
Semantic web 
technologies and 
principles (in Open 
Science)
Filip Kovacevic
28.03.2022



Agenda

2

● Semantic technologies and 

principles

● RDF & Ontologies

● Linked Open Data

● RDF Triple stores & SPARQL

● Versioning RDF datasets



Motivation for the Semantic Web

“A new form of web content 

that is meaningful to 

computers will unleash a 

revolution of new possibilities” 
- Tim Berners-Lee



Motivation for the Semantic Web

Definition of semantic:

of or relating to meaning in 

language 

(merriam-webster dictionary)



Motivation for the Semantic Web

⚫ Extension of the WWW

⚫ Common data formats and exchange protocols

⚫ Common vocabulary

⚫ Re-use data across applications

⚫ Linked data

⚫ Actionable links



Motivating examples (1/3) - Google

Knowledge 

Box

Links to related people 

(Linked Data)

Pictures of related people 

(Metadata)



Motivating examples (2/3) - Whatsapp

Playable (Actionable) 

video

Metadata (title, 

description)

Shareable (Actionable) 

video



Motivating examples (3/3) 

– machine-actionable Data management plans

[2] Ten principles for machine-actionable data management 

plans



How can we 

compare

projects?

How can we 

Validate the 

MaDMP? 

E.g against the DMP

common standard?

[2] Ten principles for machine-actionable data management 

plans

Motivating examples (3/3) 

– machine-actionable Data management 

plans



How do we enhance the WWW

so that the data shared across 

it becomes meaningful,

actionable and FAIR?



One efficient way is to use

Semantic Web technologies and

principles 



Semantic web – main principles

Principle Example

Everything can be identified by 

URI's

Especially nowadays: persistent 

URIs (e.g. DOIs)

Resources and links can have 

types

RDF and ontologies

Partial information is tolerated Resources that cease to exist 

should not stop the web from 

working

There is no need for absolute truth But: We need trust (provenance)!

Evolution is supported Timestamped-based versioning 

(see later)

Minimalist design leight-weight ontologies (see later) 

[3]



Resource Description Framework (RDF)

⚫ Model for data interchange on the web

⚫ W3C standard

⚫ Framework for describing and linking resources

⚫ Assigning types to resources

⚫ Resources and their relations/links represented in a 
graph



RDF 

<http://example.com/Filip> <http://example.com#works_at> <http://example.com/TU_Wien>  

Subject predicat

e

objec

t

Internationalized URIs 

(=IRIs)

http://example.com/Filip
http://example.com/#works_at
http://example.com/TU_Wien


RDF – Graph representation 

:Filip :Tu_Wien



RDF – Graph representation 

:Filip :Tu_Wien:works_at

located_i

n:Austria



RDF 

<http://example.com/Filip> <http://example.com#works_at> <http://example.com/TU_Wien>  

Subject predicate object

<http://example.com/TU_WIEN> <http://example.com#located_in> <http://example.com/Austria>  

http://example.com/Filip
http://example.com/#works_at
http://example.com/TU_Wien
http://example.com/TU_WIEN
http://example.com/#located_in
http://example.com/Austria


RDF practical example (ntriples format)

@prefix og: <http://ogp.me/ns#> .

@prefix video: <http://ogp.me/ns/video#> .

@prefix youtube: <https://www.youtube.com/> .

@prefix caucescu_video: <https://www.youtube.com/watch?v=wWIbCtz_Xwk&ab_channel=AvocatulPoporului> .

caucescu_video a og:video .

caucescu_video og:title "Nicolae Ceausescu LAST SPEECH (english subtitles) 1/2" .

caucescu_video og:description "This video features the last speech of Nicolae Ceausescu" .

caucescu_video og:type video:video .

caucescu_video og:url https://www.youtube.com/watch?v=wWIbCtz_Xwk&ab_channel=AvocatulPoporului .

caucescu_video og:image "https://someImageUrl" .

https://www.youtube.com/watch


RDF practical example (xml format)

<meta property="og:video" 

content="https://www.youtube.com/watch?v=wWIbCtz_Xwk&ab_channel=AvocatulPoporului

<meta property="og:description" content="Nicolae Ceausescu LAST

SPEECH (english subtitles) 1/2" />

<meta property="og:video:type" content="video/mp4" />

<meta property="og:image" content="http://someImage.jpg" />

<meta property="og:video:width" content="400" />

<meta property="og:video:height" content="300" />



Ontologies

⚫ Definitions

⚫ “Specification of a conceptualization” (Gruber, 93)

⚫ a representation, formal naming, and definition of 

the categories, properties, and relations between 

the concepts, data, and entities that substantiate 

one, many, or all domains of discourse [5]



Ontologies - Example

⚫ A car is a vehicle that has four wheels, a 

chassis, a motor and other components.

Moreover, a car can have a driver and 

other passengers.



Ontologies - Conceptualization



Ontologies - Specification
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .

@prefix ex: <http://example.com/> .

@prefix vehicle: <http://example.com/vehicle/> .

@prefix car: <http://example.com/car/> .

@prefix component: <http://example.com/component/> .

@prefix person: <http://example.com/person/> .

# Concepts

vehicle: a rdf:Class .

component: a rdf:Class .

person: a rdf:Class .

car: a rdf:Class ;

rdfs:subClassOf vehicle: .

# Properties

ex:hasDriver a rdf:Property, owl:FunctionalProperty ;

rdfs:domain car: ;

rdfs:range person: .

ex:hasPassenger a rdf:Property ;

rdfs:domain car: ;

rdfs:range person: .

# Components

component:wheel1 a component: .

component:wheel2 a component: .

…

…

...



Light-weight vs heavy weight ontologies

Light-weight/upper ontologies

⚫ Common agreement between many communities

⚫ Have a small set of attributes

⚫ Domain-independent: e.g. Schema.org, The Open Graph protocol 

⚫ In research domain: BFO, OBO (biology)

Heavy weight ontologies

⚫ Usually domain specific

e.g the Chemical Functional Ontology (ChemFOnt) in chemsitry [6]

515,332 terms or definitions

10.3 million chemical-functional relationships



Ontologies 

Can also foster open science!



Scientific and scholarly ontologies

⚫ Basic formal ontology (BFO)

⚫ Discourse Element Ontology (DEO)

⚫ Computer Sciene Ontology (CSO)

⚫ Machine Learning Schema (MLS)

⚫ DataCite Metadata Schema

⚫ Vocabulary of interlinked Datasets

⚫ Semantic Publishing and Referencing Ontology (SPAR)

⚫ ...



Scientific and scholarly ontologies – e.g DEO

Classes: Motivation, Problem statement, Methods, Model, 
Results, Acknowledgments, Prologue, …

Object properties: hasPart, has relation, is part of



Scientific and scholarly ontologies – e.g DEO

Classes: Motivation, Problem statement, Methods, Model, 
Results, Acknowledgments, Prologue, …

Object properties: hasPart, has relation, is part of

Tool for FAIR research results!



Comparison of research results - example



Linked Open Data

Linked Data (Wikipedia): In computing, linked data is structured data which 

is interlinked with other data so it becomes more useful through semantic queries. 

Builds upon standard Web technologies: HTTP, RDF and URIs

Not only for human readers but for computers!

Should be accessible through open standards: e.g. SPARQL

[7] https://en.wikipedia.org/wiki/Linked_data



Linked Open Data

Linked Data (Wikipedia): In computing, linked data is structured data which 

is interlinked with other data so it becomes more useful through semantic queries. 

Builds upon standard Web technologies: HTTP, RDF and URIs

Not only for human readers but for computers!

Should be accessible through open standards: e.g. SPARQL

[7] https://en.wikipedia.org/wiki/Linked_data

Linked Open Data (LOD) is Linked Data which is released under an open 

license, which does not impede its reuse for free [7]. 



Linked Open Data – 5 star model

[8] https://5stardata.info/en/



RDF triple stores and graph databases

⚫ AllgegroGraph

⚫ Neo4J

⚫ GraphDB

⚫ Virtuoso

⚫ Oracle RDF

⚫ Jena

⚫ ... Should be accessible 

over a SPARQL endpoint 

via HTTP



SPARQL query language

⚫ Query language for RDF

⚫ Operations like JOINs, UNION, projections, 

filter, grouping, … supported

⚫ Supports update operations (insert and 

delete)



SPARQL query language - example

⚫ What components does my car have?

Result

s



Resources
[1]https://medium.com/@yassine.hammar1/inight-into-semantic-web-and-why-its-the-next-technological-revolution-

24521cec4459#:~:text=The%20greatest%20advantage%20of%20the,Wide%20Web%20Consortium%20(W3C).

[2] https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006750

[3] https://www.w3.org/2001/12/semweb-fin/w3csw

[4] https://sparontologies.github.io/deo/current/deo.html

[5] https://en.wikipedia.org/wiki/Ontology_(computer_science)

[6] https://www.chemfont.ca/

[7] https://en.wikipedia.org/wiki/Linked_data#Linked_open_data

[8] https://5stardata.info/en/

https://medium.com/@yassine.hammar1/inight-into-semantic-web-and-why-its-the-next-technological-revolution-24521cec4459:~:text=The%20greatest%20advantage%20of%20the,Wide%20Web%20Consortium%20(W3C
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006750
https://www.w3.org/2001/12/semweb-fin/w3csw
https://en.wikipedia.org/wiki/Ontology_(computer_science
https://www.chemfont.ca/
https://en.wikipedia.org/wiki/Linked_data#Linked_open_data
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● Versioning RDF datasets

● RDF-star and SPARQL-star

● Starvers

● Live Demo



Versioning RDF datasets
● External approaches

○ Tools like Git and SVN

○ Relational databases

● Different archiving mechanisms [1]

○ Full snapshots

○ Change-based versioning

○ Timestamp-based versioning

● Native RDF approaches to assign statement-level metadata [2],[3]

○ Reification

○ Named graphs

○ Singleton

○ RDF-star



Different archiving mechanisms - snapshot

● Materialize snapshots of your datasets

Snapshot released at 2022-01-01

Name Occupation

Nguyen Van 

Anh

Tour guide

Tran Thi Thu Tour guide

Le Van Thanh Travel blogger



Different archiving mechanisms - snapshot

● Materialize snapshots of your datasets

Snapshot released at 2022-01-01 Snapshot released at 2022-06-01

Name Occupation

Nguyen Van 

Anh

Tour guide

Tran Thi Thu Tour guide

Le Van Thanh Travel blogger

Name Occupation

Nguyen Van 

Anh

Owner of 

travel agency

Tran Thi Thu Tour guide

Le Van Thanh Travel blogger



Different archiving mechanisms - snapshot

● Advantages

○ Retrieving data is fast

● Problems

○ Storage-intensive

○ Information gap between snapshots



Different archiving mechanisms - change-based

● Materialize only initial snapshot and then record only changes

Snapshot released at 2022-01-01 Change set released at 2022-03-01 Change set released at 2022-06-01

Name Occupation

Nguyen Van 

Anh

Tour guide

Tran Thi Thu Tour guide

Le Van Thanh Travel blogger

Name Occupation

Nguyen Van 

Anh

Hotel 

manager

Name Occupation

Nguyen Van 

Anh

Owner of 

travel agency



Different archiving mechanisms - snapshot

● Advantages: Less storage-intensive compared to snapshots

● Problems

○ Doesn’t scale well if there are too many change sets

■ Patches need to be consecutively applied starting from 

the initial snapshots

■ Alternative approach: Computing “in-between” 

snapshots

○ Potential information gap if changes are consolidated



Different archiving mechanisms -

timestamp-based

● Assign temporal metadata to every record

● Enables retrieving a subset as it was at a specific point in time

Name Occupation valid_from valid_until

Nguyen Van Anh Tour guide 2000-01-01T12:00:00 2010-01-01T12:00:00

Tran Thi Thu Tour guide 2000-01-01T12:00:00 9999-12-31T00:00:00

Le Van Thanh Travel blogger 2000-01-01T12:00:00 9999-12-31T00:00:00

Nguyen Van Anh Hotel manager 2010-01-01T12:00:00 2020-01-01T12:00:00

Nguyen Van Anh Owner of a travel 

agency

2020-01-01T12:00:00 9999-12-31T00:00:00



Different archiving mechanisms -

timestamp-based

● Advantages
○ Scales well with high number of changes
○ Query performance can be comparable to the 

snapshot approach, if there is a good implementation 
of temporal indexes

● Problems
○ Storing indexes with additional temporal information 

might induce high space overhead, if no compression 
mechanisms are available [5]



Native RDF approaches to assign statement-level 

metadata - Standard reification

● Create new resource and link it to all entities of the triple

● Assign metadata to that new resource.

Source: https://www.ontotext.com/knowledgehub/fundamentals/what-is-rdf-star/



Native RDF approaches to assign statement-level 

metadata - Singleton

● Make unique identifiers out of every property

● Assign metadata to that property

Source: https://www.ontotext.com/knowledgehub/fundamentals/what-is-rdf-star/



Native RDF approaches to assign statement-level 

metadata - Named graphs

● Link every triple to a fourth entity, the named graph resource

● Assign metadata to that named graph

Source: https://www.ontotext.com/knowledgehub/fundamentals/what-is-rdf-star/



RDF-star and SPARQL star

<< :Nguyen_Van_Anh :occupation :CEO >> :sourced_from :Wikipedia .

:Nguyen_Van_Anh :CEO
:occupation

:Wikipedia

:sourced_from

● “Quoted triples” approach

● Data model with the goal to make statements about triples



RDF-star and SPARQL star

● Querying nested triples with SPARQL-star

Select ?s ?p ?o {

<<?s ?p ?o >> :sourced_from :Wikipedia .

}

s p o

:Nguyen_Van_Anh :occupation :CEO

Result set



StarVers 

● Enables the evolution management of knowledge 

graphs and ontologies 

● Arbitrary snapshots and subsets can be queried as 

they were at a specific point in time

● Starvers is a python module for timestamp-based 

versioning of RDF data as RDF-star dataset. [6]

https://github.com/GreenfishK/starvers


StarVers features

● Features

○ Version all rows/Convert RDF to RDF star dataset

○ Insert

○ Update

○ “Outdate”

○ Query live or historical data

● Only needs two SPARQL endpoints to an RDF-star store 

(e.g. GraphDB) as configuration



StarVers publication

● Submitted to Semantic Web Journal [4]

● The revised version is going to be soon submitted soon

http://semantic-web-journal.org/content/starvers-versioning-and-timestamping-rdf-data-means-rdf-approach-based-annotated-triples


Timestamped-based versioning with RDF-star -

The StarVers approach

<< << :Nguyen_Van_Anh :occupation :tour_guide >> :valid_from “2000-01-01T12:00:00” >> 

valid_until “2010-01-01T12:00:00” >> .

<< << :Nguyen_Van_Anh :occupation :hotel_manager >> :valid_from “2010-01-01T12:00:00” 

>> valid_until “2020-01-01T12:00:00” >> .

<< << :Nguyen_Van_Anh :occupation :CEO >> :valid_from “2020-01-01T12:00:00” >> 

valid_until “9999-12-31T00:00:00” >> .

:Nguyen_

Van_Anh
:tour_guide

:occupation :valid_from
“2000-01-

01T12:00:00

”

“2010-01-

01T12:00:00

”

:valid_until

Nested quoted triples, i.e. two nesting levels



Excursion - Why not quoted triples approach?

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_from “2000-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_until “2010-01-01T12:00:00” .

:Nguyen_Van_Anh :CEO
:occupation

“2000-01-

01T12:00:0

0”

:valid_from

● “Quoted triples” approach

“2010-01-

01T12:00:0

0”

:valid_until



Excursion - Why not quoted triples approach?

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_from “2000-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_until “2010-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_from “2016-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_until “2020-01-01T12:00:00” .

:Nguyen_Van_Anh :CEO
:occupation

“2000-01-

01T12:00:0

0”

:valid_from

● “Quoted triples” approach

“2010-01-

01T12:00:0

0”

“2016-01-

01T12:00:0

0”

“2020-01-

01T12:00:0

0”

:valid_until :valid_from
:valid_until



Excursion - Why not quoted triples approach?

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_from “2000-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_until “2010-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_from “2016-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_until “2020-01-01T12:00:00” .

:Nguyen_Van_Anh :CEO
:occupation

“2000-01-

01T12:00:0

0”

:valid_from

● “Quoted triples” approach

“2010-01-

01T12:00:0

0”

“2016-01-

01T12:00:0

0”

“2020-01-

01T12:00:0

0”

:valid_until :valid_from
:valid_untilWas the triple valid in 2015 ?

=> no



Excursion - Why not quoted triples approach?

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_from “2000-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_until “2010-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_from “2016-01-01T12:00:00” .

<< :Nguyen_Van_Anh :occupation :CEO >> :valid_until “2020-01-01T12:00:00” .

:Nguyen_Van_Anh :CEO
:occupation

“2000-01-

01T12:00:0

0”

:valid_from

● “Quoted triples” approach

“2010-01-

01T12:00:0

0”

“2016-01-

01T12:00:0

0”

“2020-01-

01T12:00:0

0”

:valid_until :valid_from
:valid_untilWas the triple valid in 2015 ?

=> yes



Live demo
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