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LINKED DATA AND SEMANTIC WEB

LECTURE 3 – RESOURCE DESCRIPTION FRAMEWORK (RDF)

FACULTY OF ELECTRICAL ENGINEERING, MATHEMATICS AND COMPUTER SCIENCE



IN THIS PRESENTATION:
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RDF RDFS VOCABULARIES RDF SYNTAX PROGRAMMING TRIPLIFICATION



COURSE SCHEDULE

3

Week 3: https://canvas.utwente.nl/courses/9784/pages/week-3

https://canvas.utwente.nl/courses/9784/pages/week-3


DEFINITIONS
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Smantic interoperability

“ability of two or more systems or components to exchange information and to 
use the information that has been exchanged” (IEEE, 1990)

“focus on interpretation of shared data in an unambiguously way, ensuring that the 
understanding of the information is the same for senders and receivers” (Heiler, 1995)

I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles;
I3. (meta)data include qualified references to other (meta)data;

Interoperability



RDF FOR AI AND INTEROPERABILITY

5

Fully AI Ready 

https://www.nature.com/articles/d41586-020-00505-7

“The carrot is that FAIR data allow much more effective 
artificial intelligence (…), which will open up unprecedented 
opportunities and increase reproducibility”

Resource Description Framework

https://www.nature.com/articles/d41586-020-00505-7


KNOWLEDGE GRAPHS AND RDF TODAY
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Industry (2020): “we need to use knowledge 
graphs! 
Nice name for an old idea… In 1993 there 

were people already using the term 
“ontology” for data representation!

How Google call it nowadays? 

Who else in industry uses these 
technologies (in production)? In academia: 
everywhere…

… and many many others….
SW technologies: already pointed as the 

future of data science 

https://towardsdatascience.com/knowledge-data-science-with-semantics-technologies-ff54e4fe306c

https://towardsdatascience.com/knowledge-data-science-with-semantics-technologies-ff54e4fe306c


RDF: RESOURCE DESCRIPTION FRAMEWORK
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An abstract syntax (a data model) for representing information in the Web. 
The abstract syntax has two key data structures:
• RDF graphs: sets of subject-predicate-object triples, where elements may be IRIs, 

blank nodes, or datatyped literals. Used to express descriptions of resources. 
• RDF datasets: collections of RDF graphs, and comprise a default graph and zero or 

more named graphs. 

• RDF stands for:
• Resource: pages, concepts, ideas… (everything that can have a URI)
• Description: attributes, features and relations of the resources
• Framework: model, languages and syntaxes for these descriptions

“RDF is a standard model for data interchange on the Web”

Specification: https://www.w3.org/TR/rdf11-concepts/

https://www.w3.org/TR/rdf11-concepts/


RDF MODEL
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RDF is a triple model, i.e., every piece of knowledge is broken 
down into subject (entity), predicate (attribute) and object

(value)

Subject Object
Predicate

Triple

Subject: an IRI or a blank node

Predicate: an IRI

Object: an IRI, a literal or a blank node

https://www.w3.org/TR/rdf11-concepts/#dfn-iri
https://www.w3.org/TR/rdf11-concepts/#dfn-blank-node
https://www.w3.org/TR/rdf11-concepts/#dfn-iri
https://www.w3.org/TR/rdf11-concepts/#dfn-iri
https://www.w3.org/TR/rdf11-concepts/#dfn-literal
https://www.w3.org/TR/rdf11-concepts/#dfn-blank-node


RDF GRAPH
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Subject Object / 
Subject

Predicate

Triple 1

Object

Multiple triples form a graph

• IRI: Internationalized Resource Identifier
• URI: Uniform Resource Identifier – “unique 

sequence of characters that identifies a logical or 
physical resource used by web technologies”

 IRIs are a generalization of URIs. 
• URN: Uniform Resource Name is a globally 

unique persistent identifier assigned within 
defined namespaces.



RDF MODEL
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• Literals: used for datatypes - values such as strings, numbers, and dates
• Blank node: are local identifiers that are used in some concrete RDF 

syntaxes or RDF store implementations

Datatypes are used with RDF literals. The datatype abstraction used in RDF 
is compatible with XML Schema.  check in Protégé!



RDF LITERALS
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• Literals can be plain or typed using arbitrary datatypes
• Support for multilingual labels
• Plain literals may have a language tag, as defined by RFC 3066

wdata:Q55

rdfs:label “Nederland”@nl

“Netherlands”@en

rdfs:label

“荷兰”@zh-cn

rdfs:label



RDF SETS
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• Containers allow to describe groups of things
• Containers are open. There is no mechanism to know the number of members
• Bag (unordered set), Seq (ordered set), Alt (choice)

http://phortos.com/course/ont1

rdf:type

“Jan”

rdf:_1

rdf:Bag/ rdf:Seq/ rdf:Alt

“Anna”

“Peter”

rdf:_2

rdf:_3



RDF COLLECTIONS
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• Collections allow to describe groups of things
• Collections are closed, they can have no more members
• Type: rdf:List  Properties: rdf:first, rdf:rest, rdf:nil

http://phortos.com/course/ont1

vocab:students

“Jan”
rdf:first

“Anna”

“Peter”

rdf:rest
rdf:first

rdf:rest
rdf:first

rdf:nil

rdf:rest

rdf:List

rdf:type

rdf:type

rdf:type



RDF: EXAMPLE
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Wikidata profile for virtual museums
https://www.wikidata.org/

Thanks to Dou Liu, Msc

https://www.wikidata.org/


RDFS: RDF SCHEMA
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• Provides a data-modelling vocabulary for RDF data. RDF Schema is an 
extension of the basic RDF vocabulary.

Different from XML Schema and JSON Schema! 

 Extends RDF with the possibility to define classes and associated properties
 Allows RDF apps to agree on a common data description vocabulary

Specification: https://www.w3.org/TR/rdf-schema/

https://www.w3.org/TR/rdf-schema/


RDFS: MAIN CLASSES
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rdfs:Resource - all things described by RDF are called resources, and are 
instances of this class. All other classes are subclasses of this class. 
rdfs:Resource is an instance of rdfs:Class.

rdfs:Class - is the class of resources that are RDF classes. 
rdfs:Class is an instance of rdfs:Class.

rdf:Property - is the class of RDF properties. rdf:Property is an instance of 
rdfs:Class.

Observation: RDF sets and collections are actually defined by RDFS! For
example: rdfs:Container, rdf:Bag, rdf:Seq, rdf:List, etc



RDFS: MAIN PROPERTIES
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rdfs:range - an instance of rdf:Property used to state that the values of a property are 
instances of one or more classes. Example: P rdfs:range C
 P is an instance of the class rdf:Property, C is an instance of the class rdfs:Class, and the 
resources denoted by the objects of triples whose predicate is P are instances of the class C.

rdfs:domain - an instance of rdf:Property used to state that any resource that has a given 
property is an instance of one or more classes. Example: P rdfs:domain C
 P is an instance of the class rdf:Property, C is a instance of the class rdfs:Class and the 
resources denoted by the subjects of triples whose predicate is P are instances of the class C.

rdf:type - an instance of rdf:Property used to state that a resource is an instance of a class.
Example: R rdf:type C  C is an instance of rdfs:Class and R is an instance of C.
 The rdfs:domain of rdf:type is rdfs:Resource. The rdfs:range of rdf:type is rdfs:Class.

rdfs:subClassOf - an instance of rdf:Property used to state that all the instances of one class 
are instances of another. Example: C1 rdfs:subClassOf C2
 C1 is an instance of rdfs:Class, C2 is an instance of rdfs:Class and C1 is a subclass of C2. The 
rdfs:subClassOf property is transitive.



RDFS: MAIN PROPERTIES
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rdf:type - an instance of rdf:Property used to state that a resource is an instance of a class.
Example: R rdf:type C  C is an instance of rdfs:Class and R is an instance of C.
 The rdfs:domain of rdf:type is rdfs:Resource. The rdfs:range of rdf:type is rdfs:Class.

rdfs:subClassOf - an instance of rdf:Property used to state that all the instances of one class 
are instances of another. Example: C1 rdfs:subClassOf C2
 C1 is an instance of rdfs:Class, C2 is an instance of rdfs:Class and C1 is a subclass of C2. The 
rdfs:subClassOf property is transitive.

Important: recall from UML - Object Orientation on generalization and 
specialization - the difference between: [instance] vs [subclass]
Example: 
 João is an instance of the class Person
 Lecturer is a subclass of the class Person (if all lecturers are persons! )
And if we consider parallel universes, is João a class or an instance? 



RDF EXPRESSIVENESS
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POPULAR VOCABULARIES
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• FOAF: Friend of a friend 
• DCT: Dublin Core Terms
• Schema.org
• SKOS: Simple Knowledge Organization System

Specification: https://www.w3.org/TR/2009/REC-skos-reference-20090818/

https://www.w3.org/TR/2009/REC-skos-reference-20090818/


SOME RELEVANT STANDARDS IN RDF
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https://www.w3.org/TR/vocab-dcat-2/

DCAT incorporates terms 
from pre-existing 
vocabularies where stable 
terms with appropriate 
meanings could be found:

 FOAF (friend of a friend) 
 DCT (Dublin Core Terms)
 Schema.org

https://www.w3.org/TR/vocab-dcat-2/


SOME RELEVANT STANDARDS IN RDF
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https://www.w3.org/TR/prov-overview/

https://www.w3.org/TR/prov-overview/


SOME RELEVANT STANDARDS IN RDF
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https://saref.etsi.org/

Smart Applications REFerence Ontology, and extensions

https://saref.etsi.org/


LINKED OPEN VOCABULARIES (LOV)
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A vocabulary in LOV: definitions 
of a set of classes and properties 
(terms of the vocabulary = links) 
to describe specific types of 
things. The definitions of terms
provided by the vocabularies 
bring clear semantics to 
descriptions and links, thanks to 
the formal language used (RDF).

 vocabularies provide the 
semantic glue enabling Data to 
become meaningful Data.

https://lov.linkeddata.es/dataset/lov/

https://lov.linkeddata.es/dataset/lov/


RDF AND FAIR PRINCIPLES
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Interoperable:
I1. (meta)data use a formal, accessible, shared, and broadly 
applicable language for knowledge representation.
>> RDF is a broadly applicable formal language for semantic 
interoperability
I2. (meta)data use vocabularies that follow FAIR principles;
>> Preference to standardized controlled vocabularies and domain 
ontologies, e.g., from W3C (SSN/SOSA), ETSI (SAREF) , HL7 
(FHIR), etc.
I3. (meta)data include qualified references to other (meta)data;
>> Meaningful links between (meta)data through data and object 
properties (RDF) based on W3C DCAT and PROV 



RDF SYNTAXES (SERIALIZATIONS)
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• RDF/XML
• RDF syntax based on XML

• Turtle
• Superset of N-Triples, with lots of shortcuts to facilitate readability

• JSON-LD
• Represent RDF using JSON notation

• N-Triples
• Simple syntax for line-delimited triples

• Notation3 (N3)
• Superset of Turtle and RDF. Contains non-RDF features like rules, scoping graphs, etc.

• RDFa
• Syntax for embedding RDF directly into XHTML documents



RDF/XML SYNTAX SPEC
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An XML syntax for RDF in terms of Namespaces 

 Initially (2004) the main RDF syntax

Specification: https://www.w3.org/TR/rdf-syntax-grammar/

https://www.w3.org/TR/rdf-syntax-grammar/


RDF/XML SERIALIZATION SPEC
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Nodes are represented as ovals (IRIs), and predicates as 
labeled arcs (IRIs) and string literals nodes in rectangles.



RDF/TURTLE SERIALIZATION SPEC
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Textual syntax for RDF that allows an RDF graph to be completely written in a compact 
and natural text form, with abbreviations for common usage patterns and datatypes.

RDF/Turtle (TTL)                                              RDF/XML

Specification: https://www.w3.org/TR/turtle/

https://www.w3.org/TR/turtle/


RDF/JSON-LD SERIALIZATION SPEC
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• A lightweight syntax to serialize RDF as JSON 
• Primarily intended to be a way to use LD in Web-based 

programming environments for interoperable Web services
 universal identifier mechanism for JSON objects (IRIs)
 disambiguate keys shared among different JSON docs (context)
express directed graphs (e.g., a social network) in a single document

https://json-ld.org/playground/

https://json-ld.org/playground/
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https://schema.org/Product

RDF/JSON-LD EXAMPLE WITH SCHEMA.ORG



GOOGLE DATASETS
Google: structured search

https://developers.google.com/search/docs/guides/intro-structured-data
https://developers.google.com/search/docs/data-types/dataset
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Exercise: Google's "Try the structured data codelab"

https://developers.google.com/search/docs/guides/intro-structured-data
https://developers.google.com/search/docs/data-types/dataset
https://codelabs.developers.google.com/codelabs/structured-data/index.html


DISTRIBUTED DATA ARCHITECTURE
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• The Semantic Web (SW): extension of the World Wide Web to make Internet data 
machine-readable in a way that can be consumed and understood by machines

 How to enable this distributed data approach?

Web applications: Service-Oriented Architecture!



RESTFUL WEB SERVICES ARCHITECTURE

• No additional application protocol
• HTTP is used to convey application information

PUT, GET, POST or DELETE
to URL

RESPONSEHTTP

TCP

HTTP

Service 
client

Service 
provider

34



PUBLISH– SUBSCRIBE PATTERN
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Topic-based: topic is a named logical channel 
defined by the publisher (e.g., room-temperature)
Content-based: messages only delivered if the 
message matches constraints (defined by subscriber)

Send the event on a pub-sub channel 
(message broker), which delivers a 
copy of this event to each receiver

1. Input channel splits into multiple (each subscriber)
2. Broker delivers a copy of the message to output
3. Subscriber consumes message

https://www.enterpriseintegrationpatterns.com/patterns/messaging/PublishSubscribeChannel.html

https://www.enterpriseintegrationpatterns.com/patterns/messaging/PublishSubscribeChannel.html


MICROSERVICES ARCHITECTURE
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“Updates that need to be performed as a consequence of the user-triggered operation (or 
some other external event) but are not required for keeping any form of strong consistency
can be invoked using some asynchronous communication mechanism. Using a publish-
subscribe mechanism decouples the downstream microservices” 

“A good practice is to publish events using the data model of the producer including 
all possible data about the event and let each consumer transform the data 
according to its needs”

You Are Not Netflix (2020). Jakša Vučković

Why this is a “good practice”? 
What are possible consequences (problems)?  



DISTRIBUTED DATA ARCHITECTURE
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Verbosity problem: message size (payload) impacts the data exchange 
performance and cloud infrastructure costs
One possible solution: send only the parts that are most important for the consumer
(like in GraphQL)?
 But publishers and subscribers are agnostic: publishers “don’t know” what 

subscribers need… 

What if the producer publishes only the most relevant data about the event, i.e., 
dynamic data that changed with the event; and enables the consumer(s) to: (a) 
“understand” the producer’s data model and (b) a way to retrieve the static data?

A distributed data approach! 
• Dynamic data: published in pub/sub broker
• Static data: available via RESTful services
• JSON-LD facilitates data distribution and semantic interoperability



DISTRIBUTED DATA ARCHITECTURE
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Semantic distributed data approach for the verbosity problem 
• Reuse existing (standardized) data models (“ontologies”), e.g., ETSI SAREF (extensions)

Watch video (2min): https://youtu.be/pXSJmZcC2J8

https://youtu.be/pXSJmZcC2J8


RDF DATA GENERATION
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So, how to generate data in an RDF syntax format? 

1.“From sketch”: 
a. Manually with an ontology editor (e.g., Protégé)

b. Automatic with SW application developed with RDF libs: data is 
generated in RDF from the beginning! 

2. Reusing existing data: Triplification process
a. Can be also manually (e.g., OpenRefine)
b. Can be “automatic” with RDF libs



SW APP WITH RDF LIBRARIES
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Example in C# (similar to Jena)



JAVA: APACHE JENA FRAMEWORK

41https://grimstad.uia.no/janpn/IKT437/2016/slides/pdf/Jena_1_2016.pdf

https://grimstad.uia.no/janpn/IKT437/2016/slides/pdf/Jena_1_2016.pdf


PYTHON: RDFLIB
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https://github.com/jonimoreira/B2SHARE-FAIR

https://github.com/jonimoreira/B2SHARE-FAIR


TRIPLIFICATION
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Process of transforming non-RDF data, e.g., in CSV, XML, relational 
databases; to RDF data

Example:



Retrieve 
non-FAIR 

data

Understand 
and prepare 

datasets

Standard format (XML, RDF, relational DB API, VCF, DICOM, etc.)?
What is the content?
Column/field names?
Relations?
Data domain and range?
Understand the data
Data munging
…

FAIRIFICATION WORKFLOW

https://github.com/FAIRDataTeam/FAIRifier

Running example: dataset with protein-protein 
interactions in human interactome
(Human-interactome-barabasi.tab)

https://github.com/FAIRDataTeam/FAIRifier


Retrieve 
non-FAIR 

data

Define 
semantic 

model

What are the concepts involved?
Relations among concepts?
Existing vocabularies for the concepts and instances?

Understand 
and prepare 

datasets

Interoperability
Reusability

FAIRIFICATION WORKFLOW



Retrieve 
non-FAIR 

data

Define 
semantic 

model

What are the concepts involved?
Relations among concepts?
Existing vocabularies for the concepts and instances?

Understand 
and prepare 

datasets

Interoperability
Reusability

FAIRIFICATION WORKFLOW

http://bio2rdf.org/irefindex_vocabulary:interactor_a

http://bio2rdf.org/irefindex_vocabulary:interactor_b

http://bio2rdf.org/irefindex_vocabulary:source

http://bio2rdf.org/irefindex_vocabulary:interactor_a
http://bio2rdf.org/irefindex_vocabulary:source


Retrieve 
non-FAIR 

data

Define 
semantic 

model

Make 
data 

linkable

Apply the semantic model on the 
original data to make it linkable

Understand 
and prepare 

datasets

Interoperability
Reusability

FAIRIFICATION WORKFLOW
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