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 <?xml version="1.0" encoding="ISO-8859-1"?> 
<!DOCTYPE rdf:RDF [ 
 <!ENTITY rdf 'http://www.w3.org/1999/02/22-rdf-syntax-ns#'> 
 <!ENTITY a 'http://protege.stanford.edu/system#'> 
 <!ENTITY PN_Ontology 'http://protege.stanford.edu/PN_Ontology#'> 
 <!ENTITY rdfs 'http://www.w3.org/TR/1999/PR-rdf-schema-19990303#'> 
]> 
<rdf:RDF xmlns:rdf="&rdf;" xmlns:a="&a;" xmlns:PN_Ontology="&PN_Ontology;" xmlns:rdfs="&rdfs;"> 
 <rdfs:Class rdf:about="&PN_Ontology;Absolute Position" rdfs:label="Absolute Position"> 
  <rdfs:subClassOf rdf:resource="&PN_Ontology;Position"/> 
 </rdfs:Class> 
 <rdfs:Class rdf:about="&PN_Ontology;Arc" rdfs:label="Arc"> 
  <rdfs:subClassOf rdf:resource="&PN_Ontology;ModelElement"/> 
 </rdfs:Class> 
 <rdfs:Class rdf:about="&PN_Ontology;Feature" rdfs:label="Feature"> 
  <rdfs:subClassOf rdf:resource="&rdfs;Resource"/> 
 </rdfs:Class> 
 <rdfs:Class rdf:about="&PN_Ontology;GraphicalFeature" rdfs:label="GraphicalFeature"> 
  <rdfs:subClassOf rdf:resource="&PN_Ontology;Feature"/> 
 </rdfs:Class> 
 <rdfs:Class rdf:about="&PN_Ontology;GraphicalInformation" rdfs:label="GraphicalInformation"> 
  <rdfs:subClassOf rdf:resource="&rdfs;Resource"/> 
 </rdfs:Class> 
 <rdf:Property rdf:about="&PN_Ontology;ID" a:maxCardinality="1" a:minCardinality="1" rdfs:label="ID">
  <rdfs:domain rdf:resource="&PN_Ontology;ModelElement"/> 
  <rdfs:domain rdf:resource="&PN_Ontology;Net"/> 
  <rdfs:range rdf:resource="&rdfs;Literal"/> 
 </rdf:Property> 
… 
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<UL>
<LI>Aho, A. V., Sethi, R., Ullman, J.D.: <EM>Compilers: 
Principles, Techniques, and Tools</EM>, Addison-Wesley, 1985
</UL>

HTML is layout-oriented
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<?xml version="1.0"?>
<employees>

List of persons in company:
<person name="John">

<phone>47782</phone>
On leave for 2001.

</person>
</employees>

an attribute 
within a tag
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<BOOK>
<AUTHOR> Aho, A.V. </AUTHOR>
<AUTHOR> Sethi, R. </AUTHOR>
<AUTHOR> Ullman, J.D. </AUTHOR>
<TITLE> Compilers: Principles, Techniques, and Tools </TITLE>
<PUBLISHER> Addison-Wesley </PUBLISHER>
<YEAR> 1985 </YEAR>

</BOOK>

XML is structure-oriented
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<xsd:schema xmlns:xsd=“http://www.w3.org/1999/XMLSchema”>

<xsd:element name=“BOOK” type=“BOOKTYPE”/>

<xsd:complexType name=“BOOK_TYPE” >
<xsd:element name=“AUTHOR” type=“xsd:string”

minOccurs=“1” maxOccurs=“unbounded”/>
<xsd:element name=“TITLE” type=“xsd:string”/>
<xsd:element name=“PUBLISHER” type=“xsd:string”

minOccurs=“0” maxOccurs=“1”/>
<xsd:element name=“YEAR” type=“xsd:decimal”

minOccurs=“0” maxOccurs=“1”/>
<xsd:attribute name=“isbn” type=“xsd:string”/>
<xsd:attribute name=“nickname” type=“xsd:string”/>

</xsd:complexType>
</xsd:schema>
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OBJECT ATTRIBUTE VALUE

http://www.w3.org/ created_by #anonymous_resource1
#anonymous_resource1 name "John"
#anonymous_resource1 phone "47782"

http://www.w3.org/
created_by

name

phone

John

47782
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<rdfs:Class rdf:ID="herbivore">
<rdfs:subClassOf rdf:resource=”#animal”/>
<rdfs:subClassOf>
...
</rdfs:subClassOf>

</rdfs:Class>
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Ideally, we would like a universal shared 
knowledge-representation language to support 
the Semantic Web, but for a variety of pragmatic 
and technological reasons, this is unachievable 
in practice. Instead, we will have to live with a 
multitude of metadata representations.

S. Decker et al.
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Even simple 
RDF Schema 
agents are 
able to 
process the 
OIL ontologies

An OIL 
processor 
will also 
understand 
RDFS
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DAML

DAML+OIL

DAML = DARPA Agent Markup Language
OIL = Ontology Inference Layer

OIL

OWL

RDF

All were influenced by RDF

OWL is now a W3C Recommendation!

OWL Full

OWL DL

OWL Lite
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subClassOf
resource
ID
...

Class
equivalentProperty
sameIndividualAs
...

OWL Vocabulary

RDF/RDF Schema

OWL
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SLR  Single Lens Reflex (camera)
SLR  Satellite Laser Ranging
SLR  Self Loading Rifle
SLR  Sending Loudness Rating (telecommunications)
SLR  Service Level Report
SLR  Service Location Register
SLR  Side Looking Radar
SLR  Single Line Restoral
SLR  Single Linear Recording
SLR  Slide Raft (aircraft door)
SLR  Slush on Runway(s)
SLR  Solectron
SLR  Spacelift Range
SLR  Sri Lanka Rupee (national currency)
SLR  Statutory Liquidity Ratio
SLR  Stock Level Report
SLR  Stock Level Requirement
SLR  Straight Leg Raise
SLR  Straight Leg Raising
SLR  System Level Requirement(s)
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<owl:Class rdf:ID="Camera"/>

<owl:Class rdf:ID="SLR">
<rdfs:subClassOf rdf:resource="#Camera"/>

</owl:Class>
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<PhotographyStore rdf:ID="Hunts"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#">

<store-location>Malden, MA</store-location>
<phone>617-555-1234</phone>
<catalog rdf:parseType="Collection">

<SLR rdf:ID="Olympus-OM-10"
xmlns="http://www.camera.org#">

<lens>
<Lens>

<focal-length>75-300mm zoom</focal-length>
<f-stop>4.5-5.6</f-stop>

</Lens>
</lens>
<body>

<Body>
<shutter-speed rdf:parseType="Resource">

<min>0.002</min>
<max>1.0</max>
<units>seconds</units>

</shutter-speed>
</Body>

</body>
<cost rdf:parseType="Resource">

<rdf:value>325</rdf:value>
<currency>USD</currency>

</cost>
</SLR>

</catalog>
</PhotographyStore>

Is it relevant?
(SLR = Single Lens Reflex)
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<PhotographyStore rdf:ID="Hunts"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#">

<store-location>Malden, MA</store-location>
<phone>617-555-1234</phone>
<catalog rdf:parseType="Collection">

<SLR rdf:ID="Olympus-OM-10"
xmlns="http://www.camera.org#">

<lens>
<Lens>

<focal-length>75-300mm zoom</focal-length>
<f-stop>4.5-5.6</f-stop>

</Lens>
</lens>
<body>

<Body>
<shutter-speed rdf:parseType="Resource">

<min>0.002</min>
<max>1.0</max>
<units>seconds</units>

</shutter-speed>
</Body>

</body>
<cost rdf:parseType="Resource">

<rdf:value>325</rdf:value>
<currency>USD</currency>

</cost>
</SLR>

</catalog>
</PhotographyStore>

<Camera xmlns:rdf="http://www.w3.org/1999/02/22-
rdf-syntax-ns#"

xmlns="http://www.camera.org#">
<lens>

<Lens>
<size>75-300mm zoom</size>
<aperture>4.5-5.6</aperture>

</Lens>
</lens>
<body>

<Body>
<shutter-speed rdf:parseType="Resource">

<min>0.002</min>
<max>1.0</max>
<units>seconds</units>

</shutter-speed>
</Body>

</body>
</Camera>

Match?
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<PhotographyStore 
rdf:ID="Hunts"

<SLR>
…

</SLR>
</PhotographyStore>

Hunts.xml

Web 
Bot

<owl:Class rdf:ID="SLR">
<rdfs:subClassOf rdf:resource="#Camera"/>

</owl:Class>

Camera.owl

"Relationship between
Camera and SLR?"

"SLR is a type of
Camera."
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<owl:DatatypeProperty rdf:ID="focal-length">
<owl:equivalentProperty rdf:resource="#size"/>
<rdfs:domain rdf:resource="#Lens"/>
<rdfs:range rdf:resource="&xsd;#string"/>

</owl:DatatypeProperty>

"focal-length is synonymous with (lens) size.
focal-length is to be used within a Lens.
focal-length has a value that is a string."
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<owl:DatatypeProperty rdf:ID="f-stop">
<owl:equivalentProperty rdf:resource="#aperture"/>
<rdfs:domain rdf:resource="#Lens"/>
<rdfs:range rdf:resource="&xsd;#string"/>

</owl:DatatypeProperty>

"f-stop is equivalent to aperture."
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Symmetric: if P(x, y) then P(y, x)
Transitive: if P(x,y) and P(y,z) then P(x, z)
Functional: if P(x,y) and P(x,z) then y=z
InverseOf: if P1(x,y) then P2(y,x)
InverseFunctional: if P(y,x) and P(z,x) then y=z
allValuesFrom: P(x,y) and y=allValuesFrom(C)
someValuesFrom: P(x,y) and y=someValuesFrom(C)
hasValue: P(x,y) and y=hasValue(v)
cardinality: cardinality(P) = N
minCardinality: minCardinality(P) = N
maxCardinality: maxCardinality(P) = N
equivalentProperty: P1 = P2
intersectionOf: C = intersectionOf(C1, C2, …)
unionOf: C = unionOf(C1, C2, …)
complementOf: C = complementOf(C1)
oneOf: C = one of(v1, v2, …)
equivalentClass: C1 = C2
disjointWith: C1 != C2
sameIndividualAs: I1 = I2
differentFrom: I1 != I2
AllDifferent: I1 != I2, I1 != I3, I2 != I3, …
Thing: I1, I2, …

Legend:
Properties: P, P1, P2, etc
Specific classes: x, y, z
Generic classes: C, C1, C2
Values: v, v1, v2
Instance documents: I1, I2, I3, etc.
A number: N
P(x,y): “property P relates x to y”
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 <?xml version="1.0" encoding="UTF-8"?> 

<rdf:RDF xmlns="http://owl.protege.stanford.edu#" xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" xmlns:owl="http://www.w3.org/2002/07/owl#"> 
 <owl:Class rdf:ID="ModelElement"/> 
 <owl:Class rdf:ID="StructuralElement"> 
  <rdfs:subClassOf rdf:resource="#ModelElement"/> 
  <rdfs:subClassOf> 
   <owl:Restriction> 
    <owl:onProperty rdf:resource="#element"/> 
    <owl:minCardinality 
rdf:datatype="http://www.w3.org/2001/XMLSchema#nonNegativeInteger">1</owl:minCardinality> 
   </owl:Restriction> 
  </rdfs:subClassOf> 
 </owl:Class> 
 <owl:Class rdf:ID="Arc"> 
  <rdfs:subClassOf rdf:resource="#ModelElement"/> 
  <rdfs:subClassOf> 
   <owl:Restriction> 
    <owl:onProperty rdf:resource="#multiplicity"/> 
    <owl:maxCardinality 
rdf:datatype="http://www.w3.org/2001/XMLSchema#nonNegativeInteger">1</owl:maxCardinality> 
   </owl:Restriction> 
  </rdfs:subClassOf> 
  <rdfs:subClassOf> 
   <owl:Restriction> 
    <owl:onProperty rdf:resource="#fromNode"/> 
    <owl:cardinality  
rdf:datatype="http://www.w3.org/2001/XMLSchema#nonNegativeInteger">1</owl:cardinality> 
   </owl:Restriction> 
  </rdfs:subClassOf> 
… 
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Element

Generalizab leElement

isRoot :  Boolean
isLeaf : Boolean
isAbstract : Boolean

At tribute
initialValue : Expression

Method

body :  ProcedureExpression...
Operation

concurrency : CallConc urrencyKind
isRoot  :  Boolean
isLeaf : Boolean
isAbst ract : Boolean
specifi cat ion : String

n1 n

+specifi cation

1

ElementOwnership

visibility : VisibilityKind
isSpecificat ion : Boolean

Namespace Constraint

body : BooleanExpression

ModelElement

name :  Name

0..1

n

+namespace
0..1

+ownedElement
n

n

n

+constraint

n

+constrainedElement

n {ordered}

BehavioralFeature

isQuery : Boolean

Feature
ownerScope : ScopeKind
visibility  :  V isibilityKind

StructuralFeature
multiplicity : Multiplicity
changeability : ChangeableKind
targetScope : ScopeKind
ordering : OrderingKind

Parameter
defaultValue : Expression
kind : ParameterDirectionKind

0...

n

0...

+parametern

{ordered}

Classifier

n

0..1

+featuren

{ordered}

+owner

0..1

n

1

+typedFeaturen

+type1

n

1

+typedParametern

+type1
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Instrument
name
weight
loudness

Album
title
year
duration

Musician
name

0..n

0..n

0..n

+player

0..nplays

0..n

0..n
+opus

0..n

+author

0..n records

Event
date
time
location

0..n

0..n

+performance
0..n

+performer
0..n

plays at

Admirer
0..n0..n

+performance

0..n

+audience

0..n
attends
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<UML:Class xmi.id="Im19247250m106c9d71d66m24d0" name="Musician" 
visibility="public" isSpecification="false" isRoot="true" isLeaf="true" isAbstract="false" isActive="false">

<UML:Classifier.feature>
<UML:Attribute xmi.id="Im19247250m106c9d71d66m24d1" 
name="name" visibility="private" isSpecification="false" 
ownerScope="instance" changeability="changeable" 
targetScope="instance">

<UML:StructuralFeature.multiplicity>
<UML:Multiplicity xmi.id="Im19247250m106c9d71d66m250c">

<UML:Multiplicity.range>
<UML:MultiplicityRange xmi.id=
"Im19247250m106c9d71d66m250d" lower="1" upper="1"/>

</UML:Multiplicity.range>
</UML:Multiplicity>

</UML:StructuralFeature.multiplicity>
<!--... -->
<UML:Attribute.initialValue>

<UML:Expression xmi.id="Im19247250m106c9d71d66m24d2" language="java" body=""/>
</UML:Attribute.initialValue>
<UML:StructuralFeature.type>

<UML:DataType xmi.idref="Im19247250m106c9d71d66m24d3"/>
</UML:StructuralFeature.type>

</UML:Attribute>
</UML:Classifier.feature>

</UML:Class>
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<?xml version="1.0" encoding="UTF-8"?> 
<rdf:RDF xml:lang="en"  
 xmlns:rdfsx="http://nzdis.otago.ac.nz/2000/01/rdf-schema-extensions#"  
 xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"  
 xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"> 
 <rdfs:Class rdf:ID="http://nzdis.otago.ac.nz/0_1/family#Person"/> 
 <rdf:Property ID="http://nzdis.otago.ac.nz/0_1/family#Person.name"> 
  <rdfs:domain rdf:resource="http://nzdis.otago.ac.nz/0_1/family#Person"/> 
  <rdfs:range rdf:resource="rdfs:Literal"/> 
 </rdf:Property> 
 <rdf:Property ID="http://nzdis.otago.ac.nz/0_1/family#Person.parent"> 
  <rdfs:domain rdf:resource="http://nzdis.otago.ac.nz/0_1/family#Person"/> 
  <rdfs:range rdf:resource="rdf:Bag"/> 
  <rdfsx:containerElementType rdf:resource="http://nzdis.otago.ac.nz/0_1/family#Person"/> 
 </rdf:Property> 
 <rdf:Property ID="http://nzdis.otago.ac.nz/0_1/family#Person.child"> 
  <rdfs:domain rdf:resource="http://nzdis.otago.ac.nz/0_1/family#Person"/> 
  <rdfs:range rdf:resource="rdf:Seq"/> 
  <rdfsx:containerElementType rdf:resource="http://nzdis.otago.ac.nz/0_1/family#Person"/> 
 </rdf:Property> 
 <rdf:Property ID="http://nzdis.otago.ac.nz/0_1/family#Person.father"> 
  <rdfs:domain rdf:resource="http://nzdis.otago.ac.nz/0_1/family#Person"/> 
  <rdfs:range rdf:resource="http://nzdis.otago.ac.nz/0_1/family#Man"/> 
 </rdf:Property> 
 <rdf:Property ID="http://nzdis.otago.ac.nz/0_1/family#Person.son"> 
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 <daml:Class rdf:ID="Boundary point"> 
  <rdfs:label>Boundary point</rdfs:label> 
  <rdfs:subClassOf> 
   <daml:Restriction daml:minCardinality="1"> 
    <daml:onProperty rdf:resource="#has_G.4"/> 
    <daml:toClass rdf:resource="#Boundary segment"/> 
   </daml:Restriction> 
  </rdfs:subClassOf> 
  <rdfs:subClassOf> 
   <daml:Restriction daml:minCardinality="1"> 
    <daml:onProperty rdf:resource="#_G.2"/> 
    <daml:toClass rdf:resource="#Boundary segment"/> 
   </daml:Restriction> 
  </rdfs:subClassOf> 
 </daml:Class> 

 <daml:ObjectProperty rdf:ID="has_G.4"> 
  <rdfs:subPropertyOf rdf:resource="#_G.2"/> 
 </daml:ObjectProperty> 

 <daml:ObjectProperty rdf:ID="_G.2"> 
  <rdfs:subPropertyOf rdf:resource="#binary_unnamed"/> 
 </daml:ObjectProperty> 
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 <daml:Class rdf:ID="Boundary segment"> 
  <rdfs:label>Boundary segment</rdfs:label> 
  <rdfs:subClassOf> 
   <daml:Restriction daml:cardinality="1"> 
    <daml:onProperty rdf:resource="#from_G.3"/> 
    <daml:toClass rdf:resource="#Boundary point"/> 
   </daml:Restriction> 
  </rdfs:subClassOf> 
  <rdfs:subClassOf> 
   <daml:Restriction daml:cardinality="1"> 
    <daml:onProperty rdf:resource="#G.2"/> 
    <daml:toClass rdf:resource="#Boundary point"/> 
   </daml:Restriction> 
  </rdfs:subClassOf> 
 </daml:Class> 

 <daml:ObjectProperty rdf:ID="from_G.3"> 
  <rdfs:subPropertyOf rdf:resource="#G.2"/> 
 </daml:ObjectProperty> 

 <daml:ObjectProperty rdf:ID="G.2"> 
  <rdfs:subPropertyOf rdf:resource="#binary_unnamed"/> 
 </daml:ObjectProperty> 
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UML  DAML 

<<DAMLontology>> Package Ontology 

Class Class 

<<DAMLproperty>> Class Property 

<<DAMLdatatype>> Class Datatype 

Data Type XML Schema or DAML datatype 

Associations and Roles Object Property and Restriction 

Attributes Datatype Property 

Generalization subClassOf or subPropertyOf 
Import Import 
Fully Qualified Names Namespaces 
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ConectsConects concrete Resourcesconcrete Resources

Bob Marley was JamaicanBob Marley was Jamaican
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Property Property –– Relates Individual to Relates Individual to 
another Individual or another Individual or DataValueDataValue
(not an OWL construct)(not an OWL construct)

OWLObjectPropertyOWLObjectProperty –– Relates Relates 
Individual to another IndividualIndividual to another Individual

OWLDatatypePropertyOWLDatatypeProperty –– Relates Relates 
Individual to another Individual to another DatavalueDatavalue

OWLFunctionalPropertyOWLFunctionalProperty
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OWLSymmetricPropertyOWLSymmetricProperty
OWLInverseFunctionalPropertyOWLInverseFunctionalProperty
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OWLRestrictionOWLRestriction –– An anonymous Class of all An anonymous Class of all 
Individuals that satisfy certain Property restrictionIndividuals that satisfy certain Property restriction

One class (One class (OWLRestrictionOWLRestriction) used for all ) used for all 
kinds of restrictionskinds of restrictions
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OWL makes a significant difference OWL makes a significant difference 
between named individuals (“objects”), and between named individuals (“objects”), and 
plain data valuesplain data values

RDFtypeRDFtype association has a constraint that association has a constraint that 
the other end has to be an the other end has to be an OWLClassOWLClass
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  ODM OUP OWL 

EBNF MS  MOF MS EBNF MS  
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XSLT QVT XSLT 
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Level 1

Level 5

Level 2

Level 4

Level 3

Level of
abstraction Objective Semantics

(a)

Level of
abstraction

Dimensions
D1 D2  . . . Dn

(b)

Multiple agents or systems

Parts of units

Single agent or system

Units of blocks

System building blocks

Integration

Primitives

System

Units

Blocks

Level 1

Level 5

Level 2

Level 4

Level 3
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