBRA L S ITHEkDiEE 7V
THEAAEIMENE DM S\, WEA Y b oY —OEREFRICE I WETY I T T
BREREMAGDES LT, ECREELRINTWAREAGREZEL T2 Z LA HEES.
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EHEROREEVZ R THFE TV & BE LIRSV £ THREET TV 2HRAS 5 BRI
HAIZDWTI, ZLDEITONTWS (BIAIE, [Struss 89, Console 90]. & b —fi
HUZIFER D E TV DA [Struss 92b]) . A#EFR AR TIE, HHETITE DIV THEE X
NI DBEREA R D K D IREWIBER R %2 2 720127, HEETVEHWTWS.

Qualitative Process (QP) ¥ [Forbus 84] I3 7B AL WHMEZEAL TS,
HRIRHRBR T O ATH D EEZD I ENTE S, WEHEHZITHEEZWIRELTW5
728, {RHEJFERPCHBRE R & DR A RF P E NI A =R h2f>TW5S.

LS IEFAMES & BROREREFRE R T FEAE L XN B HEROFHZ REL T
% [Purna 96]. 21X, WIRDOFLEX, BWARITND D, EKRBET 20, FADEHMES
HMPZEoTHUBZ DRI NS, F7-, Bottcher 1% hidden interactions & I35
R T &2 > TS [Bottcher 95]. £ Z THWHNTWAIEN & W57z hidden
interaction model XM DEEHERDO —FETH 5.

Davis (3#f % [HEEHREE] X TEROM E AW T 2] L4208, KE
ERENIT 5 Z & CEBSMZRZED M EETH 5 Z £ 2R L TWA [Davis 84]. RETRU 2B
BERHERR S AT L EZ D/ MEMUEDZEDTH B L ZF 2 5. Struss 3K ZEMT S

7.8 S

A CIRARZZEEA >~ b a Y — oW s A A2 IR U7z, EESE S
DWW, ZEEED > TEZFRNIC X 28ER &2 G IEWEIFHOBIE G Z R TE 5
VAT LERFEUZ. £, TELEROGFANICE D WEZET N AR - AWEDZ WY AT
LEME L., Ay baY—0FEEEZAVWT, TNEFNDY AT LADREN ZHHIEIZEAR S
TSRS, X501, MEAY PR Y -TERINZHES T AR EHWT, HERH
DR B 2 L I BB AZIRE L. Wb 5 TBbhikiE] o—i%2 %z %P
o7,

AREETIEEITHERSUE R I DOWTR AR, EfTHERZITD 2 12 & > TIREIREED 7=
DODEBUEDERMNTEL Z 2R UTD, BEMHEDREIGHE B SI2 DO\ T I
MEIT > TV, RO X WMEEFEPRE HIEIZOWTIX, SBOEETHS.
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WFEEZNEZHZA57-ODREAMEDO R EITo72. TNHDFRIZHEDE, kR
BT E2RKRBBDET IV EGERDBTMEBRBARNAA VA by —%EL, ThIHED
WCEEMZAR X S 2 kA 2 Hin T v Y v 2R U T-.

—F, BERERICOWTIX, FITHERERIIIZ2 OORMBAIENDH L L E2RL, WED
FAET LN EEE RIS T I T TORREREE L. 72, Wbz Rk 2 708l

MO, WED 2 I ARt Uz, 2o 2lELH Y AT LD N2 KRBT 5
ﬁ&tbfﬁmf RFEWRETNR—AWEDZW S AT L TH S GDE DR S 7= #ipH
DOHPEL D> TWARWZ 2 2SIz LTz,

RIZ, HED o2 T NR—=AWEBM > AT LDORAZIETSZ 2 HEE LT,
MR A A e AR LB R S B B o A T LA DRI L EE AT o7, T e &, WpEA
viiay— %%TW&i&ﬁ?éhﬁ&bf%hét&%k,EV%H@W%%@%&<
Hegm 3 B - DI HEGRHIPH 2 2 — P DRE T AR D8R L U TlEY 7 22 Wz, koD
ETNR—=AWEBW S AT L LRV OBERNEZIRE S HRTEZ N TES
PeflA L 7o 7=,
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RIS DEZIIATD 3 U T T 2N TE S, (1) BENELR MR —A
VAT LDRENFLREERE 5 R 72, (2) Y AT LAERL : L O MREOEWARER— AV AT
LERFR U, 3)Av by —T20Y Y ) v hay—2RERR Y A7 L DG
= OL R (ANE CAVASRNPE -7 U

9, WHY AT LTS B BRI & o TEREEE 2 BRI DWW TR E R 2 17
otz MEUZMSERZHWT, BELSHMSNT WS Y AT A DRERRAES %2 I
W29 B Z &N TE . MG & MR & W S AR FEMR > 2 T L DFKGE - BiF
ICHBAT DL b2, 2—PITL 2R - HHZ2EZ T EEIOND.

RIZ, FERREINTEMERR AT LKL T, KOO E WA —A Y
AT LERELU. EMHin s AT L0551, fEROED X0 X0l WERREH%Z
BT HZENTES. WESW Y AT LDEEE, &0 IEWHEIFH O REER K % H i
THEZENTESE., ELELDVATLAIZBEWVWTH, FF#D composability 1ZHERF S T W
5. @t - HEIZEL T, Ay buY—R3HEE T 5880 L R/EROEAN & D& 5 & PRk
U, BELRAEZ RES 5158 %2 87z L.

REZ, BEFEHENTWSA A Y by —T200e 209 v 7L e LT, RXKEEX
HHEHER BRI DA ONTVWE EEbNTELMSTHEH, ZnsDE&RITITX
FIERERPBEERIIZFHVVONTEZZ 2 2HSNIZL, Tha2ERT 5720087
VITa72HRMELTZ, ZHICEDE, HEBARN—AY AT L%3E L, ERE?E L A
DMREDENIZHFHENR— A2 RET LI LN THD 2R LT,

8.3 [RFF & EH

Zr hAY—ORRREE & —HRM%E

AARZETIIWBL Y X T L QPR DT T & 2 RIS & S SIc OWTiEim L7z, L
PULRNS, 56 60aE RELWEERHFEZEFODT, 2RO xHR%2ULIZY, /2R
EINZAVTFANMIBIIEEREZHZR > TS, FTETH IZHEEBFIZEB T BRI L&
ROMORMXFIZHRZREL, eI L REEHEEH X A 7128158 H
WAVYTFARNE UIE-> T 217272, TOEKT, Allen ORFEGHEE [Allen 84] 72 & D
— RO A Y b Y =2 EF o2 B o7z LRIV ERRE LTWS, BE DK

RIZDVWTHIH L X)L TIE L, LSV VO SEHZ{T> T\ 5.

XM S Y —DTF 4 Ay VaveldTNA R - Frhay—izEonwTEh,
ZTOAEMETZT A X - Ay va Y= EA AR (352825 BRSNS, L
LU, FNUAMIFEBNZERIZRL, Ebo0Ady ha Yy — BRI I3 S aER I
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i%ﬁb&mt%%%h% UL, SEMSA Y by =38R e UTEIZHRER T
VIR EERMELTE D, EHERBERN R CIZES RN E %2 0T 2RI E
FNTR\.

XA Y b ey —Tlk, HRICBITIEOZLLILERLTHE LIREL TS, LA2L
M35, [Iwasaki 95, Nishida 87] 72 & T T T W2 X D ITREKE R E TIVAIEF I H
WHRZRTZDICHVWONSE L EDHE. TDLI BAREGERET VEHWSET IV
FHEIZODWTIESEROMGERE L L7z .

RIRBRR Y AT LDRRA & YR

5ETIHRARIZEMH GRS AT L%, EFEEEREBOFIEDINE, 27 T47 - 74— R
Ny 21T s a—Y AT 1y 7 A, BOHANZ & 22/bE L OPERBADEZED § X
TOEFZEH LN E WD 3 DDIRE - RIUTEDWTRIERD K WiEigZ2{T->TW\Wa. K
FSCTIETRAER - B R CTOBEMAERZEL T, INERHHROENMEZRB L. 5%
DX HAEFNZ B W T HBEHAERZ TRV, X ZHFH L RAZIHS T U720,

TETHRARZREIZEE T Y AT L%, WS X A7 O—#Td B4 %
RADBIFHIHDTHD. TOREKTY AT LMIGBLRRWESM Y AT ATl L, HEE
ﬁﬁ&ﬁ@@ﬁ%ﬁ waiiot<%‘ BITo TWARW., EEICHEZE S AT L8
UCTHWA 720121, EEEOMEXCHEIRGOE MR COMMANRBETH L. %
t,ﬁ%@ﬁ@%%/xTAi@é@tﬁ%ﬁ%@ﬁ@ﬁ&@%%%ﬁﬁ%@tbfwé

N, RYAT L CHENERZ B UTHa2MoFERZHEBELTED, TNH6I1I2DO0nT
PEREM E&2 o TWARW., TNSIZDWVWTIESHOMETREE Lz,

FZrvbaov—osEalLN)LEFIA

KX THRARZ2A > b a Y —IXHARSEE L is-a, part-of BIfR TRtk TN TH Y, FHEHH
T RERIE A SEEIC L pdh i SINT VARV, DFE D, #ERD T NIV L is-a, part-of BfR
ZIITHY, BIROEHEPHMSHORMITFERINT VRN, ZOLS58Fy brY—iF
LRV 1Ay hay— M ENE D, GEET NIVIZDOAEKRLEDH D, 1FL ALY Taxonomy
CRILTHS QEZZM) . AWK T, WA LIE Taxonomy LR UEHEDZEA Y buy—
CIESHHIE, ZORBNELEECH D, KAV ha Y =06 2T U RXEEE L
WMOEBE S AR DR > AT L, BIESZEH Y AT LA TRIERNTH -7, Tho Dk
BRI AT LR ZHET H2HEHRERLTED, ThoZ2HRIELT S I LIZE-T,
VAT LADHREFIIR U TV AT LFKF R OCET RIS 5L, 2V riET
EOMREAEGADEEER-T LN TE . S, H<ETAMTHD Y
AT Lt L A—FOMOMEMIIZET 2 S L VB 5 AR 2 RET 5 5%#H %
B2 32, ANEIZXBMHIZEEH-> TW .

S, Ao ha Y —lB 5RO NNEECBESEIZEK D L O ROl 2 D,
LRIV 2DF v hm/ t LTORHZLEZVWEZZTWS, LR 2DEdR2T 52 &
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THAHY MOV — %R 558 AT L 2R THILNTES. X617, ETIVEE
TUBROIREENZEZETEZ 2 LNV 3 DFERITDOWTERZMA T\, LUFTIE, KRiaxX
TR F > v a Yy —DIX 5 RAHFHOEEE, TNIE-sTRELINEG LA PO Y —
DFLRAE (L)L) 1IZDWTEET 5.

£, A PRY-DARETIVE L TOKRIE, WROETIVELRT HEDOLEZ
OB AT LCEHWT 5., A b Y—3ET V2R T 2B 0O3ES & B % He it
5. RXKEEERA Y b e Y — RS AT LA ORFRICBET 2 X A7 E TV &GRS
LEEEGZ, ETIVINTLIHEN (ETIVAF—<) Z2HRLETES. Hl2IX, ETL
HFUPAr R 2 Blid U 72 BR ORI 2Bk 2 R b TE 5. Zoe &, RBEE L TP
EBETMEERBIA T —WIZ &2 ET WU LOBFRZGBR L TEL 22T, ETNGdidH
HEY)TIE R WSR2 R T E 2 RN D B, TD K S A A % compositional
modeling [Falkenhainer 91] @ & 5 7 HEJIE TV L A G HLE S Z & T, KHEIZE
UCHEYZET IV EZLEHBNICHE ST 2 ANTE 2 EEX NS, —T5, #FEA Y b
OY—3EHEEET28ES 7 AR U TP B ERERD I I A %2525, €T
VAR ERBE 2 BE X 5 Z & TN AR HER T 1 7 5 ) IZ W R AR EIZ[EH OBIR % B
DIAOHSHANAIEIZ R 5 L b 5.

I, FHABESEE AT RE 2 N BRI (L A0V 2 DR IX I REAR R I R 2 B 72 5 T
AIRZE TIEREZRIIZDOWT, v baY—THELZEREE2 T — Y2 R @R D
HIPHZ G 2P AZIRE L. 20L&, EROFFEMNERIITR S cEHEFEES
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B A Y Yy RIZ& 25D TH 5.
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ARGRSCIE, 1993 T KPR KR ZFREERIZMM AT SCGHREE & U THRAI TR, B,
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Jert LR RS, JTHIEBEIC R < L £7.
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FIZHETAMALFHRSIE L DTH S, 7z, AR OREEZH BT S5m0 LT
Z < OREWBHBUREHW., LT, MOWEHOEZRL £,

RBRZERESERLAWFSE T T i BB T I ZARWFZE D @RI B W TR GRIEE, £ <D
AR E &2 T e, SEarfE RSB T (LR — BB I IR 5E 22 b 7 O IR i
HS 21T, HRADHTREBMEHIZR >/, EEHEL X7

RBCREERE RIS BREDERICIZHE? SRR D HEERHS L &6
12, AWFZEDHREZ MBS 55X D FERICARRMHBE 2 W Z 2 IZELS BHLER L
BT &S, HBIE & O 7 KK SRR ZE AT R IR TR AT, FEa KRB TR /N
YaHR AR, KERZEEEEREVISOT MM A FICH#HEEZ R L 7.
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