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Information Service Engineering
Last Lecture: Knowledge Graphs - 1

● Ontologies & Semantic Web
● Semantic Web Technology Stack
● Linked Data Principles
● URIs and URLs
● Designator and Designatum
● HTTP Content Negotiation

<2>

3.1 Knowledge Representations and Ontologies

3.2 Semantic Web and the Web of Data

3.3 Linked Data Principles

3.4 How to identify and Access Things

3.5 Resource Description Framework (RDF) 

as simple Data Model

3.6 Creating new Models with RDFS

3.7 Knowledge Graphs

3.8 Querying Knowledge Graphs with SPARQL

3.9 More Expressivity with Web Ontology Language (OWL)

3.10 Knowledge Graph Programming
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Fully-Fledged 

Semantic Web

Benjamin Nowack, The Semantic Web - Not a Piece of cake…, at bnode.org, 2009-07-08 , [CC BY 3.0], http://bnode.org/blog/2009/07/08/the-semantic-web-not-a-piece-of-cake 

http://bnode.org/blog/2009/07/08/the-semantic-web-not-a-piece-of-cake
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Information Service Engineering
Lecture 7: Knowledge Graphs - 2
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Resource 

Description 

Framework

Benjamin Nowack, The Semantic Web - Not a Piece of cake…, at bnode.org, 2009-07-08 , [CC BY 3.0], http://bnode.org/blog/2009/07/08/the-semantic-web-not-a-piece-of-cake 

http://bnode.org/blog/2009/07/08/the-semantic-web-not-a-piece-of-cake
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

How to represent Knowledge?

● How do I represent the following fact:
“The Greenhouse Effect has been discovered in 1824” in an intuitive way?

subject

predicate

Intuitive knowledge representation via a directed graph.

Greenhouse Effect

has been discovered in

  1824object

<7>
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

Resource Description Framework

URI

<8>

URI or Literal

URI

subject

predicate

Greenhouse Effect

has been discovered in

  1824object
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

Resource Description Framework

● RDF Statements (RDF-Triple):

Subject Property Object / Value
URI URI URI / Literal              

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discovered> “1824” .

N-Triples Serialization

<http://dbpedia.org/resource/Greenhouse_effect> “1824”
<http://dbpedia.org/ontology/discovered>

Graph Representation <9>

In RDF the predicate of a 
statement is referred to 
as “Property”

http://dbpedia.org/resource/Greenhouse_effect
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

Resource Description Framework

<10>

<http://dbpedia.org/resource/Greenhouse_effect>

“1824”
<http://dbpedia.org/ontology/discovered>

“1768-03-21”

<http://dbpedia.org/ontology/birthDate>

<http://dbpedia.org/resource/Auxerre>

<http://dbpedia.org/ontology/birthPlace>

<http://dbpedia.org/resource/France
<http://dbpedia.org/ontology/country>

<http://dbpedia.org/resource/Joseph_Fourier>

<http://dbpedia.org/ontology/discoverer>

http://dbpedia.org/ontology/Person

<http://www.w3.org/1999/02/22
-rdf-syntax-ns#type>
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

Resource Description Framework

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discovered> “1824” .
<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discoverer> <http://dbpedia.org/resource/Joseph_Fourier> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Climate_change> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Atmosphere> .
                                  …                                                                                 …                                                                    ...

<http://dbpedia.org/resource/Joseph_Fourier> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Person> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthDate> “1768-03-21” .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthPlace> <http://dbpedia.org/resource/Auxerre> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/field> <http://dbpedia.org/resource/Physicist> .
                                  …                                                                                 …                                                                        ...

<http://dbpedia.org/resource/Auxerre> <http://dbpedia.org/ontology/country> <http://dbpedia.org/resource/France> .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#lat> “47.798599”^^xsd:float .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#long> “3.567200”^^xsd:float .
                                  …                                                                                 …                                                                              ...

Subject Property Object

RDF Triples
11
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

Resource Description Framework

Individuals (Entities)

12

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discovered> “1824” .
<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discoverer> <http://dbpedia.org/resource/Joseph_Fourier> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Climate_change> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Atmosphere> .
                                  …                                                                                 …                                                                    ...

<http://dbpedia.org/resource/Joseph_Fourier> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Person> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthDate> “1768-03-21” .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthPlace> <http://dbpedia.org/resource/Auxerre> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/field> <http://dbpedia.org/resource/Physicist> .
                                  …                                                                                 …                                                                        ...

<http://dbpedia.org/resource/Auxerre> <http://dbpedia.org/ontology/country> <http://dbpedia.org/resource/France> .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#lat> “47.798599”^^xsd:float .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#long> “3.567200”^^xsd:float .
                                  …                                                                                 …                                                                              ...
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

Resource Description Framework

Classes / Concepts

13

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discovered> “1824” .
<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discoverer> <http://dbpedia.org/resource/Joseph_Fourier> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Climate_change> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Atmosphere> .
                                  …                                                                                 …                                                                    ...

<http://dbpedia.org/resource/Joseph_Fourier> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Person> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthDate> “1768-03-21” .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthPlace> <http://dbpedia.org/resource/Auxerre> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/field> <http://dbpedia.org/resource/Physicist> .
                                  …                                                                                 …                                                                        ...

<http://dbpedia.org/resource/Auxerre> <http://dbpedia.org/ontology/country> <http://dbpedia.org/resource/France> .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#lat> “47.798599”^^xsd:float .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#long> “3.567200”^^xsd:float .
                                  …                                                                                 …                                                                              ...
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

Resource Description Framework

Literals

14

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discovered> “1824” .
<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discoverer> <http://dbpedia.org/resource/Joseph_Fourier> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Climate_change> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Atmosphere> .
                                  …                                                                                 …                                                                    ...

<http://dbpedia.org/resource/Joseph_Fourier> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Person> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthDate> “1768-03-21” .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthPlace> <http://dbpedia.org/resource/Auxerre> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/field> <http://dbpedia.org/resource/Physicist> .
                                  …                                                                                 …                                                                        ...

<http://dbpedia.org/resource/Auxerre> <http://dbpedia.org/ontology/country> <http://dbpedia.org/resource/France> .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#lat> “47.798599”^^xsd:float .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#long> “3.567200”^^xsd:float .
                                  …                                                                                 …                                                                              ...
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

Resource Description Framework

Properties

15

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discovered> “1824” .
<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discoverer> <http://dbpedia.org/resource/Joseph_Fourier> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Climate_change> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Atmosphere> .
                                  …                                                                                 …                                                                    ...

<http://dbpedia.org/resource/Joseph_Fourier> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Person> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthDate> “1768-03-21” .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthPlace> <http://dbpedia.org/resource/Auxerre> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/field> <http://dbpedia.org/resource/Physicist> .
                                  …                                                                                 …                                                                        ...

<http://dbpedia.org/resource/Auxerre> <http://dbpedia.org/ontology/country> <http://dbpedia.org/resource/France> .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#lat> “47.798599”^^xsd:float .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#long> “3.567200”^^xsd:float .
                                  …                                                                                 …                                                                              ...
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3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

Resource Description Framework

Vocabularies / Ontologies

16

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discovered> “1824” .
<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discoverer> <http://dbpedia.org/resource/Joseph_Fourier> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Climate_change> .
<http://dbpedia.org/resource/Greenhouse_effect> <http://purl.org/dc/terms/subject> <http://dbpedia.org/category/Atmosphere> .
                                  …                                                                                 …                                                                    ...

<http://dbpedia.org/resource/Joseph_Fourier> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Person> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthDate> “1768-03-21” .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/birthPlace> <http://dbpedia.org/resource/Auxerre> .
<http://dbpedia.org/resource/Joseph_Fourier> <http://dbpedia.org/ontology/field> <http://dbpedia.org/resource/Physicist> .
                                  …                                                                                 …                                                                        ...

<http://dbpedia.org/resource/Auxerre> <http://dbpedia.org/ontology/country> <http://dbpedia.org/resource/France> .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#lat> “47.798599”^^xsd:float .
<http://dbpedia.org/resource/Auxerre> <http://www.w3.org/2003/01/geo/wgs84_pos#long> “3.567200”^^xsd:float .
                                  …                                                                                 …                                                                              ...
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              Resource Description Framework

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

● URIs and Literals
○ URIs identify and reference resources uniquely.
○ Literals describe data values that don’t have a separate existence.

<http://dbpedia.org/resource/Greenhouse_effect> "1824"
<http://dbpedia.org/ontology/discovered>

<http://dbpedia.org/resource/Joseph_Fourier><http://dbpedia.org/ontology/discoverer>

Literal

Entity
17
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              RDF Literals and Data Types

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

● Typed literals can be expressed via XML Schema datatypes.
● Namespace for typed literals:

http://www.w3.org/2001/XMLSchema#

● Examples: 
"Semantics"^^<http://www.w3.org/2001/XMLSchema#string>
"1161.00"^^<http://www.w3.org/2001/XMLSchema#float>
"2015-08-02"^^<http://www.w3.org/2001/XMLSchema#date>

● Language Tags denote the (natural) language of the text.
○ Example: 

"Semantik"@de , "Semantics"@en

http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes 
18

http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes
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              RDF Blank Nodes

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

● Blank Nodes
○ Denote the existence of an individual with specific attributes, but without 

providing an identification or reference.

"1824"
<http://dbpedia.org/ontology/discovered>

<http://dbpedia.org/resource/Joseph_Fourier><http://dbpedia.org/ontology/discoverer>

Blank Node

Cannot be 
referenced 
externally

19
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              RDF Serializations

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

● RDF comes with several different serialization formats:
○ N-Triples, RDF/XML, JSON, Turtle, TriG, N-Quads, RDFa, ... 

RDF/XML

N-Triples JSON-LDTurtle

TriG

N-Quads

extended by
support for multiple graphs

We will use 
RDF/Turtle

20
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              RDF Serializations

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

● RDF comes with several different serialization formats:
○ N-Triples, RDF/XML, JSON, Turtle, TriG, N-Quads, RDFa, ... 

RDF/XML

N-Triples JSON-LDTurtle

TriG

N-Quads

extended by
support for multiple graphs

We will use 
RDF/Turtle

21
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● N-Triples Notation
○ URIs/IRIs in angle brackets
○ Literals in quotation marks
○ Triple ends with a period

              RDF Serializations

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

<http://dbpedia.org/resource/Greenhouse_effect> "1824"
<http://dbpedia.org/ontology/discovered>

<http://dbpedia.org/resource/Joseph_Fourier><http://dbpedia.org/ontology/discoverer>

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discovered> "1824" .

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discoverer>
<http://dbpedia.org/resource/Joseph_Fourier> .

22
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              RDF Serializations

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

● Turtle (Terse RDF Triple Language) Notation
○ Extension of N-Triples

@prefix dbo: <http://dbpedia.org/ontology/> .
@base  <http://dbpedia.org/resource/> .

<Greenhouse_effect> dbo:discovered "1824" .

<Greenhouse_effect> dbo:discoverer <Joseph_Fourier> .

RDF/Turtle allows 
shortcuts and 
abbreviations for 
readability

23

<http://dbpedia.org/resource/Greenhouse_effect> "1824"
<http://dbpedia.org/ontology/discovered>

<http://dbpedia.org/resource/Joseph_Fourier><http://dbpedia.org/ontology/discoverer>
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● Starting with N-Triples

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discovered> "1824" .

<http://dbpedia.org/resource/Greenhouse_effect> <http://dbpedia.org/ontology/discoverer> 
<http://dbpedia.org/resource/Joseph_Fourier> .

@prefix dbo: <http://dbpedia.org/ontology/> .
@base  <http://dbpedia.org/resource/> .

<Greenhouse_effect> dbo:discovered "1824" .

<Greenhouse_effect> dbo:discoverer <Joseph_Fourier> .

@prefix directive associates prefix-label with URI

@base directive provides URI to complement all 
relative URIs

              RDF/Turtle

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

24

<http://dbpedia.org/resource/Greenhouse_effect> "1824"
<http://dbpedia.org/ontology/discovered>

<http://dbpedia.org/resource/Joseph_Fourier><http://dbpedia.org/ontology/discoverer>
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● Abbreviating RDF Triples in Turtle

@prefix dbo: <http://dbpedia.org/ontology/> .
@base  <http://dbpedia.org/resource/> .

<Greenhouse_effect> dbo:discovered "1824" ;
                    dbo:discoverer <Joseph_Fourier> .

Semicolon indicates that subsequent 
triples have the same subject 
(predicate list)

              RDF/Turtle

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

25

<http://dbpedia.org/resource/Greenhouse_effect> "1824"
<http://dbpedia.org/ontology/discovered>

<http://dbpedia.org/resource/Joseph_Fourier><http://dbpedia.org/ontology/discoverer>
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● Abbreviating RDF Triples in Turtle

http://dbpedia.org/resource/Greenhouse_effect http://dbpedia.org/category/Atmosphere
dct:subject

@prefix dct: <http://purl.org/dc/terms/> .
@prefix dbc: <http://dbpedia.org/category/> .
@base        <http://dbpedia.org/resource/> .

<Greenhouse_effect> dct:subject dbc:Atmosphere ,
                                dbc:Climate_change ,
                                dbc:Atmospheric_radiation .

Comma indicates that subsequent 
triples have same subject and property 
(object list)

http://dbpedia.org/category/Climate_change

http://dbpedia.org/category/Atmospheric_radiatio
n

dct:subject

dct:subject

              RDF/Turtle

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model
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● Typed Literals

http://dbpedia.org/resource/Carbon_Dioxide "-78.5"^^xsd:double
dbo:sublimationTemperature

@prefix dbo: <http://dbpedia.org/ontology/> .
@prefix xsd: <http://www.w3c.org/2001/XMLSchema#> .
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@base  <http://dbpedia.org/resource/> .

<Carbon_Dioxide> dbo:sublimationTemperature "-78.5"^^xsd:double ;
          dbo:molarMass "44.009"^^xsd:double ;
         dbo:discovered "1640-00-00"^^xsd:date ;
          rdfs:label "Carbon Dioxide"@en .

"44.009"^^xsd:double

"1640-00-00"^^xsd:date

dbo:molarMass

rdfs:label

"Carbon Dioxide"@en

dbo:discovered

              RDF/Turtle

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model
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● Multi Valued Relations
○ CO2 was discovered / rediscovered

by two scientists at different times.
○ How to model this in RDF?

○ Problem: unique association

Carbon_Dioxide  Jan_Baptist_van_Helmont 
dbo:discoverer

"1640-00-00"^^xsd:date

dbo:discovered

Joseph_Black

dbo:discoverer

dbo:discovered

"1750-00-00"^^xsd:date

              RDF/Turtle

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model
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● Multi Valued Relations
○ Blank Nodes (Bnodes) can be 

introduced to represent multi- 
valued relationships.

○ Blank Nodes can be introduced 
for resources that don‘t need a 
name (auxiliary nodes).

              RDF/Turtle

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model
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Jan_Baptise_van_Helmont
dbo:discovery

"1640-00-00"^^xsd:date

Joseph_Black

dbo:discovered

dbo:discovery

dbo:discoverer

"1750-00-00"^^xsd:date

Carbon_Dioxide

dbo:discovered

dbo:discoverer
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@prefix dbo: <http://dbpedia.org/ontology/> .
@prefix xsd: <http://www.w3c.org/2001/XMLSchema#> .
@base  <http://dbpedia.org/resource/> .

[] dbo:discoverer <Jan_Baptist_van_Helmont> ;
   dbo:discovered "1640-00-00"^^xsd:date .

anonymous blank node as subject

              RDF/Turtle

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model
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Jan_Baptise_van_Helmont

"1640-00-00"^^xsd:date

dbo:discovered

dbo:discoverer
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@prefix dbo: <http://dbpedia.org/ontology/> .
@prefix xsd: <http://www.w3c.org/2001/XMLSchema#> .
@base  <http://dbpedia.org/resource/> .

<Carbon_Dioxide> dbo:discovery [ dbo:discoverer <Jean_Baptist_van_Helmont> ;
                                 dbo:discovered "1640-00-00"^^xsd:date
                               ] ,
                               [ dbo:discoverer <Joseph_Black> ;
                                 dbo:discovered "1750-00-00"^^xsd:date
                               ] .

nested 
anonymous blank 
nodes

              RDF/Turtle

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model
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Jan_Baptise_van_Helmont
dbo:discovery

"1640-00-00"^^xsd:date

Joseph_Black

dbo:discovered

dbo:discovery

dbo:discoverer

"1750-00-00"^^xsd:date

Carbon_Dioxide

dbo:discovered

dbo:discoverer
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@prefix dbo: <http://dbpedia.org/ontology/> .
@prefix xsd: <http://www.w3c.org/2001/XMLSchema#> .
@base  <http://dbpedia.org/resource/> .

<Carbon_Dioxide> dbo:discovery _:ID1, _:ID2 .

_:ID1 dbo:discoverer <Jan_Baptiste_van_Helmont> ;
      dbo:discovered "1640-00-00"^^xsd:date .

_:ID2 dbo:discoverer <John_Black> ;
      dbo:discovered "1750-00-00"^^xsd:date .

dereferenceable blank nodes
can only be referenced from 
inside a document / graph

              RDF/Turtle

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model
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Jan_Baptise_van_Helmont
dbo:discovery

"1640-00-00"^^xsd:date

Joseph_Black

dbo:discovered

dbo:discovery

dbo:discoverer

"1750-00-00"^^xsd:date

ID1Carbon_Dioxide

ID2

dbo:discovered

dbo:discoverer
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              More RDF Datastructures

3. Linked Data Engineering / 3.5 Resource Description Framework (RDF) as simple Data Model

● RDF Containers and RDF Collections
○ Data structures to enumerate any resources or literals
○ Open lists (RDF Containers) and closed lists (RDF Collections)
○ No new semantics, just “syntactic sugar”

● RDF Reification
○ Abstraction for making “statements about RDF triples”
○ Useful for modeling data provenance

■ e.g. to model 
“DBpedia states that Carbon Dioxide has been 
  discovered in 1824.”

33

Further information: E. Prud'hommeaux, G. Carothers, 
RDF 1.1 Turtle, Terse RDF Triple Language, W3C Recommendation 25 February 2014
https://www.w3.org/TR/turtle/ 

https://www.w3.org/TR/turtle/
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Information Service Engineering
Lecture 7: Knowledge Graphs - 2

34

3.1 Knowledge Representations and Ontologies

3.2 Semantic Web and the Web of Data

3.3 Linked Data Principles

3.4 How to identify and Access Things

3.5 Resource Description Framework (RDF) as simple Data Model

3.6 Creating new Models with RDFS

3.7 Knowledge Graphs

3.8 Querying Knowledge Graphs with SPARQL

3.9 More Expressivity with Web Ontology Language (OWL)

3.10 Knowledge Graph Programming
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What does it really mean?

http://dbpedia.org/resource/Greenhouse_effect

http://dbpedia.org/resource/Greenhouse_gas

http://dbpedia.org/property/contributingFactorOf

http://dbpedia.org/resource/Joseph_Fourier

http://dbpedia.org/ontology/discoverer

Where does the intended meaning really come from?
35[1,2,3]
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What does it really mean?

http://dbpedia.org/resource/Greenhouse_effect http://dbpedia.org/resource/Greenhouse_gas

http://dbpedia.org/property/contributingFactorOf

something which can be uniquely identified via the URI 
http://dbpedia.org/resource/Greenhouse_effect

something which can be uniquely identified via the URI 
http://dbpedia.org/resource/Greenhouse_gas

but the URI for the same resource could also be
http://dbpedia.org/resource/Q142
  

but the URI for the same resource could also be
http://dbpedia.org/resource/Q141
   

http://dbpedia.org/property/Q144

We need more semantic expressivity...
36
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RDF Schema

37
Benjamin Nowack, The Semantic Web - Not a Piece of cake…, at bnode.org, 2009-07-08 , [CC BY 3.0], http://bnode.org/blog/2009/07/08/the-semantic-web-not-a-piece-of-cake 

http://bnode.org/blog/2009/07/08/the-semantic-web-not-a-piece-of-cake
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● RDF Schema, officially called “RDF Vocabulary Description Language”

● RDF Schema allows:
○ Definition of classes via rdfs:Class
○ Class instantiation in RDF via rdf:type

○ Example: 
:Greenhouse_gas  rdf:type rdfs:Class .
:Carbon_dioxide  rdf:type :Greenhouse_gas .

@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@prefix rdf:  <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix :     <http://example.org/Space#> .

               RDF Schema

3. Linked Data Engineering / 3.6 Creating new Models with RDFS

38

Carbon_dioxide ∈ Greenhouse_gas
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● Definition of properties via rdf:Property

● Definition of property restrictions on domain and range via
rdfs:domain and rdfs:range

● Example
:Person  rdf:type    rdfs:Class .
:discoverer  rdf:type    rdf:Property .
:discoverer  rdfs:domain :Thing .
:discoverer  rdfs:range  :Person .

               RDF Schema

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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discoverer ⊆ Thing x Person
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● Everything in the RDF model is a resource.

○ rdfs:Class      rdf:type rdfs:Resource .
○ rdf:Property    rdf:type rdfs:Resource .
○ rdfs:Literal    rdf:type rdfs:Resource .
○ rdfs:XMLLiteral rdf:type rdfs:Resource .
○ rdfs:Datatype   rdf:type rdfs:Resource .

               RDF Schema

3. Linked Data Engineering / 3.6 Creating new Models with RDFS

40
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● Definition of hierarchical relationships: 

○ Subclasses and superclasses via rdfs:subClassOf
○ Example:

:Greenhouse_gas rdfs:subClassOf :Air_pollutant .

:Air_pollutant

:Greenhouse_gas

               RDF Schema

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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Greenhouse_gas ⊆ Air_pollutant
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● Definition of hierarchical relationships: 

○ Subclasses and superclasses via rdfs:subClassOf
○ Example:

:Greenhouse_gas rdfs:subClassOf :Air_pollutant .

○ Subproperties and superproperties via rdfs:subPropertyOf
○ Example:

:sublimationTemperature rdfs:subPropertyOf 
:temperature . 

               RDF Schema

3. Linked Data Engineering / 3.6 Creating new Models with RDFS

42



Information Service Engineering, Prof. Dr. Harald Sack, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & AIFB - Karlsruhe Institute of Technology - #lectures4future

● Some more properties:
○ rdfs:seeAlso

defines a relation of a resource to another, which explains it. 

○ rdfs:isDefinedBy
subproperty of rdfs:seeAlso,  defines the relation of a resource to 
its definition.

○ rdfs:comment
comment, usually as text.

○ rdfs:label 
„readable“ name of a resource (contrary to ID).

               RDF Schema

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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Instance Definitions

Property Definitions

Class Definitions

@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@prefix rdf:  <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@orefix owl:  <http://www.w3.org/2002/07/owl#>
@prefix :     <http://example.org/Climate#> .

:Greenhouse_gas rdf:type rdfs:Class ;
        rdfs:subClassOf :Air_pollutant .
:Person rdf:type        rdfs:Class .
:Scientist rdfs:subClassOf :Person .
:Physicist rdfs:subClassOf :Scientist .
:Chemist rdfs:subClassOf :Scientist .

:discoverer   rdf:type    rdf:Property ;
    rdfs:domain owl:Thing .
    rdfs:range  :Person .

:Carbon_dioxide    rdf:type     :Greenhouse_gas ;
:discoverer  :Jan_Baptist_van_Helmont ;
:discoverer  :Joseph_Black .

:Jan_Baptist_van_Helmont   rdf:type     :Physicist .
:Joseph_Black rdf:type   :Chemist ;
          rdfs:label   "Joseph Black"@en ;
          rdfs:comment "co-discovered CO2" .

               RDFS Example

3. Linked Data Engineering / 3.6 Creating new Models with RDFS

44
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How much knowledge (semantics) is there?

dbr:Greenhouse_effect dbo:Greenhouse_gas

dbp:contributingFactorOf

dbo:Physicist

dbo:discoveredBy

<45>[2,3]

dbr:Carbon_Dioxide

rdf:type

dbo:Chemical_Compound
rdf:type

dbo:Chemical_Substance

rdfs:subClassOf

dbr:Joseph_Fourier dbo:Scientist dbo:Person
rdf:ty

pe
rdfs:subClassOf

rdfs:subClassOf

“21 March 1768”

dbo:birthDate

“Jean-Baptiste Joseph Fourier”@fr

rdfs:label

The semantics of a term from 

an RDF(S) ontology is given 

in terms of its properties and 

its values (instances) 
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RDF(S) Semantics

<46>

Model-theoretic Semantics

● In difference to other data definition languages RDF(S) is based on a 

formal semantics.

● Formal semantics enables RDF(S) to draw valid and sound logical 

inferences.

● Examples:
● dbr:Joseph_Fourier rdf:type dbo:Physicist . dbr:Joseph_Fourier ∈ dbo:Physicist

● dbo:Physicist rdfs:subClassOf dbo:Scientist . dbo:Physicist ⊆ dbo:Scientist

● dbo:discoveredBy rdfs:subPropertyOf dbo:perceivedBy dbo:discoveredBy ⊆ dbo:perceivedBy

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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Which Conclusions can we deduce with RDF(S) Semantics

<47>

dbo:Physicist

dbr:Joseph_Fourier dbr:Greenhouse_Effect
dbo:discoveredBy

rdf:type

dbo:Scientist

rdfs:subClassOf

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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Which Conclusions can we deduce with RDF(S) Semantics

<48>

dbo:Physicist

dbr:Joseph_Fourier dbr:Greenhouse_Effect
dbo:discoveredBy

rdf:type

dbo:Scientist

rdfs:subClassOf
rdf:type

(1) Deduction of new facts from a class hierarchy.

∀i, c
1
, c

2
: T(i, rdf:type, c

1
) ∧ T(c

1
, rdfs:subClassOf, c

2
) → T(i, rdf:type, c

2
)

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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Which Conclusions can we deduce with RDF(S) Semantics

<49>

 dbr:Greenhouse_Effect
dbo:discoveredBy

dbo:Person dbo:Thingdbo:discoveredBy

rdf:Property

rdf:type

rdfs:domainrdfs:range

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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Which Conclusions can we deduce with RDF(S) Semantics

<50>

 dbr:Greenhouse_Effect
dbo:discoveredBy

dbo:Person dbo:Thingdbo:discoveredBy

rdf:Property

rdf:type

rdfs:domainrdfs:range

rdf:type

(2) Deduction of entity class membership from the domain of one of its properties

∀i
1
, i

2
, c

1
, c

2
, p: T(i

1
, p, i

2
) ∧ 

T(p, rdfs:domain, c
1
) ∧ T(p, rdfs:range, c

2
)

→ T(i
1
, rdf:type, c

1
)  ∧ T(i

2
, rdf:type, c

2
) 

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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Which Conclusions can we deduce with RDF(S) Semantics

<51>

 dbr:Greenhouse_Effect
dbo:discoveredBy

dbo:Person dbo:Thingdbo:discoveredBy

rdf:Property

rdf:type

rdfs:domainrdfs:range

rdf:typerdf:type

(3) Deduction of entity class membership from the range of one of its properties

∀i
1
, i

2
, c

1
, c

2
, p: T(i

1
, p, i

2
) ∧ 

T(p, rdfs:domain, c
1
) ∧ T(p, rdfs:range, c

2
)

→ T(i
1
, rdf:type, c

1
)  ∧ T(i

2
, rdf:type, c

2
) 

3. Linked Data Engineering / 3.6 Creating new Models with RDFS



Information Service Engineering, Prof. Dr. Harald Sack, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & AIFB - Karlsruhe Institute of Technology - #lectures4future

Which Conclusions can we deduce with RDF(S) Semantics

<52>

dbr:Joseph_Fourier dbr:Greenhouse_Effect
dbo:discoveredBy

dbo:Person dbo:Thingdbo:discoveredBy

rdf:Property
rdf:type

rdfs:domainrdfs:range

dbo:Person dbo:Thingdbo:perceivedBy
rdfs:domainrdfs:range

rdf:type

rdfs:subPropertyOf

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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Which Conclusions can we deduce with RDF(S) Semantics

<53>

dbr:Joseph_Fourier dbr:Greenhouse_Effect
dbo:discoveredBy

dbo:Person dbo:Thingdbo:discoveredBy

rdf:Property
rdf:type

rdfs:domainrdfs:range

dbo:Person dbo:Thingdbo:perceivedBy
rdfs:domainrdfs:range

rdf:type

rdfs:subPropertyOf

dbr:Joseph_Fourier dbr:Greenhouse_Effect
dbo:perceivedBy

(4) Deduction of new facts from subproperty relationships

∀i
1
, i

2
, p

1
, p

2
: T(i

1
, p

1
, i

2
) ∧ T(p

1
, rdfs:subPropertyOf, p

2
) → T(i

1
, p

2
, i

2
)

3. Linked Data Engineering / 3.6 Creating new Models with RDFS
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Information Service Engineering
Lecture 7: Knowledge Graphs - 2
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3.4 How to identify and Access Things
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Are Knowledge Graphs Relevant in Practice?
3. Knowledge Graphs / 3.7 Knowledge Graphs
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Are Knowledge Graphs Relevant in Practice?
3. Knowledge Graphs / 3.7 Knowledge Graphs
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Knowledge Graphs - A Definition
3. Knowledge Graphs / 3.7 Knowledge Graphs

● A Graph consisting of concepts, classes, properties, relationships, 

and entity descriptions

● Based on formal knowledge representations (RDF(S), OWL)

● Data can be open (e.g. DBpedia, WikiData), 

private (e.g. supply chain data), or closed (e.g. product models)

● Data can be original, derived, or aggregated

● We distinguish

○ instance data (ground truth),

○ schema data (vocabularies, ontologies)

○ metadata (e.g. provenance, versioning, licensing)

● Taxonomies are used to categorize entities

● Links exist between internal and external data

● Including mappings to data stored in other systems and databases

● Fully compliant to FAIR Data principles (Findable, Accessible, Interoperable, Reusable)
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Knowledge Graphs - A Definition (continued)
3. Knowledge Graphs / 3.7 Knowledge Graphs

● A Knowledge Graph is a data set that is:

○ structured (in the form of a specific data structure)

○ normalised (consisting of small units, such as vertices and edges)

○ connected (defined by the - possibly distant - connections 

between objects)

● Moreover, Knowledge Graphs are typically:

○ explicit (created purposefully with an intended meaning)

○ declarative (meaningful in itself, independent of a particular 

implementation or algorithm)

○ annotated (enriched with contextual information to record 

additional details and meta-data)

○ non-hierarchical (more than just a tree-structure)

○ large (millions rather than hundreds of elements)

https://iccl.inf.tu-dresden.de/w/images/f/ff/KG2018-Lecture-01-print.pdf

https://iccl.inf.tu-dresden.de/w/images/f/ff/KG2018-Lecture-01-print.pdf
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The Web of Data - A Web of Knowledge Graphs 
3. Knowledge Graphs / 3.7 Knowledge Graphs

Linked Data
● Linked Open Data (LOD) denote publicly 

available (RDF) Data on the Web, 

identified via URI and accessible via 

HTTP. Linked data link to other data via 

URI.

The Web of Data
● 9,960 datasets

● >149 billion facts

● >800 million links

 (April 2017)

http://lod-cloud.net/ 

http://lod-cloud.net/
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3. Knowledge Graphs / 3.7 Knowledge Graphs

Twitter @kidehen, 08.11.19,01:35

https://twitter.com/kidehen/status/1192601481133875200?s=11
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Linked Data Principles

1. Use URIs as names for things.

2. Use HTTP URIs, so that people can look up those names.

3. When someone looks up a URI, provide useful information, 

using the standards (RDF, SPARQL).

4. Include links to other URIs, so that they can discover more 

things.

(Tim Berners-Lee, Linked Data, 2006, http://www.w3.org/DesignIssues/LinkedData.html)

http://www.w3.org/DesignIssues/LinkedData.html
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Advantages of Linked Open Data vs. APIs

○ Simple and generic API for various heterogeneous data sources
enables simple reuse and data sharing among applications.

○ RDF Data model guarantees (simple) extensibility.

○ Transport via http, standard Port 80, prevents firewall adaption.

○ Ontologies enable meaningful connections between data sources.

○ Reasoning over Linked Data enables to generate new knowledge,
i.e. inference from implicit to explicit knowledge.

3. Knowledge Graphs / 3.7 Knowledge Graphs
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What keeps the Web of Linked Data together? 

http://lod-cloud.net/ 

[2]

3. Knowledge Graphs / 3.7 Knowledge Graphs

http://lod-cloud.net/
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Ontologies to Bind Them...

● Ontologies that keep the 
Web of Data together

● OWL
owl:sameAs connects identical 
individuals
owl:equivalentClass connects 
equivalent classes

3. Knowledge Graphs / 3.7 Knowledge Graphs

dbr:Joseph_Fourier owl:sameAs wd:Q8772 .
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● SKOS
○ „Simple Knowledge Organization System“
○ Based on RDF and RDFS 
○ Applied for definitions and mappings of 

vocabularies and ontologies
■ skos:Concept (=classes)
■ skos:narrower
■ skos:broader
■ skos:related
■ skos:exactMatch, 

skos:narrowMatch,
skos:broadMatch, 
skos:relatedMatch

3. Knowledge Graphs / 3.7 Knowledge Graphs

Ontologies to Bind Them...
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Popular Publicly Available Knowledge Graphs
3. Knowledge Graphs / 3.7 Knowledge Graphs
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Knowledge Bases Timeline

<67>

[3]
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Popular (Proprietary)
Knowledge Graphs 

[4]Noy et al,

 Industry-scale Knowledge Graphs: Lessons and Challenges (2019)

3. Knowledge Graphs / 3.7 Knowledge Graphs

https://queue.acm.org/detail.cfm?id=3332266
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Information Service Engineering
Next Lecture: Knowledge Graphs - 3

69

3.1 Knowledge Representations and Ontologies

3.2 Semantic Web and the Web of Data

3.3 Linked Data Principles

3.4 How to identify and Access Things

3.5 Resource Description Framework (RDF) as simple Data Model

3.6 Creating new Models with RDFS

3.7 Knowledge Graphs

3.8 Querying Knowledge Graphs with SPARQL

3.9 More Expressivity with Web Ontology Language (OWL)

3.10 Knowledge Graph Programming
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3. Knowledge Graphs - 2 
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3. Knowledge Graphs - 2  
Syllabus Questions

● How does RDF represent information?

● What is the difference between entities and (typed) literals in the role of RDF objects?

● What can RDF blank nodes be used for?

● What is the difference between RDF blank nodes and regular RDF nodes?

● Why is RDF alone not sufficient for knowledge representation?

● What is RDFS used for?

● What are the limits of RDF?

● What is DBpedia?

● What is a Wikipedia Infobox?

● What is a Knowledge Graph?

● Explain the Linked Data Principles.

● What are the advantages of Linked Data vs. proprietary APIs?

● What kind of links glue the Web of Data (Linked Data Cloud) together?

● Why are Knowledge Graphs fully compliant to the FAIR principles?
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