183

oot tdbodod

Knowledge Representation from the Modeling Point of View

miz@ei.sanken.osaka-u.ac.jp, http://www.ei.sanken.osaka-u.ac.jp/ miz/

ikeda@ei.sanken.osaka-u.ac.jp, http://www.ei.sanken.osaka-u.ac.jp/ ikeda/

gd oogd 00o0ooooOoooo

Riichiro Mizoguchi The Institute of Scientific and Industrial Research, Osaka University
gd 0O 00 o0

Mitsuru Ikeda

oo oo oo 0o

Yoshinobu Kitamura

kita@ei.sanken.osaka-u.ac.jp, http://www.ei.sanken.osaka-u.ac.jp/ kita/

keywords: knowledge representation, knowledge representation language, modeling, ontology, epistemology

1. 0O 0O O O

ooooooooooobooooboboooboooo
gobooobooooooooooboooooooooon
goboobOooooooooooboooobooOooonon
gobbooobooooooooooOooOoooOooOooono
ooboooobooooboooooobooOooobooooono
gobooobooooooooobooooooooono
gobooobooooooooboobooooDo

goboobbooboobbooboonooboon
googbooboboobobooboboobobog
ggoboobboooboooboooobobooobo
gboobooboobooooboooboooooboogog
gooboboboooooooboobobobobooo
gooboobobobobobobobobobobooo
goobobobobooooooboobooboboboo
gogboobooobooboobobooboobbooba
gobooooooboooooooooobooboboooooon
gogoboobobooobooooboobobobooooobog
gooboboboooooooboobobobooboo
goooobobobobobo

ooboooooooooboocooboboooboooo
goboooboooooooooobooooobooOooono
gbobOooooooobooboboboOobooooo
goooooooboooooooooooboobobOooOono
gobooobooooooooobooooooooono
goboooboooooooooboooobooOoooDo
gooooobooooooooooooobooobooboooDo
goboooboooobooooooooooboooooon
gobooobooooboooooobooOooobooOooono
ooboooOocoooooooOoobooOooboocOooonn
goboooboooobooooobooooobooOooono
gobooobooooboooooboooooboooooDo

goboobbooboobbooboobboobo

gooboboooooobobooooobboooooooo
gbooooooboobobobooooooogooo
00 (Description Logics (DL)DODOOOOOODOOO
000 00 03]000000O0OO)000DOUODO
gobooboobbobobooboobbooboo
gobooboobboobooboobbooboo
gobooobboobooobobooboo

O000000o0ooUoooooooooooooog
0000000DAML+OIL [DAML+OIL 01] O OWL
[OWL 02 000000000000 DoOooooDoo
Joooooooooobooobbobobobooboooog
Oo0ooooooooooXMLOOoOoOoOoooooo
O000OC0OCOOO0OO0OOODOOOOoOoOooO XMLO
gooOoOoOoOoOOoOoUOOOOOOUODOUOOODOoCO
O0000o0o0oOoDoOooooooOoooOooooDoOoO

0odooooooooooboooooooooooaon
Oo0ooO00oooO0oOoooooooooooooo
goooOoOoOoOoOoOoOoOoOoOOoOUODObOODODOoo
000000 circumscription, 00000000 ODO0O
go0o0oOoO0O0O0OO0O0O0OOOOOO0OOOOOOOoOOoO
gooooooooooboobobbobooboooboooon
Jooooooooooboobobobobobobooboooog
gooOoOoOoOoOoOoOoOoOoOoOoOoOoOpDOODOoOoDOoo
gooOoOoOoOoOoOoOoOOOoODOOUODUOUOOODOoO
gdoooOoOoOoOoOO0UOOOOOOUOODUOUOOODOoCO
gdooooOoOoO0OO0O0OOOOOOODUOUOObOODOoo
gddoooooooboobobbobobobobooooo
jooooooooobbobobbbobbooboooo
goooooooo

O000000o0o0oUoooooooooooooog
gdo0oO0oOoOoO0OO0O0O0OOOOO0OOOOObOOoOoo
gooobodoobobouboobooboooboooo



184

gboobooooboobooboboboooooooo
gobogboobboobooboboobooboo
gobooboobboobooboboobooboo
goboboooooobooooobboooboboooog
gbobobobobobobobgobooooogog
gbooboooobooboobobobooooogooo
obobobobooooooooon

goboooooboooobbooobboooobbooa
Newel 100000000 [Newell 8200000000
gooboooooboooobbooooboboooooog
00 Brachman 00O O0ODOO0O0OO0OO0OOO [Brachman
79|00 00 T-box, A-box 0 00O [Brachman 83|00 0
0 N. GuarinoO0ODOOOODO [Guarino 94]0 0000
R.Davis0O00O0O0OO0DOOODOOODOOO [Davis 93]0
J.Sowa0OODOOODODODOODOODOOOOODOOOO
0000000000000000000000 [Sowa
99|0000000D00000LO0D000UDOODODO
obooboooobooboobobobooooogoo
gbooboobooobooboobobooboboo
00D0000000O0D DD 99 oooboobDoo
gboboooobobobobobooooogoDo
goboboooobooboboboboooooogoo
oobobooooo

2. JOOoOobOOO

R. Davis[Davis 93] 000000 O0O0OOOOOO
gobooboobboobooboboobooboo
0000000000 o000oooo(l)oooooo
00000000 (2)0000b00DO00bD0OOoDOOo
(Ontological commitment)d(3) 0000000000
00(4)D00000000000000() 00000
oboboboobooooooobooboooboooo

godbooooboobbooboobobooboon
gbobobooboooooboooooboooooboonDo
gbobooooobooboobobobooooogoo
gbobobobobooooooooooooboogog
gooobooobooboobooboobooboooobo
gobooboobboobooboboobooboo
gobooboobbooboobboobooboo
gobooboobobuoobooboboobooboo
gbobooooboobobobobooooogoo
gboobooooobooboobobobooooogoo
ooooboooooobbooooboboboooobooooo
oobobooooooboobobobooooogoo
gobooboobboobooboboobooboo
gboobodboboboboboboobooboboo
gbobooooobobobobobooooogoDo
bobobobooooooobooboobooobo

goboooboobbooboobbooboon

ooooooooo 180 20 a012003 00

00000 (fidelity) 000000 O0OODOOOODOOO
oooooooooooooooooooooboboooboog
ooobooooooobooooooooooooon
ooooooooooobooobooooooooon
uoobooooobooooboooboooooooooon
coooooooOooooboOoobooOooooboooon
ooooooooooobooobooOoooooooon
oooooooooooboooboooooooooon
ooobooooooobooooooooobooon
oobooooooobooooooooooooboooDo
ooooooooooobooobooooooooon
uooboooooooobooobooOoooooooon
0000000 4b0O000O00O0O0O0OO (DOODOO
00000000 300000)booooooood
oooboooooboooobooooboooooooooon
ooobooooooobooooooooooboooon
ooooooooooobooobooooooooon
ooooooooooboooooo

goboooooooooboocooboooooogoo
coobOooooOooooboOoobooOoOoooboooon
coooOooooOooooboOoobooOooooboooon
oooooooboooobooobooooooooon
ooooboooboboooooboooobooooooboooon
oooboOooooooboOoooooooooooon
ooooooooooobooobooooooooon
uoooooooooobooobooOoooooooon
oooooooooooon

0000000000000 0D00 (Ontological com-
mitment) 00 0000000000000 OO0O0OOOO
dbodbobuobooboobooooboboobaobabo
gbobooooboobobobobooooooobo
gobobobobobobgobooooooooboooboo
0000000000000 0O00b000000000
0000000000000 000b000000000
00o000o0o00o0o0o0o0ooo0oooooooooon
00000000o00000o0o0ooooooooon
gbobooooboobooboooboobboooboobo
gbobooooobobobobobooooooobo
0000000000000 000000000000
000000000000 0000000000000
000000o00o00000o0o000oooooooon
00000000000000000 LispO0O00OO
gbobdboboboboboooooooboooboooo
gbobooooboobobobobooooooobo
gbobooooobobobobobooooooobo
0000000000000 000b000000000
000000000000 0000b000000000
000000000000 0000000000000
0000000000000 o00oooooonoon
gboboooboooobooooooobooooboooboooa



gboobooobooooobooobooo

000000o0oooooooooooooooooo
gooooooood
go00o0oO00o0oooooooooooooooog
00o00oooooooooooooooooooog
pgoobddddooooooooooooboobooboboon
gooddddooooooooooooboooboon
O0ooooooooooooooDoboooboooboon
00000o0oooooooooooooogoooog
0o0oo0oooooooooooooooooooog
00000000000 (association) 00 0O00OOO
goooooooifthen O0DO0OO0O0OO0OOOOOOO
goboooooooobboooooobobbobooood
J00Db000000D00DOd association0O0 0000
000 DavisOOOOOOOOOOOODOOOOOOO
000000oooooooooooooooooog
00o0oooooooooooooooooooog
00o0ooooooooooooooooooooo
pgoobddddoooooooooooboobooboboon
goobddooooooooooooboooboon
gooddddooooooooooooboooboon
00o000ooooooooooooooogoooog
o00oo0ooooooooooUoooOoUooooDoOoooo
000000ooooooooooooooooooog
ool oooooboooboboon
gooooooooooooooobooboboooboon
goooododooooooooo

3. J0oOoOobooobooobg

311 NewellOOOOOO

Newell 00O [Newell 82|00 00000000O0OO
goobobobobooooooobooboboboo
gooboboboboooooboobooboboboo
gooboboboooooooboobooboboboo
gob0o0obO0ooOOoOo0obOoobOoobooobooooo
goobobobooooooobooboboboobooo
goobobobooooooobooboobobooboo
gbooboooboobooboobooboboobooboog
goobobobobooooooobooboboboo
goboooobobooouoboooooboobooooo
gooboboboooooooobooobobobooo
goobO0ob0obO0oo0oooooDooooboboobooo
goobobobooooooboobobobobooo
gooboboboooooooobooboboobooo
goobobobobooooooobooboboboo
gooooooooDoODOO0000000 DavisOOOO
goobobobooooooboobooobobobooo
gooooboobobOobobo

OO000OONewell DODOOOODOOOOOODOOO
gooboboboooooobooboooboboboo

185

ooobooooboooooooooobooooobooboooo
oooboooobooooooboooooboooooboboooon
00 Schank 0 CDOOOODOOOOOOOOOOOO
coobooooboooooooooooooooooo
coobobodooboooooooooooOoooboboOooon
0000000000 00000oO0o0n Sear0O O
000000000000 0D0OO0DOO [Newell 93]0

OO0ONewell 00O 0OO0OO0OODDOOOOOCOOODO
ooobobDoOoooooooogoooooooooon
00000000 0*000000000000000
coooboooobooooooooooOooOooobooboOooon
coooboooobooooooOoooOooOooOooobooboooon
ooboooooooooooooooooooboboboboon
oooboooooboooooobooooobooboooobboooo
ooobooooobooooobooooobooooobboooo
cooboooobooooboooooooooooooo
cooboboooboooooooooooOooobooooon
O000000000000000000 Newell 00O
cooooooooooo

d12 J0000O00O00oobboooobbooooo
gooogo
goobobboooooobobobooobobbbooo
goboobooboboboboobboobobooboo
00196600 Quillian000O00O00OO00OO semantic
memory”" OO00O00OO00O0D0OOOO0ODOOOODODOOO
0000ooooooo0oooooooooooglgrs
00 Woods 0 What’s in a link” 00000 [Woods
75)0000000000000000000OD0O0OD
oobooboobboboboobboobobooboo
goodbobooobbooboboooboooboooboooboo
0000000000000 0ooBrachman O Woods
00o00obooo0o0do 1gooooooogooooood
gobodoboboboboooobobooooboboo
0000 [Brachman 790000000 KLONEO OO
KL-ONEOOOOOOODODOODODOOO [Brachman
0000000000000 000oDoooooo
ooboobooboboboboobobooboboobooo
O0000000O0O0oooOOoO0OOdProlog DLOOO
gogooooooooboobobboboobooboooon
Jooooooooooboobobobobooboooboooog
gobooboobbobobooboobobooboo
O00U0dOoOooooooSchank O CDOOOOOO
obooooooobobobooobuooboboobon
O0o00oooooo FillmereOOOOOOOOOOO
oo ooooooo

x1 000000000000000000 Brachman 000
0o00o0ooooooooooooooooooooooooon
Newell 00000000000 O0O0O0O0O0OOOOCOOOO
goooooooooooooooooooooooboobooo
goooooopooooooopoopoopoo.



186

0 1 Brachman 0000000000 [Brachman 79)

oooQ oooooo | O |

00000 | 00000000 0oooo

00000 | 00o0o0O0o0oo0oo FOL OO

0000

0oo oooooooooo, KL-ONE

0oo 00000000

00000 | 0oo0o0oo0ooooo Schank O
0oo0ooooooo cCDOO
00,00000

00000 | 000000000000 | 000
ooooo

000000000000 BrachmanOOOODOOO
goboooboboobobooobo0o ooobooboo
ogobooooobooboooboomoobooog
000000000000 O00 (specialization)d O O
(restriction)0 0 O (differentiation) 000000000
gobooboobbooboobboobooboo
O000oooooooouodo KL-ONEOOOOO
O0o000o0oooooooooT-BexDOOOOOODOO
00 [Brachman 79| 000 is-a” 0000000000
000000000000 000OOakind-of(AKO) O
gobooboobboobooboboobooboo
gobooboobboobooboboobooboo
0000000000000 000 s-ad00000O00O
O00000000AKOODOOODODOOODDOoOoOoO
O00is-ad0000000AKOOOOO (kind)OO
goboboooobooboboboboooooooo
oboboooobooboobobobooooogoog
gobooboobboobooboboobooboo
D000 is-a000pissaqOO00000COODOODO
0000000000000 000D000000 p(X)
=qX)00O0O00O0OD0D0O00O0O0OOo0oOoooooo
gboboooobooboobobobooooogoo
obobooooooboobobobooooogoo
0000 Oinstantiation0 00 O0000O0D0OOCOODO
0000000000 (denote) 00DOO0DOODOOO
Oindividuation0 0000 O O0OO0OO0OO0O0O0O0O0OODOOO
goboboooobobobobobooooogog
00000000 [Brachman 790000000000
gbooboooobooboobobobooooogooo
obooboooobooboobobobooooogoo
gobooboobbooboobboobooboo
gobooboobbooboobboobooboo
O00Brachman 0000000000000 OOO0O
gbobooooboobobobobooooogoDo
gboboooobooboobobobooooogoo
O00000ooooooooo KL-ONEQOOOOoOo
OOO0DO0DDCKL-ONEOOOOOOOOooooooo
KRYPTON|[Brachman 83| 0 00 T-box 000000

goooboooa

“doctor” +———| é G

vchild"——0 | 4}

7
|
i
1
|
“person” _/% |
l’ J
!

SYMBOL ~ .
TABLE

180 20 all2003 OO

T-box

Ixdy "(x) & ‘I(y,x) & 3(y) A-box

Q:concept {:is-a

01 KRYPTONOOOO T-box O A-box [Brachman 83]

@:role

gobooboobbuooboobboobooboo
O00000 A-boxODDODODOODOOOOOOOOO
0000oboDbOoO0O0O0o00ooooooobo0oOoo 1o0o
O00000000000A-boxOOOODOOOOOO
O00000T-box DOOOO0 KL-ONEOOOOOO
ooboboooooobooboboboboooogoog
0000 100000000000000000 A-box
00000000 T-boxOOOODODDOODDODOOOOOO
ggboooboobobuoobboobo

Brachman 000000000000 O0OOOOODO
oooboooooooboOoooooooooboooon
ooooooooooobooobooooooooon
uoobooooooooboooboooooooooon
0000000000000 000000 GuarinoOO
ooooooood

Brachman 000000000000 O0KL-ONEOO
dddddoooooooooooooooooooon
googoobooobooooooouobooooouooa
godbooooooobboooooobooooboo
goddooboboooooobooooooboooooa
goooboooobobobooboooooooboooo
000000000oo0ooo0o000dd GuarinoO OO
[Guarino 94|00 0000000000000 Guarino
dddddooooooooooobooooooooon
00 GuarinoO00 000000000 O0OOOOOOO
0200000000000 000000DO0O0O0OO0
000000000000 Apple(X) & Red(X) 0000
000O0Apple(X) D Red(X) 000000000000
0000000 GuarinoO OO 20000000000
O Apple(X)00OODODOOODODOOOOODOOOOO
0 SOrtalDDDDRed(X)DDDDDDDDDDDDD
00000 Non-sortal 000000000 OO Guarino
oooo Red(X)DDDDDDDDDDDD Sortal O O
dddddooooooooooobobooboooooon
dddddooooooooooobooooooooon
dddddddooooooooobooooooooon
gddoboooobooooobooobobooooo
0do0oodo0ooooddooopooooo 20000



godoooboooooooooood
Unary predicate
Sortal Non-sortal

Substantial  Non-substantial ~ Generic  Characterizing

02 GuarinoOOOOOOOOOOO0OO0O0O

000000000000 GuarinoOOOOOOO 10
0000oo0o0o0ooo0o0ooOoooooooon
00000o0o0oo0o0ooo00000000 Guarino O
00 00Woods, Brachman 000000000000
gooddddoooooooooooobooboboon
o0o0oooooOooUooooooooooo

33 ODo0Ooooooooboooon
O0oO0oU0oOoooOooo Alobooooooooo
gobooobooooooooobOoOooooOooono
ooooooooboooooooooooboobocboOooOon
goobooooooooooooooooobooooOoo
gooobbooooooboooooobbooooooo
0000000000000 000000000UA imply
BOOOOOOOOOOOOOOOOOOOOOOOOO
0000 A—-BOOOOODOOOOODODOOOOOO
gooooooboboooooooooboboboooooan
000000000000 [OO &Uonuooooo
goboboooooboooobooooboooooDo
00 =0000000000000D000D000DO
gobooobooooooooooooooboooooon
gobobodooboooobooooooocooooOooono
gobooobooooboooooobooOooobooooono
goboooboooooooooobooooobooOooono
goboooboooooooooboooooboooooDo
gobooobooooooooobooooooooDo
00000000000 D0O0*0
cbhoooooobOooooboooboooobooooao
goboooboooobooooooOoocOooobooOooono
Davis[Davis 93] 0 000000000000 DOOOO
goboooboooooooooobooooooooono
gobooobooooooooobooooboooooDo
gopbooobooooooooobooooboooooDo
gooooooooobobooooooooooooooon
gbobodooboooobooooooboocooobooOooono
gobooobooooooooooOooOoOoooOooono
oobooobooooboooooobooooobooOooono
gobooooooboooboooobooooboooooDo
gobooooooooooooboooobooooDo

x2 0000000000 O0000O0O00O000O00000040
A=BO0O0O0O0O0OO0OOOOOOOOOCOODOOOOOOO
O00000Acauses BOOOOOOOOOODODOOODO
goboooooooooooooooooooo

187

gbobooooobooboboboboobooogooo
gobooboobbobobooboobbooboo
gobooboobbobobooboobbooboo
gbooooooboboboboooooooogobo
gooOooOoOoOoOoOoOoOoOoo DLopoooooooo
gbobobooooooooooooooooobogoo
gbobooooobooboboboboooooogooo
gobooboobbobobooboobbooboo
gobooboobboobooboobbooboo
gobooboobboboboobboobobooboo
goooogo

oboboboooooobooboobobobooooon
gbobooooobooboboboboooooogooo
00000000000 0D00000Sowa OO OOO
gboodoboooboobooboboooboobobogoo
gobooboobbobobooboobobooboo
0 [Sowa 99|00 00 GuarinoOOD O DavisOOODOO
gboooooobooboboboboooooogooo
oboobobooooooooboobooboobooboon

goboobbooboobbooboooboon
goboobooboobbooobooboboooooos.2
00000 Brachman OO OOODOO0O 2000000
gbooouooobobobobooooooogoobo
ood

J4 OOOOOOOOOO0O0

000000000 000O0O0D (0D 990 is-a0
O00 part-of 0000000 DOOODOOOOODOOO
cooboboooboooooooooobooOooobooboooon
cooboooooOoooobooboooboOoooboooo
§1 issal00OODO0OO

oooobDoO0o0obooDoo00ooD s-abbOO0O0O00O
cooboooobooooooooooooobooooo
O00000000000000C000000 is-;aO O
cooobobooobooooooooOooOooooobooboooon
cooboobOoooooooooooooobooooo
000000000 is-ad000000 identity 0O O
ooobooooboooooobooooobooboooobboooo
coobooooboooooooooooooooooo
cooboboooboooooooooooOoooboboOooon
coooboboooobooooooooOooOooOooobooboooo

goooooboooooooooooooooooooo

gobooboobbobobooboobbooboo
gboooboobooboobooboooboboobo
gobooboobboboboobboobobooboo
goboooooooboboooooooooboboboooo
00000000000000000000 instance-of
0000000 s-:a0000ODOCOOODOOOOOO
gobooobooobooobooboobooboobon
goboobbooboooboobobooooboo



188

oooooooooboobooooooobooooo
gobooboooboooboobbooobooon
0000 is-a000000000DO0ODOOODOOOOO
0000 instance-of 0000000 issa0 000000
000 is-a00000D00O0OOCODOODOOODODOOO
oobooobooobobooboobobooboobooo
oobooobooobobooboooboobooooo
000000000000 000000D0 identity 0 O
jdoooooooooobobbobobobbobooooo
doddoooooooooooooooooooooo
gobooboobobooboobboobuoobooo
gobooooboobobooboo
§2 00O0OOOOOOOO

goodoooouououooouoouoouoogogoogogd
ooboooboobobooboobobooboobooo
ooboooboooboboobooboboobouobooo
oooooooooboobooooooobooooo
jddooooooooooboboboobooboooooon
dodooooooooooobobobooboboooooo
gobooboobobuoobooboboobuooboo
ooboooboobobooboobobooboobooo
000000000 DO0DO0DOO0ODOO0ODOODOD 420
googd
§3 part-of UODOOOOOOO

part-of 0 00000 [Winston 87, 00 990000
OO000ooooodOOpart-of 000 OOOO0OODO
jdddoooooooobobboboboboboobooobon
0000000000 0O00O0o0oO0o0gn part-of O
doddoooooooooooooooooooooo
gobooboobobuooboobobooboobooo
oobooobooobobooboobobooboobooo
ooboooboooboboobooboboobooooo
jddooooooooobobboboobobobooobon
goddooooooooobobobobooboooooon
dodobooooobobbooooonobobooooooon
oobodoboobobuooboobbooboobooo
O0O0oooo part-of 00000 O0OO0OODOOOOO
oobooobooobobooboobobooboobooo
ogono

OO0OO00Opart-of 00000000 OOOOOOOOO
oobooobooobobooboobobooboobooo
dooooobooooooboooo
000000 is-a00000000 is~sa0O0
O00000 part-of 0O0O0DOD0ODODO part-of 000
issald 00000000 DOOOOOODOOOODODOOOd
goboobooboboobooboboobuoobooo
gobodooboobobooobooobooboobooo
oobooobooobobooboobobooboobooo
00000000 000000000 is-ad part-of O
gooooobbobobboooooooooooboobooo

ooooooooo 180 20 a012003 00

oboboooobooboobobobobooooooo
goboobboobbuooboobboobooboo
0000000o000000000000*0
goboooobooboobobooboobbooboo
ggboooobobooboooboooboobooboga
gbobooooboboboboboboooogoo
oboboooooobooboboboboooogoo
obobobobooooooo

4. OJ000O0ODOOO0ODOO

471 OO0O00O0OooOOobOoOOoOobobOOoOobboOooooo
0O OWL

0000000 WebOODOOOODOOODOODODOOO
gobooboobbooboobboobooboo
00000000000 0000OWebOOOOOOOO
000000D0000D0O0O0 OWL (Web Ontology
Language) [OWL 020000 W3C OOOOOOODO
000*0O0WL O RDF Schema[RDFS 03] 0000
O0O0OO0OOO0ODAML-ONTOOO DLOOOOO OIL
00o00oOooo DAML+OIL 00 [DAML+OIL 01, O
U 02]DDDDDDD*5DDDDDDDDDDDDDDD
O00000o0oo OwLOoOOoDOooooooooooo
goboooobooboo

OWL O RDF/XML OOOOOODOOXMLOOO
O0OO0OO0OOORDF OOOOOOOOODOOOOOOO
(00DDOO0O0O0000D000D0OOODOODOoO
coooOooooOooooboOoobooOooooboooon
0000000000 ORDFOOOOOOOOWL OO
0000000000000 O0Od0RDF Schema 000
gogpbooboobobuoobooboboobooboo
goboopoboobobooobooonbo

OWL O0OOO WebOODOOOOODODODOOOOO
uoooooooboooobooooooooooOooon
O0OWebOOOOOOOOOOODOOOOOODOOO
ooooooooooobooobooOoooooooon
oooopooooooooowLoOooooooooo
000 RDFSOOOODODDOOOOOOOOOO()OO
000000000000 0O0O0DO0OO0OO()ooo
0000oO00oo0o@3)oooooooboboDoDooooo
ooooooooooo

00000000000 00000000000 (indi-
vidual 00000000000 0O0O0D0O0O0O (unionOf
00000000 (disjointWith)DDODOOOOODOOOO
(oneOf) D00 ODOODOOODODODODOOODODOO
OO0 RDFSOODODOOOODODODOOO (rdfs:domain,

x3 000000000000000 is-a00000 is~ca0O0O
000 part-of 00000 part-of 0000000000000

+*4 000000000000 Working draft 000

x5 000000000000000 [OWL 02, Appendix D]



gboobooobooooobooobooo

rdfsrange) 000 000000000000 (minCar-
dinality 0 0 00 00O (TransitiveProperty) 00 O O
0000000000000 (inverseOf) DODDOOODO
goooobooboobo

goboobbooboobbooboonoboon
0000000000 (class expression) D000 OO0
goobooboobooobooboobobooobg
goobogooooooooooooooooooooo
0000000000000 00OWLO RDFSOOO
goobooboboboboobobobobobooo
goobobobobooooooobooboboboo
gooboboboboooobobob,obooog
gogooboooboobooobooboobbooobg
gogoboooboobooobobooboobobooobg
000000000000 00000000 (Restriction,
onProperty) 000000000 DO0OO0OOOOOOOO
goobobobobooooooboobooboboboo
ggbobooobooboobbooboobboobo
(V)OOOOO allValuesFrom OO QO OOOQO (3)00
000 someValuesFromO O OO ODOOO0OOOOOO
gbobooooooobooboboobbooobooobooo
000000000 hasValueO DO OO

OO00OWebOODOOOOODOODOODODODOOOO
goobobooooboboboboooobooboog
000000000000 (sameClassAs, differentFrom
gopooooooooobooooooooboooogooo
000000000 ODooDO0O00OCb0DOO0d import
0000 (imports). 0000000 ODOOOOODOO
(versionInfo) 000 OO

O0O000O0ODOWLO Web OODOOOOOOOOO
000000000000 [Gémez-Pérez 0200000
00 CycL O Ontolingua (KIF+Frame Ontology) O
gogoboobobooobooobooboboooooobo
gogooboooboobooobooboobbooobg
000DO0D0DO0OWL O DLOOOOoOoOOoo OIL O
gooboboboooooooboobobobobooo

goobobO0o0o0o0oooooooooooboobooOoogo

OWL Lite, OWL DL, OWL Full OO0 300000
goboboooboooobooooboboooboboooon
o000 owLOOooOooOoooooooooooo
goboooboooobooooobooOooooOooono
gobooobooooboooooobooooobooooono
goooowLOooOoOoOoooooOooooooooo
0000000000000 0 RDF(S) 0000000
O0ORDF(S) 0 XMLOOOOOOODODODODOOOODO
goooooooobobooooooooooooooon
gobooobooooboooooooooobooOooono
oobooobooooboooooobooOooobooOooonon
gooooooooooooooooooooOooo 20
gobooooboooooooboooobooboooooDo

189

oobooooooooooobooooobooooooboon
oooboooooboooooobooooobooooobboooon
oooooooooobobooooooooooobooon
00000 [Bechhofer 010 0000O0OWL OOOO
0000 DAML+OIL O OlLOO0O0O0OoOoooooQ
coobooooooooooooooooobooooo
ooooooooboooooobooooobooooobooon
cooboooooboooooooooooooobboooo
ocoooboooooogd

42 OEODODDOO0OODO
000000000000000000000000
0000 (DO0OE) 00 02]00000000000
0000000000000000000000000
00000O00OEDOO34000000000000
00 (0099 0000000000000000000
0000000000000000000000000
0000 [0 98)000000000000000000
00000 OEDDOOODOOOODOOOODOOOOO
0000000000000000000000000
000000 (part-of 10)000 (O) (attribute-of O
0),000000000000%034.20000000
0000000000000000000000000
00000000000000000000OEOOD
part-of 00 00000000000000000O0O
00000000000000 OEO0OOO part-of O
00000000000000000
000000000000000000000000
OD0DOEODDOOOOOODNOOONOO0OO(1)0000
0,(2)000000000000000000(3)00
00000000000000000000000 30
00000000000000D00000000001
0000000000(1)00000000000000

000 roledO(2)00 role0 000000 DOODOOODO
00000000000 0000O0O00O(3)00 roled

oooooooOoOoDOOODOODOOOOO 30000
00000()0D0O0role0Od0O0,000000000
O00000000000000000000 role0 OO
00000000O0O00OooDoUOOo(?)booooooo
coobobooobooooooooooooooboboooo
O000000000000000000000 roled O
0000000000000 00oDOO0@)00D0Doo
coobooooboooooooooooooobooooon
O000O0OOroleD00O0O0OO0ODOOOOUODOOO OED
coooboooobooooooooOooOooooobooboooon
[0D0 02]. 00D0D00OO0OODO0DOODOOOOOOOODO

«*6 (00 99]00 3500000000 part-of 00OODO
0000o000oo0oooo eg)ooooooooooooo
gooooooboOo0oooooOo0ooooooOoOoooooo
goooooooooooooooooOooooOoooboooo
00000 oEOOODODOOOOOOODOODOO



190

0000000000000000000000000
00O 020

00000 OE0DDODDDOODOOOONOOOOD
0OWLODOODODOOOODO00D0000000000
0000000000000000000000000
000 is-a00000000000000000000
0000000034000000000000000
0000000000000000000000000
00000000000000 issa0000000*0

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000OEOODDDOOOOOOD
0000000000000000000000000
0000000000000000000000000
00000000000000000000000 [00
9900000000000000

5. UO0O00bOOoOoboobobooo
gogooooo

0000ooo0ooooooooooooooooo
jddoooooooobobbobobobbooboooboon
dodooooooooooobobobobobobooooon
doddoooooooooooooooooooooo
0000o00000oooOo0o0ooooooooooo
0000000000000 0000U0mereology OO
0000000000000 0oooooooooon
OO0D0is-a000 part-of 0000000 OOOOOO
O00000000is~sa00000000dpart-of 00
dojddoooooooooobobobooboboooooo
00000000000 00O000oOoDOooooon
O formal ontology 0 O mereology D0 0000000
000000000000 ooo*¥000000ooo
00000000000o00o0oooooooooon

*7 OWLOOOOOODO DLO classifier 0O0O000000OO
ooooOobooooOoooo0oOooOo0oOoboOo0oOooa
ooooooooooooooooooooo

%8 [ 00 Formal ontology 0 0 FormalDOOOOOOOOO
oo0oooooobooo0oo0ooo0oO0o0oO0oooO0DoO
oooo0ooOo0ooO0o0ooOo0oOooOoooOooooooo
oooooooo0ooooO0o0ooOobo0oooo0oooooobo
oooooooooOooooooooooOoooobo0ooooo
oo oo0ooooOooooOooooooooOoooo
oooo0oboOo0ooO0boOo0oOoOo00OO0oOobOo0ooO0oO
ooooooooooooooOoooooooooooooDo
0oooooOoooOooooOoooooooo

ooooooooo 180 20 a012003 00

000000000000
000000000000000000000000
0oo0oo
(1) 0OODOOO0OO0O0O0
(2) 0DOODOOODOOO
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000(2)0000000000000000000
0(1)000000000DLO0OOOD0O0O00O0
000000000000000000000000
0000000000000000000000000
0000000000000000003.3000000
0000000000000 000000000000
000000000000 (1)00000000000A
= BOO0OOOO0O0O0O0O00O0O0O0000 (2)0
0000000000(1)00000000000000
00 Acauses BOOOOOOOODOOOOOOOODO
000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000
000OWLOOODOO0O0O00000000000
00000000000000000000OEDOOD
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000
() 000000000000000000000
0000000000000000000000000
00000000000 1000
() 0000000 D00000D000000000
0000000000000000000000000



gboobooobooooobooobooo

0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000 (a)000000 (b)000000000000
0000000000000000000000000
0000000000000000000000000
(i) 000000000000000000000
(ii) 0000000000000 000000000
(i1i) 000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000

o o o oo

[Bechhofer 01] Bechhofer, S., Goble, C. and Horrocks, I.:
DAML+4OIL is not enough, In Proc. of the First Semantic
Web Working Symposium (SWWS’01), pp. 151-159, 2001.

[Brachman 79] Brachman, R. J.: On the Epistemological
Status of Semantic Networks, in Associative Networks:
Representation and Use of Knowledge by Computers, Find-
ler, N. V. (ed.), Academic Press, New York, 3-50, 1979.

[Brachman 83] Brachman, R.J., Fikes, R. E., and Lavesque,
H.J.: Krypton: A functional Approach to knowledge repre-
sentation, IEEE Computer, 16(10), 67-73, 1983.

[Brachman 85] Brackman, R.J, Schmolze, J.G.: An
Orverview of the KL-ONE Knowledge Representation Sys-
tem, Cognitive Science, 9, 171-216, 1985.

[DAML+OIL 01] DAML+OIL (March 2001) Refer-
ence Description, W3C Note 18 December 2001,
http://www.w3.org/TR/2001/NOTE-daml+oil-reference-
20011218

[Davis 93] Davis, R., Shrobe, H., Szolovits, P.. What is a
Knowledge Representation?, Al Magazine, Spring, 1993,
pp- 17-33, 1993.

[Gémez-Pérez 02] Gémez-Pérez, A. and Corcho, O.: Ontol-
ogy Languages for the Semantic Web, IEEE Intelligent Sys-
tems, January/February 2002, pp.54-60, 2002.

[Guarino 94] Guarino, N.: The Ontological Level, In R.
Casati, B. Smith and G. White (eds.), Philosophy and the
Cognitive Science, Holder-Pivhler-Tempsky, Vienna: 443-
456, 1994

[0 98] DOO0DOOODO0OOODO0O0OODOO0OOOOOODooO
000000000000000000 is-a, part-of, identityD ,
0000 AI98-40, pp.1-8, 1998.

[00 02 OOOO,0000,0000,00 00,0000
000o0oo0o0Oo0oO0ooDOooOoUoOUO0OoOOoOOooDOo
000o00oU0ooUooooooooooa, 17(5), pp. 585-597,

—0 0O 0o 0O

191

2002.

[00 03] 0O00O0OO0OOODL: Description Logics, 00000
00 018(1), pp.73-82, 2003.

[00 02] OOO0OOOOOOUOOOOOOUOOUOOOmMOOOO
000000000 00000000 ooOooooooooo
000000000000000017(3), pp. 196-208, 2002.

[00 02) DOOOODAMLODOOOO Semantic Web 000
doooooOoOooOOo0ooOooOooOoooO1T(4), pp-392-399,
2002.

0099 OO0O0OO0OO0OO0OO0OO0OO0OO0OOOOO0OOO
Joo0—0ooo0ooooooooooooooooooooa
000—00000000014(6), pp-87-100,19990

[Newell 82] Newell, A.: The Knowledge Level, Artificial In-
telligence, 18, pp.87-127, 1982.

[Newell 93] Newell, A.: Reflections on the Knowledge Level,
Artificial Intelligence, 59, pp.31-38, 1993.

[OWL 02] Web Ontology Language (OWL) Reference Ver-
sion 1.0, W3C Working Draft 12 November 2002,
http://www.w3.org/TR/2002/WD-owl-ref-20021112/

[RDFS 03] RDF Vocabulary Description Language 1.0:
RDF Schema, W3C Working Draft 23 January 2003,
http://www.w3.org/TR/2003/WD-rdf-schema-20030123/

[00 8 OO0 OO0000OO0OOO0ODOOO0OOOOOD1985

[Sowa 99] Sowa, J. F.: Knowledge Representation: Logi-
cal, Philosophical, and Computational Foundations, Brooks
Cole Publishing Co., Pacific Grove, CA., 1999.

[Winston 87] Winston, M.E., Chaffin, R., Herrmann, A.: A
taxonomy of part-whole relations, Cognitive Science, 11, pp.
417-444, 1987.

[Woods 75] Woods, W.A.: What’s in a Link? : Foundations
for Semantic Networks, in Representation and Understand-
ing, Bobrow, D. G., and Collins, A. M. (ed.), Academic
Press, New York, 35-82, 1975

o0 oomooboo

1977 0000000000000000000197800
000000000000019870000000001990
0o0oooo0DOo00D0DOOo0O0bODOOo0ODDOO00D
00000000000 CAlOoOOoOoooooooooo
00000001985 0 Pattern Recognition Society
00001988 000000000000019960000
00000 10000000001999 0 ICCE99 Best
paper Award 0000000000000 0ODOODOODO
000000000000 0000000Intl. AT in Education(IAIED)
Soc., AAAI, IEEE0OAPC of AACE 00OO. 00O, IAIED Soc. OO
APC of AACEDDDODO

oo moood

1984 00 0O0DOO0D0ODOOO0DOO0000O0198 00O
0000000001989 0000000000000 00
000000000001991 000000000000
0001997 00000000000000000000
ooo0oo0o00o0bDO0O00O0O00O000000000O0
00o0000000000000199 00000000
01000000000000000000000000
ooooooooboooooooa

00 ompoooo

1991 0000000000000000001993 00
ooooo00oo0O0ooO0oo000O0o0OO00oOooOooOoon
00000001994 000000000000000000
ooooo00oo0O0ooO0oO00oo0O0ooOOoo00o0ooOoooaO
00000000000000000000001996 O
00000000 10000000000000000O0
oo




