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= & (Inference)

la. The act or process of deriving logical
conclusions from premises known or assumed
to be true. b. The act of reasoning from factual
knowledge or evidence.

2a. Something inferred. b. Usage Problem A
hint or suggestion: The editorial contained an
inference of foul play in the awarding of the
contract.

[from The American Heritage® Dictionary of the English Language: Fourth Edition. 2000.]
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ETRI

ettty

= Z (Inference)
S Al Xl A (Explicit Knowledge) (2)

( Specified Knowledge
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=8t o

X implies Y.

fact X.
°| 0]

X umplies Y\ EREAXIEE 6/ T, Y = ZiER
HAI X AT2] O

Father(?x) implies Man(?x).

fact Father(Cheolsu).
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%= 2 (Inference)
&= XA (Implicit Knowledge) (2)
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ference)
Implicit Knowledge) (3)

impliesY. : [Modus-Ponens]
7o =g
Father(?x) implies Man(?x).
fact Father(Cheolsu).
Modus-PonensE & &001 &= 1/4 ==

-> Man(Cheolsu)
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ference)

A (Consistency) &

O) Ot el X4l
fact Father(Cheolsu).
fact Woman(Cheolsu).
Father(?x) implies Man(?x).
Man(?x) implies ~Woman(?x).
Woman(?x) implies ~ Man(?x).
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ETRI

ettty

—’TS g(I nference)
: 0| 2(Theory) 23

=0 & HAl X4 8P01|/\‘|,
0| 2(Theory)O| E+tEstX

2o SES0E2ZS JI%

) =2 HAl XIAO
fact Fathel(CheoIsu).
Father(?x) implies Man(?x).

- U323 OlE=2 EtEett?

{ L& 210 [ RSB ER@R O dt =7
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(I nference)

7 & (Derivation)

tl) k=2l XA= J|E
fact Father(Cheolsu).
Father(?x) implies Man(?x).
Man(?x) implies ~Woman(?x).
Woman(?x) implies ~ Man(?x).
2
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OWL =&
DWL S & O

OWL Lite
OWL DL/Full
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OWL =&

O|0|I2 Ol: ScHA H2 A== (1)

Class Descriptions & Class Axioms
Class Descriptions Otel @f 20| SHAE D
Enumerations
owl:oneOf

Boolean compositions
owl:unionOf, owl:complementOf etc

= &Lt

Restrictions
owl:allValuesFrom, owl:cardinality etc

Class Axioms 2 S A 2t0| 2HH E J| =&t
Subsumption
rdfs:subClassOf

(In)Equality
owl:equivalentClass, owl:differentFrom, etc
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OWL =&

O|0|2 Ol: ScHA H A== (2)

0d11)
-1 &: Class(C complete unionOf(C1, C2, C3))*
Sl MCh =M CIRU fiC2) U {C3F

{c}: a set of individuals contained in a class ¢

Kl 2)
12 : restriction(p hasValue(v))*
2101 {x | p(x.y) A y=v}

* OWL Abstract Syntax. Refer to [3]
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OWL =&
o|0| 20 [t

(.
= o X
= =2 A&

OWLE| unionOf
-1 =: Class(C complete unionOf(C1, C2, C3))
=2 F=: C1(?0) V C2(2i) V C3(?i) -> C(2i) (1)
0dl)

Class(Human complete
unionOf(Man, Woman))

Individual(Cheolsu type(Man))
> FE 13 (1) HE0tH UsS2 22
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OWL =&

Consistency Check
OWL M2 Lzt = HALStCt.
Subsumption & Equivalence
=4 ZEONH SN L SX S
et 0L C.
Membership
WAl (Individual) 2t HL Sl A0 =5H= A
2 OF M [T
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OWL =&

Consistency Check 0l: 29 XMl (1)

Class(Cow complete intersectionOf(Animal,Vegetarian))
Class(Sheep partial Animal)
Class(Vegetarian complete
restriction(eats, allValuesFrom(complementOf(Animal))))
Class(MadCow complete
intersectionOf(Cow,
restriction(eats, someValuesFrom(Sheep))))
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OWL =&
Consistency Check 0fl: 29 Z Xl (2)

Class(Cow complete intersectionOf(Animal,Vegetarian))
Class(Sheep partial Animal)
Class(Vegetarian complete

restriction(eats, allValuesFrom(complementOf(Animal))))
Class(MadCow complete

intersectionOf(Cow,

restriction(eats, someValuesFrom(Sheep))))

Individual(Cow123 type(MadCow))
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OWL =&

Subsumption G: Jt= £ (1)

Class(Woman complete intersectionOf(Person,Female)))
Class(Man complete

intersectionOf(Person, complementOf(Woman)))
Class(Mother complete intersectionOf(\Woman,

restriction(hasChild, someValuesFrom(Person))))
Class(Father complete intersectionOf(Man,

restriction(hasChild, someValuesFrom(Person))))
Class(Parent complete unionOf(Mother, Father))
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OWL =&

Subsumption 0
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OWL =&

Equivalence 0il: Boolean Composition

Class(A complete intersectionOf(B C D))
Class(X complete intersectionOf(B D))
EquivalentClasses(C D)
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OWL

Membership 0

Class(Vegetarian complete intersectionOf

(Animal,
restriction(eats, allValuesFrom(Plant))

restriction(eats, cardinality(1))))

Individual(Carrot type(Plant))
Individual(Dolly type(Animal) value(eats Carrot))
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OwL=S E

OWLS| stAH: T2 IHEl & & (Property Composition)

Olatel A2 TUE Z=iHEF=Nt .

owL2 Ef
0ll1) The brother of somebody’s father is that somebody’s wacle.

0l2) An employee of a member organization is also a member.
712 (Rule)ES O0l=otH =g =L,
Gl 1) If father(?x,?y) and brother(?z,?x). then uncle(?z,?y).

0ll2) If member(?x,?y) and employee(?z,2y) then member(?x,?z)
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OWLZE =4 OI
=) TN

owLz (8= =& :
0ll1) Teenager is a class of people whose age is greater than
10 and less than 20.
0ll2) The set of all positive numbers divisible by 3 is
ThreeNumber class.

=2 olEole sl dlSoa i Jts
0ll1) If age(?x,?a) and [?a > 10] and [?a < 20]
then Teenager(?x).
0l12) If Number(?x) and [mod(?x,3) == 0] then
ThreeNumber(?x).
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owL= &0

OWL2| &t : Closed-World Assumption (1)

OWL= Open-World Assumptionl 7| =5t UACE.
O

HE =0l AR L2 FAEHSZ SO E O
=501 OF &tCH.
, ME2 82 SE0| JIE0 He =8 HAL=
QUL (X =2

T e

8t™H | Closed-World Assumption2

orof ({® AN=0| Z0l2t= AFAOLFO{ & XA 0l =Xl ok
HOH, &= HAQl Ho =2 ZESHCL (Negation-As-

Failure)

A OLE= j==550 UG ek
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OWL= E (4
OWL2| 8tH : Closed-World Assumption (2)

KB = {BadGame(a), Game(b), subClassOf(BadGame,Game)}
OWA)

Game(?x) and 1 BadGame(?x) then NiceGame(?x);

=
ZE UsS.

KBOl BadGame(b) ot FIt&E.

A=z o2
ETjea3®.

CWA)
Game(?x) and ~BadGame(?x) then NiceGame(?x);
NiceGame(b)E 22 ZE¢E.
KBOll BadGame(b)Jt F=Jt&.
NiceGame(b)= 20| Ok .

(7. classical negation, ~. negation as failure)
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owL= =&
Bsax %”é* )

M=Z=2 AISHEE AH 03It MeHE I &

Unicode
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owL= &
EENY %Hg (3): WRL 2412 0f

concept Human subConceptOf { Primate, LegalAgent }
nonFunctionalProperties
dc#description hasValue "concept of a human being”
uldllmﬂlmﬂmmﬁapuﬂu
hasName ofType foaf#name

relation ageOfHuman/ 2 (ofType Human, ofType _integer)
nonFunctionalProperties

endNonFunctionalProperties

axiom FunctionalDependencyAge

I- ageOfHuman(?x,?y1) and
7x,7y2) and
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4| 52 X4
=pE

Instance Store Application Rules
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L = = of S
OHl

Generic Ontology
XS MA, 23 HA
Generic Rules
BHOIZ 0l [HE Xt
Instance Store
Asx Y 25 2
Application Rules

= I ==
NEH 252 57,

e 4/S3
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: Tableaux Algorithm

Hlw &= 2 & (Resolution Refutation) Bt 7 At
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£ 2 1: Rule Engine
OWlLJessKB, Jena, Bossam
S = 2: FOL Reasoner
JTP, Hoolet
2 Z 3: Logic Programming
Euler, XSB Prolog
£ 2= 4: F-Logic
F-OWL

2005/09/29 ETRI © 2005

18



OWL =& A&l
Pellet (1): 2N

UMIACS*0| A JHE S LEAA Java & EE S| 0f
Sound & Complete OWL DL Reasoner

Tableaux &€ 12|& J| Bt

SN DL == Y AN= IR =5 2 QWL E S ==l
2 == Js

Ontology Repair

Species Validation

Consistency Check

Classification

Entailments Check

Answering a subset of RDQL queries
DIG /B H Ol A XIH

*University of Maryland Institute for Advanced Computer Studies
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OWL =&

=
Pellet (2): &

RDFIXML Parser ' *

Species Validation & ABox Query |
Ontology Repair Engine |

KnowledgeBase Interface

(Reasoner SPI) DIG

Application

2005/09/29 ETRI © 2005

19



OWL =& &l

JENA (1): 274

HPOIl A JHE St @EAA Java A E Q04
=Q 0/
20005 26 JHE. RDF tNM E Al & &
2003 DAML+OIL X| &
2004E OWL X3, =& Jls KI&AdtI| Al
pEctshD| = A
ARP O|HIE J|BF RDF It Af
Database backend
RDQL 2 2| &= kAl 2N |
Jena Inference API (Plug-in 2 X)
DIG Interface
Az = JiAs Fet
Transitive Reasoner, RDFS Reasoner, OWL, OWL Mini, OWL Micro
Reasoners, DAML Micro Reasoner, Generic Reasoner
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OWL =& dlAl
JENA (2): RDFS =2 ol &l

CH 5 =2 RDFS Entailment Hl & JObs
NIHK &S 2=
(K2 €= RDFS °|0|22 &0 [Z)
Full
Default
Simple
rdfs:subPropertyOf, rdfs:subClassOf, rdfs:domain, rdfs:range

2005/09/29 ETRI © 2005
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OWL =& Al &l
JENA (3): OWL =2 QI A

Sound but Incomplete Reasoning
OWL Lite JHXl X &

MK =8 25
OWL Micro Reasoner
RDFS + {intersectionOf, unionOf, hasValue}

OWL Mini Reasoner
OWL - {forward entailments from minCardinality &
someValuesFrom}

OWL Reasoner
OWL Lite subset of OWL Full
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& S (Forward Chaining)

= &t (Hybrid Execution)
7= A2 ST

Triple 220 J|Bret =

Negation =& 2 X| 2 5t
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OwL =& ¢l &l
JENA (5): 7= 2y

Rule := bare-rule. or [bare-rule] or [ruleName : bare-rule ]
bare-rule := term, ... term -> hterm, ... hterm  // forward rule
or term, ... term <- term, ... term // backward rule
hterm := termor [ bare-rule ]
term := (node, node, node) // triple pattern
or (node, node, functor) // extended triple pattern
or builtin(node, ... node) // invoke procedural primitive
functor := functorName(node, ... node) // structured literal
node := uri-ref // e.g. http://foo.com/eg
prefix:localname // e.g. rdf:type
?varname // variable
'a literal' // either a string or a number
number /le.g. 42 or 25.5
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OWL =& %l &l
JENA (6): 7= 0

[allID: (?C rdf:type owl:Restriction), (?C owl:onProperty ?P),
(?C owl:allvaluesFrom ?D) -> (?C owl:equivalentClass all(?P, ?D)) ]

[all2: (?C rdfs:subClassOf all(?P, ?D)) -> print(‘Rule for *, ?C)
[alllb: (?Y rdf:type ?D) <- (?X ?P ?Y), (?X rdf:type ?C) ] ]

[max1: (?A rdf:type max(?P, 1)), (?A 2P ?B), (?A ?P 7C)
-> (?B owl:sameAs ?C) ]
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OWL =& ¢l &l

A (1): AN

05
2003 0fl N AlZ
2003 L0l =J| K& N 2

=
=

OWL Test CaseE 0| £5t04
200449 R X|/2 =+
20054 v0.7, v0.8 JH &

HEO L] el A & =% I &3

RuleML & SWRL X &,

=X, OWL =2 J|s =5

—/ Oy,
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o
bal

= =¢cl(Horn Logic)
(Frame) Xl & =&

el 0 28

| Classical Negation X| &
& =9 &3
=EZAX =2 A&

RD(;S |OWL RuleML, SWRL § =2 &

SE2N9 HES st 2E

Mg

EIR=s=1[ )
bale 2R
0o rin

02 &
4o 42 rir

Ja
\

At 245 s
AlSH AP
Query X 2| (Buchingae Query2t X| &)
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First-Order Logic
[ Description Logic  —

Logic Programming NAF,
Procedural
Attachment,

Description Logic :
q Conflict
Programming Res%';utlion.

Classical 2nd-order
Negation syntax
etc

Disjunctions in the body e
Conjunctions in the head
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OWL =2 A Z
28 (4): 7 Dl o

prefix builtin = http://www.etri.re.kr/2003/10/bossam-builtin#;
prefix family = http://www.etri.re.kr/Family#;
namespace is http://www.etri.re.kr/samples#;
rulebase rb01
|
fact FO1 is family:hasFather(Sam,John);
fact FO2 is family:hasFather(John,Jim);
rule RO1 is
if
family:hasFather(?x,?y) and family:hasFather(?y,?z)
then
family:hasGrandFather(?x,?z)
and builtin:print(?x, " is the father of ", ?z);

2005/09/29 ETRI © 2005
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OWL =2 QI
S (5): OWL =&

013 XI& g
owLe 2= =
X A
Sound
Incomplete
a5
RETE & 12|
W3C Wine
Jena XM & X|&
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Supported Languages:
OWL(RDF/XML), OWL(N3),
Buchingae, RuleML/XML,
SWRLX, SWRL(RDF/XML),

RDFS(RDF/XML), RDFS(N3)
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OWL =& dlAl
£ 4 (8): OI2

Wine 282X 2%

IIOl/QCI-
=l =)

=MNE XA 221 =),

XIO
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: hasFlavor(Dry) & hasColor(Red) & hasBody(Full) &...

26



[1] W3C, OWL Overview

[2] W3C, OWL Reference

[3] W3C, OWL Abstract Syntax & Semantics

[4] W3C, OWL Guide

[5] Jos de Bruijin, “Lecture 7 - Description Logic Reasoning”, May 8, 2005.
[6] HP, “Jena 2 Inference Support”

[7] Jos de Brujin et al., “
[8] Sean Bechhofer, “OWL and Inference: Practical Examples”
[9] Pellet OWL Reasoner (

2005/09/29 ETRI © 2005

27



