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D, LrdZhZhomBBRELINTVELLDT
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A%5ci3, Circumscription O3k & LT, Prolog
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DOHEHRBELAVTERIWCEEBELRE DX
s S Hikic DWW TEZ, Circumscription Z ek
B Tool & LTIHHAT3HEILODWTERT 5.
BS54 K9 abnormal RFEDR/NMLOBESEIRE &
LTS OBHEESFIATE 3 2 &3, V. Lifschitz?
ckoiEBIh T 52, SEBRICK 2 MBORRE
(bhsifa kit % BRic U, abnormal BREDHR/N
{LDOBERBAEDOREICEILDC LMD 1. T
LESEEO L TEEZFRIAYT S C &ick b LR
ARETES. ¥, TOFECINIEHRAOR
ROk MMEZ Circumseription & W5 #
— LA FETIROZRS T ENTES.

B, VAFLALEROBRRRO X S IKE->TY
3. 27, 2—¥hoigEdhic goal BLTEF
BHREDOF = v 7 2T, FESRRINEE, ThZ
RIS T B 7-0IC abnormal RELXBATS. £LT,
abnormal MREHS, WL DL BA X NKAT Cir-
cumscription 277>, abnormal REEHEZE, B
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2. FIRORRIC L 3 abnormal MEOPA

ARETHEALALEEIR Uranus 2 X—R &LT
WBHM [EE) & LT Prolog STEBEFIHIhTY
% Negation as failure® (ZhzRiE THNOT TH
T.) oiRdi, BREEMBERETS 2 ORE
EE NOT Z2BALTHA"®., ok, d25%
BT 2ERLEEVSHEAINIFENRET S C
EbD. —BICBRBREEIC negation as failure
TRORBNTELBALFEORELZERT 524
=X L 2HRAL EHREMBERD S EnMONT
VW3, UL, PEORRRIFLOARMERORBRE
LTHBESHOh, #HREFEEGSREERLLLTNS
DT, HBENLTTERATILRIRARTHELE
Z5.

BB EFTS Uranus O & 5 L HBREET
RFPEERRT DI, HAOEEBEREI I
LT, ¥920D goal HEZETL, TNMEHEL
7ctkic 20D goal DBFEMMEHREININE I »F = »
28B3LVHIFEERAVS. UL, ThiEIAHBER
KEh3, TXTORBEICOVTTIELEREAE)
TEREBHEEL, HAADEORREEZT. 0D
7%, B, B % i3 consistency check %175 goal
ZRIRINCIEETE 5 & 5 i Uranus iF = v 7B
ECND LBMALTHEY, EOREOF = v 7 %17
IR —FILERTVS. BROCFEERRTS

 bird

((FLY) (HAS WING))
((HAS WING))

I is-a

chicken

((NOT (FLY)) (WING WEAK))
((WING WEAK))
((HAS CREST))

ljs-a

((FLY) (VILD))
((¥ILD))
((COLOR BROWN))

— tom

(a) tom BXU chicken TRE FLY MFE
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IORRFEDF = v 7 2EDLSTITAE L W&
WHRER, 4%, BRTREEETHS.

ZCT, FEOBEOS R EELZTHS. T
MWW BE - TEOREDS> B, £LHE54 (FE
DORELIHRAT) ROBOLEEMTHHZ 12—
KBRLTHSS. REFBEORRTHES -Dicif-

| AR B BE TR S BT 2~ LD

HEEICLDFERSE. 20 HD—2DRLATFEORE
Li-Ric & » TRABNRAEERE S > TV 3. FED
MEDOIBICE, COBREERSMEsETORRTI
PATHBCEERL, ZOHRATIRRIZILENVES
wihidk. Zhicjd, McCarthy A2 Circumscrip-

“tion DNREME—LUTRRT 3 12 D icHALHS

WHEET abnormal RFEEZMID LS icHET &
BEZoND. Tibb, FERRAOHERSEIX TMS?
DF;D Dependency Directed Backtracking (DDB)
ERBRIZHS, FIEORRIEE abnormal BFEILL - T
I T2 RICK#END5. 2B, 4% Furss4
DL Uranus iKBL S KEREAN3.
1(b)icB T, H#R ab-bird & T wild-ch
RFERN 7o X2 —FOERICK D ERLH
LWitREZEBEL T 3. 2hid TFEORE I
SUADCEBLERDEBDE. ) EVIEID S & it
LTWZHEET, FERNSHRE L TRENLEIOT
7 ¢A4 AN
Yrkokdic, BEDELLZ S, FEDF=2v7,

Fbird
((FLY) (HAS WING) (THNOT (AB.(FLY))))
((HAS WING))

] is-a

—ab-bird

((NOT (FLY)) (WING WEAK))
((WING WEAK)

(THNOT (AB, (WING WEAK))))
((AB,(FLY)))

l is-a

— chicken
((HAS CREST))

—wild-ch Lis-a
((FLY) (WILDY)  ((WILD))
((AB, (WING WEAK)))

I is-a

F— tom
((COLOR BROWN))

(b) TEMH%

1 abnormal REiIC L 2 FEHEN

Fig. 1 The transformation into a consistency knowledge using abnormal predicates.
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abnormal RELXMMT 2 clause DBR B X UHiH
ROBARL—FIRBRATHZDEY, WThIER
TREUBETHS. Dgo#Ri3, DEok 588
ZRETHL ()5 (b)MBONE DL LTERE
EDDT LT 5.

3. MiED#ERDHIMMHLAMRRAICE

(3 Circumscription

FEORRZZBCANEREL MBI AL E W
SHEEE2ETCRELL. L L, AMo#RIRZ
ZTEEILT, SOR—BEATHNORR L FRE
i, ZhhETH20ERBL TS L Bbh3.
Circumscription BIEEiL, ZOBEEZYI 2L —FbL
TW5.

AETREEEELE >AMERKKIB VT Circum-
scription 2T HEICDWOTHERRS.

3.1 Circumscription

AHTRBEIR4) %2 b &ic Circumscription D
ERL, RBREEENOBROVWTHAT M, #
BRIBRER 1)~4), 1002 BR LT &0,

ABZREEHROM, Z% ABzEThiEVLEK
PREEROMET S & &, REX A(AB Z) OTF
T Z OE(ZELIEBESD AB @ Circumscription
% Circum[A(AB, Z); AB; Z] £ kL, £DEHI
Xk 4) KX IRD &K S icis .

Circum [A(AB, Z); AB; Z]
=A(AB, ZYA—3ab’z. [A(ab, z)\(ab< AB)]
(3.1)
2T, BESHD (8K LS, BE5<<iEsHh
SEMEOBRAERVIBETHS. T HEBEY ab,
z BENhEh AB, Z LRULEOREORLSEMEET
ZREERTHS. ¥, Z BEOEAIR Z 258
LTET.

Circumscription {% separable & i 3 —REReE
REOBMATRICH UTREBRINICHETETH S &
A% V. Lifschitz ¢k hRE& NP4, Prolog XED
LS RBBMAEETIE Horn HORME X S0/ 5 4
B LTWADT, separable formulas &78 - T
ZBAIE, TORIBKTROL S ICEHSI NS
solitary formulas &73%.

ABAREEBOMETE L &, RER AAB)
ABitB LT solitary TH 5 LI3RD K S BHEEL
TWERAETHS.

N(ABIAN{U<AB} (3.2)
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N(AB) i3 AB BSEDQ ) F5nvE LTHELEW
REXTHY, UR AB2ATNOBEDHETHB.
ToE &

Circum[ N(AB)A {U<AB} ; AB]
=NUOA{U=AB} (3.3)
BRDILDY. Z BETROBEICBRANBRILT 5
DTERBAICREETES.
Circum[A(AB, Z); AB; Z]
=A(AB, Z)ACircum([2z. A(AB, Z); AB]
(3.4)
L THUZEOERLBENS 1 A(AB,2) =zicH
LT solitary, 3 7bbRAICL>TEINZEE,

A(AB, 2)=[Nn(AB, z) (3.5a)
A {Uu(AB)<2}] (3.5b)

REAMBEIL LT, ZBEOBRBRTFIESRIEETES.
32. A(AB, z)= Nn(AB, Uu(AB)) (3.6)

Epyiziz, (8.5b) oB o 2 @ extension
Uu(AB) (Prolog T i3 clause ® body ic ¥8Y) %
(3.5a)DzDHBLTWAEFIRATS. Chid,
Prolog itHW 3707 5 AERICHISE €5 &,
HW¥w2 unfold® jT & Y (3.5a) D goalz % (3.5
b)®D clause ZRWVWTEIFET 5 C SICKDIES
HEEDTICBREz2HBEELTORT LILHBY.

T, ThEhoORBEORMLOBRSEVICFE
T 2475 abnormal BEDO W Do E/AMLcE
LTOELIBAEZRT LN E0HS. COBAR,
prioritized circumscription 21 3.

Circum[A; AB'>--->AB*; Z] (3.7)
RIBFO/NE L abnormal REFSERE L TR/IMER
N3 &%FF. prioritized circumscription {3FRD
& 9 iz circumscription DBEER X > TERIT I EMT
5O TEROHBMCRBINERVS.

Circum[A; AB'>-->AB*; Z]

k
= A Circum[A; AB’; AB*, .-, AB* Z]
i=1
(3.8)

3.2 {HRICETIWROBA

Circumscription [3E—{tRICEBI NIc—FERE
RERicHTIHERHUTHS. COHZHEHFE
BERAVTERSW@BIKBVT, HIBER cir-
cumscribe §3E AT, —F, BE—U#HROABIC
EZRLEBTHLENDS.

Z T, HAMEHER IC MBS assert TNTV3
LREDIHTBRTE D, TORKEEZELTH
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(HAS WING)A(THNOT (4B, (FLY)))
Abird <(FLY) (3.10)
bird < (HAS WING) (3.11)
(WING WEAK)Aab-bird <(NOT (FLY))
(3.12)
(THNOT (AB, (WING WEAK)))
A ab-bird<(WING WEAK) (3.13)
(WILD) Awild-ch<(FLY) (3.14)

ab-bird<bird
chicken<ab-bird
wild-ch<chicken etc.

2 ZEHRICX M0 H—EROBBADER

Fig. 2 The transformation of a multiple world
knowledge base into a single world
knowledge base.

5. FIZARRK 10K IR bird i (FLY)+) &1
SEEHs assert IR TWAHES, (FLY)-) BHA
bird & FOTADOHRAR ab-bird - I B W TR ILT
3. i3 ((FLY)--) 2% Ibird KEETSE] &5
HELZFRIE DL EERLTVS. ¥, B0k
A2V TREROEEO L THALSREKEIEL
BLEBTEBZIDOTRDL DY clause HERIT S D
DEBIRTES.
ab-bird<bird, chicken<{ab-bird etc. (3.9)

PDEoZERic &b, SERRIC assert Shi-fmil%x
KOLHS> R LTH-DOHROMBANLEERT 2.

@ TRTO clause KON TED clause DEHX
hTVHHREEFREHD—DL LT body i€
mz, B—0m#~—RET5. O clause ©
BRI [T RTORE (body) MERIZL, HOR
A HRICEET SRR (head) HERILT
%2.) Tha.

@ HROBEHEELGIHDOLIKERTEREL,
HEN—-RCMA 3.

COFHmEicihid, R1om#H#aRR2o—BER
FEREORRESMEIIEALES. (—HER)

3.3 Circumscription (CH/ELINROME

BIET TR FETH—HR ~ L £, L - mit
circumscribe T % 729icid clause i fiind 2HRED
HROEIMIRO SOBKLETH B0,

@ circumscribe 3% abnormal FRITFEDLH]

® abnormal BREER/NMELT 2 EDO IR

® Circumscription DBE TE{L% ¥ T BED
27

OQIBALTRFEDOBIERIC abnormal REL XA

FTADTHF 2 v 2 TRI3ORMYUTH LMD =Dk
a—Y 274 v 7 JEREFF LR HTES S0,
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3.3.1 abnormal JIERDOB/INED LML
abnormal BEEOR/NMEOBEIRALIT circumscribe:
B0 abnormal RTFEOERICEREEX 2 BEILIHE
TH5. ZOBWEEME LT fact D abnormal 3R
BEOBMSHEEONELEAZCL0TE5. Thb
B, ThroRic fact B abnormal RIEHL assert X
T T3 abnormal AFEIZ & B/MEOBEREALAE L
&9 %. fact B abnormal :REM, FOMHETIF
BEORELI B ERHOBRERLTHB D, &b
ThHotR i assert IR T3 abnormality (T& %
OHAORSEHICET 2BABLLVC &I ED
T, BELTR/MEEINBRETHZETI0RER
ThAHS. FliiE, H1OMTIIRE AB % AB: &
hHEELTRNMET 5.
3.3.2 Circumscription Fflc&{LE2KTRED
/IR
Circumscription Bz Z{b &2 #H3dEiciT Circum-
scription ICK D RS T 7o WRFBEERIRT B4, <
CTR24MTRNFERNBIEAELERT 5. Cir-
cumscription OFERIBIERE A0S /eHicid, 7
© FEORELIGHEE (EEFBEEII&ECLL
clause ORIE)
EAEHFTRBICMABFNEE SV, #AE,
X1 Ci3R3E FLY S QMY T 5. ¥/ abnormal
NEDHEEFE AL UL clause TREL, FEOD
HLERICEN A D clause iAME ATV 284
izix
@ abnormal RBEHMME N 72 clause » SEE
FEEIEC L7 clause ¥ TOIEBERICEHN
BEE
SEEHTREICMA S NENDHB. BEHEOHEIC
& B FIEMESE % abnormal REOERDOREIZK
B X ¥ % 729icid abnormal REFEERD 2RI BT
L, FEOEEDBFERA &L 757 clause i abnormal
BEVBEND LI LRGN SN, 2D7cdiC
RFEOEBEDOFEE & 2 » /2 clause ® subgoal O—
D% unfold KX VEPIFHET 5 & DO HWRIEERDE
LT subgoal i€ abnormal REMNBENALSICTH
HE., COPREBLDIEMNEHFTRELZOD
EOIEETS. Thid, 3.1 fiTh~RIESIT, &
WEFTREEZNET 2885 unfold EEHTH 3
HoTH3.
FZIZR 1 QiR ab-bird i€ 3 T3 abnormal
WEETEOFRAE UIRTE FLY TIIEL, 20FE
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(WING WEAK)Aab-bird <(NOT (FLY)) (3.12)
unfold
(THNOT (AB:---)) Aab-bird <(WING WEAK) (3.13)
Y

(THNOT (ABy-+-))Aab-bird<(NOT (FLY))

3 abnormal RENFEOMABED BHIT N
HTHIRE
Fig. 3 The case that an abnormal predicate is
attached to an inconsistency checking
process.

OIEEBRPICEE T 5 BF WING gfml Tt
3. CoBs, B3k S5 kdhiE WING % unfold
T3 &ickhR1FL, B5E FLY © body T ab-
normal RENHEN 5 O TFEEEC LiRiE FLY
ZWEETIIC, FOE%E abnormal MEDEHFIC
RBXE2ZEMTES.

-7, H1o#M o4 it Circumscription @
BETEAZHFTHRIEEL UT FLY QI »CRE
WING %Z®BRT 3.

8.4 Circumscription OHERICETHROE

L 45

2 ® horn IOMEERER A LT2LH10
R E%L circumseribe 53 T &1, IRAEHMET
H5.

Circum[A; ABi>AB:; FLY, WING]
(3. 15)
F1b b, RE AB, AB: Z%¥:\ A OF T circum-
scribe 75%. 208, KO TFHOHRD abnormal B
I AB 5% L TR/MLL, TOBBTRE FLY
BIU WING OELEHT. ChEHETIDK
i3, 9, prioritized circumscription % (3.8) 2B
T circumscription OME IcE# L, KT, Circum-
scription DBRTEEHFTREL B 4H)EANVTE
(75
Circum[A; ABi>AB:; FLY, WING]
= AACircum[PAB*FLY3WING. A; AB:]
ACircum[®FLY3WING. A ; AB:]
(8.16)

Ric, B.6) LKy ZHEOBERY (TR,

FLY, WING,AB;) 2X3 5. (B.16)ics T,
3FLY3WING. A
=3FLY3WING. [ {(HAS WING)
A(THNOT (AB: (FLY))) Abird <(FLY)}
A {(WILD)Awild-ch< (FLY)}
A {(WING WEAK)
Aab-bird<(NOT (FLY))}
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A {(THNOT (AB: (WING WEAK)))
Aab-bird<(WING WEAK)} ARest]
(3.17)
127220, PR RBRHREBRITTTHRER Rest &£
EENDb0ETH. BLEFTLEENETS un-
fold DMEHD I HIC(B. 1T EEHT 3.
(WING WEAK)A(THNOT (NOT (FLY)))
Nab-bird<(FALSE) (3.18)
FROESICEBTEEERAIT Y 7 s V2 BEIE
3L, 20 Y750k THNOT MfEMmEx h 2 DT
(THNOT (NOT (FLY))) &5 ) 5 5 v BEh 3.
zhid, FLY) ORBLTENTAT S LT HITEE
RABHEETFTHS. —fic, TBBEFELTHEEAK
i3, FLY) BE T 3 f i3 (THNOT (NOT (FLY)))
METHIHERcBEIhTHEThER LTV, £
T, BltEHFTREOHERIIC, ¢ (THNOT
(NOT (FLY))) % (FLY) L[E%12#& > T unfold 3
BT EickyBE FLY cELUTOEFEHRERSC
EMTEBDTH A, Circumscription OFFREH
ERERAT 2 BEMEFTREL LTFED
RELUEBREZDNANZI IV E IS 3. BE FLY
DOEFEHEHESI DI B 18)ERK LT S.
(WING WEAK)A(FLY)Aab-bird <(FALSE)
(3.19)
%mHX A OhTRE FLY, WING % unfold LT
BEL, HAEL subgoal % 3.2 MTRRAAEMRF
ZRALT, $LHBEROESITNB.
2FLY*WING. A
=[(THNOT (AB: (WING WEAK)))
Aab-bird A(HAS WING)
A(THNOT (AB: (FLY))) Abird <(FALSE)3
AL(THNOT (AB: (WING WEAK)))
Aab-bird A(WILD)
Awild-ch<(FALSE)] ARest
=[(HAS WING)
A(THNOT (AB: (WING WEAK)))
Aab-bird<(AB: (FLY))]

AL(WILD)Awild-ch
<(AB1 (WING WEAK))] ARest
F72, FLY3WING. A it T AB: 3F 117
FIZaEh307T,

3AB:*FLY3WING. A
=2AB. [(THNOT (AB: (WING WEAK)))
A(HAS WING)Aab-bird<(AB: (FLY))]
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A {(WILD)Awild-ch
<(AB (WING WEAK))}
ARest (3. 20)
L7508, (3.20)D% 11|,
(AB:(FLY))=(TRUE)
o [ 1 ABERALBEDT, ERTHS. £-
T, (3.20) ® AB: OFERBENET 5T LT
TRDE LS.
3AB”FLY?WING. A
=[(WILD)Awild-ch
<(AB: (WING WEAK))JARest
2% FArHR D abnormal RFE AB: MERILLICR
BT AB 23HHET AL iIcE L. B3 ZAL
A&,
Circum[3AB;3FLY3WING. A; ABi]
=[ {(WILD)Awild-ch}
=(AB: (WING WEAK))] 3.21)
ARest
BBV TAR(L)ZEME(=)iIcTE T &8, B
IE ABy % circumscribe UL7-C & i3 3. @RI
LT,
Circum[3FLY3®*WING. A ; AB:]
=[{(HAS WING)
A(THNOT (AB: (WING WEAK)))
Aab-bird} =(ABz (FLY))] (3.22)
AL(WILD)A wild-ch
<(AB: (WING WEAK))]JARest
B ohtc(3.21) (3.22) Z R T abnormal 3R5E AB,,
AB; #HETBERDL IS
Circum [A; ABi\>AB:; FLY, WING]
=[(HAS WING)ADbird
A(THNOT ab-bird)< (FLY)] (3.23)
A[HAS WING)A(WILD)

Awild-ch< (FLY)] (3.24)
AL(WILD)Awild-ch<(FLY)] (3.25)
AL(WING WEAK)Aab-bird<(NOT(FLY))]

(3. 26)
AL(THNOT (WILD))

Aab-bird<(WING WEAK)] (3.27)
A[ab-bird A(THNOT wild-ch)

<(WING WEAK)] (3.28)
A[(AB: (WING WEAK))

= {(WILD)Awild-ch} ]
AL(AB:(FLY))

May 1987

= {{(HAS WING)A(THNOT(WILD))

Aab-bird} V {{HAS WING)

Aab-bird A(THNOT wild-ch)}}]
ARest]

#HREZZEWDT: clause KBT abnormal RE%
circumscribe I 3RHCIRER L EFBRORE & FHE
K&H9, LEOERZES5E (THNOT #R4£)
&5 subgoal BHBL T 3. BATEIBITHEL
TeE®/L DIHRL subgoal %, #h%EHED clause A8
ZOWMARCEETZRAICKENIRTFLEL D &
(THNOT R &) RRZh-itRicenZE body i
A clause BEETHZENTERTERTNITEE
BRT2%. TRHLERINIEFICZD clause 2
H>TRBLBVTEZRLTVEDTHS. S biT
HRZTREINK goal iCIFESHRBOMEEER
T 5 clause BSERAIN5DT (THNOT #HREEZ) i3
RENLWMRESL, Thi b bTHROWMAHATR
&3, £-»T, THNOT %25 i#R4L subgoal |
ZhE body Itadr clause DRTMBOREEZRX
MR TH BWSRPTRLSBN T EEELTY
30CH5. PIEOERICLD circumscribe B
R4, subgoal DEIRIZRDLDILILS.

BEOMRE - Z @ clause HF/cic assert I h

ZREMAERT.

THNOT %P5 H#HREL £ D clause DkFEEIT

LYIa N EHAERT.
Circumscription 2§77 @ clause (THNOT {i#
RE) BEOE, Thick-> TRENMEL, &
B goal & LTREANKLMBOTRICEBELTNS
BAkiZ (THNOT A L) TRENHATED
clause ORERZEITHHS I 515 0. REAKRY
KB40 LS L, RANICHRATEUFSHSORE
HRE LV — P THB is-a ) v 7 240N, BEREEIE
LZ®D clause DEATAHR LEFRHRELTL
5.

7335, Circumscription ZHi3 sl RER (3. 10)~
(3.14) 3 L tr Circumscription D HE K, (3.23)~
(8.28) xR 23 b BLHic, abnormal REZSA
T3 (H30IE, AATWR) clause @ head iTid
HREBEL TR L. T hid, abnormal WRFE+
THNOT &5 goal BXU Circumscription £k
% abnormal MEHEHREOFRDOIEMBERR, EHK
2, HRICEELLVLENIZEERLTNS. D%
b, HROEBREMSENT 0L, HEOFICED
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I— animal
is-a

[— bird — ab-bird

((FLY) (HAS WING))
((HAS WING))

is-a

((NOT(FLY)) (WING WEAK))
((WING WEAK))
((HAS WING))

— wild-ch

((FLY) (WILD)) ((WILD))
((KOT(FLY)) (WING WEAK))
((WING WEAK) (THNOT (WILD)))
((HAS CREST)) ((HAS WING))

r chicken

is-a is-a

((HAS CREST))

— tom

((COLOR BROWN))

B 4 Circumscription #o#tROMEE
Fig. 4 The structure of the circumscribed knowledge base.

INTVEHBOBFOIEEFEICER T 2L
DTHE. T, HRASSIEEREZRO>DI TR
WOOT, —K, SHE LTHEAIN-HENERT
3T &R

4. HROHFWOHIE

clause tijiz THNOT %2fk-THILHFN, £D
clause ORREW BYPE%HAERL T B L W
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Fig. 5 Minimization the number of an is-a hierarchy division.
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