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object on(A/box, B/object)

on_desk(A) put(A/box, Blobject)

(A, B)
Put(A ) Coo> Caes

box
box color{ red, blue, yellow}

color:{red, blue, yellow}
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1. Ontology as a philosophical discipline
2. Ontology as aan informal conceptual system m) semanticsD 0 OO 00

3. Ontology as aformal semantic account =) semanticsT 0 000
4. Ontology as a specification of a conceptualization" =) semanticsl syntax(] O 0
5. Ontology as a representation of a conceptual m) syntax

system viaalogica theory

5.1 characterized by specific formal properties

5.2 characterized only by its specific purposes
6. Ontology as the vocabulary used by alogical

theory

7. Ontology as a (meta-level) specification of alogical
theory

ooo2z25
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00000000 ontologica commitment
O000D00D0OO ontologica theory
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00000000 ontological theory
0000000000000 0O (theory)

Syntax
0
TL: T2:
O x.apple(x)0 fruit(x) O x.apple(x) fruit(x)
0 x.pear(x) 0 fruit(x) # 0 x.pear(x)J fruit(x)
apple(al)
red(al)
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00000000 ontological commitment
O0d00o0o000oooUooooooooooooon
0000000000 D0 semantics

T1: T3:
0 x.apple(x) [ fruit(x) 0 (0 x-apple(x) O fruit(x))
0 x.pear(x) 0 fruit(x) o (O x.pear(x) O fruit(x))
apple(al) (O x.apple(x) DO apple(x))
red(al) 0 (O x.pear(x) OO pear(x))

O (O x.fruit(x) OO fruit(x))
g (Oxred(x) OO red(x))

AppleE\ 31D (377 rede WV SHDIEHFET
EINIEHFELDD NIFFEELDDIH2H
[75LDTHSB DTIEARL

Py 1stitute of Informatics

z
J

UniversalsO OO O OO O

Sortal/non-sorta: sortal 0 0 0D OO0 0000000000000
substantial/non-substantial: sortalJ 00 O
generic predicate/characterizing predicate: non-sortald O O

unary
predicate
sortal non-sortal

substantial non-substantial generic characterizing
(apple, (food, student) (thing) (red)
human-being)
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Universals O OO OO O

B A TdDnatural; unary
predicate
Cl=axOPx
ForOO—MICEESIN TS sortal non-sortal
(ontologically rigid) /\

_ substantial non-substantia generic characterizing
Cl— Vv x(Px 2 OPx) (apple, (food, student) (thing) (red)

L human-bei
S EIT[BE(divisive) uman-being)

Cl=axOPxA Fy.y<x) A VxOPxD(Iy.(y<xDPy)))

— BB EE : rigid Dy Ddivisive
E=E 1| Zsortal: rigidh D IEdivisive
JEERE M| Zsortal: IErigidh Dnatural TR EE T, HAHEE W TsortalITEESIN
Do
Cl=vxO(PxDSx)
DTk EE : JErigidh Dnatural AR EE T, H5H 5 E 1 Zsortal[ZEEINALY
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Cyc
Top-level ontology] [ [0 00 O 0 3000
KSL ontology server

0doooooOoooooooooooon
SENSUS
ON9
Mikrokosmos

WordNet
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gooooooog

(define-class AUTHOR (?author)
“An author is a person who writes things.
An author must have created at least one document.
In this ontology, an author is known by his or her real name.”

:def (and (person ?author)
(= (value-cardinality ?author author.name) 1)
(value-type ?author author.name biblio-name)
(>= (value-cardinality ?author author._documents) 1)
(<=> (author.name ?author ?name)

(person.name ?author ?name))))

?author0 000 00 00O 0O ?authord persond 0 0 0 0 Jauthor.named 0 0000000
000000000000 00000Obiblic-namel OO0 O0O0OO0OO0OOOODODOO
author.documentsO OO0 0000000 ODOOODOOOOOODOODO author.named OO
OOOperson.name D OO0 0OO0O0ODOOOOOOOOOO
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KIF (Knowledge I nterchange For mat)

0o0b0o00o0oO0b00oooO0obo0obOg@EWoOooDOobo)yobo
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O000DO0o00OdDLspOOOoDOoDn
opogoo

0000000 OO setof,O listof

ifdcondd00O00ODOO

defobject, deffunction, defrelation0 O 0 OO0 D000 O0O0O0OOO0OOOO
O
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KIFO O

goooad

‘KIF

0000 /ooooog

1) O

X+y (+2x ?%y)

{a, b, c, d} (setofabcd)

{x | wheel(x) made-in-japan(x)}
,0000oo0ooood

(setofall ?x (and (wheel ?x)
(made-in-japan x)))

0000000000

I x[wheel(x) O made-in-japan(x)]

(the ?x (and (wheel ?x)
(made-in-japan x)))

0.00000000000

Kk X [wheel(x) O made-in-japan(x)]

(kappa ?x (and (wheel ?x)
(made-in-japan x)))

A x [founded-year(vendor(x))]
,O0x00000000o

(lambda ?x
(founded-year (maker ?x)))

if number(x) O x# 0then 1/x

ooo

(if (and (number ?x) (not (= ?x 0)))

Ox0 000000000UxDO00000 (' 1x))

(2 00

p(a,b)

(pab)

0 x0O y[product(x) - vendor(y) 0 makes(y,x)] | (forall ?x

(exists ?y
(=> (product ?x)
(and (vendor ?y)
(makes ?y ?7x)))))

sssmssssssmsnnmmssm Hid eaki Takeda/ National Institute of Informatics N -
OIL
OIL =
modelling primitives from frames (OKBC-lite)
+ semantics and inference from Description Logic
+ syntax from RDF(S) & XML(S)
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Ontology Container: O O 00 0O00O0OOOO
title, creator, subject, description, publisher, contributor, date, type, format, identifier, source,
language, relation, rights
Ontology definitions
class-def
type: primitive(0 0 0 O ) ordefined(C 000000
name, documentation: string
subclass-of: class
slot-constraint
name, has-value, value-type, max-cardinality, min-cardinality, cardinality
slot-def
name, documentation: string
subslot-of: slot
domain, range: class
pair(x, y) -> domain x, range y
inverse slot
properties: transitive, symmetric
import
rule-base

ontology-definitions

Ol L |:| |:| SIOt-de?fl‘\f‘erseisreaten-by

dlot-def has-part
inverse is-part-of
properties transitive
class-def animal
ontology-container class-def plant .
title "African animals’ subclass-of NOT animal
class-def tree
subclass-of plant
class-def branch

creator "lan Horrocks"
subject "animal, food, vegetarians'

description "A didactic example ontology describing African animals’ slot-constraint is-part-of
description.release "1.01" has-value tree
publisher "I. Horrocks" class-def leaf
type "ontology” slot-constraint is-part-of
format "pseudo-xml” has-value branch
format "pdf" class-def defined carnivore
identifier "http://www.cs.vu.nl/~dieter/oil/TR/oil.pdf" subclass-of animal
source "http://www.africa.convnature/animals.html” slot-constraint eats
language "OIL"  value-type animal
language "en-uk” class-def defined herbivore
relation.hasPart "http://www.ontosRus.com/animals/jungle.onto” subclass-of animal
slot-constraint eats
value-type plant OR
(slot-constraint is-part-of
has-value plant)
class-def herbivore
subclass-of NOT carnivore

class-def giraffe
subclass-of animal
slot-constraint eats
value-type leaf
class-def lion
subclass-of animal
slot-constraint eats
value-type herbivore
class-def tasty-plant
subclass-of plant
slot-constraint eaten-by

ssssmmsmsmsmsnnmmmm Hid eaki Takeda/ National Instiestealge hergiveratieasnivore (gl |
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RDF and RDF Schema

RDF(Resource Description Framework)
wwwooooooooo
googooo
goooooo

XML seridization
oooof

RDF Schema

000000000 A~ _

S —
f

i
I

I

(\\

] N

<

It
At

o

Asineeliorne T

wmi Hideaki Takeda/ National Institute of Informatics

OIL primitive | RDFS syntax type OIL primitive | RDFS syntax type
class-def rdfs.Class class has-value oil:HasValue Class
subclass-of rdfs:subClassOf property . )
class-expression | oil:ClassExpression class (subclass of ail:SlotConstraint)

(placeholder only) valuetype oil:ValueType class
AND oil:AND class . ;

(subclass of O ression) e ey @fbd ass of (.JI | .S!olConstra n)t ——
OR oiI:OR4p_ dass oil:MaxCardinality

(subclass of ClassExpression) (subclass of oil:NumberRestriction)

NOT oil:NOT dass min-cardinglity | oil:MinCardinality class

(subclass of ClassExpression) - -

slot-constraint oil:SotConstraint class _ (subclass of oil:NumberRestriction)

(placeholder only) property cardinality oil:Cardinality class

oil:hasSlotConstraint class . i

(rdf-type of rdfs ConstraintProperty) (subclass of oil:NumberRestriction)

oil:Number Restriction

(placeholder only) )

(subclass of oil:SlotConstraint) OIL primitive | RDFS syntax type
slot-def rdf:Property class
subslot-of rdfs:subProperty Of property
domain rdfs:domain property
range rdfs:range property
inverse oil:inverseRelationOf property
transitive oil:TransitiveRelation class
symmetric oil:SymmetricRelation class

semmsmmmnmmmnm Hid eaki Takeda/ National Institute of Informatics
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OIL by RDFS

<'%fmFIlv ersion="1.0" encoding="1S0-8859-1' 7>
<rdf:

xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-nst"
xminsrdfs http:/imww.w3.0rg/ TR/1999/PR-rdf-schema-

199903(
2 http://www. ontoknolwedge 0 1?/m |/rdfschema”

xmins.oi
xmins.dc: httP //F url.org/dc/elem
? ,purl orgldc/quallflersl
Semanticweb. org/ml/ontology—

xml
xm ns‘ont =

<rdf BSCI’Ip tion about =

<dc:Title>" Afncan Ani mals </dc:Title>

<dc:Creator>"|an Horrocks'</dc:Creator>

<dc:subject >"animal, food, vegetarians' </d subject >
<dc:Description>"A didactic exampleontology describing
African animals’</dc:Descriptiol

dcq:description.release> "1. 01"</dcc1 desx:nptlon release>
<dc:publisher>"l. Horrocks'</dc:publisher;

<dc:type> "ontology"' </d Ct)é?

dc:format> "oil"</dc:format>

L ‘ormat> " pdf" </dc:format>

dentifier>

http /lwww.cs.vu.nl/~dieter/oil/TR/oil.pdf" </dc:identifier>
<dc:source>
"http://www.africa.com/nature/animals. html" </dc:source>
<dc:language> "OIL"</dc;language>

<dc:language> "en-uk"</dc:language>

</rdf:Description>

<rdf:Description .
xmdlfntswlloglsm= http://old.greece/syllogism/">
<rdf:type
(re%souryr%:"http:llwww.ontoknowledge.orgloiIllrdfschema#Rul

QS‘S‘Q”.

<syllogism: pl'emlSO)lf it rains, you get
wet</syllogism:premise>
<syllogism:fact>it rains</syllogism:fact>

<rdf :Property rdf:|D="eats">
<oil:inverseRelationOf rdf :resource="#is -eaten-by"/>
</rdf :Property>
<rdf :Property rdf:|D="is-eaten-by"/>
<rdf :Property rdf:ID="has-part">
<oil:inverseRelationOf rdf :resource="#is -part-of"/>
</rdf :Property>
<rdf :Property rdf:|D="is-part-of"/>
<rdfs:Class rdf :|D="animal"/>
<rdfs:Class rdf :|D="plant">
<rdfs:subClassOf >
<0il;NOT> .
<oil:hasOperand rdf :resource="#animal"/>
</0il:NOT>
</rdfs:subClassOf >
</rdfs:Class>
<rdfs:Class rdf :|D="tree">
<rdfs:subClassOf rdf :resource="#plant"/>
</rdfs:Class>
<rdfs:Class rdf :ID="branch">
<oil:hasSlotConstraint >
<oil:has-value>
<oil:hasProperty rdf :resource="#is -part-of"/>
<oil:hasClass rdf :resource="#tree"/>
</oil:has-value>
</oil:hasSlotConstraint >
</rdfs:Class>
<rdfs:Class rdf :|D="|eaf">
<oil:hasSlotConstraint >
<oil:has-value> .
<oil:hasProperty rdf :resource="#is -part-of"/>
<oil:hasClass rdf :resource="#branch"/>
</oil:has-value>
</oil:hasSlotConstraint >
</rdfs:Class>
<rdfs:Class rdf :|D="carnivore">
<rdfs:subClassOf rdf :resource="#animal"/>
<oil:hasS otConstraint >
<oil:valueType >
<oil: hzasProperE;(f rdf :resource="#eats'/>

<oil:hasCl :resource="#animal"/>
<syllogism:conclusion>you gef wet</syllogism:conclusion> </oil:valueType >
</rdf:Description> </oil: hasSl otConstraint >
</rdfs:Class>
smsssmmsmsmsnm Hid eaki Takeda/ National Institute of Informatics Nii -
ontology-definitions <rdf:Pr A= 3
Sot-def eats rdf:Property rdf:|D=" eats'> " .
: ; <oil:inverseRelationOf rdf :resource="#is -eaten-by"/>
inverse is-eaten-by <Irdf ‘Property>
slot-def has-part. <rdf:Property rdf:1D="is-eaten-by"/>
inverse is-part-of <rdf:Property rdf:ID="has- part"
properties transitive <oil:inverseRelationOf rdf :resource="#is - part-of"/>
class-def animal </rdf :Property>
class-def plant <rdf :Property rdf:1D="is-part-of"/>
subclass-of NOT animal <rdfs:Class rdf:|D="anima"/>
class-def tree <rdfs:Class rdf :ID="plant">
subclass-of plant <rdfT:s.chlassOf >
<0il:NOT>
class-def branch <oil:hasOperand rdf :resource="#animal"/>
slot-constraint is-part-of </oil:NOT>
has-value tree </rdfs:subClassOf >
class-def leaf </rdfs:Class>
slot-constraint is-part-of <rdfs:Class rdf :ID="tree">
has-value branch <rdfs:subClassOf rdf :resource="#plant"/>
class-def defined carnivore </rdfs:Class>
subclass-of animal <rdfs:Class rdf :ID="branch">
slot-constraint eats <oil; IhﬁsSI ota|Constra nt >
q <oil;has-value>
e ed"%‘g\%f: animal <oil:hasProperty rdf :resource="#s -part-of"/>
bz of aima IS resuroe= e’
slot-constraint eats </oil: hasSlotConstraint >
value-type plant OR </rdfs:Class>
(slot-constraint is-part-of <rdfs:Class rdf :ID="leaf">
has-value plant) <oil:hasSlotConstraint >
class-def herbivore <0il:has-value> X
subclass-of NOT carnivore <oil:hasProperty rdf :resource="#is -part-of"/>
class-def giraffe I<Q||I:r¥1asCI§|ss rdf :resource="#branch"/>
; </oil:has-value>
:ﬁ‘fmﬁ;ﬂ:' r;als </oil:hasSlotConstraint >
</rdfs:Class>
_ vauetypelesf <rdfs:Class rdf:|D="carnivore'>
class-def lion ) <rdfs:subClassOf rdf :resource="#animal"/>
subclass-of animal <oil;hasSlotConstraint >
slot-constraint eats <oil;valueType >
value-type herbivore <oil: hasProper% rdf :resource="#eats'/>
class-def tasty-plant <oil:hasCl ‘resource="#animal"/>
subclass-of plant </oil:valueT 5
Sot-constraint eaten-by </oil:hasSlot nstra nt >
has-value herbivore, carnivore </rdfs:Class>
ascmememmmmmmnn Hidl eaki Takeda/ National Institute of Informatics Nl |
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OIL:

Currently available tools
Definition of language
semantics
XML encoding
RDF encoding
Tools:

Trandators (XSL
based)

reasoner (FaCT, DL-
based)
OntoEdit

case-studies
GI S ontology mapping
(KA)2 ontology

CIA world fact book | DC " PIC

XHTMLl | SMIL " RDF(S)

HTML XML -
SR TOREUT O TITSITUTE OT TorTanes —— Tell |

oboooodaod

KIF(Knowledge I nterchange Format)
ooooooo

Ontolingua
KIFO OO

OKBC(Open Knowledge Base Connectivity)
Ontolingua+frame ontology

XOL (XML Ontology Exchange Language)
OKBC-itetlODOOOOODOO
XMLOOOOOOO

OIL (Ontology Interchange Language)
xoLooo

OML (Ontology Markup Language)
SHOE
Conceptual GrephsD D OO OO OO 4d

OKBC-lite

ssnmmnssemssmnsssmmnnm Hid eaki Takeda/ National Institute of Informatics Nl |
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(define-pclass

(hot-spring
((has-at-least name)
(has-some type-of-bath)
goooono (has-some ingredient)
(has-some effect))))

(defi ne-concept
(ef fect

(isdiseasewith(or* OO>"" 00" 00"))))

(def i ne-concept

(disease (is (or “ +0>" “ +0" “ +07"))))

wensesmesnmsmmmmem Hid eaki Takeda/ National Institute of Informatics

NI =

23



_ EE o

e T. What's Now| What's Cool| Handbook| Not Search| Net Birectory| Software|

Classified
URLS

e
S IcCAD 000000

—




gbooooboooboooo

. ~ Hetscape: KEPCO PROJECT. T e [ |
fi
P |1http://ai—ww, aist-nara, ac. jp/kepcod/kepco_home, htal

b iraral L L dLEFazf it~ B

(8L 1 1 Sl B B L] J A
EE‘J)%?? E;‘E@iﬁf Eﬁimﬁé@ JHE*EED ZN W;u RN — gy =iy

A &
o FAME - R AT

il

0

= g
i
FIE—% BRLTLEE N W A
® 1 RFDEE EEHOREEEDE S>TRIETHBH ¢ o LR

o WRVOFE
0 a_ i MIEHTEHR LN

BEERF T UL

HED S BECHET 5 & 2B

VT3,
SR ORI

il =B EE

#
O b BE HFELCRITTLEA T

ﬁ' 223 SBEAAS, SOt [ S LS I

CH<hTLE,

O${$i ) B | P L
AR AL

o d. T

5]

0 e ERLAELA? [B]

FT 2T L
VTR T
.""l L
BHY
(D0Do0oDoOoooooo

M http://ai—www,aist—nara..,epcoﬁ/cgi—bin/shcw‘cgi o e e EJ" ITancua/ iNauulial 1HiSLLuLe vl innuliiiacivy I‘ll L

N E N T L Lol U] R LT Lo )

L ERFAACETH TGN R NANTI o L RS "L MERERETE o TEdE| . '~ EERT

B, ENEFE,; EAA¥FL

L FESTE AEOEL . RC-LEE e L1 L T EEETE . N LG FEHTEL . IENART
EEET), —rljaRaAY) , —ERE=TFh| , —FREE4), -rEELLY
~REET L (~EEARd . EETEECTR

A EEACE - AaptcEiniEn -

y I—EERTR .

(15 BE i R TEE ] THNE ] ALty o TRMRE T LRI o ) T
il . End B . Tk - T=EEST) . Ry

. H@Od&ER =k, I=
i HEOFs - 6 Fr—olFmiti-dj, 1! F—ghaini- il —EBE e
EfhTill MFERLTUR . —EF0EIEIThl . TR{TIART A E] o STl
—EifTn g —mEn s I—LTid
i HEnEE - 6 —OanmEML L —nlili=g ] "—-n@fEiziyyg el - LT WS- TR (Bl ]
REELY) I—ie-bnbTing] T—sFhrod
b Aok - R Lt - [ 2% 5T 7] T—frEdd; T—CEf-msy =gl %) —pERa LT =T

=L T—g@F LTy '—fFELTLE —pBRY s =@l , T—be
L ST = L]
T, FilheSOH F—phEErdd)

snmsmsmsmsmssssmmmmnnm Hid eaki Takeda/ National Institute of Informatics NIl =




booboobooboobooud

i )

4 Y

§ I
o i : ]y L e ¥ k|
TR
J1TE1]
[T Tl B Fe R T |
4 s -
.u B

fl
i 1 B . i
I L. G CGne FRCUGL VAU AL THIOULULG UL T U TGS

EELET BT TN [hEsFinnaia

vwan

Architecture of Designers Amplifier

, : Information Organizing Agent
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