ICOT Technical Memorandum: TM-0296

T™M-0296

Fc T - 12 "D
U T e TR

R TR, e ot )

April, 1987

©1987, 1COT

Mita Kokusa: Bldg. Z1F (3 456-3191 -5
“ :D I 4-28 Mits 1=Chome Telex ICOT J32964
Minato-ku Tokyo 108 Japan

Institute for New Generation Computer Technology



£ 2t oo Yo fuld = e RN MR OD ML ER fF SIS D vy T

HE 5 P 8K {F ggE = HU
CHA D PR S 0 e =0 o — A o BT TR D B R

S e— o D O T P S AL e MRS — o FEeyT, U ST S Lot
e d TEWE _ - o0 W AR S Sr ¥ L, S oo fUFestts ko= T kIR R AL
i mi S L i el G M ol ] A, S L s L e L e ik o Bt
P A= e E LT b EL LB, Srif LA Al oo At ey MLER, s S e bk
fhe P O BE AR LS LS S A AR OD S T £ v & el B ARSI AR 2 TR D

HANDLING KNOWLEDGE BY ITS REFPRESENTATIVE
Chiaki SAKAMA and Hidensri I TOIR
ICOT Resesarch Center
I—4—28, MiLta, Minato=ku, Tokyo, 108 Japan

[n =much a Kknowledgs base reprasean Lead by Horn logio.
wWe present a method of classifying a sat of literals
into sgquilvalent classaes by their meaning antd handl i ne
them by their representatives.

This method eanables us to denl wirth smome Kknowledge
expres sod in a different manner uniformly., Lo M C e
s=ome distributed knowledge, and ter utilize knowledse

dyvnamically acoording to the situation.



1. e

BEARENER: LTEERAFHNTHIHMBIED
Br, BkAFERCESEIATHWSIE, RUFHEINRD
FEESREIATHWEILTHS., B Aobinson O F
HRFICES HA QS FICFAELELTE Profog
FERE TR, DCC (Definice Clanse Oramenr] 7z X
CrSEHMOBELRIIBEHSEN,. EREMEF—F A
TEMBEESYRESNTODEMIHRME ST ER,

Lipl, —HTHEOEENTEL L TOULBMSProlog
MESE-BERREORAS Y FATRER- TR
FHETROEHBEAOAE. HESLEH, =277
—nm BRI TSR M AME AR LTS
Bh, ThETIZRGLoaMERTEIATER. (#MA
(¥ [(Hakashima B4),.(Ishizuka 85),{Ait-kaci B&l.[Porto
AB ), [(Mukai 381, {Yamaguchi 86).(Yokosor| BE] ote )

LrANSLMEFBRYWIBSAEITHRSE D, MRS
FEAIFSLEARSIESTRTE0DIEE (unigue
nase assuaption) MTF RN, PLBEONEHFEIIOY
SLhthT—=gFtadhdisd, YFSLORAMNEE R
MratmildtoMER SO/ SLTIBIIEEALTR
CHEERS,

AETIE, ZOLIRVFILHORENEEECERD
R, BELERRIAER LI MEMECHEYFT
LEREELTH, FOREAKE->THMERITI AR
oo TiEAS, BT, B2RTEA-CBESEEHS
VESLOGEAFORBRL >V TERL, BIBTI
ARG IIEED I A LD TR FNERI ST
Rats. L BIiETRURA-ZicBalyvgh
dumo G S II T RS,

2, UFFLOGW
2.0 U 00 (e S

Bah—rHasrTorsosLTREAORE LS,
BRIV FIAOUSE TR LOMEMEL £
THETEZLERAE, £27, E¥UFF L0 MMM
FEERT D,

N (TS

UWFESLOo®BE A FELAGAELE,
r. 9 A K=onT ip 2 g A2 dig 2 op ol
Teaid, p ok g 2EWE (equivalent) THha ke,
prEMMEHCRLSETOREE p OEEF (cquivalent
class) & WD,

ks AxEEEOERCSEEN, ZORNESRE
ADHEICEySHEY (classification) Ewnd. ER A
OEECELTAREE S oo RUEELE ADRE
ENSOEMAHOESET (roprasentative)] X3, O

#w
UFFAOME A

{ aspcestor(¥,¥). parenci{X.Y).
descendant(¥, X1, of fspring(¥, %) |
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&, = | anrestor(X.Y), descendant(¥, X} |
th, = | parentiX,¥), olTapring{¥,X} }

ETF, Fna0fldn

¢, = ancescor{¥,¥)
#, = parenti¥.Y)
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b = | snocestoriX.Y), descendant(Y.X) ]
¢ = ancestor(X.Y)

TEALNTWT, HSMA & = tarefl, hanako/T |
CHLT @ MARFNA

& 6 = | apcestor]taro.hanakol,
descendant( hanako,taro) |
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# B = ancostor( tara,hanaka)
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&, = | boss(X.Y), master(X.¥) |
@, = | boss{X,¥}, master(X, X}, chiel(X] }
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A= [ tare/Y | #HFEFELT. O FNOIFF2042 A
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f, = | bass(tars,tarn), mastar{taro,tarn) |

ity = | boss(taro.tarol.
master(taro,taro), chief{tara} ]
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P, = [ bossitaro,tarn),
master(taro,taro), chief{tarc) |}
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4, = [ lather{taro,¥), parent{taro,¥} |
$, = [ parent{X.goro), has_a_son{X,gora) |
$, = [ Father(X.hanake), has_a_daughters{X.hanake) |

eBEWT @y Py AL THEA 8, = tare/X, gorosyY |
MEELT,

®8, = { father(taro,goro), parent{taro,goro} )
$,8, = | parent(taro,gora), has_a_son(tare.gare) )

T, —H bty KL TRAN, = taro/Y, hanako/Y |
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4,8, = [ father{taro,hansko), parent(taroc,hanako) }
B, = { Farther{iaro,hanako),
has_a_daughter( taro,hanska) J
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$yx = | Tather{Laro,goro), parenlilarc.goro),
waz_a_sonl taro.gore) |

d,,= | Tather{tarc,hanako), parent{tarc, hanakao),

has_a_daughter(taro, hanake} |
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S= | ancestor(X,¥Y) — parent(¥,¥).
ancestor(X,Y) = parent(X,Z).ancestor(Z,¥].
parent(tars, hanako),
child{jiro.hanakn). |

IIT AEMEfARSELATN

¢, = amcestor(X,¥Y) }, ¢, = ancesieriX,Y)
b, = parent{L.¥), child(Y,X) §, #;=parent{X.Y)
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%' = [ apcastor{d,¥) = parent{¥,¥).
ancesioel LY = parent{X,I),ancestor(i, Y],
parent{ taro,hanakod.
parent|hanoxo, jical,
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POETE S B ST OLERYESIENEST. MAA
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7. Se@MAEE parent(X.Y) —chifd(¥, X1, BA0
ANES WL LRI, B chldiX.Y) —parent(f.X).
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5, = | aneestap(X, ¥V} = paranc(X,¥).
ancastor(X,Y) = parent(X.Z),ancestar{.¥).
parenti Lars, hanakal,
ehild(jiro, hanake). |

He = | descendanc(i.0F = ol Fspring(X.Y1.
descendanc{{,¥)—offzpring{l,2),descendant(Z, Y],
of Tspringljire, hanake].
of Fspriogiichiro, hanako). |
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{ ancestor(X,Y), descendant(¥,X) |

{ parent(X.¥), child{¥, X}, offspring(¥.1} |
= ancestor(X.Y)

#y = pareat{X,V)
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5, = { aneestor{®,¥) — parent(X.¥).
ancesztor(X,¥) — parent{¥,7), anceztor{Z.Y].
paruntl taro,hanako).
parent(hanake,jire}. |

S2= [ ancester(Y, X} = parent{¥.X).
ancester(Y, ) = parenc{Z,X),anceztor(¥.2].

parent| hanako.iirol.
parent! hanake, ichiral, §
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@AY ancesiort tarn, ichire ) (EIHEES il oodl,
#MigweandodFLofl 5, U S o lEES
LS, =]

Enmi, BasTofS 70488 5, 5,0ED
Rzl T®hnreSorsae, FAFLAERTO
e Ll TEBMTEI A2 TESLTUARINESZILEE
MLTWVS, ZOB®, AAE ssoFoyFsTEAGFm
Hadn S.OME@EFRNTRI Eadika,

3.2 MU A E RS

FOFSLAOOUFFILINT S AR -
dTidhd. RiRSAREAENENSERLIBRGFEAL
BN, BPIV. IOESAHBEOAMEKEE-TTO
FroelBY L HliionTd~g,

Y, HREHENHESLEET S,

EA CE AR S

YFEFLOBaG A LHEHS 2O RAAMEE,  E. 2
#HLT

War., yE AN KT xH,y A 2 E ¥
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22OEEMEE B,
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E.¥LT. Fhfhmm
Pgy = | parentiX,7), childi(¥,X) }
Peg = § parent(®, 71, ehild(¥, &), sother{d,¥) }

TEHAEILELE, E dE, Rus®e (B3, 0O

¥ [
mareatd X,

child "V.%

mudher (X,

parant (XY}
child ¥ %}
mother (XY}
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TOoFSL 5 FETOERIKLSAGhEEZST S,

5= [ marriage(X,¥) — engaged(X,¥].
engaged( ichiro,sachika).
lovers{jiro,nomoke). |

ImEE, HOMMEME E O TTIRAAMAERS
EHLEN

&, = marriagel(X.y}
#, = pngaged{¥,¥)
$y = lovers(X.¥)

G, = | marriage(X.¥Y) } ,
d, = | engaged(¥,¥) | .,
b, = { lovers(X,¥} } .,

LE@anTyT, EHOoFAMEREE E.OTFTTRAE
MLRBEBRSFELT L

b, = | marriage(X,¥Y) } ., @, = marriagelX.Y)
y = [ angaged(X.Y). lovers(L.¥) | .
#2 = engaged(X,Y)
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£ 7oL 5
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5 = | marriage(X,Y) =~ engoged(X,¥).
eagaged{ ichire,sachikal,
loversiiiro,qomcke). |
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5"= { wmarriage(Y.Y) — engaged(X,Y).

engagad{ ichiro,sachikel,
engaged{jirc,zomcko), |
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LO@TR, E.OFS E; £V (v MEAE
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5= | stranger(¥) — foreigner{X).
american| bob) .
japanese(tarol.
japsnose{hanaka). )

IOHEE, BIWMERSE B, OTTRRERL AR Y
EFn¥h

¢, = [ scrangec{Xy } . @, = strangec(X)
%y = [ Foreigner(X}, amecican(¥) | ,

#5 = loreigaer(X)
d, = { japanosa(X) } , #; = japanesciX)
LEREATVWT, FEWOEARE E, 0 FTLEE
MERETHELTL

@, = [ strangecii} 1, &4
dy = [ american{i) | . 4;
@, = [ forelgnec(X), japanesc(X) } ,

4, = foreignar(X)

= sirranger{X)
= american{i)

FUEATATEETS., ZHEE, ELOFTHR 5 |
ftEmRsnds L 5

5" = | strapger(X) — Toreignec{X).
fereignacibob).
japanose(tarn).
japanaselbhanako)., |
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5"= [ stranger{}] ~ foreigner(X).
american{bah),
foreigner!tara).
forelgnerihanako), |

LEREND.

EMEE, 5 inaid siranger(bob) AW EX R, 8°
Gt stranger({taro) # S i strangerihanako) A%
HBans., O
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BHEHFSBEEVIMALRAIRSIL AT S URTS
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{sitoaied inferenen) O—WTHS.
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B e,
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momAETERN T (p) HUHTETHS. gorEmELTHS (WA .

{AEMH) T4 (M 0T 80
5 GO pRMEHOBERICATSEERARAELES.

iV sws pdAF D@ROELTEHERLZGE pES T
HE, k&, T i(plE TS TRE2Ls T (5)
fE T (p) 0 ROBLTHEHIETHS.

il SRS pFonBOEARTHRNETESEE, T (5)
Al T lp) & nMOHLTIMAETHI EHITS.
pvlE, Sdnd paFon o+ 1 FLODE T 3E 6 SR e e W E S AR
n+l BEOMEENTDEILE2T S,

H4

i, finsasf e ~nERiiioThbinyO Y
o B SLpadAS s ERAEBRINGES.

T‘,V Ay .I-I."'J "'1"11-
(n+ 1 &) 1 REAFOrFLLLd R RTME

8 W I'pe
—@is, wEknTOSFLMICN SR HHT #
(=, Iy, Dy F50nErmEL A, A EUF EHIANTVLEIRES REATO0IFTLADER
2, Mo %W Mai0=mp, % 60 4, 240 MmEu BEreLRIEZT LR RAESAMET D,
T A A=A, 0 THaA. )
ks, EEIAUEODESSE T (3 60 o A0 ]

MAUEET S, Fo¥FL 5
5 = | aneesterii.¥} = parenc{X.¥].
{n AN aneestor{ Y, ¥) = parenciX,3)aneestorl 2,70,
T (MW 8,1 T (T — 8! doescendant{X.¥) — offspring{d.¥}.
deseendant (%Y 1=af Tspring(%,2} descendant(Z,¥).
T, T (W A,y = T A0 T (&), parant{f,¥) — child(Y.X],
T (MW =) = T [Tal W T (41 T, childihanake,tare).
Er oA, A=8,0EY, T (4, ) B=T {&4;) 0 rhi Ll jiro hanakel,
THharo, effspringlllre, hanaka). )
T (MW T (4,0 T (Cel W =T (4} o, MEWMEtER
Tirm > a8 5 T (M) 8 B, = | anceztor(¥.V), deseondanci{¥.X) )
d, = | parent(X.V), child(¥,X), offapring(¥.X) }
ck=T, TNy 8NV T (FL) 8 HFEHINST, #, = ancastar{i,V)
T, #, = parent(X.¥)
T (T, 8 %W T A 0
= T (M6 W pf ) =T I(p) LhoTHHELSOY LS
£, T iS5 &8 Tip! # n+l AOSETER
ha, m] 5% = | ancestor(X,¥) = parent(X,¥).
anoostor(X,Y) = parent(X,I).ancestoriZ.Y).
bk MmAG, SOMBSE M (5), T (5] MME ancestor(¥, %) ~— parent(¥.X).
e M (T (8)) TRTFUFOLIBENEY IO, ancestor V. X} = parent{Z,X) ancester(Y.2),
parent(X,Y] = parent(X.Y}.
T IiM{By) =S MIT (371 parentlcaro hanako).
parent{hanake.jire).
7, T EfEARrSEREILEANO TRKkAD parent(hanaks,jirn), }

BgmETak LR EY,
LERENSEE, 5 BARZAOE
MBS T'(M (T (5} 3]} [=}
ancestor(¥,¥) — parent(X,Y).
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ancestor(X,Y) = parent(X,2),ancestor{L,¥).
(£t ancestor(Y,X) — parenciY.X}.

ancastor(Y.X] = parenti{Z.X}.ancescor{f.i).}

parent(X,Y} = parent(X,Y).

parent(hanake,jira),

kg, O

INEIHRERFOSTLCERSTARE, HiEd
EnFOYFLMBCZATWERERS, TRBEEBCS
EbnELTELVWOTESY. KExTO0SfFL00R
OHEEDETRIDEIGRALAMEERS TR IEIRE
THES., £I7. INLIAALBOREFELLT,
BTEHTODASME((Chang T3]} EHASD,

D #EZW C KENWTHF BOBZIUFIAHAYF
BOUFsSLE—HTIES (P—-FOy-) C %
BRETE,

@ LW C S C° Ea# (subsume) TEHES
(Co%lC'y o tf8A) C° BERETS,

ZhickdE, LOWTREY D LE2TH
parent{X,¥) — parent(X,¥).
#5 heREZINS RIS, D CLoTZonH

ancestor{¥,LI) = parent(¥,X},
parent{hanako,jiro).

HENFIE

ancastor(X,¥Y) = parest(X,Y).
parent({hanaka,jira).

KE=aTUMIAEOT, 5" oM EELHTS,
R, Bok220nM

ancestor(Y,Y) = parent(X,2),ancestor(Z,¥),

anees Llor(Y, 1) = parent(Z,X),ancestor(¥,2).

THZY, ZAGOHASETHSI LT LOAERRS,
HlEETMETE Lo,

ZDEALEBY (transitive! BB S EIHEHES
(recursive clauvsal ﬂ]ﬁﬂﬁ;ﬁ;i#, E*FhFhoBnax
A LR (A7 BORME) EHEL 2 AEME
HESWHEFS, I0EBsHEboOBE A N
MDHiRF

ancester(X.Y) = |J? parent ©.

{ Uiparent "= [ parent(X,¥),
parent(X.2) . parent{Z.¥) ,

v

parent{X.4),parent(¥, _),..,.parent{_,¥),parent(V,¥Y}}
ERSEM2o0@EAS LG 2GS ((Han 88]),

“@E., F-CHNSTHACHE IO T LEBEE
BLT, MEBEAS, VFFAERECBRATE A EMAE
ZRERSERCTHARUVAROECRRTSHY, F${ 08RG
MEFTETHE - MM TS ([Sagiv 8681), =
T, IhEYORETEHTZMEIFOY S LOBRE
M3 EaTRTELDIE LS 20,

A, BRI NS EMnShHOE

| R, RRRTOSSLEM-LERA-2ICEH50

NaEhERANEConT RS,

E, UFILDOEMRE fEncETIBa S
ANTHLEE, TheeFaOXsLcylTsA5MN
RELTHEASA-ALFATENT, ZhicHTdnT oM
A-rHTo Ao SLERBR SO LEEMR
(T2 ) TEHZLEHALE (BS5) .

ZOEE, BEOTOSSLLHTEMLWSLYE-E
A LalnEbt i TBMLTRARTONT LIS
WTHRHETD, FOAABBRCHLTIIOEMEMLT



HMHTE, 2T, SO LEEHRHNA RS
TLELTHEATOSLNEAMSEH TS,

|
FASTL S

5 = ! descendanziX,f) =— olfspring{X¥.Y].
dezeendant{X,7) = offspring( %, 2}, dascandant(L,¥].
of fapringlJlro, hanakal,
parant{taro.hanakel, |

T EMuSht ?- descendanc(X.¥), MMLEE, 8§
ofEEnFo 3L 5

S'= [ ancestari¥,X) = paremci¥,.X).
aneestor(Y, 0] = parent(Z.X],ancostorY, 20,
parentihanake, jiro),
parent( tarohianake), §

&, = | ancestor(X.Y). descendanc(¥,X] }
#, = ancestor(X,¥]
dy, = | parentiX.¥). offspring{¥,X} |

4, = parsnt(X,¥) )

T afaETMoShY Y- ancestor(Y. N). ILEBEL
THMERL.
TOHEE, fERMnShEINT LIRSS

{ ancestorihanako,jiro), anesstor{taco,hanako),
ancastor tare, jire) |

2, REOlleEFREYEHNTIRRS

{ descendant({jiro.hanakol, descendant(hanaka,taro),
deseendant(jlro, taro) |

LERzhTHAOSAD. O

ZMEAE, TOFXSL, BEUBGHhERDUFIIE
T A MR R TR S — A I EREINT
AEe, EnrhrfEntiamedhEilERMLTH
HEFI LRSS,
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OEAEGHCESERATER - THADHREEN A
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() m@ouafidzcLciibhaoe, 2207
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