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In this paper, a knowledge representation system based on set-theoretical logic
SLK (Set-theoretical Logic for Knowledge representation) is proposed, which can
naturally represent higher-order knowledge within the framework of first-order’
formalism. Differing from ordinary first-order formulations, SLK deals with all the
concept, including individuals, properties and relations, as first-order objects, and
then higher order properties, such as properties of properties, relations of relations,
etc., can be treated as first-order objects in SLK. Therefore, SLK can overcome some
issues which are often said to be problematic when we apply first-order logic to
knowledge representation, e.g., its representation is so plain that it can represent
neither structure of knowledge nor meta-level knowledge. It is also discussed that we
can formalize a conjectural reasoning (such as Circumscription) and can represent
knowledge about propositional attitudes in SLK, which are fundamental problems in
dealing with higher-order knowledge.
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Empty Set : 3p (1U (b) AVXXED) ;
Pair : Ja (x€aAyE€Ea) ;

Union : JpvycEaVvVxey (x€b)
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move(x) «
number-legs (x,y)«— { ako™ ) num-legs(x,y)

bird ako  monkey ako
can-fly(x) « can-run (x) —
num-legs (x,4) « ( isa~ )
hanako isa monkey (x)
bird (Hanako) — taro isa
monkey (Taro) <
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HiGic k-t ns, FIZE, O@QLo,

HanakoE move,



EEBEEIND.
IHISLKTR, BECcHRAREDTT,
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FEhMoore KRESNhZ0HL [13] , BROREHI

McCarthy?H 3 [10] . Afick, HFoxE,I o, 48

BIREEE DNesting ®, "Quantifying in"ORIBS+ L0l

DBRNBELTELEITSLKEBI BRI OVTER~

3. ‘
27, ROXIBKBFOXEZBALTHLS.

Bob knows that Mike loves Mary. 4.
McCarthy o @EX F LRI, SLKIZBEWTHIODLD
X%, fBk“Bob” XX “Mike loves Mary” DBl “Know”
EWSBRIDHZHDOLBRT 5. 20DITE, “Hike
loves Mary® 2SLKEHBIBRALIOHE (ChE T
Mike loves Mary 1 &EFT I LICL L) &AHBFTIEMN
MDEEINE, COREX ) OHREETILDE,
SLKODEZELsx REBESfe, - fu fam fon
fafe fyor ZRTMAZIERLELS. CHREST,
BREXOHFILERD L S EET 3.

FE 4. 1.
SLK®A, ERoERDL S, SLKOHE T¢?
BT 5.
(i) ¢HPEFHRBRIR:(ty,...tna) OEE (X
LR, €, =, UouTFhd) :
ToT = failtr...tas) 3
(ii) oPNHEFT o NP DEX:
Fol= fa(F¢, Fé1)
(i) oHES O VP, DEE:
Pel = for(Te,1, Té1) ;
(iv) ¢ARVXEaPOREELTNEEE :
Fel= fa(Ax:a (T¢T))
(v) ¢AXITx€EadOPELTNBLE :
g1 = fg(Ax:a (Fp1)) ;
(vi) PBB/E¢DEE:
TgT = {yor (Fe1) ;
riL, (v) (v) THh3ix:a (F¢1) i,
ROLSIWELEINBZHTH S :
Axia (Tg1) .
= {(b, T¢? (x/b)) |bEa}.
SIT, TeT (x/Db) W&, E TV BHNLAERxO
HEBEEbABESRATCEONIETHS.

CNOOEENS, XTAOLERER (HBERER
FROBRER) & BE @EREELLVE) LLTERS
N3 EMbhd, 0L S /EEE%Propositional Con-
ceptEERT &IZT 3,

ST, ThoDHEFOTT, MEIRBEESLKOoRT
EDL S ICHRD OMIONTERTHT D, K, “Bob
knows that Mike loves Mary” @& 57#3Cid, Bob &3C °



Mike loves Mary” DBifR& LTRE N3 Lfi~A. FOF
EITL-T, coXoxg{lLEdhis,
FMike loves Mary 7 =
fe ( (Mike, Mary ) , Love)
Ei3B. #-T, (.1) OXESLKTHEHT WL,
{Bob , fe ({Mike, Mary ) , Love ) ) € Know,
DEOERINSG.
SO OBREATIE, SENBEONesting OIIEE
BRRTBIENTED. P, ROXEZEATHELS.
Bob knows that Mary believes that he hates her.
4.2
COXE, 2HORBIIREEAEZL T3, Crearyid,
Concept ®DConcept, Concept®dConcept M % D ¥ JConcep
tiee. EVSREREOConcept £EEBMLT, DL XK
Nesting 2ZBLTW3 [3] . Ll, Z0BERIES
KHETHECLRBFETEROILTHY, Lrdilia
B bEERS 3L 5CELS. SLKTR, PIZZED
BISCIRO LS HRICERHT Ao &M TE 5
( Bob ,
fe( (Mary, f «( ( Bob,Mary ) ,Hate) ) ,Believe
& Know.
%%, SLKOBEABOHTRO LS BXERET S
EHTESD,
There is someone whom Mary believes
to be dangerous. (4.3)
TV HYP S, “Quantifying in"DRETHSB. SLK
T, ROLSERIN3B .
3 x EHuman
( Mary, T X< dangerous? ) € Believe.

EEDL 57, “Nesting” ®“Quantifying in” DIE%
SLRKEBOWTHRICRAERE, —BRCHhEHES
DHRER S CHLT Mo PEREQGALELLTELD
NE3NOTHB, THEHE, 4 V7 +r—2 MBI,

F ¢ Mindividual concept+Propositional Concept A
HPropositional Concept ~DBEIED LS ICHRAI B LS
CEEEWT B, 5T, CrearyD & S IcHEOMKENIR
EXRRT 30 BROConcept &V bDEFBH
IBLTHLDOTHY, T hPerlisD L S5 Quantify-
ing in” OBEERRT 272D Concat IR EF BT L
BHRLABZ3OTH 3.

5. Circumscription &EHIRTHES

Circumscription &id, McCarthyic & » THREIhiE
SR e A L FRFRIER (BARYHER 2ERLY
3H0—o0FRTHS [9, 101 . coficit, SL
KB Tlircumscription RED LIR30

-6 —

MMEDOTH/LE B,

BERWEECH Y BCircumscription H—REDREER
THBIOIDOTERCRATHI LS &, |
15] CL-TRBEESNTHS, EMzhL, BEO—RoO
R ¥ —ZiZ X BCircumscription TRIES & EMNTERN
SO O DBFEETERL TV S, Perlisld, X508
BRSO TESOBAEHV R LOEENEEEL
» Wik (CommonSense) EAWH/E NS bOEEET I &4
RELTHE. UL, BREEBZZANEOLSKD
DERBDOPER~THIEN, Heik, SLEKAZOLS
BB AR EEET I LCORBEE T Th B L2
x5,

%79, SLK&HiSCircumscription DEEEEX L
5. SESLKOXEL, pu,...,pa £SEBNZHS
EBETS. ”RELSEBESp ..., 0. OHBEEWR
BICET DI, S (Prh....pn) B END B,

5. 1. 5%, Set Circumscription
SitBIbp; (1=i=n) ?MSet Circumscription ,

C (S, pi), LBEUTORERTH 3.
C (S, pi) =
7 (3x)...(3%a) [S (X4yeuusXa)
Axy Cpil.
LS (X1,...,Xa) B, S (Prre.aspn) B
B3P1...,Pn OHBE, x(,...,x, CEEBILHO
ThH5.

HFEDCircumscription (Predicate Circumscription)
&, HERFOAELBMLT 5 L2 EFMCES. &
C TEIEL 1Set Circumscription i, »3HEHETEE
B (C) DHETENERZLLAERTEHOTH S,
COZEEERTSDIC, SLKOEFLEBBESE3
CEILES REL, CoTREEORDE, SLKI
BEESEF LN ET 3,

KPUDEFNLTH BHEBIME £adnissible set &IF
& [1] . 4, admissible set, A= {|A | ;€4 =4
Ua}, 2—2BELXS. S0LT, SLKOMEAT

BRI 3EHc ..., cn OBRETH, THKPUKH
T 3HE,
Ar = {Ajcy,..., Canl,

EHRT B EMNTE S, hn%k, TIZX3 Sadwissible
set A FOBRELIPY, SO INMTOEFVTHBE
BAFDTOEBFNVERRIEILTHE, COLE, ROE
HERTIENTE B,

5. 2. FH
SESLKOX, pASEBh3EATHREL, 3o
Acs.m={Asp, cu..., Cnl,



2ALEDC (S, p) DEFNVETE, COLEALOHE

BoSoEeFNAs = {Asp’, ¢ e} K
LT, :

p'CpixodpCp ',
RIS 5.

FEH. E#ES. 1. KOWOA

COEE, ARYBEELTHIEE, C (S, p) 2
RdpMS S REEH LT p OB TESEIRIZONT
BNZED, SLERNLDLOTHS. R-THAE
BESD MTEEF DLV IS ENSHEWTHRET B~
ONTWRVWIELE, C (S, p) PORpHETHBC
ENREIND, £h, SHacp EVIRBRATHBL
T3& C (S, p) i,

p= {a},
S HEREEHIC R 5.

S LKW T, Circumscription #McCarthyDREL
feabnormal BEE G ZHMELFCAN LI LT,
RGBS THEE SN TELRROMDBELETS
CEMTES, PIAW, TBEMRE] &0 mRicBEL
TROLSBXDEZSEEATHLS.

bird — exceptionC can-fly., (—WEHE)
Hanako € bird.
penguinC exception.
penguenC bird.
exceptioncan-fly =J.
9, SWHT exception®Circumscribed 3 &,
C (S, exception ), o,
Hanako € can-fly,
2RI BoEMTES. LHLICT, SE,
Hanako & penguen,
SV HRAMA L FBAmEES T T hid,
C (S', exception ), Mo,
Hanako & can-fly,
ZERTIENTEZDTH S,

DX IZSLKE —RHHECEI(LHhOELN
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