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The Original Vision

• Berners-Lee, Hendler, 
Lassila: The Semantic
Web, Scientific
American, May 17th 
2001 

• Cited (and abused) 
extensively in literature
and science marketing
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Key Ideas

• Smart Devices
• Personal Information Agents
• Knowledge about objects, time and 

space
• Trusted Information 
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Key Technologies

• Machine-Readable Metadata
– Based on XML

• Logic, Inference Rules and Proofs
• Ontologies
• Agent Technologies 

(nowadays read: „web services“)
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Why not use Google?

• Relevant pages instead of 
answers
– Weak filtering, lots of 

irrelevant information

– Biased by popularity of 
pages

• Hard to pose general
questions
– No way to ask about types

of objects

– Not possible to use relations
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Required are:
• a standard syntax,

– so meta-data can be recognised as such

• one or more standard vocabularies
– so search engines, producers and consumers

all speak the same language

• lots of resources with meta-data attached

XML, RDF, RDF Schema, OWL
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Structured Metadata 

www.fourseasons.com/de/tokyo/
Hotel

http://www.daml.org/2001/12/

factbook/factbook-ont#A53037

type

location

map

“Tokyo”
name
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RDF: Resource Description Framework
• RDF is a data model

– used to describe meta-data of a piece of data

– not a language, like XML
• although it has an XML syntax (but also other)

• Benefits:
– Unique representations of content objects 

– Explicit relations between resources

http://ki.informatik.

uni-mannheim.de/people/heiner “Stuckenschmidt”

http://ki.informatik.

uni-mannheim.de/courses/sw

last-name

gives-lecture

photo

title “Semantic Web
Technologies”
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RDF Schema

RDF data

RDF schema

http://ki.informatik.

uni-mannheim.de/people/#heiner

http://ki.informatik.

uni-mannheim.de/courses/#sw

gives-lecture

Teacher

Person

teaches Course

gives-lecture

subClassOf

subPropertyOf

domain range

(X R Y), (R subPropertyOf Q) � (X Q Y)

(X R Y), (R domain C) � (X type C)

(X type C), (C subClassOf D) � (X type D) 

teaches

type

type
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Problem: no semantic guarantees

http://ki.informatik.

uni-mannheim.de/people/#heiner

http://ki.informatik.

uni-mannheim.de/courses/#swgives-lecture

www.bigcompany.com

Does_consultancy_for

Source B

Source A

Does_consultancy_for

Company

rangedomain

type

type
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Logical Reasoning about Resources

• Logical Axioms limit 
allowed interpretations:

Thing

Person Company

Teacher

Teacher ⇔⇔⇔⇔ ∃∃∃∃teaches.Course

Teacher ⇒ Person

Person ⇒ Thing ∧∧∧∧ ¬Company

Course

Ontology

http://ki.informatik.

uni-mannheim.de/people/#heiner
http://ki.informatik.

uni-mannheim.de/courses/#sw
teaches

Teacher

Teacher ∧∧∧∧ Person

Teacher ∧∧∧∧ Person ∧∧∧∧ Thing ∧∧∧∧ ¬Company

Company

type

Teacher ∧∧∧∧ Person ∧∧∧∧ Thing ∧∧∧∧ ¬Company ∧∧∧∧ Company
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Required are:
• a standard syntax,

– so meta-data can be recognised as such

• one or more standard vocabularies
– so search engines, producers and consumers

all speak the same language

• lots of resources with meta-data attached

XML, RDF, RDF Schema, OWL
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standard vocabularies (“Ontologies”)

• Identify the key concepts in a domain
• Identify a vocabulary for these concepts
• Identify relations between these concepts
• Make these precise enough

so that they can be shared between
– humans and humans
– humans and machines
– machines and machines
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Standardized Vocabularies
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Classifications
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Web Directories
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RDF

• The language of the semantic web
• URIs are the words
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Brief Reminder: XML

• Syntax:
– Elements, 
– Attributes
– Data

• Data model:
– Tree Structure

country

name capital

“Netherlands” name areacode

“Amsterdam” “020”

<country name=”Netherlands”>
<capital name=”Amsterdam”>

<areacode>020</areacode>
</capital>

</country>
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‘Semantic’ Problems of XML
• No commitment on a 

conceptual model:
• is country:

– An Object?
– A Class?
– A Relation? 

• What is the 
meaning of nesting?

• No commitment to a 
vocabulary
– Is country the same as 

nation ?

<nation name=”Netherlands”>
<capital name=”Amsterdam”>

<areacode >020</ areacode >
</ capital >

</ nation >

<capital areacode=“020” >
<name>Amsterdam</ name>
<country >Netherlands</ country >

</ capital >
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Ambiguity in XML Structures
capital

area-code name country

020 Amsterdam Netherlands

nation

area-code

capital

020 Amsterdam

name

vs.

AmsterdamNetherlands 020
capital area-code

country capital

name

Netherlands

type type
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What is RDF?
• RDF 

– “Resource Description Framework”
– W3C Recommendation 

(http://www.w3.org/RDF)

• RDF is a data model
– For representing Metadata 

(data about information resources)
– Providing a unique, machine-readable  

representation of a conceptual structure
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Role of RDF on the semantic web 
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RDF in Detail: The Data Model 
• An RDF Model is a set of statements
• statements are triple of the form 

(subject, predicate, object):
– (Netherlands, hasCapital, Amsterdam)

• statements describe resources (Information Objects)
• A resource can be anything that has a URI:

– A (part of a) Document, an image, a web page, …
http://www.cs.vu.nl/index.html

– A book in a library:
• isbn://5031-4444-3333

Netherlands

Amsterdam

hasCapital
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What‘s in a triple

• There are different kinds of things in a triple:
– URIs (= objects in the domain)
– Literals (= Data) 
– Blank Nodes (= anonymous objects) 

• There are limitations on the use in a triple
– Subject: URI or Blank 
– Predicate: URI 
– Objects: URI, Literal or Blank 
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The beauty of URIs
• Statements about information resources can be 

made independently of the resources themselves:

[<x> IsOfType <T>]

Different Locations, 
Different owners
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Statements and Graphs
• The subject of one statement can be the object (or 

even the predicate!) of another statement

• Sets of statements can be drawn as labelled graphs
– Subjects/Objects are nodes
– Predicates are directed edges (and nodes at the same time)

• Attention: 
– Link names are also 

represented by nodes

Netherlands

Amsterdam

hasCapital

020

areacode

Rotterdam

trainConnection
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Discussion

• Advantages of RDF:
– Explicit encoding of a conceptual model consisting of 

objects, relations and data values
– Relations between resources can be made explicit, 

even across models and locations
– The data model is not sensitive to syntatic variants
– Some Operations (i.e. Merging) are trivial

• Open Problems
– No agreement on a specific vocabulary

• Are country and nation the same after all?
• Which properties can a country have?
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Metadata

<name>

<symptoms>

<drug>

<drug
administration>

<disease>

<treatment>

IS-A

alleviates
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Metadaten in RDF

<ναµε>

<σψµπτοµσ>

<δρυγ>

<δρυγ
αδµινιστρατιον>

<δισεασε>

<τρεατµεντ><τρεατµεντ><τρεατµεντ><τρεατµεντ>

ισισισισ−−−−αααα

αλλεϖιατεσαλλεϖιατεσαλλεϖιατεσαλλεϖιατεσ
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RDF Schema

<ναµε>

<σψµπτοµσ>

<δρυγ>

<δρυγ
αδµινιστρατιον>

<δισεασε>

<τρεατµενττρεατµενττρεατµενττρεατµεντ>

IS-A

αλλεϖιατεσαλλεϖιατεσαλλεϖιατεσαλλεϖιατεσ
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RDF Schema

Netherlands Amsterdam
hasCapital

Capital

City

EuropeanCountry

Country

hasCapital

GeographicEntity

type type

subClassOf subClassOf

subClassOfsubClassOf

domain

range
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What is RDF Schema?
• A set of recources and predicates with a 

predefined meaning: 
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Observations
• Relations are first-class citizen!

– Relations are defined independent of classes
– This is different from UML or ER diagrams
– range/domain have a global meaning

• There is NO clear separation between an RDF 
model and its schema, each model can contain 
some schema elements (=special relations)

• There can be multiple metalevels in the 
Definition
– Resources can be classes and instances at the same time
– This is similar to Model-driven architectures
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Derivations in RDF Schema

• Netherlands Type EuropeanCountry
EuropeanCountry subClassOf Country
� Netherlands Type Country

• aspirin alleviates headache
alleviates range symptom 
� headache Type symptom
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Observations
• RDF Schema semantics allows to 

automatically add implicit information to a 
model

• This can be done by recursively applying very
simple derivation rules

• An RDF model can NEVER be inconsistent
on the formal level („freedom of speech“)
– Schema Elements do not define Constraints
– They tell you what to derive
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Putting it all together
• An RDF file with schema and data elements

<rdf:RDF 
xmlns:rdf=”http://www.w3.org/1999/02/22-rdf-syntax- ns#”
xmlns:rdfs=” http://www.w3.org/2000/01/rdf-schema #”>
xmlns:geo=” http://www.geography.org/schema.rdf #”>

<rdfs: Class rdf: about =”#Country”>
<rdfs: subClassOf rdfs: resource =”#GeographicEntity”/>

</rdfs: Class >

<geo: Country rdf: about =”#Netherlands”>
<geo: hasCapital rdfs: resource =”#Amsterdam”/>

</geo: Country >
<geo: Capital rdf: about =”#Amsterdam”/>

<rdf: Property rdf: about =”#hasCapital”>
<rdfs: domain rdfs: resource =”#Country”/>
<rdfs: range rdfs: resource =”#Capital”/>

</rdf: Property >
</rdf:RDF>

● Parts of this model could be located anywhere!
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Summary
• RDF is a simple, graph-based data model for metadata on the web

• RDF has an XML syntax for: 
– Exchanging RDF Models
– Embedding RDF Models into web pages

• Advantages over XML 
– Data model is agnostic to syntactic variations
– Information from different models and locations can easily be linked
– Some important operations are trivial (i.e. merging two models)

• RDF Schema defines special resources and predicates for defining
vocabularies

– Vokabular: Class, SubClassOf, domain, range

• Implicit information can be derived using simple derivation rules
• There is no clear separation between model and schema, schema 

elements can be part of an RDF model


